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LETTER 

OF THE 

SECRETARY OF THE TREASURY, 
COMMUNICATING 

The Report of the Supert"ntendent of the Coast Survey, showing the progreBB 

of that work during the year ending November 1, 1851i. 

llilcEKBER 23, 1856.-Read. 

n.ommn 30, 1856.-lluolwd, Th&t 10,000 copies of the letter of the Secretary of the 'froosury, communicating the report 
of the Superintendent of the Coast Survey for the year 1B56, in addition t.o the usual number, he printed-five thousand 
for the use of the Sena.te, and the remainder for distribution by the Coast Survey Office; and that the same be printed and 
bound with the plates in quarto form, and that the printing of said plates shall he done to the satisfaction of the Superin· 

• tendent of the Coast Survey. 

TREASURY DEPARTMENT,. 

December 22, 1856. 

Sm: I have the honor to eubmit, for the information of the Senate, the repl:>rt made to this 

Department by.Professor A. D. Bache, Superintendent of the Coast Survey, showing the pro

gress of that work during the year ending November I, 1856, and the accompanying map, 

prepared at the Coast Survey Office, in accordance with the provision of an act of Congress 

approved March 3, 1853. 
I am, very respectfully, 

Hon. JESSE D. BRIGHT, 

Pruident pro tem. of the U. S. Senate. 

JAMES GUTHRIE, 
Secretary of the Trea.ai.ry. 
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Fernandina, Pla. Latitude observations, 61 ; triangulation, 

62 ; hydrographv, 66 ; character of harbor, 284 ; Sketches 
Noa. 23, 24. 

Ji'idd-W-Ork, (C. S.) Abstract of progress, 20-24, 92-100. 
Finney, N. S. Topography, Section I, 32 ; Section V, 58. 
Ji'ire Fly, (steam yacht.) Hydrography, Section I, 37. 
Ff.orida key~, Remarks, 16; triangulation, 63; topography, 

64 ; Indian disturbances, 343. 
Flmida B.eef. Hydrogrnphy, 65 Sketch No. 29; buoy re

commended, 361; screw-pile beacon for EllKno, 66. 
Folay croelc, CW. Topography, 81. 
Franklin, C. S. schooner. Topography and triangulation, 

Section VII, 68, 70. 
Freerna.aon' a key1, La. Triangulation, 7 4. 

G. 
GaJJatin, C. S. schooner. Hydrography, Section I, 37, 38, 

Section V, 58. 
Galvelron bay entrance, Sketch No. 43. 
Georgetnwn harlxrr, S. 0. Topography, 57; Hydrography, 68 . 
GfJTder, A&aiatani F. H. Topography, New York harbor, 40, 

93; triangulation and topography, Pensacola.,.68, 70; tri
angulation, Atchafulaya bay, 74, 99. 

Gerda, C. S. schooner. Triangulation and topography, Sec
tion VII, 69; Section VIII, 74. 

Gibba, Prof. Wolcott. Analysis of water, New York harbor, 
7, 317, 318; of sand, Key Biscayne and Cape Sable, Fla., 
60,318,319 . 
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GibJion, Cbpt. A. A., U. 8. A. Study ol. chart projecU!, 8 ; 
notice of services, 19; letter on detachment, 346. 

Gilbert, Aaaiatant, 8. A. Topography, Long Island, N. Y., 
40, 41, 93. Triangulation and topography, Matagorda 
bay, Texas, 77,78,99. 

G. K. Bache, C. S. schooner. Topography, Section VIII, 75. 
Goldsborough, H. A. Resources of Washington Territory, 

293·295. 
GoodfellmtJ, Suh·AssiD.o.nt E. Latitude and magnetic observa

ii.ons. Mount Desert, Section I, 29, :io, 92; telegraph cam
paign, WilmingtonandColumlia, 5C, 95; l\lae-0nand Mont
gomery, 54, 95, 164; latitude, Fernandina, Fla., 61, ~7. 

Gopher key, Fla. Topography, 289. 
Gould, Dr. B. A., fr., Assistant G. S. Telegraph longitudes, 

l l ; records and results, 17 ; rampaign, Macon and :\font
gomery, 54, 55, 95, 163, 164; New Orleans station, 73; 
list of circumpolar stars, 166. 

Grmemor's Island, N 1'"; Tidal station, 45. 
Grawl Itswnd Pass, (Miss.) Hydrngraphy, 76. 
Gremu:ell, AssiMnt W. E. Triangulation, Santa Barbara 

channel and Santa Cruz island, Cal., 80, 99. 
Gulf Qf iUerico. Sketch No. 40, (profiles of bottom ;) remarks 

on tides, 77, 131 ; oo-tidal lines, 252-259 Sketches Nos. 35, 
36; effect of winds on tides, 15, 272-276 Sketch No. 37; 

history of discovery, 17, 18, 322-324. 
Gulf Stroom. Remarks, 20 ; soundings off Cape Fear, 53. 
Gutlirie, C. S. schooner, 65. 

H. 
Hall, Prof. Jame., 13. 
Hamelin, Admiral, exchanges for C. S. publications, 90. 
Hariiy clock, 164. 
Harlem river, N. Y. Topography, 43; hydrograpby, 44. 
Harri&, Sub-As:istant Sreplum. Latitude and magnetic observa-

tions, Mount Desert, Section I, 29, 30, 92 ; triangulation, 
Mississippi sound, 73, 98. 

Harri:wri, AasiMnt A. flf. T.:.pography, Sandy Hook and 
Baritan bay, 42, 94. St. John's river, Fla., 64, 65, 97, 
284-286; Cedar keys, Fla., 69, 98. Reconnaissance, 
Waecasassa, Crystal, We-thlocco·chee, a.ndHomosassa riv
ers, Fla., 69, 289, 2110 ; report on disaster to Coast Survey 
schooner Benjamin Peirce, 3U. 

IIaMler, Asmtant J.J. S. Triangulation, south of Cape Henry, 
Va., 51, 95. 

H=ler, C. S. schooner. Triangulation, Section V, 57; Sec
tion VI, 62. 

Hal.terl1lJ inlet, N. C. Remarks on changes, 50. 
Hawley, 1'. R. Topography, New York bay, 42, 43; rescues 

C. S. schooner Benjamin Peirce at Jacksonville, Florida, 
65; report on damage to vessel, 341, 342. 

lieigM--of Mount Baker, W. T., 85; of Mount Constance, 
W. T., 85. 

Hein, Samud,, General Disbursing agent U.S. C. Survey, 91. 
Heliumder, 163. 
Hr:ndrich, l"lwrrkuA., Commissioner General Land Office, 286. 
Il.etzd, C. S. steamer. Hydrogmphy, Section ill, 48; Sec· 

tion IV, 52 ; report of commission on boiler explosion, 
18, 385-340 Sketch No. 67. 

lJi/,gard, Am.tam J. E. Triangulation, Mi111.i88ippi and G'han · 
tlel11ur sounds, 73, 74, 98, 291, 292; aziurnlh, Cat island, 

208, 209 : records and resulU!, 17 ; discussion of mBgnetic 
distribution, 209-225; projection tables, 16, 296-307 ; 
description of base apparatus, 16, 308-310; tests for the
odolites, 16, 310-316. Signals aud station marks, 291. 

Hill, Li.eut. A. P., U. S. A. Triangulation, Hudson river, 
39, 93. 

Holland, W., First Asst. Ji}ngr., U. S. N. Report on Hetzel 
boj]er explosion, 335-340. 

H<YflWSassa river, F!nrida, 290. 
Hood's canal, W. T. Topography, 86. 
Hudson river. Triangulation, 39 ; topography, 40 ; Sketches 

Nos. 5, 6 ; tidal observations, 45, 266, 267. 
Huger, Suh-Asmt.ant B., fr. Triangulation, Kennebec and 

Sheepscot rivers, Maine, 31, 92 ; Cedar keys, l<'lorida, 
67, 98. 

Humboldt, C. S. schooner. Triangulation, Section X, 81. 
Hunt, Lieut. E. B., U. S. E. Beport on index for scientific 

purposes, 18, 91, 325-330 ; plan for abbreviations of titles, 
331-333. 

Hydrography. General extent, 3, 4; progress of year, (ab
stract,) 20-.24; localities and limits of work, 92-100. 
Section I, Sketch No. 2, Kennebec entrance, 33; Casco 
bay, 34; Ipswich and Annis Squam, Mass., 34, 35; Cape 
Cod peninsula, 35, 36; Nantucket sound, 37. &<:ti-On II, 
Sketch No. 5, Sandy point, Conn., 43; New York bay 
and harbor, 44; Hudson river, 43. Section III, Sketch 
No. 7, Tangier sound, 48; Rappahannock river 48. &c
ticn JV, Sketch No. 13, Coast of North Carolina, 52. 
&ct.ion V, Sketch No. 17, North and South Edisto rivers, 
S. C., 58; Port Royal entraE.ce, Beaufort river, and St. 
Helena sound, S. C., 58, 59; St. !:limon's sounu and Bruns· 
wick harbor, Ga., 59, 282, 283. Section VI, Sketches Nos. 
25, 26, St. Mary's bar and Fernandina harbor, Fla., 65, 
284; Florida reef, 65; soundings from Key West to Mls· 
sissippi delta, 66. Section VII, Sketch No. 30, Cedar 
keys, 70; Waccasassa bay, Crystal river, St. Mark's river, 
and St. Andrew'sbay,71, 289,290. Secti.ort VIII, Sketch No. 
33, MisRissippi sound, 75, 76. SeciWn IX, Sketch No. 
41, Coast of Texas, 79. Section X, Sketches Nos. 4'4, 45, 
San Diego bay, Cortez Bank, San Clemente anchorage, 
San Pablo bay, and Santa Barbara channel, 82, 83. Set
tion XI, Sketch No. 51, Blakely harbor, W. T., 86. 

I. 
lar~ella, Sub-A88ist.ant 0. 'I. Topography, Cape Cod penimmla, 

33, 92; Florida Keys, 63, 97, 287-289. 

Inclination, (magnetic dip.) Mount Desert, Me., 30 ; stations in 
Section m, 45 ; Macon and Montgomery, 64 ; at various 
stations, 214-225, 227 Sketch, No. 62; Secular varia
tion, northeastern States, 235-245, Sketch No. 63 ; <>n 
Western Coast, 246-249. 

Irula, remarks on, for scientific pu:rposes, 18, 325-328 ; pub
lications collated for, 328-330. 

.ln:fimnat.ion furnished, 11; details of, 104-106. 
Indian Ji&turba1Wt1J, coast of Florida, 60,_ 63, 343; W"Rl!hington 

Territory, 83, 85, 86, 343-345. 
Irutrurrwit ,,hop, Occupation, 90. 

Inten&ty, (magnetic.) Mount Desert, Me , SO; Stations in 
Section ill, 45; Macon and Montgomery, 54; at varioua 
statiollll, 214 225, 227; Rketch No. j2 
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Jpzwick, Mas•. Hydrography, 34, 35. 
Iron pile beacon, for Elbow, Florida reef, 66. 
J1ogonic lines, 209-225; Sketches Nos. 61, 62. 

J. 
James Guthrie. (ship)-Relieved by Coast Survey_steamcr Cor

win, 18. 
Ja:111es river. Triangulation, 46; hydrography, 49, Sketch 

No. 7. 
Jenkins, Commander T. A., lJ. S. N., 15. 
Johnson, Sub-AMistant W. M. Topography, Santa Barbara 

channel, Cal., 82, 100. 
JohnlJ!bn'skey, Fla. Topography, 64, 287. 
John Y. ~. C. S. schooner. Topography, SectionIII,48. 
J08eph Henry, C. S. schooner. Topography, Section VI, 64. 

K. 
Karquines Strait, Cal. Topography, 81 ; hydrography, 83. 

Kennebec river, Me. Triangulation, 31; topogrnphy, 31; hy
drography, 33. 

Ke>J BiAcayne, Fla. Analysis of sand, 60, 318, 319. 
Keys qf Florida. Triangulation, 63; topography, 16, 63, 

286-289 ; hydrography, 65. 
Kohl, JJr. J. G. Annals of discovery. Atlantic coast, 17, 

319-322; Gulf of Mexico, 17, 18, 322-324. 
KUl van Kull. Tideil and currents, 44, 265, 266. 
Kitig, V. E. Distribution of C. S. publications, 160-163. 
Kri/M clotfk, 164. 

L. 
La/re Amtin, .7l!xaa. Topography, 79. 
Lake Br><gru, La. Triangulation, 73; Signals and station 

marks, 291, 292; topography, 75. 
Lake Purachartrain, La. Triangulation, 73. 
Lmd Ojfice. Survey of Florida keys, 63, 64; report to Com

missioner, 286. 
Laiituik. Mount Desert, Me .. 29; Macon, Ga., and Mont

gomery, A.la, 54; Fernandina, Fla., 61; Pensacola, Fla., 
68. 

LalJflJXa bay, ~. Triangulation, 7f. 
Lawaon, Sub.Assistant Jaa. S. Topography, Admiralty Inlet, 

W. T., 86, 100. • 
Le Venier, X., 12. 
Library (0. S.) Number of volumes, 90. 
Light-1-. Localities examined for sites, 19 ; results, 352 ; 

Bowers' beach and Old Duck ~k, Del., 45, 353, 354; St. 
Andrew's bay, Fla., 72, 354, 355; Sant.a Barbaracha.nnel, 
Qi.I., 85, 355, 356. 

LNl,1. Sketches e.coompanying 9, IO ; field parties and hy
drographic, 92-100 ; army officers on Coast Survey, 101 ; 
navy officers, 102, 103; aasist&nt engineers, U.S. N., 103, 
1114; infonnatlonfurnished, Ul4-106; Western Coaat b· 
aill.ties l!'Ul'Veyed, 106, 107 ; Oooei Slll'V'ey statistics, 108 ; 
maps and chart.I drawn or in progress, 143-145; engraved 
maps and charts, 148-164; electrotyped, 156; printed, 
15'1-HiO; distributed, 160-168; circumpolar stare, 166 ; 
llght.b.OUBe naminations, 349, 362. 

.IMJerpocl, and Cambrilige chronomet.er expedition, 182-191. 
~ • .F/ill,y, N. <J. Triangulation and topography, 56. 
LoggerMt»kg, Fla. Topography, 288, 289. 
Lmu Illlmul, N. Y Topography of w~ end, 40, 41. 

Lung/ell.ow, Awtnnt A. W. Topogm.phy, Portland, Me., 32, 
92 ; triangulation, St. Simon's sound and Brunswick har
bor, Ga., 56, 96; topography St. Simon's and Brunswick, 
58. 

Lmzrfilude. C. S. telegraphic nethod, 11, 167-181 ; Wil
mington and Columbia, 50, Macon and Montgomery, 54, 
73, 163; chronometer expedition, Cambridge and Lh-er
pool, 12, 181-191 ; occnHations and moon culminati.ons, 
12, l~; occultations of Pleiades, 13, 191-197 ; lunar spot 
transits, 13, 198-203 ; circumpolar star list, 166. 

M. 
.Ma.cmi, Ga. Telegraphic longitude, latitude, and magnetic 

elements, 54, 164. 
MacRae, Lieut. O:mlf). Archibald, lJ. S. N., 84; light-house 

site, Santa Barbara channel, Cal., 85, 355, 356. 
Ma.f/itl, Lieut. Comg. J. J.~, U. S. N. Hydrography, James 

river, Va., 49, 95 ; Georget.own harbor, St. Helena. sound, 
Broad river, Beaufort river, and Port Royal entrance, S. 

C., 58, 59, 96, ; southeast channel, 118; changes N. 
Edisto entrance, 118. 

Matfitl's channRl, (Charleston harbor, S. C.) Re-examination, 
58; Sketch No_ 19. 

Magne.tic tlelllents. Declination, dip, and intensity observed, 
Saunders Mount, Me., 29; Mount Desert and S. W. har
bor, Me., 30 ; stations in Delaware, Maryland, and Vir
ginia, 45, 226. 227; Wilmington, N. C., 50; Macon, Ga., 
and Montgomery, Ala., 54; Point Hudson, W. T., 87. 
Remlt8 at various stations, Atlantic and Pacific coasts, 214-

225, 227, Sketches Nos. 61, 62. Secular variatWn of decli
nation, Western Coast, 13,228-236; of inclination, Atlan
tic coast, 13, 235-245, Sketch No. 63,; of inclination, 
Western Coast, 13, 246-249. 

Jfagnehilm, (terrestrial.) Discussion relative to its distribu
tion over the United States, 209-220; Sketches Nos. 61, 
62. 

.Maps, (0. S.) Classification, 7, 8 ; number drawn and en
graved, 9, 20-24, 143-145; engraved plates, H8-152, 
plates engraving, 152-154; printed, 89, 157-160; dis
tributed, 160-163; electrotypes, 156; special drawings of 
New York bay and harbor, 43, 281, 282; British and 
Freuch exchanges, 90. 

Mare Isl,and Strait, Cbl. Topography, 81; hydrography, 83. 
Marth.J's Vineyard BOOM, Mtl&3. Hydrography, 37; interfer-

ence tides, 14, 261-263. 
Marti=, Cal,. Topography, 82. 

Ma83aclw.adu, (llXllJOtUt.) Sketch No. 3. 

.Mai/.Jgorda bay, 1llxa8. Triangulation, 77. 
Jlaihiot, Amatant G. Charge of electrotype division, 89; 

occupation, 154, 155; 118eofthinelectrotypes, 11, 316, 317 . 
.Mr:lbrlde, Sub-AMitllrmJ S. 0. Tria.ngulation, St. Mark's river, 

Fla., 67, 68, 291; Apalachioola harbor, Fla., 68, 98, Ul. 
McIJ<nmQ,l, 1fwmtu, 29, 54, 73, 164. 

.Meclum, John. Topography, Slaten Island, 42; ooast of N. 
Carolina, 5Z. 

MP:reditA, C. S. schooner. Topography, Section I, 32; Sec-
tion V, J>6, 58 . 

lferidianlina. Montgomery, Ala.,54; Amelia island, Fla., 61. 
Mttemorogy. Saunders station and Mount Desert, Me., .SO. 
.Kllllil8iJ!'i 80Ulld. Triangu1a.tion, '13; signals and station 

mark!, 291, !9!; hydrogmphy, '15, '16; Sketch No. 3f.. 
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MiicluJU, Sub-Am.tam H. Interference tides, Martha's Vine
yard and Nantucket solllld, H, 15, 261-263; tidal cm
rents, Sandy Hook, 44, 45, 94, 2M, 265; Newark bay, 
&c., 265, 266; docks of New York and Brooklyn, 266. 

Mobik, Ala. !'ltation for telegraphic longitude, 73, 164. 
N<m0'1JUJ!! "1uxila. Sketch No. 4. ShoTe line changes, 33, 37. 
Noof,g<Jmtff'Y, Ala. 'l'elegraphic longitude, latitude, and mag-

netic elements, 54, 164. 
.Moon eulminati<Jn8, observed at Cambridge, Mass., 121"181. 
M.t. Balcer, W. T.-heigbt of, 85. 
Ml.. Constanee, W. T. - height of, 85. 
Mt. Demt, He. Geodetic operations, 29, 30. 
Murden'• Cove, W: T. Topography, 86. 
Jftulugl!t cha.1111eJ. Changes in shore line, 33, 116, 117. 

N. 
Nanfucket wu:nd. Hydrogra.phy, 37; in~rference tides, 14, 

261-263. 
Nautilw, C. S. BChooner. Rydwgraphy, Section. II, 43; Sec-

tion Ill, 48. 
Natigation. Depths at port entrances. 11, 133--137 ; tide 

tables and examples for use, 15, 120-138; a.ids recom
mended for, 19, 349-352; dangers, 34, 35, 36. 

Ntmy otfieers. Number on C. S. service, 19, 20, 102, 103. 
Newark bay. 'I'idal obl!ervations, 44, 265, 266. 

New l>ungenM&, W. T. Sketch No. 53. 
New OrleaM. Station for telegui.phic longitude, 73, 164. 
New York h.arbar. Programme for completing eurvey, 280; 

triangulation., 39; topography, 41>-43; bydrography, 44; 
Sketch No. 6; Commilll!ioners' maps, 43, 281; tides and 
currents, 6, 7, 44, 4,5, 265; analysis of water, 7, 317, 318. 

N<rrth Carolina, (tea-coa.!t.) Sketch No. 14. 
Norlh Edi&o river, S. O. Hydrography, 68; changes at en.

trance, 7, 118. Sketch No. zo. 

0. 

Oaldand, au. Topography, BZ. 
O' Brim, S. D. Sta.tilltics of map printing, 167-160. 
()ccullnl,iun.a. C~bridge, Mass., 12, 181; Point Hudson, W. 

T., lS, 7.\\3-2.08; l'leia.d~-methw for longitude, ls, 191-

197. 
Ocr<PXJkt, Inltt, N.O. Remarks on changes, 60. 
Office ( Cbaat Survey.) Deta.ils of occupation in Di visions, 87-

89, 137-163. 
OjJicer1-.Army, on. c. S. duty, 19; Navy, 19, 20. 
014 Duck crt.flc, Dd. Examined for light-howie site, 45, 852, 

:!53. 
Old Potnt OlrJVort, Va. Tidal obeervll.tions, 49. 
Q{.Cmt.mM, Svb-A#irtant J. G. Topography, New York harbor, 

40,93; laiitude and azimuth, Pensacola, 68; t~ 
tlon, Chsndeleur BOund, 74, 98; topography, .A.tohamla.ya 

bay, 74, 99; ~. Pt. a.u Che'fNull, 74. 
Oiyt11pia harbor, W. T. !Sketch No. 66. 
Orleam, (~ ful,) Topography, 33. 
~ (fiudllon river.) Hydrography, 43. 

P. 
Palat:fol bay, 2b:. TriAngulatlon, 77. 
Pala1w, ap. W.R., U. S . .71?P. lilrlgra. In charge of 0. S. &ftice, 

87 ; det.aohmont, l~; letter of &perinkruleBt;, Mi, MT. 

Pa.Blaic ri1Jer, N. J. Tides and currents, 415, 266. 
Patapsoo river, Md. Sketch No. 8, 
Pearl river (.East} La. Topogravhy, 75. 
Peirce, Prof. Benfi'n. Longitude by Pleiades occultations, 13, 

191-197. 
Penlletcn, Pref. A. G., U. S. N. Gulf Stream and astronomi

cal reductions, 91. 
Pensacola lu:&rlxrr. Triangulation, 68 ; latitude and azimuth, 

68 ; topvgraphy, 70. 
PekrB, Dr. 0. H. F. Longitude by lunar spot transits, 13, 

198-203. 
Petrd, C. S. schooner. Topography, Section TI, 40 ; Section 

VI, 63. 
Phami::c, C. B. schooner. Trlangulati@n, Section nt, 77. 
Pl.ei~. Tra.nsitsa.n.doccultationsforlongitude, 13, 191-197. 
Poim au Ohevreu.il, La. Preliminary base, 7 4. 
Poim Hud«m, W: 'I'. .Azimuth, 85 ; occultations, 203-208 ; 

magne'tic observations, 87. 
Point Hueneme, <'.hl. Topography, 82 ; examined for light-

house site, 352. 
PuintMugu, Oal. Topography, 82. 
Pm Di&wvery, W: 'I'. Triangulation, 85. 
Purt.erfidll, G. A., 91. . 
Pm Gamble, W: T. Topography, 86; Sketch No. 55. 
Purtland, Me. Topography, 32. 
Pm Ludkw, W: T. Sketch No. 54. 
Port Ruyal, s. 0. Bydrography, 58, 59; 8. E. channel die 

covered, 118. 
Purt 7bwnsknd, W. !!'. Preliminary base, 86 ; topography 

86; occultations, 203-208; magnetic observations, 87. 
P~ aound, W. T. Tri.a.ngulation, 85. 
Potmn£t.c river, Va. Topography of entrance, 47. 
P&Ur/,aJ,es, AMistant L. F. Charge of tidal di vleion, Coast Sur 

vey office, 88, 140, 141 ; report to Superintendl)llt, 267-
269 ; winds of Albemarle sound, 15, 271, 2'12, 

Predi.cti.on (title-tabla.) Remarlu on, 249-251. 
Primary ~. Section I, Sketch No. 1; Sectl.on V, 

Sketch No. 17; Seclion VITI, Sketch No. 83; Sectl.on X, 
Sketch No. 44. Section XI, Sketch No. &l. 

Prince, Jtl.ajlYI' H., U. S. A., 28. 
Printing, C. S. maps, charts, a.nd

0

sketches, 89, 157-160. 
PN:Jbable err<J'I'. Cat island aaimuth, 73 ; general. formula 

and example, (Webb Station, Md.,) 307, 308. 
Progreu. Sedion 1-Xl, (abstract,) 20-24, 9%-100. 
Pr<q~ taUes, for polyoonic development of sphere, 16, 

296-307, Sketch N-0. 65. 
Publication. Records a.nd Result.8, 17 ; ma.ps, chart.&, a.nd 

sketch.ea, 4, 148-162. 

B. 
BappaJumtu:JrJk n-, Va. Topogn.phy, 47, 48; h)'drograpby, 

48, Shetches. Nos. 9, 10, U, U. 
Raritan bay, N. J. Topogr&phy, -4,2, 

~ "1t;aJ,, 8, c. Hy4rography, li8. 
~. for primary trlaDgula.ii.on, Beetion I. and ll:p. 

ping baae, 28; Wooc:a81'111111, Crystal, H-, and We 
thlocoo-chee riT61'1J, Fla., $9, 289, 290; Admiralty Inld. 
W.T.,86. 
~ and B.mJlt,a, Remarks on preparatl,on, 11, 73. 
RBl ...i, &n~bu, ue, 
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Report (C. S. annual.) Distribution, 90. 
Rigokts, La. Topography, 75. 
Rock• determined in position, Casco hay, 34, l 13, 114; coast 

of llfassachusetts, 35, 36; lietween Sdtuatc and Minot's 

light, 114; off Webster's flag-staff, 114; near 1.fonomct, 

114; off Indian Hill, 114 ; near Saquish Head, 114. 

Rockwell, Suh-AssUtant John. Triangulation, Florida keys, 

63, 97; beacon (screw-pile) for "Elbow," 66. 
Rodflers, Lieut. Oomg. C. R. P., U. S. N. Hydrography, Nan

tucket sound, 37, 93; Edwards' shoal and sand ridges, 

115, 116; Sandy Point, Conn., 43, 94; light-house ex
aminations, Delaware bay, 45, 353. 

Rodger., S!lb-AuW-ant A. F. Topography, San Francisco and 
San Pablo bays, 81, 100. 

Roy, Lieut. J.P., U.S. A. Triangulation, York river, Va., 
46, 94. 

Russel.l, A. W. Clerical services, Coast Survey office, 91. 

Sailing DirectioruJ. 
San Anto1110, Cal. 
San Clermmte, Cal. 

No. 47. 

s. 
Remarks on publication, 11. 
Topography, 82. (See Brooklyntown.) 

Hydrography of anchorage, 83 ; Sketch 

San Dil'{lo, Cal. Hydrography, 83 ; tidal observations, 84. 

Sandt, Commander B. F., U. S. N. Gulf Stream soundings 
off Cape Fear, 53, 97; hydrography, Mississippi sound, 

and deep-sea lines in Gulf of Mexico, 66, 75, 76, 99. 
Sandy Hook, N. J. Topography, 42 ; cause of increase north-

ward, 6, 263, 264; currents, 26?, 265. 
&ulg Point, Conn. Hydrographic reconnaissance, 43. 
San Jilrandsro bay, Cal. Topography, 81; Sketch No. 49, 

tidal observations, 84. 
San Pahw bay, Ozl. Topography, 81; hydrography, 83; 

Sketch No. 50. 
Santa Barbara channel, CTil. Triangulation, 80; topography, 

82 ; hydrography and currents, 83, 84 ; light-house site, 

355,356. ·~ 

Santa Bo:rbMa Wand, lal. Topographical features, 81. 
Santa Catalina island, Oal. Surface features, BO. 
Sama Oruz Uklrul, au. Triangulation, 80; topography, 82; 

Sketch No. 48. 
Sapdo wund, Ga. Triangulation, 56, 57. 
Saunden, .Me. Geodetic operations, 29. 
Sawyer's key, PIA. Topography, 64, 287. 
Saxton, AB8i&tant J08eph, 16, 309. 
Sa:ticn, Lieut. Rujm, U. S. A. Triangulation, South Carolina, 

55, 96; charge of engraving division, 89, 145-147. 

&Jwll, AMisttml. (J. A. Magnetic observations, Section III, 
45, 46, 95, 226, 227 ; charge of computing division, 87, 
137-140. Discussions : seeular variation of magnetic dec
lination, W. Coast, 13, 228-235; of inclination, (dip,) 
Atlantic Coast, 14, 235-245 ; of inclination, W. Coast, 

246-249; on probable error, 301, 308. 

&al.rm, Sub-A&Mt. JI. Topography, Long Isla.nd, N. Y., 41, 
93; triangulation Matagorda bay, Tex., TB, 99. 

&ctiort., (0. S.) Ge<>gmphical limit.a, 2 ; localities of field 
-work in I, 92, 93; n, 93, H; m, 94, 95; IV, 95; v, 95, 
96; VI, 97, 98; VII, 98 ; Vlll, 98, 99 ; IX, 99; X, 99, 
100; XI, 100; details of operations in I, 28-38; II, 38-
45; m, 46-49; IV, 49-55; v, 53-60; VI, 60-66; vn, 
66-T2 ; VIII, t!-77; IX, TT-80; X, 80-86; XI, 86-87. 

cac 

SecuJ,arvuridion. Magneticdecliuation, 'Vest. Coast, 13, 228 
235; magnetic inclination, Atlantic Coast, 14, 235--245 
Sketch No. 63 ; magnetic inclination W. coagt 246-2-10. 

Seib, Assutcml John. Topogrn.pLy, Potomac and Rappahan
nock river entrances, 4i, 9!; Dawho and South Edisto 

rivers, S. C., 57 ; St. Helena sound, S. C., 57, 96. 
Seu:ord, Lieut. Aug. H., CS. A. Triangulation, Hudson 

river, 39, 93 ; Florida keys, 63, 97. 
Sheepscol. river, Afe. Triangulation, 31. 

Shoal•-developed westward of George's Bank. 35, 115: 
north of Davis' Bank, 115; Appendix No. 79. Between 

McUlair's and Great Round, 36, 115 ; near Little Round, 

115; Edwards' shoo!, Nantucket sound, 115, 116: snn1! 

ridges near Great Point, 116. 

Shoalwaler bay, ll~ T. Skekh No. 52. 
Signals-triangulation, 291. 

Sketdws. Pu1lication, 4.; list accompanying report, 9, 10. 
Soundings, \deep-sea,) off Cape Cod peninsula. 35 : inside of 

Gulf Stream, Section '{, 53; Gulf of Mexico, 66, 75, 76. 
South CaroliM, (sea-coo.<t.) Sketch No. 21. 

801.dh Edisto 1·ii-er, S. C. Topography, 57; hydrography, 58. 
Spuyten Duyvel creRk, N. Y. Topography, 43. 
St. Andreu:'s bay Fla. Hydrography, 71; a.ids for navi1rn-

tion, 72, 354, 355. 
Stars, (circumpolar.) J,fat of positions, &c., 166. 

Staten island, .I\-. 1-. Topography, 41, 42 ; tides of sound, 44. 
Sf.I.Ilion marks, 2 91. 
Stati.stic.s of C. S. operations, 108. 
Stcilacoom harbor, W. T. Sketch No. 57. 
Stellwagen, Commander H. S., U.S. lv~ Hydrogmphy inside anrl 

off Cape Cod peninsula, 35, 93 ; determination of rock~ 
and shoals, 114, 115; aids for navigation, Nantucket 
sound, 350 ; report on Hetzel boiler explosion, 335-340. 

St. lldena sound, S. C. Triangulation, 55 ; topography, 57 : 
hydrography, 58, 59. 

St. John's rit>er, Fla. Verification base near Jacksonville, 
62 ; topography, 64, 65, 284-286. Sketches Nos. 27, 28. 

St. Louis bay, MiM. Hydrography, 76. 
St. Mark's rit>er, Fla. Triangulation, 67; topography, 69; 

hydrography, Tl; Sketch No. 32; trade, &c., 291. 
St. Mary's river, Fla. Triangulation, 62 ; hydrography, 65 : 

Sketches Nos. 23, 24. 

Stonington, Omn. Hydrographic reconnaissance, 43. 
St. Simon's wund, Ga. Triangulation, 56; topography, 58: 

hydrography, 59, 60, 282-283. Sketch No. 22. 

Su.garkoj key, Fla. Topography, 288. 
Suisun bay, Cal. Topography, 81. 
Sullivan, Suh-Aum. J. A. Topography, Long Island, N Y .• 
.. 41, 93; triangulation, Florida keys, 63, 97; topo~mphy, 

Matagorda peninsula, 79, 99. 
SummerlAnd key, Mi.ddk Fla. Topography, 63, 288 

T. 
Tables, tidal, for navigators, 15, 120-133; remarks on tables 

for prediction, 14, 249-251; depths at port entrances and 

anchorages, 11, 183-137; magnetic elements, 214-225, 
227 ; map projection, 298-303, 307 ; degrees of lat. and 
long. in metres, 304; reducing stat. miles to metres, or 

vice versa, 305 ; metres to yards, or vice versa, 305 : yards 

to miles, 306 ; degrees of meridian and parallels in stat. 
and naut. miles, 306. 
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Tangier sound, Md. and Ya. Hyd1ography, 48. 
Telegraphic l.on[!t~'~· Wilmington, N. C., and Columbia, S. 

C., 50; Macon, Ga., and Montgomery, Ala., 54, 164; 
Mobile station, 73, 164; New Orleans, 164; details of C. 
S. method, lL 167-181 Skekh No. 66; list of circum
polar stars used, 166; prosp1.ictive trans-Atlantic con

nection, 12, 20, 347. 
Tc:ra.<, (ua-coast.) Sketch No. 42. 
Theodoliu. Hilgard's method of testing, 19, 310-316. 
1'idal currenls. New York harbor, city, and Brooklyn docks, 

Sandy Hook, Kill van Kull, Arthur Kill, Raritan bay, 
Newark bay, and Passaic rivers, 6, 7, 44, 264-266. 

Tidal dii>isi1J1Z, (C. S. office.} Details of occupation, 88 ; re
ports of Assistant Pourtales, 140, 141, 267-269. 

Tidball, Lieut. J. C. , ll S. A. Charge of drawing division, 

88 ; report. 141, 142. 
Ti~, Kennebec entrance, Me., 34 ; Charlestown navy yard, 

38; Nantucket and Martha's Viney:.rd sounds, 14, 261-
263; Sandy Point, Conn., 43; Hudson river, 6, 45, 266; 
New York bay; Sandy Hook; Raritan and Newark bays; 
Kill van Kull and Arthur Kill, 6, 7, 44, 264--266; Gov
ernor's island, N. Y., 45; Old Point Comfort, Va., 49; 
Albemarle sound, N. C., (as affected by winds,) 15, 271, 
272, Sketch No. 16 ; Charleston, S. C., 60; South Edisto 
river and St. Helena. bar, S. C., 59; St. Simon's sound 
and Brunswick harbor, Ga., 59, 60, 283; St. Mary's river, 
(Fort Clinch,) 66; Cumberland sound, 65; Gulf of 
Mexico, peculiarities, 15, 131; co-tidal lines, 15, 252--259, 
Sketches Nos. 35, 36 ; type curves of Gulf tides, 260, 
261, Sketch No. 38; effect of winds on Gulf tides, (dis
cussion,) 15, 272-276, Skekh No. 37; effect on tides of 
Cat Island harbor, 15, 276-278, Sketch No. 39; Western 
Coa.!t stations, permanent, San Diego, San Francisco, and 
Astoria., 14, 84, 269, 270, 348; Cuyler's harbor, tempo
rary, 85; Prwiidion t.abk3, in preparation, 14, 249-251 ; 
Tables for rw;vigatms, (revision,) 15, 120-133. 

1omaU. bay, Cal., triangulation, 80. 

Topography, Kennebec entrance and Cape Small, Me., 31; 
Portland, 32; Duxbury, l!a.ss., 32 ; Cape Cod peninsula., 
33; Martha's Vineyard, 33, 117; Hudson river, 43; New 
York city ll.Ild Manhattan island, 40, 43, 281; Staten 
island, 41, 42 ; Long island, 40, 41; Sandy Rook and 
Raritan bay, 42; Elk river, Md., 46, 47 ; sea.coa.et of 
Virginia., 47 ; Potomac and Rappa.bannock river entrances, 
47; Rappahannock river, 48; coast of North Carolina, 
51; Georgetown harbor, S. C., 57; De.who and South 
Edisto rivers, S. C., 57 ; St. Helena sound, 57 ; St. Simon's 
sound and Brunswick harbor, Ga.., 58; St. John's river, 
Fla., 64, 65, 284-286 ; Florida. keys, 63, 286-289 ; Cedar 
keys, l<'la., 69; St, Marks, 69, 291; Apal&chicola, 70, 
291 ; Pensacola. bay, 70 ; Lake Borgne and Ea.st Pearl 

river, 75 ; Atcbafalaya bay, La., 74; Matagorda bay and 
peninsula, 78, 79 ; Santa Barbara channel, 82 ; San Fran

ciRco and San Pablo bays, 81 ; Port. Townshend, Port 
Gamble, Apple Cove, and Murden's Cove, W. T., 86; 
General extent and statement of progress, 3, 20-24, 92-100. 

Totten, Bvt, Brig. Gen. J06eph G., U. S. A., 84, 347. 
'Pramit instroment, method for use in observing ardmuth, 208, 

209. 

Transit., method of sul1stituting lunar spots in observing 
culminations, 13, 181, 198-203. 

Trenchard, Lieut. Comg. S. D., []. S. Ji'. Hydrography, Ken
nebec entrance, ~le., 33; Casco bay, 34; Webster rock, 
113, 114; Ipswich and Annis Squam, Mass., 34, 35, 92; 
St. Simon's sound and Brunswick harbor, Ga.., 59, 60, 96, 
282, 283; lmoys recommended for bar, 351; hydrogra
phy, St. Mary's har and Fernandina harbor, Fla., 65, 98; 
relieves barque Adieu, 18, 35, 333-335. 

'l'ri.angidatiOll. Section I, Sketch No. 1, coast of Maine, 29; 
Kennebeck and Sheepscot rivers, 31 ; Section II, Sketch 
No. 5, New York bay and Hudson river, 39; Section III, 
Sketch No. 7, James river, Va., 46; York river, Va., 46; 
Section IV, Sketch ~o. 13, coast south of Cape Henry, 
51; coast of North Carolin.a, 51; Section V, Sketch No. 
Ii, Cape Fear to Lockwood's Folly, N. C., 56; coast of 
South Carolina, 55 ; St. Simon's sound and Brunswick 
harbor, Ga.., 56; Doboy inlet and Sapclo sound, Ga, 56, 

57; St. Mary's river and Fernandina harbor, 62 ; Section 

YI, Skekhes No. 25, 26, Florida Keys, 63; Section VII, 
Sketch No. 30, Cedar Keys, 67; St. Mark's river, 67; 
Apalachicola harbor, 68; Pensacola harbor, 68 ; Section 
VIII, Skekh No. 33, Mississippi and Chandcleur sounds, 
Lake Borgne and Lake Pontchartrain, 73, 74; signals and 
station marks, 291, 2.9ll; Atchafa.laya bay, 74; Section 
IX, Sketch No. 41, Matagorda. bay, 77; Section X, Sketches 
No. 44, 45, Santa Barbara channel and Santa Cruz island, 
Ca.I., 80; Tomales bay and Bodega bay, 80; Section XI, 
Sketch No. 51, Admiralty inlet and Possession sound, 
W. T., 85; General extent and statement of progress, 2, 

20-24, 92-100. 
Trowbridge, Li.eut. W. P., U. S. Eng'rs. Tides, Hudson river, 

44, 45, 94; concluding report on Western Coast tidal ob
servations, 269, Z70; relieved from C. S. duty, H, 19, 
84, 348. 

Turtle river, Ga. Triangu1a.tion, 56; topography, 58; bydrog
raphy, 59. 

Type curves (Gulf of Mexico tides.) Description, 15, 260, 261; 
Sketcli No. 38. 

v. 
Yalll;jo, Cal. Topography 81. 
Yarina, C. S. schooner. Hydrogra.phy, Section VII, 71. 
Verific.ation. Topography, Elk river, Md., 46; Rappahan-

nock river, Va., 47. 
V'=n, C. S. steamer. Rydrogra.phy, Section I, 33-35. 

w. 
Wacca.sa&ta bay, FZa. Topography of reefs, 69 ; plane-table 

reconnaissance of rivflr, 289; hydrogra.phy, 71; Sketch 
No. :n. 

Wadsworth, AMiatant A. S. Topograph1, Hudson river, 43, 
94 ; Sta.ten Island, 42 ; triangulation coaat of North Caro
lina., 51, 95, and topography, 52. 

Wainwright, Lieut. ~. llicilard, U. S. N. Hydrography, 
Hudson river, 43, «, 94 .; Rappahannock river, 48, 49, 95. 

Wainwright, Sub-Auiltanl., 8. A. Topography Florida keys, 
64, 97' 286, 287. 

Waldaz, (hptain a. U. S. revenue marine, 114. 

Wal.ker, C. S. steamer. Hydrography, Section VI, 16; Sec
tion VIII, 75, 16. 
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Walter, Elwood, 284. 
Washington Territory. 'l'riangulation, topography, and hydrog

raphy, 85-87; resources, 293-295; Indian disturbances, 
18, 86, 343-345. 

Watkins, Captain James, 119. 
Wave, C. 8. schooner. Topography, Sect. ITT, 47; Sect. V, 57. 
Webb aatioo, Md. Probable error of azimuth, 308. 
WebM,er Todc, struck by steamer Daniel Webster, Casco hay, 

6 ; position, 113, 114. 
WtBtern Oxut, localities surveyed, 4, 104-l06, Sketch No. 

60; Indian disturbances Washington Territory, 18, 86, 
343-345. 

We-tlilocco-chee river, Fl-a. Reconnaissance, 69, 289. 
Wharlon, Edward, charge of engraving division, 89, 91. 
Whiting, Assistant H. L. Topography, Martha's Vineyard, 

33, 92, 116, 117; Staten Island and Bergen Neck, 41, 42, 
93; Elk river, Md., 47, 94_; Rappahannock river, 47. 

Whiting, lieut. W. D., U. 8. N. Hydrographic office details, 
91 ; table of depths, 133-137. 

Wilmington, N. G., telegraphic longitu@.e station, 60, 164. 
Winds. Effect on tides, Albemarl& sound, 15, 271, 272, 

Sketch No. 16; Gulf of Mexico, 15, 272-276, Sketch No. 
37; Cat Island harbor, 15, 276-278, Sketch No. :39. 

Winter, James, Esq., transmits current messenger from Turk's 
island, 279. 

Wise, Assist.ant Geo. D. Topography, seacoast of Virginia, 
47, 91'>; St. Mark's river, Fla., 69, 98; Apalachicola har
bor, 70. 

W'tirdemann, Gmlizmu. Tidal observations, Hudson river, 45, 
94, 266, 267; St. Mary's river, (Fort Clinch,) 66, 96 ; 
St. John's river base, Fla., 62. 

Wiirdemann, W. Ten-inch theodolite, :310, 311. 

Y. 
York river, Va. Triangulation, 46, Sketch No. 7. 

z. 
Zenith tdescopc. Lo.titude observations, Mt. Desert, l\fo., 29. 



 

ERRATA 
In Coast Surrey Report for 18 5 6. 

Page 41: Line 25, from bottom, for eallern read u•esl.em. 
Page 59 : LineR 8 anil 7, from bottom, for 6. 8 and 8. 3 read 6. 1 and 7. 3. 
Page 65: Lines 4 and 3, from bottom, forjivefeei, and seven-tenihs read .5. 9, and for seven read 6. 7. 
Page 130: Table IX, 3d hour of column 5, "From small low water to large high," for 3. 0 read 3. 3. 
Page 130: Tal>le IX, 6th hour of columns 1 to 7, "Small ebb, &c.," read 0. 3, 0. 6, O. 8. 1. 2, 1. 7, 2. 4, 3. O. 
Page 264: Line 21, from bottom, read-within a century it has increased nearly a mile, and at about the rate of one-six· 

teenth of a mile on the average in twelve years. 
Page 169: Line 5, for "drawing B," read drawing. B, &c. 
Page 169: Line 17, after "silver frame," insert-the pi,vot ho7"' beino lm•hed with plntinum. 
Page 169: Line 4, from below, for "chronographic recording in Bond's Chronographic Register," read--recording on a chro· 

rwgraphic regitter regttlated by Boru! s spri'fl{I gov~nor. 
Page 170: Line 5, for Band B', read B' and B'' . 
. Page 170: Line 6, for "by intervening thin plates of irnry (not represented in the figure,") read-by an int.erveniTl{f plnte ef 

WIY1'1f. 
Page 170 : Line 7, for B and B', read B' and B". 
Page 170: Line 11, from below, after "pendulums," insert-the device of Mr. Kerriaon, of PhUaddphia. 
Page 170 : Line 15, for slips, read drcps. 
Page 170: Line 19, rkU "is of the same diameter as A' and" 
Page 170: Line 21, from below, after "register," insert--of which. the -regulator wcm. 
Page 170 : Line 24, for slips, read draps. 
Page 170: Line 25, for B rea.d B'. 

In C'O<Ut Survey Repmtfor 1855. 

Pages 138-140 : Increase all longitudes under heading Winy® bay, by 3' 66''. 7. The correction does not affect e.zimuth8 or 
distances. 

In Coast Survey R.eport for 1853. 

Page 1320: Line 6, from bottom, in column of 50", for 1266. 4 read 1276. 4. 
Page 1370: Line 6, from bottom, in column of 60", for 1237. 6 read 1237. 2. 



 

REPORT. 
CoAST SURVEY OFFICE, WASHI:S-GTON, D. C., 

December 1, 1856. 
SIR: In compliance with the law and the regulations of the Treasury Department, I have 

the honor to submit my report of the progress of the Coast Survey for the past year. The report 
is brought up to the :first of November in every case where the operations permit. 

The survey has been carried on during the year in all the States and Territories of the 
.At,lantic, Gulf of Mexico, and Pacific coasts, where it is not essentially completed. 

The report is divided into three parts: the introduction, the description of operations, and 
the appendix. 

I. The i11troduction contains a general notice of the progress and operations of the •survey, 
with references to the more detailed descriptions contained in the second part of the report, or 
in the appendix, and the estimated progress of the next fiscal year, with estimates of the means 
necessary to secure that progress. 

II. The second part of the report gives a detailed account of the field and office work, 
arranged under the head of geographical sections, numbered from one to eleven, and subdivided 
according to the several classes of operations as conducted by the different officers of the survey. 
The .statistics of each operation, as reported, are given in this part of the report. Each section 
constitutes a chapter, as it were, and commences with a very general notice of the work detailed 
in the chapter. 

III. The appendix is subdivided into the following heads : 1. Fidd, hydrographic, and office 
detaU8. Under this head are general lists showing the distribution. of the parties in the surveys 
of the present year ; the names of officers of the army and navy attached to the work ; the 
results of the survey as shown by the information communicated ; the statistics of work ; the 
ca.pea, headlands, harbors, &c., examined on the Western Coast; the developments and 
discoveries, with special reports communicating those made within the year ; tables bearing 
upon the resources for navigation on the coai>ts of the United States ; and reports upon the 
work e.xeeQ.ted in the several divisions of the office ; together with list.a of the coast survey 
maps and charts published or in course of preparation. 2. Special operatioruJ and discussions 
relating to the determination of longitudes, the magnetic elements, tides, tidal currents, and 
windB. 3. Local, tm:roeys, features of country, and the resources for development at different 
points on the coasts of the United States, as coming within the notice generally of parties 
employed in the several localities. 4. Miscellaneous sC'ientijk matters, relative to methods and 
implements applicable in the w•rk, e;nalyses, memoirs on special subjects, &c. 5. MiscetlaneotUJ 
corrupoodence having incidental connexion with officers and parties engaged during the year .• 
6. Liglrt .. house matters. . • 

The r~rt ia preceded by a table of contents and an alphabetical index. 

GEOGRAPHICAL SECTIONS. 

ihe limiW of the. geographical sections into which, for convenience, the survey is divided, 
•.which., £rom the data befoxe me when tJie division was ma.de, were supposed to contain a.bout 
*l.:l ~- of altore-line, are u follows : 
~l.. )bom. P••ma,q~dy •1 to P.oint. Judith, in!illwliag tae QOU.t of the St.ates ~f 

· ~. :Na JlaaPlbim. \lamach~. u.d. Rhode Island. 



 

REPORT OF THE SUPERINTENDENT OF 

SECTION II. From Point Judith to Cape Henlopen, including the coast of Connecticut, New 
York, New Jersey, Pennsylvania, and part of Delaware. 

SECTION III. From Cape Henlopen to Cape Henry, including the coast of part of Delaware, 
Maryland, and part of Virginia. 

SECTION IV. From Cape Henry to Cape Fear, including part of Virginia and North Carolina. 
SECTION V. From Cape Fear to the St. Mary's river, including part of North Carolina, South 

Carolina, and Georgia. 
SECTION VI. From the St. Mary's river to St. Joseph's bay, coast of Florida peninsula, and 

including the Florida reefs and keys. 
SECTION VII. From St. Joseph's bay to Mobile bay, including part of the coast of Florida 

and Alabama. 
SECTION VIII. From Mobile bay to Vermilion bay, including the coast of Mississippi and part 

of Louisiana. 
SECTION IX. From Vermilion bay to the boundary, including part of the coast of Louisiana. 

and that of Texas. 
SECTION X. Coast of California, from the southern boundary to the forty-second parallel of 

north latitude. 
SECTION XI. Coast of Oregon and Washington Territories. 
To each section corresponds a plate showing the limits and the progress of the different opera

tions, and lettered from A onwards. 

GENERAL STATEMENT OF PROGRESS. 

It is not easy to give an interngible description of the progress of the survey in a very con
densed form; but by following such a general sketch of the coast as that given on the map of 
lines of magnetic declination, (Sketch No. 61,) so as to seize the general limits mentioned, the 
annexed description may serve to furnish a general view of the work executed. It is more than 
half completed on the Atlantic and 9ulf coast, and the present progress is at a much more con
siderable rate than the past. I estimate that from ten to twelve years will find the field-work 
essentially completed in all the sections just mentioned but two,· and those only recently begun, 
provided that no unforeseen hindrance occurs to the operations now planned as in turn to be 
executed. The great increase of prices of every sort has, of course, retarded the survey materi
ally, the appropriation not keeping pace with it. 

Referring to the sketch of the coast already alluded to, the triangulation extends unbroken 
from Mt. Desert, Maine, seventy-four miles from the boundary (one link being, ho.wever, only 
connected in a. preliminary way) to within twenty-seven miles of New Inlet, Cape Fear, North 
Carolina, or frnm latitude 44° 21' N. to latitude 33° 31', affording the basis upon which the 
other operations rest. South of this it includes Cape Fear entrance and along the coast to 
Lockwood's Folly, North Caroliri,a; Georgetown entrance, Winyah bay, and Georgetown har
bor, Soutk Carolina; from Long island, north of Charleston, to the Hunting islands on the south 
side of St. Helena sound; from Calibogue sound to the south 8ide of Tybee entrance, Goorgia; 
and up the Savannah river to the head of Argyle island; Sapelo entrance, Doboy entrance, St. 
~on's entrance, and up Turtle river to beyond Brunswick; St. Mary's entrance and Fernan
diQa h~rbor, Florida, and St. Mary's river, St. John's entrance, and up the river to Jackson
ville; from Virginia key, north of Cape Florida, to Key Rodriguez, and from Jacob's point 
(Key Vac:u1) to the Marquesas, west of Key West, including two-thirds of the outer keys and 
reefs of Florioo, the coast of Smdh Fl.orida from the Miami to the head of the Gulf of Florida; 
from Homosassa bay, western coast of Florida peninsula, to Cedar Keys; Ocilla. river entrance; 
St. Mark's harbor; Apalachicola harbor and part of St. George's sound; St. Andrew's harbor 
and,sound; Pensacola ha.rbor and part of Santa Rosa sound; Mobile bay and approaches; :M;is
•iasippi sound, Lake Borgne, and part of Lake .Pontchartrain, connecting the cities gf .Mobile 
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and New Orleans ; part of Chandeleur sound; Isle Derniere and Caillou bay, .Atchafalaya bay, 
and part of Cote Blanche and Vermilion bays, Galveston entrance, lower and upper bays, and 
West bay; the coast of Texas from Galveston, to include the greater part of Matagorda bay and 
the entrance to the Rio Grande. On the Western Coast the main triangulation is complete from 
Sonoma mountain to south of Monterey; secondary triangulation has, been made in California, 
near San Pedro, near Santa Barbara, and the islands, and in San Diego bay; north of San Fran
cisco, Bodega bay,. Ballenas, Humboldt, and other harbors ha·ve been surveyed; in Oregon, 
Columbia river entrance and to beyond Astoria; in Washington Territory, Shoalwater bay, 
Washington sound, including its islands and the Straits of Rosario and De Haro, Bellingham 
bay, New Dungeness harbor, Port Townshend, Duwamish bay, and Seattle harbor, Greenville 
harbor, Port Ludlow, Port Gamble, and Steilacoom harbor, have been surveyed. 

Upon the triangulations the topography is based, following them at an interval of about one 
season, as a rule, and showing the details of the shore-line, capes, headlands, &c., the character 
of the natural and artificial features of the shore, by which a navigator would recognise it, and 
the communications from l)lace to place, almost as important as the coast line itself. 

The hydrography is based upon this topography, and gives the features below the water by 
soundings, the tides, currents, &c. 

In Maine, some detached work has beem.done east of the Penobscot, near the mouth of the 
Kennebec, in Casco bay and Portland harbor. In New Hampshire, Portsmouth harbor and the 
approaches have been surveyed. In Massachusetts, Newburyport, Ipswich, and Annis Squam 
harbors, and the coast between them; Massachusetts bay, including Gloucester, Salem and 
Beverly, Marblehead, Nahant, Plymouth, and Wellfleet harbors; Stellwagen's Bank and the 
Minot Rocks, Cape Cod shore, and Nantucket, broad off to George's Bank, is nearly done ; 
Monomoy and Nantucket shoals, Nantucket and the Vineyard sounds, and Buzzard's bay. In 
RR.ode Island, Connecticut, New York, and New Jersey, Narragansett entrances, Long Island 
sound, Hell Gate, New York bay and harbor, and part of the Hudson; the bay of the :five 
States, from Nantucket shoals to Delaware bay. In New Jersey, Delaware, Pennsylvania, and 
Maryland, Delaware bay and river to Trenton, and the seacoast of Delaware and Maryland. 

In Maryland and Virginia, Chesapeake bay and its dependencies, and most of its rivers. The 
coast of North Carolina from Hatteras to south of Ocracoke, Hatteras and Ocracoke inlets, 
Beaufort, the Cape Fear to Wilmington, Hatteras, Cape Lookout and Cape Fear shoals. In 
South Carolina, Winyah bay and Georgetown harbor, Cape Roman shoals, Bull's bay, harbor 
of refuge to the north of Charleston and Edisto tO the south. Rattlesnake shoals, Charleston 
harbor, the seacoast from Charleston to Tybee entrance, St. Helena sound and South Edisto 
entrance, Martin's Industry shoal, Port Royal entrance and Beaufort river. In Ge.orgia, Tybee 
entrance and the Savannah river to the head of Argyle island, Romerly marshes, Doboy inlet, 
and Altamaha river to Darien, St. Andrew's entrance, St. Simon's entrance, Turtle river, and 
Brunswick harbor; St. Mary's, or Cumberland entrance, and St. Mary's river. In Florida, 
Fernandina harbor and St. John's river to Jacksonville, Canaveral shoals, the Florida reef, 
from its beginning near Cape Florida to Key Rodriguez, and from Key Vacas to its termination, 
Key West harbor and approaches, Key Biscayne bay, Legare anchorage, Bahia Honda harbor, 
Tampa. bay, Wacca.sassa bay and the coast, and including Cedar Keys harbor; Ocilla river 
entrance, St. Mark's and .Apalachicola harbors and approaches, St . .Andrew's bay, Pensacola 
harbor, and part of the bay. In Alabama, Mississippi, and Louisiana, Mobile bay and entrance 
and approaches, Mississippi sound, and the Gulf coast to Pass Christian and Pearl river 
entra.nce, the outer coast to Chandeleur bay and islands, the delta. of the Mississippi, Pass 
Fol;lrchon, (reconnaissance,) Isle Derniere, and the entrance to Caillou bay, Atchafalaya. 
entrance and part of 08te Blanche and Vermilion bays, Calca.sieu entrance, (reconnaissance.) 
Jn~' Sabine river entrance, (reconnaissance,) Galveston upper and lower bays, a.nd the 

. ~.of 'l'G:as to the hea.d of Matagorda. bay, Aransas Pass, (reconnaissance,) and the 
fti:tMioe to· the Bio Grande. 
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A general hydrographic reconnaissance has been made of th~ coast of Oalij<»"T/,ia and Oregon; 
every harbor has been surveyed, and preliminary charts of nearly all have been published. In 
Ww;hington Territory, a considerable portion of Washington sound, including the Straits of 
Rosario and the Straits of Haro, has been surveyed, Bellingham bay, New Dungencss and 
False Duugeness, the entrance of Admiralty inlet, Port Townshend, Steilacoom and Sea.ttle 
harbors, Port Ludlow, Port Gamble, and Shoalwater bay, and charts have either been 
published or are in progress of engraving. 

The localities surveyed on the western coast have included fourteen capes and headlands, 
eleven islands, thirty-one harbors and anchorages, fourteen bays, two reefs, seven straits and 
entrances, three rivers, and three cities; and charts or maps of the whole have generally been 
published when the importance of the locality justified it. Thus, of eighty-five survey$ classed 
as just stated, of which the titles are given in Appendix No. 6, sketches or maps and charts have 
been published of sixty-five, and those of some others are in progress. Seventeen surveys have 
been added during the past year. Nearly all the more important preliminary surveys, detached 
from the regular progress along the coast, have been made in California and Oregon, and many 
in Washington Territory. The capes and headlands in many cases have been surveyed in 
reference to light-house purposes. There is no delay whatever in publishing these sketches, 
which, on the contrary, are put in hand as soon asl!received, so that the field-work of the season 
furnishes the sketches for the report. Nearly three-fifths of the harbors on the Atlantic and 
Gulf coast have been surveyed, and charts of them have been published. Charts of all the 
dangerous shoals, from Nantucket to Cape Canaveral, have been made and published, and are 
included generally in the Coast Survey reports. The inlets, with perhaps ten exceptions, have 
been surveyed, and charts of all except those of the last year's survey have been published, and 
charts of those are in progress. · · 

The electrotype process permits us, without waste, to begin a seacoast chart as soon as one 
season's work is done, and to add to it year by year as the work comes in. Thus it is no longer 
necessary to wait for the full results desirable for a complete chart before beginning to publish. 
In this way we have commenced the seacoast chart of New Hampshire and Massachusetts, the 
Nantucket shoals, the seacoast of Delaware, Maryland, and Virginia, of North Carolina from 
Cape Hatteras, of South Carolina and Georgia between Charleston and Savannah river, of the 
Florida reefs and keys; of the coast of Florida near Cedar Keys, of Mississippi eound, of 
Chandeleur sound, of A tchafalaya bay, and of the coast of Texas from Galveston southyvard. 

The principle adopted is, to publish a sketch, or a preliminary chart, as soon as the data are in 
the office, and to follow afterwards with the :finished charts. In this way charts of one hundred 
and twenty-two harbors, inlets, shoals, &c., have been published ·a.a the materials have been 
received. The progress sketches themselves are also made the vehicle of information collected 
out of the regular course, and deep-sea soundings made on the Atlantic antl Gulf of Mexico 
coasts will be thus found recorded, with sections of the bottom corresponding to them. 

When the importance of the locality justified it, and the regular opera.tiom OO'llld not properly 
be extended to special localities, reconnaissances have been made and published in advance of 
the regular work. In this way, there being special calls for the hydrography of Port Roya.I 
entrance and of Doboy and St. Simon's entrances, reconnaissances were made and communicated 
to the Department, and are now engraving. The hydrographic reeonnaisance of the Western 
Coast was made and published within two years and a half after our acquisition of California. 
This has been revised and improved. by additional wo~k, and age.in published in its rmsed form. 
Preliminary charts of nearly every harbor on the western ooast south of Puget's Sound have 
been already published. 

No material comes into the office from parties in the field or afloat which is not a.t onue ClLSt 
into the form of maps, charts, sketches, or preliminary charts, and no hydrogra.phie material 
which is not in the engraver's hands within the year aft.er it is turned over to dte archives. 

The effort which was made by sending the assistant in charge of ·the ~-~ aoc:8114 
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engravers was quite f!uccessful in regard to those approaching near to the first class and in the 
second class, and will enable us, as soon as they have gr-0wn familiar with our style of work, to 
make the desired progress in the finished maps. There is still room for two first-class engravers, 
if they oould be had, but such workmen are scarce even in Europe, where the governments have 
so long encouraged the highest style of map engraving, and where t,he competition from bank
note engraving which occurs in our country is not so strongly felt. 

One hundred and twenty-one of the published sketches, preliminary charts, and maps are to 
be had of the general disbursing agent of the survey, (see Appendix No. 19,) and within the 
year sixty-nine have been published, including those with the report of 1855. 

The total number of impressions of maps, charts, and sketches distributed from the office 
during the year was eleven thousand seven hundred and fifty-six, exclusive of those contained 
in the annual reports. 

A good mode of obtaining a distinct idea of the progress of the work during the past year is 
to refer to the table given in the Appendix No. 1, where, under the head of each geographical 
section, the charader of the work of each officer of the survey i11 stated, and its limits during the 
surveying season. 

DISCOVERIES .A.ND DEv'ELOPMENTS. 

During the course of the work, discoveries or developments of greater or less value to commerce 
and navigation have been made, almost as matters of course, on a coast so imperfectly known as 
was that of the United States. The more important of these up to 1855 are collected in the 
Appendix No. 8, and those of the present year are !llP"en in the body of the report. 

Among the developments made in the course of the hydrogra.phy of the season, most worthy 
of notice, is the extensive bank of comparatively shoal ground between George's Bank and the 
~a.st of Massachusetts, portions of which have been known to navigators, and misnamed, as if 
consisting of special shoals or ledges. The full description of this is given in the hydrography 
of Section I. The careful investigation of the newly discovered channel through Martin's Indus
try into Port Royal harbor is another important result. This channel has not less than twenty 
feet water in it, and is two miles to the southward of the old ea.st channel, and two miles and 
three--quarters to tne northward and eastward of the main, or south channel. (Appendix No. 15.) 
The .sounding out of a bar off San Diego harbor, and the determination of the limits of Cortez 
shoal, off Santa Barbara, rank also with the foregoing. A complete list of developments and 
diseoveries is annexed, and in Appendix No. 8 the list is brought up to 1855, inclusive. 

1. Determination of the position of a sunken rock, on which the steamer Daniel Webster 
struck, in Oasco bay, on the evening of the 13th of October. 

2. Development Of a Teef extending between Minot's and Scituate light. 
3. A sunken rock, with only six feet on it at low water, off Webster's flag-staff, Massachusetts 

bay. 
·4. A dangerous rock near &quish Head, entrance to Plymouth harbor. 
5. Three rocks determined in position, partly hare at low-wa.ter, offManomet Point, Massa

chusetts bay. 
6. Determination of a very dangerous rock, off Indian Hill, and four miles southward of 

lfanomet Point, Mas8achmetts bay, with as little as six feet water on it. 
'l. Non,.exiatence determined of "Clark's Bank" and "Crab Ledge," la.id down on cert&in 

ch&Tt.e BEi distinct from an immense shoal ground off Cape Cod peninsula. 
8. Diacovery of two shoal spois with twelve and thirteen reet waoor, eastward from Great and 

Little BolID.d 11b:oals, Nantucket sound. 
9. llmenninatiOn of two shoal spots near the northern extremity of Davis' Bank, with four

.teen and eighteen feet water. 
lO.;'i'uriher,dereJopment,of Edwards' &hoal, three-.fourths.of a mile from the ~D Crose 

'~~ ., LllUIMmtL ..... 1* ·· · 
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11. Discovery of shoal sand ridges northward of Great Point light, Nantucket sound. 
12. Important changes in geographical feature at the southeastern end of Martha's Vineyard, 

Mnskeget channel. 
13. Determination o{changes occurring in New York harbor. 
14. Investigation of the cause of changee at Sandy Hook. 
15. The tides of Hudson river. 
16. Minute development of the changes affecting the entrance to North Edisto river, South 

Carolina. 
17. Discovery of a new channel between Martin's Industry (shoal) and southeast breakers, p:ff 

Port Royal entrance, South Carolina. 
18. Directions for entering the harbor from Crystal river offing, western coast of Florida 

peninsula. 
19. Co-tidal lines of the Gulf of Mexico. 
20. On the effect of wind in disturbing the tides of the Gulf of Mexico. 
21. Development ofa bar at the entrance to San Diego bay, California. 
22. Determination of a point of rock on Cortez shoal, and subsequent complete hydrographic 

survey of the shoal. 
23. Investigation of currents of Santa Barbara channel. 
24. Further development of the extent of Commision Rock, San Pablo bay. 
Most of the items in the foregoing list speak for themselves; a few passing remarks on others 

seem to be desirable. 
The general developments in New Y or9 harbor will be more properly stated when the com

parative map, now in progress, is completed. In this, the surveys of 1836 and 1856 will be 
carefully compared, and the interesting changes which were briefly referred to in my report of 
last year will be fully brought out. Some of the special matters, however, will be treated. at 
once. 

It is a. well established fact, and a most important one to the future of New York harbor, that 
Sandy Hook continually increases to the northward, narrowing the ma.in ship-channel entrance. 

To ascertain the causes of this, so as, if necessary, to control the action, a series of observations 
were made during the past year by request of the Commissioners on Harbor Encroachments of 
New York, and at their expense. The results are of a definite sort, of great value, and give 
every encouragement in reference to the power to control this growth of the Hook, should it 
become necessary. A general statement of the observations, and of their results, will be found in 
the Appendices Nos. 38 and 3~. The deposit is caused by a slowly moving northwa.rdly current, 
on both sides of the Hook, running on the outer side more than seven hours ~mt of the twelve, 
and on the inner, eleven hours out of the twelve, during both the ebb and flood tides, and meet
ing at the point of the Hook. 

A comparative map of the upper part of the Hudson is also in progress, representing the 
surveys of the civil and military engineers in previous years, and the present state of the river 
bed, as compared with that in 1853 from these data. 

A knowledge of the progress of the tide-wave up the Hudson river is of special importance 
in the determination of the shore-lines of the river, near its mouth in New York bay, and near 
the head of the tide, above Albany. At the request of the Commissioners on Harbor Encroach· 
ments, and mainly at their expense, an elaborate series of tidal observations was made, extending 
through nearly a lunation, and embracing nine sta.tions, between Governor's island, in New York 
harbor, and Greenbush, opposite Albany. At the two tenninal stations, self-registering gauges 
were employed, and the harbor station is the one where a. permanent self-registering tide-gauge 
has been placed and observed. for several yeat-s. The results of these observation! a.re undergoing 
di8Ctl88ion in the tidal division. (Appendix No. 40.) • 

In connexion with the tidal a.ad current observations in New York bay and harbor, valuable 
i>blen&tions have been made of the progress of the tide-wave~ of the tidal ~; m· tile 
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passage from Raritan bay to Newark bay, Staten Island sound, or Arthur Kill, and from New 
York bay to Newark bay, through Kill van Kull. These contain the clue to the complicated 
action of the currents which causes the bars in the lower part of Newark bay, or the communication 
between Arthur Kill and Kill van Kull. A general statement of the observations made will be 
found in Appendix No. 39. 

In this same connection full observations were made of the set anl drift of the currents in the 
docks, slips, and basins of New York and the adjoining cities, with a view to questions relating 
to their mode of construction, and other i1oints of interest to the harbor commissioners, at whose 
request the observations generally were made. They include quite an elaborate series of current 
observations in and near the Atlantic dock, and in Buttermilk channel. 

The results of the determination of the specific gravity, and amount of saline matter in the 
water taken from different parts of New York harbor, and at different depths, by Professor 
Wolcott Gibbs, of the Free Academy, will be found in Appendix: No. 63. The temperatures at 
and below the surface of the water were taken, in connection with these specimens, to ascertain 
the variation in the point of maximum density from the fresh water of the river to the salt water 
of the ocean ; but either the temperatures of the strata were the same from the surface to the 
bottom, at the different stations, leaving irregular variations out of consideration, or the instru
ments used (Saxton's metallic thermometen1) were not delicate enough to indicate the differences. 

The change in depth developed at North Edisto entrance (Appendix No. 14) has required 
but a small alteration in the sailing directions and in the chart, a new edition of· which has 
been issued. 

The importance of the discovery made last year of the red sand marking the entrance to San 
Francisco bay is enforced in letters from the commanders of steamers on the W astern Coa.st. 
(Appendix No. 16.) • 

Details relating to a portion of the matters in the, preceding list will be found in the Appendix, 
between Nos. 9 and 15. 

OFFICE-WORK, MAPS, AND CHARTS. 

There are three classes of finished maps or charts. The first extend along the coast, 
embracing the shore-line and interior to the nearest main road, and the hydrography for some 
fourteen miles from the shore. These are called in-shore or coast maps and charts, and the 
scale of ~oho .has been adopted for them. The second are the general coast charts, or off-shore 
charts, on the scale .of T0~060, tracing the shore-line of the coast and its general topographical 
features so as to be recognized by the navigator, but omitting minute details, and giving the 
soundings to at least the depth of 120 fathoms, and selected in-shore soundings, so as to present 
a general idea of the bottom. The third are the charts of harbors, anchorages, and the like, 
on various scales from rho to 10ho, presenting in minute detail the soundings, tides, and 
currents of the separate harbors, the outline of the shores, the topography of the landings and 
country adjacent to the shore, and inward to the nearest land communication. 

The arrangements of th_ese classes of charts are of course the subject of much study, and 
embrace various principles and details. The rule was early adopted to arrange them in such a. 
way that the same atlas would contain them all ; a. rule which, if departed from in certain 
cases, has been with the .greatest reluctance, and only from overruling considerations. 

A special study is made of each of these classes, and projects are from time to time presented 
to the Superintendent for examina.tion. 

As early as the development of the work would admit, I studied in connected form the first 
and SOOOild classes of these ma.ps. The inaccuracy of existing maps rendered this only a 
preliminary study ; and from time to time, as our materials have been collected from the Coast 
Bum,r,~, ~ siudy has "bee~,resumed. During the pa.st year, I availed myself of the 
~·apti4u.tle,af..oae of the dra.ughtsmen (Mr. Boschke) for thia work, to han the whole 
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B'll.bject resumed in a connected form, and in this shape it is now in progress. The fertile mind 
of Captain A. A. Gibson was all!Q, during the last year of his connection with the survey, 
turned specially into this channel, and many excellent projects were produced by him for 
prospective execution. 

Besides this classification of maps according to the kind and locality, we recognize another 
founded on the style of exoontion appropriate to the map or chart. The lowest class are those 
known as sketches, of which there are two kinds : progress sketches, showing from year to year , 
the advance of the work ; and sketches of parts of the coast, either connected portions or 
detached capes, headlands, rocks, shoals, channels, anchorages, h8.}:bors, bays, sounds, and 
rivers. The progress sketches are added to year by year, as the new work comes in, and show 
by special signs, explained upon the face of the plates, the work d-0ne of each kind, in each 
year. These plates at the beginning of the survey in the several sections were small, and the 
additions required to their surface have been made from time to time by the electrotype process, 
or new plates have been engraved as the old ones became t-00 imperfect for use. During the 
past year the survey has been considered as sufficiently advanced in all sections to revise tlie 
whole of the progress sketches, arid to make new ones on uniform scales and with details more 
in harmony with each other. The sketches of particular localities are based upon recon
naissances or upon regular surveys. They present the details of the hydrography with 
generally a true outline of the shore. These for the most part are engraved by the apprentices 
in the office of the Coast Survey, and serve as subjects for practice. In my annual reports, 
lithographic transfers of these sketches are published. They enable us to present at t>nce the 
results of the work, without waiting for entire completeness, and thus to keep the information 
published close to the results obtained. We strive to have no important result in the archives 
of the Survey which is not in immediate progress of publication. Thus, as a rule, a year is 
not allowed to elapse between the making of a survey and its publication in some shape useful 
to the mariner. 

The next class of charts in regard to finish are called preliminary charts. They also enable 
us to keep up with the surveying operations in the field and afloat. Thus the seacoast of 
Delaware, Maryland, and Virginia was drawn and engraved as each season's work was turned 
in by the hydrographio officer, and by the electrotype process a new plate was made large 
enough to retain the old and to receive the new work. The pla.n thus pursued is now reduced 
to a system. Projects for preliminary charts were examined and approved, and the charts put 
in the hands of the draughtsmen and engravers so as to bring up the arrears of this kind of 
work, and projects were made so as to keep up with the new. For the principal charts of this 
class, the scale of ~00 has been adopted. For the harbor charts of this class, various scales 
must, of course, be used, suited to different localities. Sometimes a preliminary chart ha.a 
embraced the shore-line and. soundings of a map intended to be of the highest or finished class ; 
but this is rare, and defeats in a degree the object of this work, which belongs essentially to 
engravers of the second and third class. 

The finished charts are those requiring the work of first-class engravers, so difficult to be 
procured in any part of the world. To make them t-0 the greatest advantage, the work should 
be in a very forward condition, as any variation.a, from a supposed extent or arrangement of the 
chart, is destructive. This of itself inv<;tlves delay, and would keep the finished charts at a 
certain distance behind the work in the field and aftoat. But this is not the greatest obstacle. 
The work is very slowly executed, and the engravers who are capable of it are few in number. 
We had but four first-class engravers in the ofi1ce at the beginning of this year, notwithstand
ing the great efforts made at home and, by correspondence, abroad to add to their numbers. 

In the introduction to my report <>f last year, (1855, p. 21,) I stated the urgent necessity for 
addit:Wnal first-class map engFavera in our o:ftioo, to keep pace in the publication of filliahed 
me.pa with the field-work, im.d gave the history of our attf!!pipta to procure such at hom.t -
alwo&d. I alllO pve the news of Ca.pt.am Benham, of the corps ot qiueea, th.ea ...W•t 
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in charge of the Coast Survey office and my own, addressed to the Treasury Department, as to 
the mode of supplying this deficiency. (Appendix Nos. 37 and 38, 1855.) With the sanction 
of the Hon. Secretary of the Treasury, Capfa.in Benham received instructions to visit the prin
cipal engraving establishments abroad, and, carefully avoiding all interference with the govern
ment offices in reference to the matter in hand, to obtain such engravers as were competent to 
our work and willing to undertake it, with the consent of the officers by whom they were 
employed. This duty was accomplished by Captain Benham, with his usual zeal and ability, 
and we have gained by it four first-class topographical engravers and two second-class engravers, 
whose style of work we expect, by training, to bring to that of our office, and who will then 
become available for the execution of our finished mapH. l\1uch incidental information was 
obtained by Captain Benham in relation to this and other subjects connected with the Coast 
Survey work, arid opportunity was taken to promote the exchanges of maps and documents with 
the officers of foreign surveys. This has already resulted in the receipt of some beautiful and 
valuable government works, which we could hardly have procured in any other way. The 
.details will be found referred to under the head of "office-work." 

The list of maps, charts, and sketches accompanying the report of the chief of the drawing 
division (Appendix No. 19) contains the titles of ninety-five drawings, which have been in hand 
since the close of the preceding year. Of these, forty-two commenced this season ha•e been 
comJ>leted, with twenty-nine begun previously, and twenty-four are yet in progress. Twenty
nine of the entire number are finished maps, ten i)reliminary charts, and fift~·-six skctcl1cs and 
diagrams. 

In the engraving division four first-class maps have been completed during the year, and 
fifteen have been in progress. Of these last, eleven were commenced in former years, and four 
in the present year. Twenty-eight second-class maps or charts and sketches have been com
pleted during the year, of which eighteen were begun in the present year. Eleven of the same 
class, commenced within the year, are in progress. Nine diagrams have been completed, and 
two are in progress. This gives a total of forty-one plates completed, and of twenty-eight in 
progress, or of sixty-nine engraved or engraving within the year ending November 1, 1856. 
Of the forty-one plates completed this year, six were included in last year's list, being at it11 
date nearly completed. The complete list, giving the titles of the maps and charts, will· be 
found in Appendix No. 19. The list of maps, charts, and sketches up to the present date, as 
given in that appendix, includes two hundred and six-ty-one plates. Of these, forty-eight are 
of first-class or :finished maps, and twenty-five of progress sketches. 

The following is a list of the preliminary charts and sketches accompanying this report: 
1.-A. Progress sketch, Section I, (primary triangulation.) 
2.-A bis. Progress sketch, Section I, (secondary triangulation, topography and hydro~raphy.) 
3.- Seacoast of Massachusetts, No. 1, (preliminary chart.) 
4.- Monomoy shoals, additions. 
5.-B. Progress sketch, Section II. 
6.- Hudson river, from Albany to New Baltimore, (comparative chart.) 
'T.-0. Progrest!l sketch, Section III. 
8.- Patapsco river. 
9.- Rappahannock river, No. 1. · Frederick:o;burg to Moss' Neck. 

10.- Rappahannock river, No. 2. Moss' Neck to Port Royal, Virginia. 
11.- Rappahannock river, No. 3, (preliminary chart.) Port Royal to Saunders' wharf. 
12.- Rappahannock river, No. 4, (preliminary chart.) Saunders' wharf to Occupation creek. 
1$.-D. Progress sketch, Section IV. 
14.- Seacoast of North Carolina, from Hatteras to Ocraooke, (preliminary chart.) 
15.~ Cape Fear river, upper sheet. Federal Point to Wilmington, N. C. 
16.- Diagram.a showing eil'eet of wind upon high 11ond low water 4t ~~i~ sound. 

~:§1. 
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17.-E. Progress sketch, Section V. 
18.- Charleston harbor, (additions.) 
19.- Maffitt's channel, (comparative chart.) 
20.- North Edisto entrance, (preliminary chart.) 
21.- Seacoast of South Carolina, from Charleston, S. C., to Tybee, Ga., (preliminary chart.) 
22.- St. Simon's bar and Brunswick harbor, (preliminary chart.) 
23.- St. Mary's bar and Fernandina harbor, (preliminary chart.) 
24.- St. Mary's bar and Fernandina harbor, (comparative chart.) 
25.-F. Progress sketch, Section YI, (northern part.) 
26.-F bis. Progress sketch, Section VI, (Florida keys.) 
27.- St._John's river, No. 1. From entrance to Brown's creek. 
28.- St. John's river, No. 2. From Brown's creek to Jacksonville. 
29.- Florida reefs, (preliminary chart.) 
30.-G. Progress sketch, Section VII. 
31.- Waccasassa bay. 
32.- St. Mark's river, (preliminary chart.) 
33.-H. Progress sketch, Section VIII. 
34. - Seacoast of part of Alabama and Mississippi, (preliminary chart.) 
35.- Diagrams of heights and lunitidal intervals, of diurnal and semi-diurnal tides in the 

Gulf of Mexico. 
36.-- Co tidal lines of the Gulf of Mexico. 
37.- Wind curves, Gulf of Mexico, (diagram.) 
38.- Type curves, Gulf of Mexico, (diagram.) 
39.- Wind curves, Cat Island, (diagram.) 
40.- Gulf of Mexico, with profiles of deep-sea soundings, (sketch.) 
41.-I. Progress sketch, Section IX. 
42.- Seacoast of Texas, from Galveston, south, (preliminary chart.) 
43.- Entrance to Galveston bay. 
44.-J. Progress sketch, Section X, (primary triangulation.) 
45.-J bis. Progress sketch, Section X, (secondary triangulation.) 
46.- Cortez Bank. 
4 7 .- San Clemente island, harbor of refuge at southeast end. 
48.- Ana.capa and part of Santa Cruz island. 
49.- Entrance to San Francisco bay, (preliminary chart.) 
60.- San Pablo bay, (preliminary chart.) 
61.-K. Progress sketch, Section XL 
62.- Shoalwater bay, additions, (preliminary chart.) 
63.- New Dungeness barb-Or, (sketch.) 
54.- Port Ludlow, (sketch.) 
65.- Port Gamble, (sketch.) 
66.- Olympia harbor, (sketch.) 
57.- Steilacoom harbor, (sketch.) 
58.- Bellingham bay, (sketch.) 
59.- Blakely barb-Or, (sketch.) 
60.- Western Coast of the United States. 
61.- Map of magnetic declinations. 
62.- Map of magnetic dip and intensity. 
63.- Diagrams of secular variation of magnetic dip, Atlantic Coast. 
64.- Apparatus for measuring minor bases. 
6.5.- Polyconic de'\"elopment of the sphere. 
66.- Diagrams to illwitrate telegraphic methods for dHFerence of longituiie. 
67 .- Diagrams showing injury to boilers of steamer Hetzel. 
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An improvement in the use of electrotype plates has been made by the fertile invention of 
Mr. Mathiot, namely: to print from thin plates, say not thicker than ordinary drawing or map 
printing paper, stretched upon a smooth plate of copper, zinc, or irou, merely as a backing. 
The details of several experiments are given in the report of Mr. Mathiot in the Appendix, No. 
62. The saving in time and expense by this process, and the economy of space and weight, 
and in preserving the plates, are obvious. It has passed into one of the regular applications of 
the electrotype process. Progress has been made by Mr. M:ithiot in the process of actino 
engraving, noticed in my last report. 

'.rhe information given under authority from the Treasury Department, from the archives, 
consisting of data for latitude and longitude, tracings, or copies of maps, charts, and sketches, 
is stated in the Appendix, No. 5. Eighty-six applications have been answered, of which eleven 
were from departments of the government, sixteen from officers of the United States or of State 
governments, five from municipal officers or local associations, seven from members of Congress, 
and. forty-seven from individuals. Besides these, copies of maps, charts, and sketches, and 
proof-sheets of maps have been sent on application, and by authority of the Department. The 
list shows how widely this information is diffused over the country, and that the demand extends 
to surveys of all portions of the coast. 

Calls are frequently made by committees of Congress, boards of underwrit€rs, and others 
connected with the legislation, commerce and navigation, or improvements of the country, for 
information in regard to the depths of water which can be carried across various bars, into 
anchorages, into different ports and harbors, up rivers, and the like. To meet these I have had 
compiled in the Office of the Coast Survey a list of this sort, chiefly from the data of the survey, 
and this has boon revised by two of the most accomplished of the hydrographic assistants, and 
is presented in the Appendix, No. 18. The tidal data for it have been revised by the assist.ant 
in charge of that division. The title of the list and the headings of different columns show 
explicitly what is intended by the figures. 

The sailing directions referred to in my report of last year have undergone a revision by the 
same hydrographic officer who prepared the list just referred to, and are nearly in readiness for 
printing with the records and results. 

WNGITUDES DY TELEGRAPH. .. 
The operations for telegraphic difference of longitude have made good progress. They 

consisted in verifying the difference of longitude of Wilmington, North Carolina, '.lnd Columbia, 
South Carolina, which had previously been obtained through Raleigh, North Carolina, by the 
direct line along the Wilmington and Manchester railroad; in connecting Macon, Georgia, with 
Montgomery, .Alabama; in preparing the longitude station at Mobile, and in selecting the site 
for the station at New Orleans. The report of Dr. Gould will be found in the Appendix, No. 
20, and with it a valuable list of positions of circumpolar stars, revised and improved from the 
list given la.st year. 

In reply fo various inquiries in reference to the details of our methods for difference of 
longitudes, the general facts in regard t-0 which have been stated in my reports yearly given, I 
requested Assistant George W. Dean to draw up an account from the actual working during the 
past season, and have placed it in the Appendix, No. 21. During the last spring I visited the 
telegraphic parties, and had reason to approve highly of their zeal, industry, and success in the 
work. We expect that our determinations this year will include New Orleans. Dr. Gould is 
engaged in preparing the materials for a volume of the records and results relating to 
telegraphic di.tferenee of longitude. 

While·OJt th.if;~ I fErel rompellEid to obgene that the re(jent methodB recommended by 
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M. Le Verrier for observing differenees of longitude by the telegraphic methods, are simply 
those which have been in use in the Ooast Survey for some six years. 

LONGITUDES BY CHRONOMETERS. 

The chronometer expedition of 1855, as stated in my last report, was again pl&.ced under the 
charge of Professor W. C. Bond, Director of the Harvard observatory. The number of 
chronometers employed was fifty-two, and of voyages made ac1·oss the Atlantic, six-three out 
and three back. The points in which this expedition differed from the previous ones were the 
following: 

1. The observations of transits for clock error, and the comparisons of the chronometers em
ployed in the reductions were made exclusively by the electro-magnetic method. , 

2. The appropriate means were employed to secure an entire elimination of personal equation. 
3. In the general conduct of the expedition, attention was specially directed to the effect upon 

, the resulting longitudes of the temperatures to which the chronometers were subjected. 
The results have been discussed as before by Professor George P. Bond, (see his report, 

Appendix No. 23,) and the methods of discussion were in general the same as in the cas<:Js 
of former expeditions of 1849, 1850, and 1851. The difference in the instruments employed 
seems to be the only outstanding one of any considerable importance. 

A thermometric chronometer was made expressly for the expedition, the uncompensated 
balance of which gave a change of rate by temperature which followed the changes of tempera
ture themselves. This instrument proved more effective in giving the mean changes of tempera
ture than the use of the ordinary thermometer, which was also attempted. 

The chronometers were exposed to varying temperatures, and the eff~ct upon them carefully 
studied, so as to apply an empirical correction for it. This correction proved to be of the form 
assigned to it in the previous reports. The care taken to prevent the exposure of the chro
nometers to any considerable variations of temperature during the voyages, was such as to confine 
the mean temperatures within the small limit of 58° .4 Fahrenheit and 67° .3. 

The final longitude for these voyages is reported by Mr. George P. Bond as: Cambridge, west 
of Greenwich, 4h. 44m. 31.89s., with a probable error of 0.19s.; or from Liverpool 4k. 32m. 
31.84s., with a probable error of 0. ms. 

The results for the eastern and western voyages, which, in previous expeditions, were dis
crepant, agree within the probable error of the present results. 

After a somewhat careful examination of this and former results, I have come to the conclu
sion that the previous expeditions must be considered as preparatory to this, their chief use 
being in pointing out the errors to which the methods were liable, and in suggesting the proper 
modes of eliminating them. The full particulars of these observations are in preparation, by 
George P. Bond, Esq., for publication with the records and ret1ults of the Coast Survey. If 
there were not so fair a prospect of a telegraphic connection with Europe, it might be desirable 
to continue these researches by the transportation of chronometers. When we cont1ider that the 
recent determinations of the difference of longitude between London and Pari!! by the telegraphic 
method indicate an error in the previously accepted results of one second of time, we ar~ not to 
be surprised that there should be a difficulty in reducing our uncertainty between Greenwich 
and Cambridge to a less quantity. 

LONGITUDES BY OOOUL'f.A.TIONS AND MOON CUUUNATIONS, 

Director W. C. Bond has made the usual report of observations of oocultations of stars by the 
moon, aml of culminations of the moon and of moon culminating t!tars during the past year; a.ad 
al«o of tmnsits of bright points -On tb:e mo011's surfaoo, for•futther.tirying M."81'oo of ~e 
of observation. (Apptlndix No. 22.) As'Eii~nt George Da.vidlldn has also rontinu~ for the 
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Western Coast, observations of the occnltations of a Soorpii, a.nd of the planet Mars, in April 
and May, 1856. (Appendix No. 26.) 

An inte;resting report by Doctor C. H. F. Peters, in continuation of the method of observation 
of lunar spots, instead of the edge of the moon's disk, with moon culminating stars, is contained in 
the Appendix No. 25. Doctor Peters shows that the probable error of one observation of the tran
sit of a suitable selected lunar spot over the wire of a transit instrument, is as sniall as that of a 
star within the limits of the zodiac. A notice is given of corresponding observations at Clover
den and Harvard observatories, and the necessity for more direct comparisons with similar 
instruments is clearly shown. Doctor Peters also discusses the mathematical theory of the 
transits of moon culminating stars and of lunar spots. 

The numerous errors in the printing of Professor Peirce's article on the determination of 
longitudes by occultations of the Pleiades, in the Appendix to my report of last year, render its 
reprint with this report desirable, and I have accordingly placed it in the Appendix, No. 24. 

MAGNETlC OBSERVATIONS AKD RESULTS. 

In pursuance of a plan which I adopted soon after taking charge of the Coast Survey, of deter
mining the magnetic elements at the primary stations, in all the principal ports, and at certain 
secondary stations along the coast, numerous observations of the magnetic variation, (declination,) 
dip, (inclination,) and intensity, have been made. These have, from time to time, been discussed 
under my direction, chiefly to ascertain where apparent discrepancies existed, so that the obser
vations might be repeated, or others be made at neighboring localities. The number of these 
results and their distribution is now such as to warrant a preliminary discussion of them, with 
the further view to determine the system of lines of equal variation, dip, and horizontal inten
sity. This is done in the memoir given in the Appendix No. 28, which is accompanied by a 
map showing the lines deduced, and by a cliagram comparing lines derived from Gauss's 
elaborate mathematical theory, with those on Barlow's map of 1833. To this memoir is 
appended the list of stations, with their latitudes and longitudes, their magnetic constants, 
and the c11aractcr of the geology of the J"egion. This list has, at my request, been kindly 
revised by Professor James Hall, in reference to the geological notes. 

Observations of great value in this discussion were derived from other sources than the Coast 
Survey, which are fully acknowledged in the article in the Appendix, and for the use of which 
their authors have our best thanks.- _ 

The results of observations made during the season for the determination of magnetic elements 
at a number of stations between Delaware bay and Cape Henry are given in Appendix No. 30. 

As it is impo1·tant to reduce the magnetic results for our charts to the date of publication, Mr. 
Schott has collected the observations of variation (declination) and of dip, on the Western coast, 
and has deduced the most pre>bable value of their changes in the reports which will be given in 
the Appendix Nos. 31 and. 33. . 

In the eighteenth century the castwardly variation on the Western coast increased at the rate 
of a.bout five minutes yearly; on the northern part of the coast, about one fourth more rapidly; 
and on the southern,. one fourth less. While this was the average annual rate of increase, the 
actual rate was a diminishing one, and this diminishing rate continues during the present cen
tury, and indicates that the variation will in the course of it re.ach a maximum east. The 
average increase between 1850 and 1860 is about a minute a year. 

The sptem of lines of equal declination moves slowly to the southwa.rd on both the Atlantic 
and Pacific coasts-more slowly in the southern, and less slowly in the northern portions of the 
cetMl!t. 

The ohlle.rv:&tioas from which the l!lecular change of the magnetic dip (or inclination) is 
ded~ .-e .qcllite '8e&Uty. Tltey iud.icat.e, however, that einoe 183ti the dip has been on tbe 
i~'Mi•..a:af ~two.1Dia-.ayw. 
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Mr. Schott has also collected and discussed the observations for magnetic dip made hi and 
near the United States, and has deduced inhiresting conclusions in regard to the secular varia
tion of the dip and to the period of least dip, which occurred quite recently. 

The results are confined to the limits of 38° and 44° of north latitude, there being too few 
observations in the southern part of the L' nited States to permit safe inferences from them. 

The element of magnetic dip, though less important, practically, than that of declination,. is 
of value in navigation in certain latitudes, and from its connection, through Gauss' investiga
tions, with the declination and intensity, it assumes a high degree of importance. 

'Vhile the declination observations on this coast go back to the seventeenth century, the dip 
has only been accurately observed for twenty-three years, for the earliest observations (mad_e in 
1782) were, from the imperfection of the instruments, of little use. During this period the dip 
has decreased, reached a minimum, and begun again to increase; so that this has been a highly 
interesting period for observatiGn. The lines of equal dip have been deduced by Professor 
Loomis, with his usual ability, from the observations which had accumulated before the date of 
his paper. Mr. Schott's discussion includes additional results, and compares one hundred and 
sixty observations made at ten different stations between Toronto on the north, and Baltimore 
on the south. The same modes of discussion were adopted as in Mr. Schott' s former report, 
and the results at each station separately discussed, and the computed results compared in tables 
with the observed. The average probable error of the result at any one station is about one 
minute and six-tenths of dip, and the time of minimum dip is ascertained to within about two 
years and seven-tenths. This was the year 1842 (1842. 7). 

Mr. Schott points out why these results do not agree with Professor Hansteen's, who had not 
observations enough to determine the epoch of minimum dip with accuracy. Observations on 
the 'Vestern Coe.st confirm these results for the Eastern. 

TIDES, TIDAL CURRENTS, AND WINDS. 

I have already noticed some of the results of the year in the observation and discussion of 
tl•ese subjects, under the head of developments and discoveries. 

On the Atlantic coast the permanent tide-gauges at Boston, New York, Old Point Comfort, 
and Charleston, have been kept up chiefly with Saxton self-registering gauges, and temporary 
observations have been made at several points, which will be found referred to in the Appendix 
No. 41, and under the hea.d of hydrography in the detailed account of progress in the various 
sections of the survey. No new observations, except those in the usual course of the hydrog
raphy, have been made in the Gulf of Mexico. On the W estcrn coast the temporary observa
tions, under the charge of Lieutenant W. P. Trowbridge, of the Corps of Engineers, have been 
brought to a close, and only the permanent stations at Columbia river, San Francisco, and Mon
terey are now kept up. (See Appendix No. 42.) For the regulation of these, and the transmis
sion of the results, we have been indebted, since the 4th of April, when Lieutenant Trowbridge 
was relieved from this charge, to the voluntary and efficient aid of Lieutenant N. F. Alexander, 
of the Corps of Engineers, who was permitted to undertake this service, through the kindness 
of his immediate commanding officer, Colonel R. E. De Russy, and of the Chief Engineer. 
(Appendix No. 77.) 

A brief notice will be found in Appendix No. 34 of the progress :i.nade in preparing predic
tion tables of the tides of Boston harbor, and of the methods employed for this purpose. The 
practical working of these will no doubt lie much improved, but the present position of the 
work is such a.a to encourage to effort in the direction thus marked out. 

A clear view of the progresB ma.de in computing the very interesting tidal results of Martha.'£ 
Vineyard a.nd Nantucket sounds is given in the Appendix No. 37. This·work combines the 
result of 6blerva.tions directed by preliminary investigations ~e!X!rted in fonner yea.rs, and is yet 
inoompl•. I have gi•tin much tillle t.o tht! subjeet ~&Uy, ii11.d 9u.B-A81Ji~~t)laty 
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Mitchell, under my immediate direction, has carried it forward with an ability and persever
ance worthy of all commendation. 

The tide tables given with my report of last year have been revised, and have received addi
tions from the data since collected, (Appendix No. 17.) The remarks in regard to the tides of 
the Gulf of Mexico have also been enlarged, so as to bring the information up to the present 
date. The circumstances which led to the preparation of this article are fully expressed in my 
report of last year. 

The discussion of the tides of the Gulf of Mexico (Appendix No. 35) is supplementary to 
those of the Atlantic and Pacific coasts given in my reports of 1854 and 1855. The type curves 
representing the law of the rise and fall of the tides at the various ports on the Gulf were 
referred to in my last report, and it is now only necessary to mention the subject for their expla
nation. A diagram accompanies the present report, showing the rise and fall of the tide at 
each port, by the aid of which the navigator may determine approximately the rise and fall of 
any intermediate part of the coast. The least rise and fall observed is at Brazos Santiago, and 
is only nine-tenths of a foot on the average; the greatest is at Cedar Keys, and it is two feet and 
a half on the average. The observed tidal curves are decomposed into the diurnal and semi
diurnal curves, and the cotidal lines for each of these tides are drawn upon the diagram. The 
tide wave entering by the Straits of Florida is followed across to the mouth of the Mississippi, 
passing laterally from this line to the western coast of the peninsula of Florida, and to the 
southern coast of Florida, Alabama, and Mississippi, also into the bay between the Southwest 
Pass of the Mississippi and the Rio Grande, in such a direction that it arriYes later at Galveston 
than at the points north and south or east and west from it. The differences in the motion of 
the semi-diurnal and diurnal waves are pointed out in the paper. This has required much 
laborious and intricate discussion, and the present results are only approximations. 

An interesting report by Mr. Pourtales on the effect of winds in varying the level of the 
water of Albemarle sound is given in the Appendix No. 43. \Vhen the hy<lrography of this 
sound was commenced, I directed continuous observations to ascertain if its level was affected 
by the ocean tides. It was readily found that such was not the case; and from a discussion of 
the tidal observations at the entrance to Pasquotank river, made under my direction by Lieu
tenant (now Commander) Jenkins, United States Navy, the principal facts of the case were 
made out for the published chart of Pasquotank. At my request, Mr. Pourtales has resumed 
the subject, and has given the results of his discussion in the report just referred to. 

A similar discussion of the effect of the wind in raising the tides in Cat Island harbor, Lou
isiana, was made some years since, under my immediate direction, by Assistant George \V. 
Dean, and is now placed in the Appendix No. 45. The general conclusions are the same in the 
two cases, with differences in the numerical details which are of interest-and value. 

Observations were conducted some years since in connection with those of the tides at Key 
West, Fort l\Iorgan, Alabama, and Galveston, and a study of the winds of the Gulf coast made 
for purposes of navigation, and as determining the working seasons of the survey. The mode 
of reducing them, and determining the volume of wind blowing from a given point, is stated in 
the Appendix No. 44, and the arrangement of the diagrams is also explained. The diagrams 
render gener(l.lization very easy and safe, and express in a simplG form the facts which are very 
difficult to follow when stated in words. 

The paper in the Appendix No. 44 refers, first, to the prevailing winds for the year; second, 
to those of the several months and seasons, and at the different places; third, the changes in 
quality with the season ; and fourth, to the variation in duration, from one sea.son to another, of 
winds from nearly the same quartef. 

SPECIAL SURVEYS AND LOCAL RESOURCES . 

. ~.Jle,.~tint ofJhe speci~ su~eys of New York bay and harbor and the environs, for the 
~inf• in llatbOr Encroaehments~ l?CCll.Pi~ ~o Iar~ a portion of the notice of operations 
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in Section II of the coast, that it is not necessary, in this part of my report, to do more than 
refer generally to the chapter. The same may be said of the survey of the upper part of the 
Hudson, near Albany. 

The progress made in the special surveys of the Florida keys and coast, and their marking 
for the Land Office, under the law of March 3, 1853, is stated in detail in Appendix No. 52, 
and copies of the topographical maps have been forwarded to the Commissioner. The sheets, 
as connected with the general work in Section YI, are shown upon Progress Sketch No. 26. 

The survey of the islands on the vVestern coast, off the Santa Barbara channel, for the Land 
Office, under the law of August 31, 1852, has been continued, and the parties have made better 
progress than heretofore in this difficult work. The triangulation of Santa Cruz island has 
been completed, and will soon be connected with that of the main ; and the topographical work 
of Anacapa island, part of Santa Cruz, and of the main shore adjacent, has been done. Pro
vision has been made for the rapid extension of this work as soon as the season opens again. 

The survey of the Rappahannock and James rivers, commenced for the Engineer Department, 
has been continued in connection with the regular operations of the survey, and the progress is 
stated under Section III. The operations on the St. John's river, commenced for the same de
partment, have been completed, as stated under Section VI, and in the Appendix No. 51. 

Interesting local notices will be found in the Appendix, relating to different harbors and parts 
of the coast: as of Brunswick harbor, by Lieutenant Commanding Trenchard, (Appendix No. 49 ;) 
of Fernandina harbor, by the same officer, (Appendix No. 50 ;) of St. John's river, Florida, 
and a second relative to the vicinity of Cedar Keys, on the western side of the peninsula, by 
Assistant A. M. Harrison, (Appendix Nos. 51 and 53 ;) of St. Marks and Apalachicola, by Sub
Assistant Spencer C. McCorkle, (Appendix No. 55 ;) and one from Assistant J. E. Hilgard, in 
reference to expedients adopted by him in prosecuting the triangulation of Mississippi sound 
and Lake Borgne, (Appendix No. 56.) 

A communication on the resources of Washington Territory, by H. A. Goldsborough, Esquire, 
made through Commander Alden, is contained in Appendix No. 57. 

PROJECTIONS, INSTRUMENTS, AND METHODS. 

The demand for the tables for projecting maps, given in my report for 1853, having shown 
that a want is felt for correct information on that subject, I have caused to be prepared, under 
the direction of Assistant Hilgard, tables for projecting maps of large extent. These are given 
in Appendix No. 58, and will be found very convenient in use. They represent accurately the 
principle of development on which they are based, and maps constructed by them will have the 
least possible distortion of area. Extending the same principle to the whole surface of the 
sphere, a form of map results which is shown in Sketch No. 65, and which, for every purpose 
of physical geography, will be found very useful. 

The want of a convenient apparatus for measuring subsidiary base lines in localities where the 
survey is commenced in advance of the primary triangulation has often been felt, and has been 
supplied in various ways by the assistants having charge of such work. Aided by the experience 
so gained, a new apparatus for the purpose has been devised by Assistant Hilga.rd and Mr. 
Joseph Saxton, in consultation with myself, which has been used on several occasions, and is 
found to ·possess, in a considerable degree, the requisite facilities for adjusting the measuring 
rods in position, and ascertaining their actual temperature. Appendix No. 60 gives a full 
description of it. The apparatus is represented in Sketch No. 64. 

The description of a ten-inch theodolite, made for the survey by Mr. W. Wiirdemann, with 
the details of a complete examination of its qualities, is contained in Appendix No. 61. This 
was furnished by Assistant Hilgard, and is intended as a guide to other observers in examining 

. instrument.s of a siplilar kind. He b.a11 ®ntributed, also, a neat an.d accurate meth® Qf QbMt'fing 

. .uimutb, (Appendix No, 2'l,} the j:{iJ1pil; 9f .w-Aickill'~ t~~uctly .NJ1 ~ly •:qa. ·: .. ~ 
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RECORDS AND R1f.8ULTS. 

Satisfactory progress has been made in the preparation for publication of the volumes of 
records and results, for which special appropriations have been made. The chief part of the 
time and attention of Assistant J. E. Hilgard and others has been given to this, and I have 
given personal attention to the arrangement of the work and to the more important details. 
A volume oonWning the whole of the geodetic work of the year 1849 is nearly ready for publi
cation. Considerable progress has been made with a similar volume fur 1850, and with another 
giving the magnetic observations for a period of ten years. 

A volume of telegraphic determinations for longitude is in preparation by Dr. B. A. Gould .• 
jr., and another of the chronometric expeditions, to determine the difference of longitude 
between Boston and Liverpool, is in progress in the hands of Mr. Geo. P. Bond. 

The material for a volume of sailing directions is nearly ready for the press, and the manu
script of a. v.olume of Gulf Stream explorations is well advanced. 

An interesting and valuable suIQmary of the progress of geographical explorations on the 
Atlantic coast of the United States ha.s been furnished, under my direction, by Dr. J. G. Kohl, 
similar in character to the historical account of the Western Coast mentioned in my report of 
last year. (Appendix No. 64, 1855.) 

This work, continued down from the first discovery of the country to our own times, forms an 
introduction to the geography of the United States of the present date. It contains also a 
discussion of the derivation and orthography of the names of the principal capes, headlands, 
bays, rivers, &c.' and under both of these aspects will nnd an appropriate place for publication 
with the records and results of the Coast Survey. The history of the Atlantic coast is given 
under the following divisions : 

I. A general descriptive history of the discovery and subsequent exploration of the Atlantic 
coast of the United States. 

II. A list of names of the principal bays, inlets, harbors, ports, cities, river entrances, 
islands, capes, rocks, &c., on the Atlantic or Eastern Coast of the United States, with notes on 
the several localities, and remarks on the discovery and :first settlement of the different points. 

III. A aeries of reduced copies from forty-one maps of the Eastern Coast of the United States, 
arranged in chronologioa.l order, from 1497 to 1684, with notes critical and explanatory in 
reference to each. 

IV. A catalogue containing the titles of two hundred and ninety-one wmks relating to 
the history .of explorations on the Eastern Coast, accompanied by notes setting forth the compa
ratire value of the severa.l works, the dates of which are comprised between 1519 and 1855. 

V . .A catalogue of one hundred and fifty-five titles, including Jltlasses and detached maps, or 
surveys made on the Atlantic coast of the United States, between the yea.rs 1612 and 1851. 

Dr. Kohl has prepared also a memoir of the early history of discovery on that part of the 
coast of the ·Gulf of Mexieo falling within the limits of the United States. This summary, 
from historical and hydrographic annals of the Gulf coast, has been deposited in the Coast 
Survey office, and is comprised in five principal divisions, viz : 

I. A list containing the titles of two hundred and twenty-one printed volumes or manuscript 
papers relating to the Gulf of Mexico. These range in date between 1524: and the present year 
1856. Critical notes are app~nded to the titles, marking the relative value of the works for 

. purposes of historical interest. 
II. A list of titles, with critical remarks on fifty-eight engraved or manuscript maps and 

various surveys of parts of the Gulf of Mexico, made between the years 1733 and 1851, 
exclu.ai,,e 0( .surv~ya aad. publioation,s by the United States Coast Survey. 

ill. CoJlie& of fprty-eighti)til1W or man~pt maps of the Gulf of Mexico, or ~.~f ~t, 
· 3cs 
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de.ting from 1500 to the year 1846, with critical and historical notes accompanying each title. 
The titles of the series are exclusive of those given in the separate list of maps and surveys. 

IV. The history of exploration on the coast of the Gulf of Mexico from its discovery in 1492 
to the establishment of a Bureau of Engineers in Louisiana in the year 1722. 

V. A list containing the names of the Reveral divisions, ports, bays, harbors, capes, rive:PS, 
islands, &c., on the Gulf coast of the United States, with the history of each name, and notes 
explanatory of its proper orthography. 

A general historical map of the Gulf of Mexico, showing in colors the principal discoveries 
and their extent, prepared by Dr. Kohl, accompanies this comprehensive memoir. 

The general scope of the treatises by Dr. Kohl is set forth in further detail in communications 
which he addressed to me on their completion. (Appendix, Nos. 65 and 66.) 

The preparation of an index of memoirs and papers on subjects of science connected with the 
operations of the Coast Survey has been continued by Lieutenant E. B. Hunt, of the Corps of 
Engineers, who has given such time to it as could be spared from the engineer and light-house 
duties assigned to him by the Engineer Department. A report of the progress made, with 
general views in regard to the index, notices of some s~ilar works, references to the works 
consulted, and many other interesting details will be found in the Appendix, No. 67. This 
index will form a part of the archives and as such will be published with the volumes of records 
and results. In connection with the subject of an index of papers, Lieutenant Hunt proposes 
(Appendix No. 68) that measures be taken to secure uniformity in the abbreviations of the 
titles of books, displaying forcibly the necessity for such measures, and showing that 
determinate principles may be la.id down in making such abbreviations. 

MISCELLANEOUS. 

The results of the investigation made of causes which led to the explosion of a. boiler on the 
steamer Hetzel are given in Appendix No. 70, as distinctly brought out by the commission of 
inquiry. The special appropriation for supplying a new boiler has enabled us to restore the 
present efficiency of that vessel. 

Among the miscellaneous services rendered by the parties, were the setting afloat and towing 
into port, at Key West, of the American ship James Guthrie, stranded at the Tortugas, by the 
party of Lieut. Comg. Cra-ven, in the steamer Corwin, and the keeping afloat and towing into 
port, at Gloucester, Massachusetts, of the British barque A.dieu, found in a sinking condition, 
by the party of Lieut. Comg. 8. D. Trenchard, in the steamer Vixen. (Appendix No. 69.) 

On the breaking out of Indian hostilities in Washington Territory, and under the very 
threatening aspect which they assumed, Commander James Alden volunteered the services of 
the steamer Active to the commander of the Pacific squadron for war service. The offer wa.s 
accepted, and the Active was sent to Washington Territory, where she rendered useful a.id for 
severe.I months. This was, of course, felt as delaying the work of the survey; but the exigen
cies of the case thoroughly justified the step in my own view and tha.t of the Department. 
The thanks of the Navy Department were tendered by the Secretary in a letter to the Secretary 
of the Treasury, which is given in Appendix No. 73. The Active returned to the survey of 
San Francisco bay and of the Cortez shoal and coast near Santa Barbe.re., in March. 

My communication to the Department in reference to Indian disturbances in Florida, a.a 
affecting the progress of parties assigned to duty on the peninsula, and reply thereto, a.re 
ginn in Appendix No. 'i2. 

LIGHT-HOUSES AND AIDS TO NAVIGATION. 

Reports have been ma.de, upon the requisition of the Light-house Board, under the law, upon 
ihe ~ti.ee :aa.mec;i Qelow, and are preaented in the Appendix, Noa. 83 to se_ 
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I. Bower's beach, western side of Delaware bay. 
2. Mouth of Old Duck creek, western shore of Delaware bay. 
3. St. Andrew's bay, western coast of Florida. 
4. Sand Spit, southeast from San Buenaventura, Santa Barbara channel. 
In addition to these, the following recommendations of buoys have been ma.de by the chiefs of 

hydrographic parties of the Coast Survey, and have been forwarded through the Secretary of 
the Treasury to the Light-house Board for their consideration. 

1. Buoys at the entrance to Kennebec river. 
2. Buoy near Halfway Rock, Casco bay. 
3. Buoys on Stellwagen's reef, between Minot's and Scituate light. 
4. Buoy on ridge fifteen miles eastward of Sankaty Head light. 
5. Buoy on Edwards' Shoal, near Southern Cross Rip. 
6. Designation of buoys on the Atlantic coast southward of Savannah. 
7. Buoy on shoal eastward of St. Simon's bar, Georgia. 
8. Buoy on the reef between Cape Florida light-house and Fowey Rocks. 
The systematic provision for buoys on the Atlantic coast south of Tybee entrance, by Lieut. 

Comdg. Craven, is the result of much experience in the coast navigation between Tybee and 
Cape Florida. His remarks in reference to the subject will be found in Appendix No. 80, and 
other recommendations specified above, in Nos. 79, 81, and 82 of the Appendix. 

OFFICERS OF THE .ARMY. 

Dljling the past year four of the officers of the army serving on the Coast Survey have been 
detaclied, and four have been ordered to the work; so that the number on the first of November 
of this year is the same as at the same date last year, viz: eleven. 

Captain A. A. Gibson, who was relieved to join his company in Florida, had rendered 
acceptable service in connection with the Drawing Division of the office for four years, and 
was particularly adapted, from his good taste and fertile invention, to the position. Captain 
W. R . .Palmer, of the corps of Topographical Engineers, had served m<tst efficiently as 
chief of a triangulation party, and has left the results of one of the best river triangulations 
which we have in the archives of the Survey. During the greater part of the past year, he 
was in charge of the Coast Survey office, and it is due to him to say, that, having examined 
the office at the beginning of his charge and at the close, so as to see the working of his super
vision, the efficiency of his service was fully made manifest. A copy of the letter addressed to 
him on being detached will be given in the Appendix (No. 75.) Lieutenant W. P. Trowbridge, 
of the Corps of Engineers, rendered very effective assistance in my party for nearly two years, 
and then took charge of the tidal observations on the Western Coast, which he carried through 
with signal ability, meeting all the difficulties of the case from his abundant resources, and· 
never :B.a.gging in his zeal. The permanent gauges were well established, and nearly all the 
temporary, for observations which entered into the scheme, were completed before he left the 
Western Coast, and was detached by the War Department from the Coast Survey. Captain 
H. W. Benham, of the Corps of Engineers, had, when relieved, recently returned from the 
examination of the .engraving establishments abroad, 011 a successful mission to procure 1irst
class engravers to supply deficiencies in our office. He had been in charge of the office about 
three years, and had conducted it with the zeal, industry, and ability which belong to his 
character. The loss of four experienced and efficient officers like these, makes itself decidedly 
felt in our sma.11 corps. It must be some time before their succe813ors can begin to replace them 
in service. 

OFFICERS OF THE NAVY. 

The nmnber of officeH of the navy attached to the Coast Survey on the ftm of November was 
fifty-three, being·aix leas than at the first of September, 1806. ~he number of engineers and 
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assistants was the same as last year, namely, fourteen. No hydrographic chief has been 
relieved during the year, though several have expressed their readiness for other service. This 
has left us with experienced officers, and has sensibly told upon the work. Lieut. Comg. 
Berryman was detached for a short period (see Appendix No. 76) to make the deep-sea 
soundings across the Atlantic in the steamer Arctic, but was on his return r&.attached to the 
Survey. The importance of the object for which his services were required warranted, as I 
thought, the postponement of the Gulf Stream work which ha.d boon assigned to him, and a 
ready co-opBration by the loan to the Navy Department of the reeling engine for deep-sea 
soundings and other appliances which we had prepared. 

ABSTRACT OF PROGRESS-SURVEYING YEAR 1855-'56. 

I proceed to give a condensed statement of the progress of the survey during the past year, 
say to November 1, 1856, and to follow it by the estimates for the fiscal year ending July, 18a8, 
adapted to the same scale of progress. 

SECTION I. Coast of Mai11,e, New Hampshire, MassachU8etts, a11,d Rhode Ieland.-(Sketok A and 
A bis.}-Two primary stations, Mt. Saunders and Mt. Desert, between the Penobscot and 
Frenchman's bay, have been occupied, and astronomical and magnetic observations made at the 
latter, and at S. W. harbor in its vicinity. The reconnaissance for the primary triangulation 
has been completed to Passamaquoddy bay, and the site of a base of verification has been 
selected on Epping plains. The secondary triangulation of the Kennebec has been extended to 
above Bath, Maine, and eastward on Sheepscot river. The topography of Cape Small Point , 
and of the Kennebec entrance has been executed, and that of the approaches to Portlan! has 
made progress. The topography south of Plymouth, Massachusetts, and south of the Highland 
lights, Cape Cod, has been extended. Resurveys have been made of parts of Martha's Vine
yard, encroached upon by the wash of the ocean. The hydrography of Kennebec river entrance 
and of Casc<J bay has been executed; that of the seacoast between Ipswich and Annis Squam, 
Massachusetts, has been completed ; that of Massachusetts bay has been completed, i¥luding 
Cape Cod bay, and the ocean shore outside of Cape Cod peninsula; and progress has been ma.de 
in the area between it and Nantucket on one side, and George's Bank on the other. The 
hydrography of the shoals north of Nantucket and of Muskeget channel has been completed, 
finishing thus the Vineyard and Nantucket sounds. The permanent tide-gauge at Boston ha.s 
been kept up. The computations of observations have been made. Observations of moon cul
minations at Cambridge were kept up during the year. 

The following maps, charts, and sketches, belonging to this section, have been drawn during 
the year: Portland harbor, scale TOA-00, showing the wharf line; Boston harbor, "{o!-uo' (addi
tions;) Boston harbor, 200

1
000 ; Plymouth harbor, roho; Bass River harbor, n-·ho; and Mus

k-eget channel, 6 oto-ir, (additions.) 
The following are in progress: seacoast from Portsmouth to Cape .Ann, 80-to0 ; Annis Squam 

and Ipswich harbors, nho; general coast chart from Cape Ann to Point Judith, ~oiooo; 
Massachusetts bay, 80h 0 ; seacoast of Massachusetts, No. 1, including Cape Cod and Buzzard's 
bay, 200000 ; Cape Cod bay, 80 ~ 00 ; lllld Ea.stern oories, sheet No. 3, soho· The following 
have been engraved during the yea.r: Portland harbor wharf line, 10}, 0 0 ; ·Ipswich and Annis 
Squam harbors, -;uh0 , as preliminary; Gloucester harbor, -rolnro·; Boston ba.y, rrs-1000 ; Boston 
harbor, TOtoo; Stellwagen's Bank, second edition, ni/o00, a.s preliminary; a.nd Bass River 
harbor, "l'rtoo· The engraving of the following is in progress: Portland harbor, TI>h-.; Ply
mouth harbor, ~oir; Monomoy shoals, nihnr; Muskeget channel, nrtoo; and Eastern series, 
Nos. 1 and 2, 80~n>o· 

SECTION II. Coast of Connecticut, New York, New Jersey, Pennsylvania, and part of Ddawan~. 
-(Sketch B.)-The resurvey of New York harbor, for the Commissioners, has been nearly com
pleted. The triangulation has furnished points in the upper and lower bay, and the approache&, 
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and in the Hudson, East, and Harlem rivers, and in part of !Jong Isla.nd sound, to the topo
gra.phical parties. The shore-line of the harbor and bay wa.s nearly completed last sea.son, and 
this year the parties have been engaged in extending the topography inland, chie:fiy in these 
parts of the harbor and bay in the State of New York, including Staten Island, and the western 
part of Long Island, Manhattan Island, and the main, along the shores of Harlem river, -0f Hell 
Gate, .and of the sound to Throg's Point, and on the shores of the Hudson to Yonkers. Maps 
of the city wharves and Commissioners' lines have been constructed on a large scale fur New 
York, Brooklyn, and Williamsburg. A resurvey has been made of the harbor inside of Sandy 
Point, near Stonington, Conn. The hydrography of the approaches to New York bay has been 
completed, and also that of Harlem river, and of the sound, between Hell Gate and Throg's 
Point. 

A preliminary triangulation of the Hudson, from Troy to New Baltimore, h~s been in progress, 
and the shore-line has been traced, and a hydrographic survey based upon these preliminary 
operations, including the observations of tides and currents. Special ob!!frvations have been 
made to ascertain the causes of the growth of Sandy Hook, the point of meeting of the tides in 
the Kills., and the progress of the tide wave up the Hudson, for the Commissioners on Harbor 
Encroachments. 

The tidal observations at Governor's island have been continued in connection with others 
specially made at stations on Hudson river. .A. special examination -0f part of Newark bay was 
made, and investigations of the tides of the Passaic river. The following drawings have been 
made or in progress : 

New York bay and harbor, roh0 , comparative chart, and a finished map of the same, nho, 
both for the Commissioners on Harbor Encroachments; Sandy Hook, 20 ~ 0 0 , showing changes 
from 1779 to 1855; Hudson river, from entrance to Sing Sing, 6 1rhr0 , and Hudson river, 
between Albany and New Baltimore, nho, comparative chart. The engraving of Hudson 
river, lower sheet,~' preliminary chart, has been completed, and that of south side Long 
Island, Nos. 2 and 3, 80to0 , is in progress. 

SECTION III. Ooast of .Delaware, Maryland, and part of Virginia.-( Sketch 0. )-The secondary 
triangulation of the James river has been nearly completed to its mouth, and that of the York 
river from the mouth to Purtan island. The topography of the Rappahannock has been con
tinued to near Tappahannock, and that of the shores of the Chesapeake adjacent to the mouths 
of the Potomac a.nd Rappahannock rivers has been executed. The topography of the sea.coast 
has been extended from .A.ssowaman inlet to Assateague island. Verification work has been 
do-ne -On the eastern shore of Maryland, near the Elk river. The hydrography of the approaches 
to the Chesapeake and of Tangier sound ha.a been completed, that of the Rappahannock river 
has been carried to station Punch B-Owl, and of the James river from Hog island to Clllcka
hominy river. 

The magnetic elements have been observed at seventeen stations connected with the triangu
lation on the ea.stern shore of Maryland and Virginia, and at Vv ashington, Baltimore, and Cape 
Henlopen. The tidal observations at Old Point Comfort have been continued, and observations 
made at stations on the Patapsco, Rappahannock, and James rivers. .A. finished map of Patapsco 
river, (additions,) irotoo, has been drawn, and the dra.wings of Chesapeake bay, No. 2; Rappa
hannock river, sheets" Nos. 1, 2, 3 and 4, ~'and James river, from Richmond to City Point, 
nt .. n, are in progress. The following have been engraved: Seacoast of Virginia and. entrance 
to Chesapeake Bay; Delaware and Chesapeake bays, Too\100, (preliminary;) and James river, 
nho, (preliminary.) The engraving of the folfowing is in progress: Chesapeake bay, Nos. 1 
a.nd i, 5 ..rtinr; Patapsco river, TOho; Rappahannock river, sheets Nos. 3 and 4, nluv· 

SEC'I'I:oN IV. Ooast of part ef Virgima and ef part of N&rth Oarolina.-The triangulation of 
tM oeean sh<Jl'e has been closed: in a preliminary way upon that of the Chesa.peake near Cape 
Bdlll'y, and exten.ded from. New river, south, to within twenty-seven miles of New Inlet, Cape 
Fear. T-0pography has been executed in connection with the triangulation southward to Stump 
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Inlet. The hydrogra.phy has been carried from Hatteras to Portsmouth, south of Ocracoke 
Inlet. Wilmington has been connected for telegraphic difference of longitude with Columbia, 
S, C. The drawing of the following maps and charts have been completed: Seacoast of 
Virginia, south of Cape Henry, 2 --v-efoiTo' as preliminary; Albemarle sound, 20; 000, as prelimi
nary; Cape Fear river, upper and lower sheets, soi-00, and Gulf Stream chart, 6 oiri-m· The 
following have been engraved: Cape Fear river, lower sheet, 301roo, as preliminary; Albemarle 
sound, 201f000, as preliminary; Gulf Stream explorations, 1855, ~0oA-o-oo, and diagrams, wind 
and water, Albemarle sound; and Cape Fear river, upper sheet, 3 ot-o-.r; Albemarle sound, 
No. 2, 80 ~ 00 ; Beaufort harbor, North Carolina, 20~-00, on steel; and isogonic lines, .Atlantic 
and-Gulf coast, rnl000 , are in progress. 

SECTION V. Coast of part of North Om·olina, of South Carolina, and of Georgia.-( Sketch E.)
The triangulation has been carried from the Cape Fear southward to Lockwood's Folly, North 

• Carolina ; along South Edisto river, and over St. Helena sound, to the Hunting islands, South 
Carolina; over Sap~lo entrance and approaches, Georgia; over St. Simon's entrance and Bruns
wick harbor; and part of Cumberland sound has been triangulated. The topography connected 
with the triangulation south of the Cape Fear, of St. Helena, and the vicinity of St. Simon's 
entrance and Brunswick harbor has been executed. Verification work has been executed of 
Georgetown entrance and in Winyah bay. The hydrography of the ocean shores from 
Charleston to Tybee has been completed; and St. Helena sound and South Edisto river entrance 
have been sounded out. 

A new channel across Martin's Industry shoals has been found. 
St. Simon's bar, Turtle river, and Brunswick harbor have been sounded out, and Cumberland 

or St. Mary's entrance. Off-shore soundings have been made from Cape Fear to off Tybee and 
southward. The tidal observations at Charleston have been kept up. 

Drawings of Georgetown harbor and Winyah bay, , 0 h 0 , preliminary chart, (additions;) 
Maffitt's channel, 1852 to 1856, 6 -J00 ; Charleston bar, 1850 to 185,P, Trlni Port Royal 
entrance and Beaufort harbor, 601fo0 ; Savannah river to the head of .Argyle island, -;r-ohoi 
and Romerly marshes have been made during the year; and Winyah bay and Georgetown 
harbor, 40to0 , preliminary; Maffitt's channel, diagram; Maffitt's channel, comparative chart, 
-.in-; Romerly marshes, TIJho; and Savannah river, 40-1Jo0 , preliminary, have been engraved. 
The engraving of Port Royal entrance, 61Jh0 , preliminary, is in progress. 

SECTION VI. Coasts, reefs, and keys of Florida.-(Sketch F.)-The triangulation of Fernan
dina harbor and St. Mary's river has been completed. .A base of verification has been measured 
near Jacksonville, for the triangulation of the St. John's. The triangulation of the keys and 
reefs has been carried eastward from Loggerhead key to Jacob's Point, (Key Vacas.) The 
topogra'PhY has closely followed the triangulation, extending eastward to Summerland Key, and 
embracing Sugarloaf, Loggerhead, Cudjoe, Gopher, and several smaller keys. 

The hydrogra.phy has extended from Grecian shoal to French reef westward, a.nd eastward 
from Key West to Loggerhead key. Off-shore soundings have been made from off Tybee to 
Cape Canaveral. Tidal and current observations were made in the St. John's river. Tempera
ture observations have been ma.de in the Gulf Stream off this section. 

The following drawings have been completed during the year: St. John's river, ,ro00 ; 

Legare anchorage, and Ta.mpa. bay, and Florida reefs, .. nnlo00, (preliminary;) ditto, n-hnn 
(finished,) are in progress; and sketch of beacons on Florida reefs, Legare anchorage, and 
Tampa bay have been engraved. 

SECmoN VII. Part of t"he coast of FWrida.-(Sketch G.)-The triangulation south of Cedar 
keys and over Waccasa.ssa bay has been extended southward; that of St. Mark's harbor and 
approaches completed, and commencement made at Apala.chicola ; that of Pensacola. bay and 
its dependencies has been nearly completed. The topography connected with these tria.ngula
tiona has kept paoo with them nearly, at Cedar keys; St. Mark's, Apalachicola, and Pensacola.. 
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The hydrography of St. Mark's harbor has been executed; that of St. Andrew's bay has been 
completed; and that of Waccasassa bay and St. Martin's reef has made progress. 

Deep-sea soundings have been made, and temperatures taken across from Key West to t!i-e 
mouth of the Mississippi. 

A finished chart of Cedar keys, 60-lJo0 , (addition,) and map of St. Andrew's bay have been 
drawn during the year, and preliminary charts of Cedar keys and approaches, 50t00 ; and St . 
.Andrew's bay, ""i"ot00, have been engraved. 

SECTION VIII. Coast of Alabama, Mississippi, and part of Louisiana.-(Sketch H.)-The 
primary triangulation of Mississippi sound has been completed, and the triangulation has been 
carried across Lake Borgne; New Orleans•has been connected with Mobile by a preliminary 
work. .Astronomical observations have been made at Montgomery, Alabama. The triangulation 
of Chandeleur sound has made good progress. The triangulation of Atchafalaya bay is com
pleted, and that of COte Blanche bay has been commenced. A base at Point au Chevreuil has 
been selected for extending the work. 

The topography of Lake Borgne has advanced ; that of the Chandeleur islands and main 
made progress; that of the shores of Atchafalaya is very nearly completed ; and of Cote Blanche 
bay commenced. The hydrography of Mississippi sound has been completed, and of Pass 
Christian to Pearl river; that of Chandeleur sound has made progress, and off-shore work has 
been executed. 

The following maps, charts, and sketches, belonging to this section have been drawn during 
the year: Gulf of Mexico, (sketch for profiles of deep-sea soundings,) yni 0 00 ; Gulf of Mexico, 
(sketch of Cotidal lines,) Too-hooo; sea-coast of Alabama and Mississippi, as preliminary, 
::nnfooo; and Mississippi delta, (reconnaissance,) ·:na1ooir; the drawing of Biloxi bay, Toto-a, is 
in progress; the engraving of Mobile bay, so.hro; Biloxi bay, Totoo, as preliminary ; and 
deep-sea soundings, Gulf of Mexico, not000 , has been completed; and that of Mississippi 
flOUnd, No. 1, mooi (finished,) and ditto, No. 2, -.-rdooc1 (preliminary,) and cotidal lines, Gulf 
of Mexico, 2 plates, 1 000\r000, is in progress. 

SECTION IX. C01st of part of Louisiana, and coa.<Jt of Texas.-(Sketch I.)-The triangulation 
has extended over nearly the whole of Matagorda bay and its dependencies ; the topography 
following closely and taking in the neck of land seaward of Matagorda bay; the hydrography 
has been executed along the coast from off Cedar lake to the head of Matagorda bay. 

The. drawing and evraving of the preliminary chart of Galveston bay, 2001000, has been 
completed during the year. 

SECTIONS X and XI. Oorutof California, Oregon, and Waskington.-(Sketches J and K.)-The 
primary triangulation has advanced two stations north of San Francisco; the secondary triangu
lation, near San Pedro and Santa Barbara, has made progress. The triangulation in Washing
ton Territory has been opened on the Straits of Fuca, and carried into Hood's canal; Possession 
sound, and through Admiralty inlet southward to Vashon's island, and that of Port Discovery 
has been completed. A base has been measured at Port Townshend. Astronomical observations 
have been made at Point Hudson. The topography of San Francisco bay and its dependencies, 
San Pablo bay, the straits of Karquines, Mare Island straits, and vicinity, has been completed; 
that near San Pedro ha.s made progress, and also that on the shore of Santa Barbara channel. 
The survey has been completed of Anacapa, and part of Santa Cruz island, and that of Port 
Townshend, Port Gamble, and the topography of Apple Cove, and Murden's Cove has been 
executed. 

The hydrography of San Francisco bay has been completed, the Cortez shoal has been care
fully examined, and the southern side of San Clemente island. San Diego harbor has been 
resurveyed, and a bar found off the entrance; the currents of Santa Barbara channel have been 
observed. 

The tidal ata.tioua h1..ve been bpt up at San Diegq, San Francisco, ed AstQria, and observa
tioua made with the self-.registerin.g gauge e.t all of them. 
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The following maps and sketches belonging to these sectiQils have been completed during the 
year : A.nacapa and part of Santa Cruz, San Francisco entrance, Shoalwater bay extension, New 
~ungeness harbor, Port Ludlow, Port Gamble, Steilacoom harbor, and Belling~m bay. The 
following have been engraved: S. Farallon island, Alden's reconnaissance, upper sheet, and 
cotidal lines of the Pacific; and the engraving of Anacapa island, San Francisco entrance, Port 
Ludlow, Bellingham bay, Steilacoom harbor, and Port Gamble, is in progress. 

ESTIKA.TES. 

As the prices of all commodities and of labor i~rease in our country, the amount of work 
which we can execute for a given appropriation is of course diminished. The present scale of 
the appropriations does not quite meet thi13 increase, and may fall so far short of it as to require 
a new appeal in regard to it. This I shall of course avoid, if it is at all possible. The expenses 
of the parties in the sections on the Gulf of Mexico are also considerably greater than on the 
Atlantic coast. 

The estimates for the next fiscal year are exactly the same as for the past, and suppose the 
same aid which is now furnished under the law by the War a.nd Navy Departments, in the detail 
of officers for the land work and hydrography respectively. 

The amounts thus estimated, and those appropriated for the present fiscal year, are given in 
parallel columns, as follows : 

Object. 
Estimated Appropriated 

for fiscal year for fiscal year 
1857-'58. 1856-'57. 

For survey of the Atla.ntic a.nd Gulf coast of the United States, (including compensation k> 
Superintendent a.nd aasistants, and excluding pa.y a.nd emoluments of officers of the lUlllY 
and navy, and petty officers and men of the navy employed on the work,) per act of March 3, 1843 _________________________________________________________________________ _ 

For continuing the survey of the western coast of the United States, per act of September 
so, 1850-----------·-------·--------·----------··----------·--------------··-----

l<'or continuing the survey of the Fle>rida reefs and keys, (excluding pay and emoluments <:>f 
officers of the army and navy, and petty officers and men of the navy employed on the 
work,) per act of March 3, 1M9 _____ -·. __ ------. _____ • __ • __ ·-- ___ ·-. ___ --· _ ---- _ -- _ 

For running a line to connect the triangulation on the Atlantic coast with that on the G:Dlf 
of Mexico, across the Florida peninsula, per act of M1uch 3, 18!3_ - --- --- - ----- - - - --•-

For publishing the observations made in the progress of the survey of the coast of the United 
States, per.act of March 3, l8-l3 •••••••••••• ----------··-------------------------··· 

For repairs of the steamer " W a.Iker," a.nd of the sailing schooners used in the survey, per 
act of Marcb !, l8U3 ••• -----------·-----------·--·---------···----------·---------

For fuel and quarters, and for Dli.leage or transporta.tion for officers and enlisted soldiera of the 
army serving in the Coast Survey, in cases no longer provided for by the Quartermaster's 
deptU'tment, per M:t of August Bl, 1852-------·-----------···----··---------------·--

ES'l'lllATES.IN D!n'.AIL FOR THl!l J'ISCA.L YEAR 1~5'1-'58. 

$250,000 

130,000 

40,000 

15,000 

lf>,000 

10,000 

10,000 

General expenses for all the sections, na.mely: rent; fuel; materials for drawing; 
engraving and printing, and ruling forms; binding; transportation of instru
ments; maps and charts, and for miscellaneous office e:xpenfffis; and the purchase 

$250,000 

130,000 

40,000 

15,000 

lll,000 

15,000 

10,000 

of new instruments, books, maps, and charts................................................. $19,000 
SECTION I. Ooast of Maine, New Hampakire, Jfa8Ba.tJ/11uaett8, att.d Rkoik Iilond. 

FmLD-woRK.-To continue the primary triangulation in Mame, east of the P~, 
to include Humpl>ack, and to measure the 'base of verill-0ation on Eppirf,g pl,aMuJ, 
and make the necessary astronomical and ma.gnetic observations connected with 
them ; to ext.end the B<eCOnil$ry tria».gulation f'robl tha K~ ~rend to 
commence that of Penob8cot :bay; to 1'6Btm11&-,t.'be,~·.t' ~ lf.ty nd 
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the Kennebec river ; to continue the hydrography of Ca.sco bay and of the 
Kennebec, and to commence that of Penobscot bay; to continue the topography 
of the shores of Cape Cod bay; to complete the hydrography of the approaches to 
Massachusetts bay, and the deep-sea work between the coast and George's Bank, 
and of Cape Cod bay; to continue observations of tides and currents at stations in 
the section, and to take views requisite for charts. 0FFICE-WORK.-To make 
reductions and computations required; to continue the drawing of the coast chart 
of Maine and New Hampshire, and commence the engraving of the lower sheet; 
to commence the drawing of Oasco bay and of the mouth of the Kennebec; to 
complete the drawing of Massachusetts bay, and to commence that of the seashore 
of Cape Cod peninsula, and to commence the off-shore chart between the coast of 
Massacltusetts and George's Bank; to complete the engraving of eastern series 
No. 1, and to continue that of No. 2; to continue the engraving of the :finished 
chart of Portland harbor, to commence that of Ca,sco bay, and preliminary sketches 
of the sections, will require........................................................................ $41,000 

SECTION II. Coast of Connecticut, New York, New Jersey, Pennsylvania, and Dela
ware.-To continue the triangulation, topography, and hydrography of the 
Hudson; to execute verification work in the section, and to continue observations of 
tides and currents; to continue the drawing and engraving oftheHudsrinriver sheets, 
and of the necessary comparative maps; to complete the eastern and middle sheets, 
south side of Long IBland; to commence the drawing of a combined series of Long 
Island sound and the ocean shore, and preliminary sketches for the section, will 
require ....•. .. .. . ..... ...... .. .. .. .. . ... .. . . . . .... .. .. .. .. .. .. .... .. .. .. ... .•... .. . .. ... . . . . . . ... . . . . .. 8,000 

SECTION III. Coast of Delaware, Maryland, and Virginia. FrnLD-WORK.-To make 
the astl:onomical and magnetic observations xequisite at stations in the section ; 
to complete the triangulation of the York river, and to commence that of the 
Potomac; to complete the topography of the Cltesapeake, and to continue that of 
the Rappahannock, York, and James rivers, and of the outer coast of Maryla'Q,d 
and Virginia; to continue the off-shore hydrography of the section, and that of 
the James and York rivers. 0FFICE-WORK.-To make the reductions and compu
tations required by the field-work ; to continue the drawing of the lower series of 
the charts of Chesapeake bay, of the series of Jarnes and Rappahannock, and York 
rivers, and to execute the sketches of the section; to continue the engraving of 
Chesapeake bay Nos. 1 and 2, of Rappahannock river Nos. 1 and 2, of James rive:r 
Nos. 1, 2, and 3, and of York river, will require............................................ 25,000 

SECTION IY. Coast of Virginia and North Carolina. FIELD-WORK.-To make the 
astronomical and magnetic observations required at stations in the section ; to 
measure bases of verification ; to continue the triangulation of Pamplico sound ; 
to complete the secondary connection with the Ohesapeake triangulation ; to com
plete the junction with the Oape Fear triangulation ; to continue the topography 
north of Currituck sound, and of the sounds south of Beaufort to the Cape Fear; 
to continue the hydrography south of the line of the two States, south of 
Ocracoke Inlet, and from Oape Lookout south to Beaufort; to continue observations 
of currents in the Gulf stream. OFFICE-WORK.-To make the necessary reductions 
and computations; to continue the drawing and engraving of the seacoast of 
North Oardifll(J, south of Hatteras; of .Albemarle sound No. 1; to complete the 
engraving of .Albemarle sound No. 2, and of the Oape Fear, from the entrance to 
W>ilrni7tgtoft; and to d.ra.w a.nd engrave the sketches for the section will require... 00,000 

SBCTION V. f.Jo<ut of North and Sait,th CarOlina and Georgia. FIELD-WOBX.-To 
oontinue ~ ~tion aoutk. from Lockwood' 1 Folly, connecting the topo~ 
raphy wi~lt ;:·to:.-C»Utiuue~ta.maia. tril.DpJ.aiioa. south, from. St. Hae1u1 aouci, 

'() 8 
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over the Hunting IBlands, and north from Charleston towards Bull's bay,· to com
plete the triangulation of Wassaw, Ossabaw, Sapelo, and St. Catherine's entrances 
and approaches; to complete the topography of the shores of South Edisto and 
the Dawho rivers of St. Helena sound, of the H'Unting Islands; of Sapelo and 
Ossahaw entrances, of St. Mary's and Fernandina harbor; to continue the hydrog
raphy of the ocean coast, north from Charleston to Gape Roman; to complete the 
hydrography of Brunswiclc and its approaches, of Sapelo, Ossabaw, Wassaw, and 
St. Catherine's entrances; to continue tidal observations in· the section, and current 
and other observations in the Gulf stream off the section. 0FFICE-WORK.-To 
make the requisite computations ; to continue the drawing of the coast chart south 
of Charleston, and to complete the drawing and engraving of the preliminary 
coast chart between Charleston and Tybee entrances; to complete the drawings and 
engravings of preliminary charts of St. Helena sound and South Edisto river, of 
Port Royal entrance and Marthi's Industry, of Doboy and St. Simon's entrances, 
and of Darien and Brunswick harbors, of St. Mary's entrance and Fernandina 
harbor, and the sketches of the section, will require....................................... $33,000 

SECTION VI. Beefs, keys, and coast of Florida.-(See estimate for appropriation for 
those special objects.) 

SECTION VII. Ooast of Florida. FrnLD-WORK.-To make the necessary astronomical 
and magnetic observations at the stations ; to continue the triangulation south
ward from Waccassassa bay and northward from Oedar keys; to connect the trian
gulation of St. Mark's and Apalachicola harbors, and to complete the approaches 
to Pensacola bay; to continue the connection of St. Joseph's bay; to follow these 
triangulations by the necessary topography ; to continue the hydrography of 
TVaccasassa bay, St. Martin's reef and approaches; to complete that of Apalachi
cola harbor and approaches, and of St. George's mid St. Vincent's sounds; to con
tinue that of Pensacola harbor; to make the requisite tidal observations for the 
section. 0FFICE-WORK.-To make the reductions and computations; to continue 
the chart of approaches to Oedar keys, Waccasassa bay, and St. Martin's reef; 
to draw the charts of St. Mark's and Apalachicola harbors, and to commence their 
engraving; to commence the chart of Pensacola harbor, and to draw and-engrave 
the sketches for the section, will require ... ... . . . . .. . ... . .... .. . . . .. .. .. .. .. .•. ... .... ... .. . . . 35,000 

SECTION VIII. Coast of Alabama, Mississippi, and Louisiana. FIFLD-WORK.-To 
extend the triangulation of Chandeleur sound and islands to the mouth of the 
Mississippi; to complete the triangulation of Atchofalaya, Cote Blanche and Ver
milion bays, and to commence that of Oakasie1t bay; to complete the topography 
of part of Lake Pontchartrain and of the neck between the lakes and the Missi.8-
sippi; to continue the topography of Atchafalaya bay and its dependencies, and 
of Calca.sieu bay; to complete the hydrography of Louisiana sound and of Lake 
Borgne, and the off-shore work connected with it; to continue the deep-sea sound
ings of the Gulf of Mexico in this vicinity; to make the necessary observations 
for tides, currents, and temperatures. 0FFICE-WORK.-To make the reductions and 
computations of the work of the section; to continue the drawing of the series of 
Mississippi sound charts, preliminary and finished, and of the preliminary chart 
of approaches to the MiBSissippi deUa; to commence the drawing of Atchafalaya 
bay and its dependencies; to engrave Mississippi sound No. 2, and to commence 
that of Ohanddeur sound, and the off-shore chart of this part of the coast; and to 

· engrave the sketches required for the section, will require................................. 33,000 
SECTION IX. Ooost of Louisiana and Texas. FIELD-WORK.-To extend the main 

triangulation southward and westward of Matag<>rda bay and its dependencies, 
and to ma.Jre, the necessary asb:Qnomical .and magnetic observa.tiO:D.8 QOunected with 
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it; to make the secondary triangulation and topography connected with this; to 
execute the hydrography from the head of Matagorda bay southward and west
ward, and to execute off-shore soundings in the section. 0FFICE-WORK.-To make 
the reductions and computations of the section; to continue the drawing and 
engraving of the coast chart south and west of Galveston bay, and commence that 
of the off-shore or general chart of the same part of the coast ; and to execute 
the sketches for the section, will require....................................................... $26,000 

SECTIONS X AND XI. Western coast-California, Oregon, and Washington.-(See esti· 
mate for special appropriations as provided for last year.) 

Total, exclusive of Florida reefs and keys, and of Western Coast. .................. 250,000 
--~--

The estimate for the Florida reefs, keys and coast, and for the Western Coast, is intended to 
provide for the following progress: 

SECTION VI. Reefs, keys, and coast of Florida. FIELD-WORK.-To continue the trian
gulation of the keys arnl reefs outside from Key Vacas eastward, and from Key 
Rodriguez westward, to connect the base at Cape Sabk with the triangulation of 
the keys, and probably to extend the triangulation from Cape Sable towards 
Shark river; to continue the topography of the keys eastward from Summerland' s 
Key, following the triangulation, and westward from Key Rodriguez, or to execute 
that of Cape Sable Prairi,e and its vicinity; to extend the hydrography eastward 
from Loggerhead Key, and westward from Key Largo. 0FFICE-WORK.-To make 
the necessary comput!tions and reductions; to continue the drawing and engrav-

. ing of the preliminary and finished charts of the Florida reefs; to complete the 
drawing and engraving of the chart of St. John's river, and preliminary sketches 
for the section, will require....................................................................... $40,000 

SECTIONS X AND XI. California, Oregon, and Washington. FIELD-WORK.-To con
tinue the main triangulation north from Smwma mountain, and south from 
.Monterey; to extend the triangulation near San Pedro, and on the shores of the 
channel of Santa Barbara, and to the islands; to continue the triangulation of 
Washington sound, and of the islands between the Straits of Rosario and of Haro; 
to continue the triangulation of harbors in .Admiralty imet, Puget's sound, and 
Hood's canal; to complete the topography of San Pabw bay, the Straits of 
Karquines, and other dependencies of San Francisco bay; to extend that of the 
coast south of .Monterey; to continue that of the main shores near San Pedro and 
Santa Barbara; to continue that of the harbors of Puget's sound and Washing· 
ton sound, in connection with the work of triangulation ; to complet<i the hydrog
raphy of San Franci.sco bay and its dependencies; to continue that of the coast 
south and north of San Francisco, near San Pedro; Santa Barbara channel, and 
in Puget's sound and its dependencies. OFFicE-WORx.-To make the computa
tions and reductions; to continue the drawing and engraving of the finished 
chart of San Francisco bay, and to complete the preliminary chart; to draw 
and engrave the harbor charts resulting from the surveys, and to continue the coast 
chart north and south of San Francisco; to continue the engraving of the chart 
of Washington aool1ui; of the harbors of Puget's B<>'Und; and the sketches required 
for the section, will require....................................................................... 130,000 

For :ruthing a. line to connect the triangulation on the Atlantic coast with that on 
the Gulf of Mexico, across the Florida peninsula, per act of March 3, 1843.......... 15,000 

For publishing the observations made in the progress of the survey of the coast of the 
United States, per act of March 3, 1843............. ................................. ......... 15,000 

For repairs 16· the &tea.mer "Walker:' and of the sailing schooners used in the 
survey, pet' a.ct of :March 2, 1853............... .. .. ...... .......... ......... .. .. .. .. .. .... .... .. 15,000 
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For fuel a.nd quarters, and for mileage or transportation of officers and enlisted 
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......... ............... $10,000 
The amounts of these several estimates are identical with those for the same class of expendi-

tures appropriated last year. . 
A detailed statement of work executed within the surveying season, arranged according to 

geographical sections, will now be given, followed by an account of the work at the Coast Survey 
office in Washington. 

SECTION I. 

FROM PASSAMAQUODDY BAY TO POT1'."'T JUDITH, INCJ,UDlNG THE COAST OF THE STATES OF MAINE, NEW 
HA.MPSHillli, MASSACHUSErrs, .A.ND RHODE ISLAND.-tSKETCW:S A, Nos. 1-4.) 

The operations in this section, of which an account is given in this chapter, are the following: 
1. The reconnaissance of a base of verification on Epping plains, in Maine, near the eastern end 
of the primary triangulation, and for the triangulation itself to the boundary. 2. The extension 
of the primary work, and the astrono:inical and magnetic observations connected with it, by the 
occupation of Saunders and Mount Desert stations, in Maine. 3. The secondary triangulation 
of the Kennebec river and eastward. 4. The topography of Cape Small Point and of the en
trance of the Kennebec. 5. The topography of Portland city and its environs. 6. The topog
rapl1y of Duxbury, Massachusetts, near Plymouth. 7. The continuation of the topography of 
Cape Cod peninsula. 8. The resurvey of the shores of .Martha's Vineyai:4 and of Muskeget chan
nel, Massachusetts. 9. The hydrography of the entrance to the Kennebec river, and completioJ?, 
of that of Casco bay, Maine, and of Ipswich and Annis Squam harbors, Massachusetts. 10. The 
hydrography of Massachusetts bay, in-shore and off-shore from Cape Cod, and seaward to 
George's Bank. 11. The hydrography of Nantucket sound and vicinity. 12. The continuation 
of tidal observations in Bo~ton harbor. 

The work in this section has been vigorously pressed forward, and the full number of parties 
has been employed which the appropriation permitted, for as long a time as the means or the 
season lasted. The progress made is quite satisfactory. 

Reconnaissance.-The reconnaissance for the extension of the primary triangulation eastward 
has been completed. Assistant C. 0. Boutelle, aided by Lieutenant J. C. Clark, U. S. A., 
resumed the examination of lines, after his return from Section V, and determined the scheme 
shown in sketch A, terminating just beyond the northeastern boundary, in a line joining Cham
cook, on Passamaquoddy bay, with a station on Grand Menan island. 

In July, I visited in person the site sel()cted on Epping plains for a base of verification, the 
only practicable one which the reconnaissance of Major Prince and Assistant Boutelle had 
developed. The grading of this base will not be an easy task, but its ready connection with the 
triangulation, (sketch A,) and its admirable position so near the end of the work, make up for 
considerable disadvantages in other particulars. I have accordingly taken steps to ascertain the 
cost of grading, and to prepare for measurement next season, if the appropriation will permit. 

The points selected on the first reconnaissance for the primary series, Western Ridge, Moose
a-bec, proved, on close examination, not to be intervisible, and not to be easily rendered so; and 
Howard, on Buck's harbor, Machias bay, (sketch A,) was sµbstituted for Moose-A-bee in the 
primary series. 

There are now but five stations to be occupied in the primary series to carry-it to the bo¥da.ry. 
The ends of the base, and the special points selected for c-0nnectjng the base and primary statio~, 
will be occupied with the smaller instruments of the survey, I prefer to continue the policy 
hereto.fore explained. in regard to this matter, namely 1 to keep the primary triangulation in 
advance of ~l the re11t of th~ WQd~, ~~ w give ~ ~i,.uih ~~ *~ ~~~l. swvi~ tQ. ~. ~ 
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tions of the survey as is compatible with this view of my duties in Section I, in completing the 
primary triangulation. 

Primary triangulation.-The party under my immediate direction was organized for work in 
this section on the 1st of June, and placed in charge of Assistant George W. Dean. Saunders 
mountain, in the township of Dedham, Hancock county, Maine, was occupied as a connecting 
link between the primary and secondary triangulations. The operations, confined mainly to 
geodetic and magnetic observations necessary at a subsidiary station, occupied the party until 
the 16th of July. 

Preliminary arrangements having been made. in the usual manner by Mr. Thomas McDonnell, 
the measurement of horizontal angles was commenced by Assistant Dean, on the 23d of June; 
and the weather proving highly favorable for progress, satisfactory determinations were made 
of angles connecting Saunders with five primary and the same number of secondary stations. 
Seven hundred and forty observations were thus made with the thirty-inch theodolite, (C. S. No. 
1.) Vertical angles were measured upon all the signals by three hundred and forty observa-

. tions with the eight-inch Gambey theodolite, (C. S. No. 57,) and one hundred and forty measure
ments with the Ramsden micrometer of the thirty-inch theodolite. 

The observations for magnetic declination and intensity were made by Assistant Dean upon a 
plateau near the base of the mountain; (Saunders,) distant about half a mile, in a southwesterly 
directiofi!'from the geodetic station. Two hundred observations for declination were made on 
four days; two sets for horizontal intensity and moment of inertia, on two days, and four sets 
for determining the dip of the magnetic needle. The instruments used were the declinometer, 
D. 22, (C. S. No. 1,) and the ten-inch dip-circle (C. S. No. 4.) 

Mr. Dean was assisted in making the arrangements necessary for posting the heliotropers, 
and in geodetic observations, by Lieut. J. D. Bingham, U. S. A., assistant in the Coast Survey, 
and during part of the time occupied at the station, by Sub-Assistant Stephen Harris. The aid 
of the party, Mr. James H. Toomer, assisted in the magnetic observations. 

On completing the observations at Saunders, the party was transferred to the primary station, 
Mount IJeseJrt island, on the coast of Maine, where I rejoined it personally early in September. 
The station is on the eastern side of the island, and within three miles of the ocean . 

.Astron.om.ical observations at Mount Desert.-The azimuth of the lines connecting this station 
with others in the primary triangulation was determined from ten sets of observations upon 
Polaris, when near its ea.stern elongation, and five sets upon .< Ursre Minoris. These 
observations were referred, as usual, to an elongation mark, which was established at a point 
about four miles from the station. Each set consisted of five paintings upon the star, with the 
telescope direct, and the same number, telescope reversed, in connection with twelve sets of 
observations upon the mark, telescope direct and reversed. 

The observations for latitude and time were made by Sub-Assistants Edward Goodfellow and 
Stephen Harris with the same instrument, in continuation of the investigations relating to per
sonal equation as affecting observations wiih the zenith telescope. Those of Mr. Goodfellow for 
latitude consisted of one hundred and seventy-two sets upon thirty pairl" of stars with the zenith 
teleseope, (C. S. No. 5.) The value of one revolution of the micrometer of the instrument was 
determined by a hundred and seventy-eight observations upon the circumpolar star, 51 Cephei, 
near its eastern elongation. 

Thirty ab8enations were made with the micrometer upon a collimator adjusted to a sidereal 
focus, for determining the value of graduations on the level of the zenith telescope. 

The observations for latitude by Sub-Assi.,tant Harris consisted of one hundred a.nd eighty
ni.ae Bets upon thirty-two pairs of stars. He made also one hundred and ninety-four observa
tion& upon Polaris near its eastern ·and western elongations for value of micrometer, and 
twaty..ft,oe oDsenations upon a collimator for value of the level graduation. 
_· 'llt~-..a:rv-ed for la.titude were, a.11 far as practicable, selected from the Greenwich Twelve 
l°Mr ·· .· ;.·ad~·cam.9-·pairswere •liserved by Mr. GoedfeUow &ad Kr • .Batria. The 
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time requisite for the latitude and azimuth observations was determined 'by one hundred and 
twelve transits of high and low stars with the Wiirdemann portable transit, (0. S. No. 10.) 

Geodetic observations.-These were somewhat impeded by the prevalence of fogs and by con
tinued rains and cloudy weather, but were completed by the 14th of October, and before the 
clcsing of the astronomical work. 

Twenty points were observed upon from Mount Desert, including eight primary and eight 
secondary signals; three light-houses (sketch A, No. 1) and the elongation mark already men
tioned as the point to which the azimuth observations were referred. 

The range of the longest line, namely, that connecting Mount Desert with Western Ridge 
station, is about fifty-nine miles. Three others of the lines observed during the season ranged 
between forty-five and fifty miles in length. 

Besides those connecting the regular stations in the series of horizontal angles,' observations 
were made to include also the highest peaks of Mount Katahdin and Passadumkeag mountain, 
which will serve to fix the directions of those prominent geographical features. 

The number of observations made previous to the 14th of October, in the measurement of 
horizontal angles with the thirty-inch theodolite, was fifteen hundred and seventy-five. 

In these and other duties pertaining to the regular operations of my party, I was ably assisted, 
as heretofore, by Mr. Dean. · . 

Vertical angles, connecting with fourteen stations, were measured by Assistant Dean&tt Sub
Assistant Harris. For this purpose two hundred and thirty observations were made with the 
Gambey circle, and a hundred and fifty measures with the Ramsden micrometer, used in the 
early part of the season at Saunders station. 

The area covered by the season's work of primary triangulation, estimated in the ordinary 
way, is about eleven hundred square miles. 

Magnetic observations.-The geological formation of Mount Desert is sienite intersected with 
veins of quartz and occasional trap dykes of greenstone. Iron ore has been found upon its 
flanks, and the geological features presented at the summit led to the supposition that the mag
nets might be affected by local attraction. Arrangements were. made accordingly for determin
ing the magnetic elements in the immediate vicinity of the geodetic station, and also near the 
village of Southwest Harbor, distant about five miles in a southwest direction from the summit 
of the mountain. The observations near the geodetic station were made by Assistant Dean and 
Sub-Assistant Goodfellow, and consisted of one hundred and seventy-five for declination on four 
days, two sets for horizontal intensity and moment of inertia, and four sets for dip. The mag
netic observations at Southwest Harbor were conducted by Sub-Assistant Harris, aided by Mr. 
Jas. H. Toomer. Two hundred and thirty observations were made by them, for declination, on 
five days, two sets for horizontal intensity and moment of inertia, and two sets for dip. 

The instruments used at both stations were the declinometer D. 22, (0. S. No. 1,) and dip
circle, (C. S. No. 4,) previously in use at Saunders station. 

Metrorological observations.-The usua.l meteorological journa.l was kept during the season by 
Mr. R. E. Evans, one of the aids in my party. Observations for temperature were recorded in 
three hundred and four separate entries, and an equal number were made for the evaporating 
point. 

Two hundred a.nd eighty-three readings of the barometer (Green, No. 910, and Dent's aneroid, 
No. 8,520) were also recorded, with remarks on the prevailing winds and other conditions affect
ing the state of the atmosphere in the locality of the geodetic station. 

Lieut. J. D. Bingham, U. S. A., assistant in the Coast Survey, who had joined my party early 
in the season, remained·with it during the work at this station. The requisite observations 
having been satisfactorily concluded by the middle of October, I engaged personally, by request of 
the Commissioners on Harbor Encroachments, in the examination of progress made by the several 
parties t_hen engaged in the survey of New York ~arbor ~nd its vicinity. ;Assista~t ~and 
Sub-AsaIStant Goodfellow. proceeded, under my mstrnetiOD8, to, reorg&nize.partie&. m ·the 
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telegraphic determination of longitude between Montgomery, Ala.., and Mobile. Lieutenant 
Bingham has since reported to Assistant H. L. Whiting, for duty in Section V, and Sub-Assist
ant Harris has been assigned to the party of Assistant J. E. Hilgard, in Section VIII. 

Within the year the computations for latitude and magnetic determinations at Ragged Mount 
station, and all the computations depending upon the work executed by my party at Mount 
Harris in the following autumn, have been completed and deposited in the office. 

Secondary triang'ulation.-The work on the Kennebec river has been continued above and to 
the eastward of Bath by Lieutenant A. W. Evans, U.S. A., assistant in the Coast Survey, and 
Sub-Assistant Benjamin Huger, jr. The occupation of some of the stations established last year 
was commenced in July, the observations being, however, much impeded in the latter part of 
that month by thick fogs and easterly storms. Certain stations near Bath were first reoccupied, 
and then lines were opened for carrying the triangulation up the Kennebec, and for extending 
it eastward on the Sheepscot river. The work was carried in this direction about ten miles. 
Several new stations were established, and a position selected from which to connect the series 
·going up the Kennebec with that of Sheepscot river. 

The plan adopted at the outset for conducting the secondary triangulation in this section is 
still adhered to, a series of first and second order triangles being established, the former well 
conditioned, and connecting with a tertiary series, intended to furnish points for the plane-table. 
The tertiary work upon the Kennebec was executed by Sub-Assistant Huger, aided by Mr. G. E. 

,Humphries. In the progress of the season's operations, numerous points and several elevations 
were determined by Lieutenant Evans, and furnished for the use of the topographical party of 
Assistant I. Hull Adams, when engaged at the mouth of the Kennebec and in its vicinity. 

In the joint work of Lieutenant Evans and Sub-Assistant Huger fourteen stations were occu
pied, and one hundred and thirty-nine angles measured upon seventy-four objects, by one thousand 
two hundred and eighty-one observations. 

The measurements connected with the tertiary work were concluded on the 17th of September, 
after which Sub-Assistant Huger engaged in the erection of signals and in reconnaissance for 
carrying the work eastward. Advantage was taken by Lieutenant Evans and Sub-Assistant 
Huger, during intervals unfavorable for field-work, to complete the office-work depending upon 
the operations qf their parties in Sections V and VII. 

Operations were discontinued on the Kennebec at the end of October, when immediate prepa
rations were made for the return of the schooner Hassler and the party of Lieutenant Evans to 
the coast of Georgia. Sub-Assistant Huger has since been assigned to duty in the party of 
Assistant Boutelle, to be engaged in prosecuting the primary triangulation ::iorthward of 
Charleston, S. C. 

Ten volumes, containing the computed results of the secondary triangulation conducted by 
Assistant C. O. Boutelre in Casco bay, and from Saco river to the Kennebec, have been completed 
by him within the present surveying year and deposited in the archives. 

Topography, mouth of Kennebec river, Maine.-A plane-table party was organized for this 
work by Assistant I. Hull Adams early in July, and continued in the field until the 10th of 
October. The survey was commenced at Cape Small Point, and the sheet includes the southern 
part of that peninsula, with the details requisite to fill up the outline traced by .Assistant 
Gilbert in 1854. Proceeding from thence in an easterly direction, Assistant Adams traced the 
shore-line of the main to Hunniwell's Point on the western side of the Kennebec, and both 
banks of that river upwards to a distance of a mile and a half from the entrance. Seguin 
island, lying off and due south of the entrance, and the islands at the mouth of the Kennebec, 
a.re alt10 included in the topographical sheet. 

The shore-line of the main a.nd of the islands was furnished, as required, to the hydrogra.phic 
party of Lieut. Comg. Trenchard. 

Mr. Ada.lllilwasassisted during the seuon by Mr. H. S. Duval. The work here nqticed was 
es&niw a&..tt&a.t to he referred. to, as prosecuted. ea~ly in the season by Assista.nt Adams on 
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the Rappahannock, and his preparations are already complete for resuming the topography on 
that river. 

Topography of Portland.-After the return of Assistant A. W. Longfellow from duty in the 
schooner Meredith, as will be noticed under Section V, his party completed the topography of 
Cousin's island, in Casco bay, and commenced the plane-table survey of the environs and city of 
Portland. "This work was very tedious, from the numerous interruptions and delays in the 
crowded streets ; but the result is a very accurate plan of the city:, showing the actual location, 
and size, and shape of the buildings." 

"In surveying the environs, all conspicuous objects in the city were determined in position 
before running out the streets; and these, in addition to the triangulation signals, furnished 
numerous test points, which gave the most satisfactory means of comparison. The streets were 
first chained, to determine their length, width, and the angles of intersection with others, and 
afterwards for the purpose of determining in position the houses and other features of detail.'• 

"In these operations an aggregate linear distance of seventy-three thousand four. hundred 
and twenty metres was chained, exclusive of offsets, or forty-five and six-tenths statute miles." 

'' The aggregate lengtl1 of the streets within the city limits, as shown on the map, is forty 
miles, and the number of separate buildings three thousand eight hundred and ten, exclusive of 
blocks of stores and other consecutive ranges. The length of wharf line, determined on the 
harbor, is seven and a half miles." 

The survey of the city nearly completes the data for the publication of the finished chart of 
Portland harbor, but the completion of contouring in the environs was not found practicable 
within the season. It will be resumed and finished as soon as possible in the ensuing year. It 
has been found by several trials more economical as well as more satisfactory to make regular 
surveys of the cities than to rely upon local maps. 

Assistant Longfellow expresses his obligations to the Hon. James T. McCobb, m:ayor of 
Portland, for courtesies extended, and prompt attention in furnishing means to facilitate the 
operations of his party. He mentions also in terms of commendation the activity and efficiency 
of the aid in his party, Mr. N. S. Finney. 

The schooner Meredith had been kept in good repair throughout the season, and in the middle 
of November sailed for the coast of Georgia, where Mr. Longfellow is under. instructions to 
commence the topography of Sapelo entrance. 

Mr. Finney has been assigned to the charge of a party to act in concert with that of Sub
Assistant Bagwell in the schooner Joseph Henry for the execution of the topography southward 
from Cedar keys) Florida, and his preparations will shortly be completed for that duty. 

Five sheets of tracings of the shore-line of Casco bay, east of Portland, were furnished during 
the season by Assistant Longfellow, for the use of the party of Lieut. Ci>mg. Trenchard while 
engaged in the hydrography of Portland harbor. 

The computations of his field-work of Section V were completed and duplicated in the course 
of the summer, and have been deposited in the office by Mr. Longfellow. 

The schooner Meredith, being at anchor in Portland harbor on the morning of the 12th of 
October, was happily the means of saving the lives of some fishermen, whose boat was swamped 
in the attempt to reach their own vessel. The sailingmaster of the Meredith, Mr. John T. 
Hopes, with one of the hands, promptly pulled out and fortunately succeeded in their rescue. 

Topography ef ])ua;bury, Ma88aclmsetu.-Commencing at the limit reached in this vicinity in 
a former season, Assistant R. M. Bache ma.de a. proper connection with his sheet of Plymouth 
bay, and set up the necese&ry signals for continuing the plan-a-table work. These preliminaries 
were completed at the end of July. The plane-table work was. then carried forward in the 
di'l'ection of Ma.rsh:fiela. The sheet, which occupied the party un,til the 1st of October, includes 
the town of Duxbury. Within its limits, twenty-three miles of s~line. and nineteen JiDilea 
of·roa.ds were ~veyed, and proportionately:aJargeaggregatei.of detail .. in thejnclud£KL~of 
four. equre· 11l:ilee1• The w.erk.1 WU· &dnnoecL about halfway; ~ Mamhiield:, aml'1ae 
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natural features at the point reached are such as to present no obstacle to its rapid continuance 
in that direction. 

The preparations of Assistant Bache have been completed for his return to Section VIII. 
Topography of Cape Cod Peninsula.-Sub-Assistant C. T. Iardella completed as soon as 

practicable the inking of his topographical sheets executed in the winter and spring on the 
Florida keys, and early in July commenced a resurvey of Monomoy Point. This was carefully 
made, and the result showed that the point had made to the southward a.bout sixty metres, 
while a. corresponding length had been washed away from the western side. The northern 
point proved to have extended nearly eighty metres since the first survey was made. It was 
also found that the long narrow shoal inside of the '' Powder Horn'' had gained about a 
hundred metres in length and breadth. 

On the 2d of August, Sub-Assistant Iardella commenced near Orleans joining his sheet with 
previous work of Assistant H. L. Whiting and the late Assistant Gluck. Working to the 
southward, he completed the details requisite to fill the space int.ervening between Orleans and 
Nausett harbor. The operations of the party were discontinued on the 10th of October, with 
the .following results : 

Shore line surveyed ................................................................. . 
Roads surveyed ....................................................................... . 
Included area (square miles) ...................................................... . 

55 miles. 
33 miles. 
10. 

The shore line comprises the several features of ponds and creeks, and the marshes in the 
vicinity ofNausett harbor. That portion of the peninsula embraced in the topographical sheet 
of this sea.son is for the most part destitute of upland vegetation, but abounds in peat swamps. 

The arrangements of Sub-Assistant Iardella have been made for an early return to the Florida 
keys (Section VI) with the schooner Agassiz. 

Resurvey on shores of Vineyard sound and MU8keqet channel.-In order to ascertain the extent 
of changes known to have been oocasioned by the action of the sea in the southeastern part of 
the Vin~yard sound, an examination has been made by Assistant H. L. Whiting in that 
vicinity, including also the shores of Muske get channel. His resurvey commenced as early as 
the nature of the season would admit, and was carried on at intervals of favorable weather until 
its completion on the 8th of May. 

The natural changes which were found to have occurred were at once reported to the office, 
with the sheet containing the revised shore lines, and have been presented in the new edition of 
the chart of Muskeget channel (Sketch No. 6) accompanying my report of last year. 

I subjoin entire in the Appendix (No. 13) the report of Assistant Whiting in reference to the 
cha.ract.er of the cha~es developed in his resurvey. He was previously engaged in the 
verification of work in Section III, and is now employed in the execution of topography for the 
Commissioners on H.arbor Encroachments, to be noticed under the head of Section II. 

Three topographical sheets of work executed last season have been sent to the archives by 
Assistant Whiting, viz: vicinity of Hyannis and Bass river; north shore of Cape Ann, 
including Essex: river and Rowley river, with part of Plum island, to Newburyport. These 
maps are on the scale 1."0hlr· 

Hyd!rog-raphy of Kenrtebec river, Maine.-Soundings were commenced by the party of Lieut, 
Oomg. S. D. Trenchard, U. S. N., .A.ssistant in the Coast Survey, with the steamer "Vixen" 
and her boa.ts, on the 2d of October, at Cape Small Point, and from thence the work was carried 
directly eastward to the entrance and up the Kennebec to a line abreast of Cox's Head. Seguin 
ilWmd, lying o:tf the entrance of the river, is within the limits of the hydrogra.phic sheet. 

The following is extracted from the general report of Lieut. Comg. Trenchard: 
H Th& Kennebec river may be entered either to the eastward or northward of Seguin island. 

The we.stern ~ is wider, and, fOI' ~-0rlring ia, may be considered preferable; but deeper 
water. can beearried in !POm tlie ·eaeiward, between White Ledge a.nd the ' Whale's Ba.ck,' 

5 cs 
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which is a small rock lying to the southward of Salter's island. Both channels may be deemed 
good for vessels of any class, the least depth in one being from twenty-four to twenty-seven feet, 
and there is in the other over thirty feet at ordinary low water. The shoalest water was found 
between Wood island and White ledge." 

" Opposite Pond island, and at about two-thirds of the distance in a direction towards the 
southern point of Salter's island, lies a rock, upon which, at extreme low tide, there is but 
eighteen feet water, and at times the sea breaks on it. I would recommend that a buoy be 
placed on this rock, and another upon White ledge, about three-quarters of a mile to the south
ward of Seguin island; and that buoys be placed also upon the other ledges to the southward 
and westward, upon which the sea breaks in rough weather." 

In prosecuting the work off, and in the entrance to the Kennebec, four hundred and :fifty
three miles were run in making five thousand eight hundred and fourteen soundings. Seven 
hundred and ten theodolite and a hundred and twenty sextant angles were observed. Fourteen 
miles of shore line were furnished by Assistant I. Hull Adams, in charge of the topographical 
pa:::ty for hydrographic purposes. 

The tide-gauge used for the reduction of soundings was located at the wharf of Hunniwell's 
Point, and arrangements were made for continuing the observations after the steamer "Vixen,, 
left the river with the party, for the purpose of establishing a plane of reference. 

Lieut. Comg. Trenchard, as before mentioned, returned by the way of Portland to New York, 
and was soon after transferred to the command of the surveying schooner " Gallatin." His 
preparations are now nearly complete for resuming hydrographic duty in Section V. 

The steamer "Vixen" was reassigned to Lieut. Comg. Berryman, on the return of that 
officer from the special service upon which he had been detailed, by the Hon. Secretary of 
the Navy, in the United States steamer" Arctic." 

Hydrography of Casco bay, Maine.-Lieut. Comg. Trenchard, in the steamer "Vixen," 
reached Portland on the 16th of September; but, in consequence of bad weather, was unable to 
commence the soundings requisite to continue the hydrography of Casco bay until the 24th, 
when the work was taken up at the eastern point of Great Jebeig island, and carried westward, 
between it and Little John's and Cousin's islands, to a junction with the northeastern limits of 
work previously completed. In the discharge of this duty, two temporary tide-gauges were 
established-one at Portland, and the other on the shore of Great Jebeig island; two hundred 
and fifty-nine angles were observed, and two thousand four hundred soundings were made. 

On completing this work, the party proceeded to the mouth of the Kennebec. Later in the 
season, and while on the return from that quarter, Lieut. Comg. Trenchard determined the 
position of a rock on which the steamer "Daniel Webster" struck in Casco bay, on the after
noon of the 13th of October. 

He reports that the rock lies directly in the track of steamer~ passing to and fr-0m the 
eastward, and that it may have less than eight feet water at very low tides. It bears N": by E. 
! E. by compass from Hcil/-way Rock, and lies about three hundred yards from it. Other par
ticulars respecting this danger, in the ordinary course. of vessels in and out of the bay, will be 
found in .Appendix No. 9. 

Hydrography of Ipswi,ch and ..dnnia Squam.-The un:finished work of a previous season in the 
bight northward from Cape Ann, has been completed within the present surveying year by 
Lieut. Comg. Trenchard, in the steamer Vixen. The vessel reached Plum island, oft' 
Ipswich, Massachusetts, on the 15th of .August, and, after erecting the neceseary signals, 
the party proceeded to :till with soundings the space intervening between that entrance and 
Annis Squam. The work was extended to the northward .and eastward, over Essex bar, and 

.carried also within the Essex river, to a distance of two miles from its mouth. 
Lieut. Comg. Trenchard reports that six feet can be carried over the Essex bar at low water, 

1t.nd that within, the channel deepens from two to over four f&thoma. He remarks, alto, " that 
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soundings upon Ipswich bar,·made in passing out and in, correspond with those laid down 
on the Coast Survey chart of 1855, and the buoys appear to be in good position." 

In completing the hydrography of the vicinity, one hundred and thirty eight miles were run 
while sounding, and four hundred and fifty-five theodolite and sextant angles were observed. 
Eight thousand casts of the lead were ma.de in from one to twenty fathoms water. Three 
stations for current observations, and three temporary tidal stations, were occupied. The work 
was completed on the 15th of September, when the vessel sailed for Portland. 

Lieut. Comg. Trenchard, on reaching Cape Ann in the steamer Vixen, on the morning of 
the 14th of August, fortunately fell in with the British barque .Adieu, then in a sinking 
condition, off the Salvages, and towed that vessel safely to port. The service so promptly and 
opportunely rendered by himself and the officers and crew of his command, were cordially 
acknowledged by the British consul at Boston, and by the parties interested in the vessel thus 
rescued by the Vixen from the most imminent peril. Copies of correspondence relative thereto 
will be found in Appendix No. 69. 
- Hydrography inside and off shore from Cape Corl peniw;ula.-(Sketch No. 2.)-The party of 
Commander H. s,. Stellwagen, U. S. N., assistant in the Coast Survey, having completed 
repairs and outfit necessary for the season's cruise of the steamer Bibb, arrived at its station 
with that vessel in July. Taking a departure from the immediate vicinity of Monomoy light, 
a line of deep-sea soundings was run from thence eastward, traversing the supposed situation of 
"Clark's Bank." The line was there deflected to the southward and eastward, and, after being 
continued below the latitude of Nantucket, was again extended northward as far as George's 
Bank. Keeping soundings in the return from George's Bank, a line was carried about fifty 
nautical miles to the southward, and from thence westward to Monomoy. These lines can be 
readily traced in Sketch No. 2. Several detached spots were found, with from nine to fifteen 
fathoms water, to the southward and westward of George's bank, in positions for which no 
soundings have been given on published charts. In all probability, the existence of these 
becoming incidentally known, and being erroneoUBly laid down in various authorities, first gave 
rise to the impression that two well-defined shoals perhaps existed midway between George's 
Bank and the Cape Cod peninsula. The lines of soundings already mentioned were crossed by 
four others a.bout forty miles in length, and nearly equidistant, and, in connection with those 
run in the previous three years, they develop in a measure the hydrography of this important 
locality. The non-existence of "Clark's Bank," "Little George's," and "Crab Ledge," was 
satisfactorily proved, and the further researches made by Commander Stellwagen have 
developed the limits, extent, and general character of an immense continuous Rhoal ground, 
occupying &n area of at least twelve hundred square miles, and lying westward, southwest, and 
southward from George's Bank. This space was traversed by Commander Stellwagen by nume
rous lines, and its continuity proved within a thirty-fathom curve. The least water found on the 
suppose•d locality of " Crab Ledge" was eighteen fathoms. 

In the progress of operations by the hydrographic party, the positions were determined of 
nine points of rock, constituting a. reef, between Scituate light and Minot's light. The depths 
in this range, which I propose to call SteUwagen's .Ruf, vary between four and eighteen feet; 
and though sufficient water is found between the rocks, their proximity to each other makes 
th.is a very dangerous locality. Four of them, most to be avoided on account of their position, 
have on them respectively only nine feet, nine feet, twelve feet, and fourteen feet water. 

Oft' Webster's Flagstaff a sunken rock was detected with only six feet water on it. This rock 
lies about threti quarters of a mile due ea.st from one on which a buoy has been placed. To this 
fa.ct the attention of the Light-House Board has been called in a communication ma.de through 
the department. 

Commander Stellwagen found also, and determined the position of a dangerous rock, with as 
little as six feet water, near &qui.sh Head, entrance to Plymouth harbor. The peak is quite 
sh&Yp, and, althou~h lying in the way of vesMls beating in for the harbor, it is difficult to find. 
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With other developm~mts made by the hydrographic party, :i't will be found marked on 
Sketch No. 2. 

The positions of three rocks lying off Manomet Point were :fixed, and it is proposed by Com
mander Stellwagen to call them the Mary Ann Rocks, after the name of a British vessel lost on 
them some years ago. These are partly bare at low water. 

A detached tapering rock in this vicinity, with but Bix feet water, lying off Indian Hiil, and 
about four miles to the northward of Manomet Point, was :fixed in position and entered on the 
chart of the season. It is extremely dangerous. One of two buoys furnished by the Light-House 
Inspector was placed on it by Commander Stellwagen. The other he fixed on a rock having only 
four feet at low water, (Rowland's Ledge,) found outside of" Sunken Rock," near Brandt Point, 
and determined its position. High Pines Ledge, inaccurately placed on some ~harts, was also 
surveyed and determined . 

.About six miles N. E. ! N. (magnetic) from Barnstable light a ledge was discovered, the 
existence of which seems to have been entirely unknown even to the resident :fishermen and 
frequenters of that locality. Four fathoms water occur on it, and adjacent soundings gave 
eight, nine, and ten fathoms. It has already been resorted to, under the impression that it 
will be found a most productive :fishing ground. 

Later in the season the party of Commander Stellwagen found and determined a ledge of 
rock off Kettle island, near the entrance to Gloucester harbor. 

'l1he deep-sea soundings run in prosecuting the regular hydrogra.phic work, in addition to 
those before described, consisted of four lines, viz: one eastward from Cape Cod, passing north
ward of George's Bank, and extending to longitude 66° 30' W., and from thence returning in 
a nearly parallel westerly direction, and terminating at Cape Ann. The distance to which 
these two linet1 were carried seaward, measured in the same direction, is about a hundred and 
seventy miles. Between them two others were run eastward, and terminating about seventy
:five miles from Stellwa.gen's Bank. These four lines indicate the existence of continuous deep 
water eastward of the entrance to Massachusetts bay, and between it and the meridian of 
George's Bank. The traverse lines referred to as intersecting with the soundings, carried east
ward from Cape Cod peninsula, cross also the lines described above. Southward they connect 
with the hydrography off Nantucket sound, and while engaged on them near that limit of 
the season's work, the party discovered a new shoal in latitude 41° 27' N., a.nd longitude 69° 
511 W. It lies in the middle of the ship channel, between Great Round shoa.l and McBlair's 
shoal, and the least water found on it was twelve feet. (See Appendix No. 11.) A shoal 
spot, with but thirteen feet, was found at the northern extremity of Little Round shoal, and 
two distinct ridges off the northern end of Davis' Bank. The positions of these are described 
in the same Appendix., (No. 11,) and will be found on Sketch No. 3. 

At favorable intervals the boat-work necessary along the outer shore of Cape Cod peninsula. 
was completed, and the inshore hydrography southward from Nausett light, abreast o"f Chat
ham, and extending below Monomoy, was executed. The concluding work of the party of 
Commander Stellwagen was the prosecution and completion of the hydrogra.phy of Cape Cod 
bay. The soundings were made to connect at a line joining Race Point and Ma.nomet Point, 
with previ~us work in Massachusetts bay. 

The report of Commander Stellwa.gen presents the following aggregate of statistics recorded 
in the execution of the regular hydrographic work : 

Miles run in soundings................................................................. 2,634 
Number of soundings. . . .. .. . .. .. ... ...•. .. . ........ .. ... ...•. .•.•.....•.......•.. ...... 32, 757 
Angles determined . ................................................ ~......... .... ........ 1,577 

Having completed the detached hydrography requisite for charts of the vicinity, to be included 
within the limits of hie general operations, Commander Stellwagen clo11ed hi@ work on the 16th 
(>f October, and returned with th• steamer :Bibb to Ne"tV York. The vessel hae sinoe 'b@en 
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assigned for the use of the party under Lieut. Comg. C. R. P. R<Jdgers, t<l be em:ployed in 
Section IV on the coast of North Carnlina. 

The revised chart of Stellwagen's Bank, scale 80t00, and original chart of hydrographic 
work between Race Point and Nausett light, scale -i;ot00, together with journals of soundings, 
angles, current observations, and twenty-three specimens of sea-bottom from that locality, have 
been deposited in the archives by Commander Stellwagen. 

Hydrography of Nantucket sound and vicinity.-(Sketch No. 2.)-The surveying schooner 
Gallatin, with the party of Lieut. Comg. C.R. P. Rodgers, U.S. N., assistant in the Coast 
Survey, began the regular work of the summer in Nantucket sound, on the 2d of June. 
The steam yacht Fire :Fly, having been hired for the season, was assigned as a tender to the 
Gallatin, and joined that vessel in the middle of July. ' 

"During July, and the early part of August, the progress of work was much impeded by 
the unusual prevalence of haze and fog. Many miles of soundings were run, but day after day, 
upon communicating with the theodolite observers on sh<Jre, it was found that they had not 
been able to follow us with their telescopes, and that part of our labor had been fruitless." 

" The first efforts were directed to the survey of the sand ridges crossing the channel between 
the Great and Little Round shoals, and to a re-examination of Great Round shoal itself. This 
task was peculiarly difficult; the haze which prevails in that vicinity, the rapid tides, the 
rough sea, and the broken character of the bottom, presented obstacles to be surmounted only 
by the most patient perseverance. The little steam tender was invaluable for this service, and 
without her aid the party in the Gallatin could not have performed the duty to which it was 
assigned.'' 

Lieut. Comg. Rodgers remarks also in reference to this particular locality: 
"I am led to consider the channel between the two Round shoals as unsafe for vessels drawing 

more than ten feet water. Across it run sharp ridges of sand only a few feet wide, having deep 
water on either side of them. Over these the tide runs with such velocity as to render it almost 
impossible to keep a steamer steady while passing over their narrow crests. When the tide is 
slack, there is no visible sign of their existence, and it is only through a strong current that 
they can be traced. or surveyed.'' 

" The ridges of loose sand are doubtless subject to frequent changes, but no changes were 
detected in the Great Round shoal since our examination made last summer, (1855.) 

" Having connected the survey of Commander McBlair on the south with that of Lieut. 
Oomg. Woodhull on the north, we turned attention to the survey of the eastern part of 
Nantucket sound, and after its completion ran lines of soundings through the spaces left unfilled 
in the hydrographic work of previous years.'' 

" The month of September was devoted chiefly to the survey of Cotamy bay, or the upper bay 
of Edgart<lwn ; t<l the work on the northern shore of the sound, including a re-survey of the 
Horse ~hoe, Eldridge's, and the Wreck shoals; and to the hydrography of the unfinished space 
north of Holmes' Hole, and of the middle ground at the junction of Nantucket and Vineyard 
sounds." 

"The latter part of August and part of the month following were favorable for work, and, by 
diligently improving good weather, the survey of Nantucket sound waa completed early in 
October.'' 

"The changes of th.e shore-line at Monomoy have been very great. The northwest point of 
lfonoinoy harbor has extended itself into the channel, so that tliere is now dry land where the 
Galla.tin passed last year in two fathoms water. A sand hill four miles further to the north
ward, on which we placed a large tripod in 1855, has entirely disappeared, and its site is now 
covered with water." 

The following aggregate of results is appended to the report of the able and accomplished 
officer under whose command the intricate hydrography of Ne.ntucket aound and its vicinity 
baa been at length oomp~ted : 
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Miles run in sounding ................................................................. . 
Sextant angles recorded .............................................................. , 
Theodolite angles ....................................................................... . 
Total number of soundings .......................................................... . 

1,600 
3,823 
2,262 

3'7',119 

Lieut. Comg. Rodgers has deposited in the office the chart of Nantucket sound, scale 
Tl>ho, containing the results of his work of last season, together with fifteen volumes of 
recorded soundings and angles, in duplicate; and two volumes, each in duplicate, of tidal obser
vations made by his party in the same year at Tuckernuck, Hyannis, Martha's Vineyard, and 
Muskeget island. 

After closing for the season in this section, the hydrographic re-survey was made by the party, 
in the schooner Galla.tin, of the vicinity of Sandy Point, near Stonington, Connecticut, which 
will be further noticed under Section II. 

On returning to New York, Lieut. Comg. Rodgers was assigned to the command of 
the Coast Survey steamer Bibb, and on the completion of his office-work now in hand, his 
preparations will be made for the prosecution of hydrographic duty in Section IV1 on the coast 
of North Carolina. The schooner Gallatin has been transferred to Lieut. Comg. S. D. Tren
chard, U. S. N., under instructions for service in Section V, on the coast of Georgia. 

Tidal observations.-The permanent tidal station at the dry dock of the Charlestown navy 
yard, Massachusetts, has been kept up throughout the season, and the records of the gauge, 
which has been in charge of Mr. Isaac Williams, have been punctually forwarded to the office. 
It is due to this observer to say that the reductions of his observations of former years 
show the care and fidelity with which they have been ma.de. The resulting discussion is 
referred to in the preliminary pe.rt of this report, and in Appendix No. 34. 

SECTION II. 
FBOM POINT JUDITH TO CAPE HENLOPEN, INCLUDING THE CO.A.ST OF CONNECTICUT, NEW YORK, - NEW 

JERSEY, PENNSYLVL~IA, AND PART OF DELAWARE. (Suron B, No. 5.) 

The work in this section has been executed chiefly at the request of the Commissioners of 
New York on Harbor Encroachments, (see Appendix No. 47,) and at the expense of the State, 
by authority of the President of the United States and Secretary of the Treasury. It has 
consisted of the following operations, which are noticed in detail and with the usual statistics 
in this chapter : 

1. Of triangulation in New York bay and harbor, and on the Hudson between New Baltimore 
and Albany, under the direction of Assistant Edmund Blunt, aided by Lieutenants A. H. 
Seward, J. C. Clark, and A. P. Hill, U. S. A., and by Sub-Assistants Charles Ferguson 
and George H. Bagwell. 

2. Of topography in the environs of New York, by Assistant F. H. Gerdes, aided by 
Sub-Assistant J. G. Oltmanns; by Assistant H. L. Whiting; by Assistants. A. Gilbert, aided 
by Sub-Assistants Sullivan and Seaton; by Mr. Boschke, aided by Messrs. Meehan, Ba.Ibach, 
and Dorr. 

3. Of topography on the Hudson, between New Baltimore and Albany, by Assistant A. S. 
Wadsworth, aided by Mr. Strausz. 

4. Of hydrography off New York entrance, and in Raritan ba.y, the East river, Long Island 
sound to Throg's Point, a.nd Harlem river, by Lieut. Comg. T. A. Craven, U.S. N., 8.8Sistant 
in the Coast Survey. 

5. Of hydrography of the Hudson, between New Baltimore and Albany, by Lieut. Comg. 
Richard Wainwright, U.S. N., assistant in the Coast Survey. 

6. Of a re-examination of the approaches to Stonington, Connecticut, by Lieut. Oomg. 
O. R. P. Rodgers, U.S. N., aasistantin the Coast Survey. 

'T. Of obaerva.tions of tides, tidal currents, &o., in New York harbor, a.t Sandy Hook, in the 
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Kills, Newark bay, and the Passaic river, under my immediate direction, by Sub-Assistant 
Henry Mitchell. 

8. Of observations of tides in the Hudson, under the direction of Lieutenant W. P. Trow
bridge, United States Corps of Engineers, and of Mr. Gustavus Wiirdemann. 

Triangulati<m.-In continuation of the work begun last year for the Commissioners on 
Harbor Encroachments, Assistant Edmund Blunt resumed the field on the 4th of April, and 
has since been incessantly employed in restoring, where practicable, the old points of reference 
in the triangulation, and in determining new ones for the use of the topographical and 
hydrographic par_ties. He remarks that "the destruction of points formerly used, by improve
ments, necessitated in this season the use of the tops of buildings in order to connect the work 
with the triangulation made in 1834 and 1835." 

" Several points of a permanent nature on Manhattan island have been marked, and as soon 
as the iron tower now in progress of erection is finished, its position will be determined, in order 
to prevent difficulty hereafter in case other surveys shall be required." 

"There a.re some places also on Staten Island, in New York city, and in New Jersey, which 
can be secured so as to be available at all times, notwithstanding the changes which may occur 
in the march of improvement.'' 

ln prosecuting the work of the present season, Assistant Blunt occupied twelve primary and 
a hundred and fifty-four secondary stations. The statistics of observations made at these, are 
n.s follows: 

Number of series measured on primary signals..................................... 48 
Measurements of primary angles....................................................... 498 
Number of series measured on secondary signals ................................... 1,349 
Measurements of secondary angles ....................................•................ 7,682 

The data furnished by the labors of Mr. Blunt from time to time throughout the summer 
and autumn, were furnished at once as the basis of the topography executed by Assistants 
Gilbert and Whiting, and of the hydrography of Lieut. Comg. Craven. Checks were 
furnished also for mapping the wharves of New York city and Brooklyn, and for the 
detailed topography of Harlem river in charge of Mr. A. Boschke. 

Sub-Assistant Charles Ferguson served in the early part of the season, under the direction of 
Assistant Blunt. His party was later joined by Lieutenant J. C. Clark, U.S. A., assistant, 
and Sub-Assistant G. H. Bagwell. At the close of the surveying year, Lieutenant Clark was 
detailed for triangulation work on the Florida keys. This duty devolved on him in consequence 
of the serious illness of Sub-Assistant Sullivan, to whom it had been assigned. Sub-Assistant 
Bagwell is completing preparations to proceed, under my instructions, to execute triangulation 
on the western side of Florida peninsula.. 

Under the direction of Assistant Edmund Blunt, a series of triangles, commencing at New 
Baltimore, was carried northward on the Hudson river to within a mile of the city of Albany. 

The detail.a of this work, intended to furnish the means of comparison with surveys ma.de of 
that pa.ft of the river in previous years, were executed. by Lieutenant A.H. Seward, U.S. A., 
a.ssistant in the Coast Survey. Lieutenant A. P. Hill, U.S . .A.., assistant, was associated with 
Lieutenant Seward in :fi.eld service, and at the close of operations was assigned to duty 
connected with the charge of the. Coast Survey office. 

· The work on the Hudson river was begun on the 8th of July, and continued until the 1st of 
October. Lieutenant Seward reports as statisti~ : 

Main signals erected. . . . . . . . • . . . . . . • . . . . . . . .• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Seoond&ry signals erected.. . • . . . • . • . • • . • •• • •• . . • . . . . . •• • •• • • .. . • . • . . . • • . • . . . . . . . . . . • . . . . . . 54 
Main stations occupied.................................................................... 16 
8ecc>114ary stations occupied. . . • . • .. . • • • • .. . . . . . . • . . . . • . • . . . . . . • . • . . . . . . • . . . . . . . . . . . . . . . . . 33 
Number of sets of repetitions........................................................... 612 
Si. o~tt.ns made in mea.auring angles...................................... 3,666 
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The area covered by the triangulation is about twelve square miles. 
Lieutenant Seward has already left this section to resume duty at Cape Sable in connecting 

1 the base with his triangulation executed in previous seasons southward from Cape Florida. 
Topography of the enviroM of New York city.-Assistant F. H. Gerdes resumed, on the 1st 

of July, the field-work requisite to tlll in detail the topographical sheets commenced last year 
by himself and by Sub-Assistant J. G. Oltmanns, under his direction. Within the season, the 
resurvey for the Commissioners on Harbor Encroachments has been completed on both shores 
of the East river, from the mouth of Harlem river to Throg's Neck. The topography of the 
interior of Long Island eastward as far as to include Jamaica, and southward to a junction with 
the work of Assistant Gilbert, has also been executed. The limit in that direction reached, in 
the operations of Assistant Gerdes, ranges eastward and northward from the bead of Gowanus 
bay, by a curved line, through the villages of Mount Prospect, Bedford, and Centreville, to 
beyond Jamaica. 

The details are comprised on five plane-table sheets, the first of which includes the topography 
of the interior from Kingsbridge to Throg's Neck, on both shores of East river. Thirteen 
villages are embraced and represented within its limits. .A. second sheet comprises the interior 
of Long Island, from Astoria to White Stone, with three towns. The shore line of this and 
that of the first sheet mentioned was traced by Assistant Gerdes last y~r. The interior, extend
ing from Astoria and Green Point to Flushing and Jamaica, constitutes, with six other towns 
and villages, the prominent details of a third sheet begun and completed this season. The 
fourth contains the topography of Long Island immediately adjacent to New York city. This 
sheet extends to East New York, and includes the consolidated cities of Brooklyn, Williams
burg, and Green Point, with five villages and towns. The concluding work of Assistant 
Gerdes on Long Island epibraees on a fifth sheet the interior between East New York and 
Jamaica, both of which are represented on it. 

The five sheets above described were completed previous to the middle of October, and present 
the following aggregate of -statistics: 

Miles of roads surveyed .......................................................... ,.... 362 
Miles of marsh-line.................................................................... 52 
Miles of shore-line of rivers and creeks.......................................... 35 
Area represented by the sheets..................................................... 87 square miles. 

Assistant Gerdes has since filled in the topographical details of his sheet of Hudson river, 
carrying the work from Hoboken, on the western shore, and a.hove Spuyten Duyvel Cree~ on the 
eastern, upwards, and terminating for the season at Palisade Point, above Fort Lee. 

Mr. Charles H. Boyd and Mr. R. E. Halter served as aids in the party. 
Assistant Gerdes is now making arrangements for an immediate return to resume duties. in 

Sections VII and VIII. 
The office-work of these two sections depending on the field-work last executed, was brought 

up at intervals during the summe~ and autumn, and the records and resulting com:#'htations 
have been deposited in the archives. 

Topography of sov,tkwf,8f;ern part of Leng Island.-.Assistant S. A. Gilbert, who had com
menced work in this locality, la.st season, tracing then the sh<?}'e-line from Gowanus southward 
to Gravesend bay, and from thence the outer beach beyond Rocke.way inlet, was preceded in 
the field-work of the present season by Sub-Assistants J. A. Sullivan a.nd M. Seat.on. Their 
operations were commenced ·on the 15th of July; but an accident to the schooner Petrel, and 
the illness of :Mr. Sullivan, materially retarded progress, which .would otherwise have been made 
previous to the arrival of Assistant Gilbert, on the 27th of August. 

He a.t once made arrangements required by the circumstances of the parties muier his direc
tion, for pressing forward the plane-table survey of the interior. 

~ Commencing at the western extreurity ~f Long Wand, the detailed reaurvey fur the CJ&mmie-
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sioners on Harbor Encroachments is now complete eastward to Far Rockaway, and from the 
Atlantic shore of the island northward to the limits of the work of Assistant Gerdes, finished 
also within the present season. 

The results of Mr. Gilbert are comprised on five plane-table sheets: the first of which in the 
order of execution contains in detail the shores, islands, and topographical features of Jamaica 
bay, Pelican inlet, near the western, and Rockaway Pavilion adjacent to its eastern limits. 
Proceeding westward, a second includes the interior to Gravesend bay, and from Coney island to 
latitude 40° 37' N., with the towns of Gravesend, New Utrecht, and Bath. A third embraces 
the details between Bath and Gowanus, the completion of which was much delayed by the prev
alence of yellow fever in the district lying northward of Fort Hamilton. The fourth sheet 
extends the work eastward from Gowanus and the adjoining limits of the two last mentioned, 
to longitude 73° 55' W., joining on the north with the plane-table work of Mr. Gerdes. The 
interior lying between the Long Island railroad and .T amaica bay, including the towns of Flat
bush and Flat Lands, the villages of Greenfield, Tottenville, and Wind~;;or Terrace, and adjacent 
features, comprise the details of the fifth sheet 

Sub-Assistant Sullivan, in consequence of serious indisposition, was compelled to leave the 
field in September; his duties, then devolving on his aicl, Mr. W. S. Gilbert, were judiciously 
and successfully conducted until the close of the season. 

Sub-Assistant Seaton made the reconnaissan~e for points of reference in the work between 
Flat bush and Jamaica bay, traced sixteen miles of shore-line, and assisted in the topography 
of that vicinity; but was under the necessity of leaving, by reason of sickness contracted before 
the close of operations in the field. 

Assistant Gilbert remarks as follows, on the character of the portion of Long Island falling 
within the bounds of his survey: "The country on which our operations were extended, except
ing that in the immediate vicinity of Jamaica bay, is of a kind requiring the utmost care in 
order to insure accuracy.'' 

The plane-table work was conducted by Assistant Gilbert with due regard to all the require
ments likely to become desirable in the future development and improvement of the eastern part 
of Long Island. His plane-table work executed this season comprises, exclusive of the surveys 
of the towns already mentioned, forty-three miles of road and thirty-seven miles of shore-line, 
within an area. of twenty square miles; seventy-eight miles of roads and forty-one of shore-line 
were traced by the party of Sub-Assistant Sullivan. The contouring and intricate portions of 
work falling on the several sheets were executed by Assistant Gilbert. 

Arrangements are in progress for the return of the party to the work in Section IX. 
Topography of Staten Island.-The shore-line of this island, a considerable part of which had 

been traced in the resurvey for the Commissioners on Harbor Encroachments, at the date of my last 
annual report, has since been verified, and the new survey of the entire island completed by the 
party of Assistant Henry L. Whiting. His party commenced in the field on the 11th of June, and 
the w-0rk was prosecuted with great diligence throughout the season, until the end of November. 

At intervals during its progress, a plane-table, additional to that used by Assistant Whiting, 
was kept employed, under his direction and arrangement, by Mr. F. W. Dorr, the aid in his party. 

The topographical resurvey of Staten Island is comprised in three sheets: the first of which 
includes the northeastern and middle part, extending as low down as a line joining Fresh Kills 
and Great Kills, together with the towns of Factoryville and New Brighton, on the northern 
shore; the Quarantine, Stapleton, and Vanderbilt'.s Landing, bordering on New York bay; and 
Spra.yville, New Durp, and Richmond, in the interior. · 

The southern part of the island, terminating at Ward's Point, is embraced on the second 
sheet, and also the town of Rossville and Arthur Kill. 

The topography uf the third sheet, which contains the northwestern part of Staten Island, 
110mprises in the survey the towns of Port Richmond, Frame Village, Old Places, and Chelsea . 
. The follo~ .re:m.&l'ks !\pO'D. natural feature11,""a.a coming under his notice in the field, are con
tained in the report.of Assistant.Whiting: 

6 cs. 
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"Staten Island presents variety as great in the contrasts of surface as it does in scenery, and 
is certainly one of the most picturesque and beautiful of all the islands on the Atlantic coast. 
The highest land seems mostly confined to the northeastern part of the island, where some of 
the hills range over four hundred feet in height. These reach to the very shore on the north 
and east, and there develop into the pleasing villa sites of Clifton and New Brighton. Several 
valleys run through this high land in different directions, forming a most agreeable variety of·, 
hill and dale, the undulations of which admit of the highest degrees of cultivation. At the 
eastern side, bordering on the 'Narrows' of New York harbor, the range of high land leaves 
the shore, and trends southwesterly towards the middle of the island, where it abruptly terminates. 
Beyond this, and extending to the southern end, lies a level tract, richly and variously cultivated.'' 

The statistics of the complete survey are thus stated in the season's report: , 

Shore-line represented on topographical sheet ............................ . 
Length of creek surveyed ....................................................... . 
Outline of marsh ................................................................. .. 
Roads ............................................................................... . 
Arca, in square miles ............................................................ . 

54! miles. 
57 miles. 
69 miles. 

308 miles. 
52 

In reference to the survey, Mr. \Vhiting remarks: "Staten Island, in diversity of features, is 
one of the finest subjects possible for displaying the effectiveness and superiority of the system , 
and style adopted for the topographical work of the Coast Sm·ve}'." 

Assistant Whiting executed, also, the topography of Bergen Neck, extending the detailed 
work from the point upwards, a distance of two miles and a half. 

To Mr. Dorr, whose association, for two seasons past, in the field with Mr. Whiting, qualifies 
him for separate duty, I have assigned the execution of topography on the Florida peninsula. 

When my report of last season was presented, the party of Assistant A. S. Wadsworth was 
still engaged in tracing the shore-line of Staten Island sound. Thirty-five miles of shore, 
additional to that previously reported, were transferred to the plane-table by himself, or by 
Messrs. H. S. Duval and J. Meehan, serving under his direction. This work, as before remarked, 
combines with the survey of the island, since completed by Assistant H. L. Whiting. 

Topography from Sandy Hook westward.-In the prosecution of work for the Commissioners 
on Harbor Encroachments, Assistant A. M. Harrison traced, before the close of last season, the 
1.1hore-line of Raritan and Sandy Hook bays, including that of Sandy Hook, as low down as 
Shrewsbury inlet; and his operations of the present year in this section were confined to the 
filling in with detail the three sheets then marked out. The first of these in the order of com
pletion extends from Raritan river southeastward, along the coast of New Jersey, to the town -
of Union, which it includes, as well as the village of South Amboy and the town of Keyport. 
From the shore of Raritan bay the plane-table work was carried into the interior, and made to 
inelude a belt varying in width from a mile to a mile and a half. 

The character of the upper or western part of this tract is hilly and wooded ; that of the 
lower end level and thickly settled, cultivated, and intersected by many roads. 

The second sheet, completed by Mr. Harrison, connects with the former at Union, and com
prises the detailed topography of the shore au'd interior for a mile an~ a half, stretching south
east to the western base of the highlands of Navesink. The village of Port Monmouth is 
represented on this sheet with many farms and considerable forest land. The district included 
within its limits is generally level, excepting.that fall1ng on the eastern end of the sheet. The 
last topographical sheet, concluding the survey of the vicinity, contains the highlands of Nave
sink, Sandy Hook, and Shrewsbury bay and inlet. 

Assistant Harrison took up the plane-table work of the interior in July, and completed his 
sheets finally at the end of the surveying year. He was aided by Mr. P. R. Ha.wley and :Mr. 
W. H. Dennis, and during a pa.rt of the sea.soq by Mr. F. W. Alexander. . . 

The schooner Benjamin Peirce was used by the pe.rty for tr&a•pertalien. A.t preaeat, ~t 
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Harrison is preparing the vessel and reorganizing his paTty for duty in Section V. On closing 
for the season, his topographical sheets were inked by Mr. Hawley, the aid of the party, and 
turned in for combination with the maps in progress for the Commissioners. 

Special topography and maps of New York city and harbor.-In order to facilitate the progress 
of operations in the work undertaken for the Commissioners on Harbor Encroachments, Mr. A. 
Boschke, of the Drawing Division, was transferred to New York in May. He is still engaged in 
field and office duties immediately connected with the maps also in progress in his hands for the 
Commissioners. At the outset of the season, from data furnished by the triangulation of 
..Assistant Edmund Blunt, lines were traced, under the direction of Mr. Boschke, upon the 
wharves and bulkheads of New York city, from the Battery to 55th street, North river, and to 
38th street, on the East river part; and the wharves in Brooklyn, from Atlantic dock to Newtown 
creek. The aggregate of artificial shore-line thus minutely determined amounted to forty-five 
and four-tenths miles. 

Mr. Boschke carefully resurveyed the shores of Manhattan island, above 55th street, North 
river, Spuyten Duyvel creek, and the shores of Harlem river, above 38th street, by the ordinary 
method employed in field topography, and made also a special survey, including Gowanus bay, 
between Atlantic dock and 29th street, Brooklyn. 

The maps -0f these localities have been drawn on the scale of two hundred feet to an inch; 
. and that of the survey and measurement of the wharves and bulkheads of New York city, on a 

scale of eighty feet to the inch, is nearly completed. The arrangement prnposed for these, in 
atlas form, and of other works in progress, including the general chart of New York harbor 
and vicinity, projected for the Commissioners, is statBd in the report of Mr. Boschke, Appendix 
No. 48. It is expected that the, work now in hand may be finally completed early in the 
ensuing year. 

Hydrography, (re-examination of Sandy Point, near Stonington, Oonn.)-A resurvey of the 
shore-line of this vicinity, referred to in my report of last year, indicating that changes had 
probably occ_urred in the hydrography, the party of Lieut. Comg. C. R. P. Rodgers, U. S. N., 
assistant in the Coast Survey, after the completion of work in Nantucket sound, made a re
examination, in connection with a series of tidal observations, of that locality. 

The chart, showing the nature and extent of the changes, Lieut. Comg. Rodgers reports as 
nearly ready for return to the office. , 

Hydrograpky qf Hudson, river.-The party of Lieut. Comg. Richard \Vainwright, U.S. N., 
assistant in the Coa.st Survey, in the schooner Nautilus, on the first of August commenced the 
hydrography of the Hudson, about a mile below New Baltimore, and contim1ed it up the river 
to the city of Alha.ny. This work was directed in order to determine the character and extent 
of the changes which have occurred in that part of the river which includes the " Ovt'!Y'ilaugk." 
A. hue was ~sured by Mr. A. Strausz, of the party of Lieut. Comg. Wainwright, upon a 
site selected by Assistant Edmund Blunt, and the requisite plane-table work commenced a little 
below New Baltimore. 

The party was shortly after joined by Assistant A. S. Wadsworth, who remeasured the base 
and: continued the topography of th.e banks of the river towards Albany, from the limit reached 
by Mr. Strausz. 

The mean length· of the base determined from the two measurements is 1,581.82 metres. 
Fifty-four and a half miles of sh.ore-line were traced and furnished to the hydrographic party, 
'by the joiat labors of Assistant Wadsworth and Mr. Strausz. 

The atatiatics of work executed by the party of Lieut. Comg. Wainwright are as follows: 
lliles run in sounding ................................................................. • 224 
Angl'Gfl o~'8d "· ............ , ......................... ~..... .. . . . . . . . . .. . . . . . . . . . . . . . . .. .. 3,582 
TGtail n.um.ber of soundings............................................................ 24,039 
Current ~ione made . . . . .. . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 12 

ThNet.Wei. ..... ,were'·'6mp~ m ~r tb fnrlliih IManS for rM.uclag tM·SWudiags, 
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The results obtained in this survey will be combined on a map of comparison, showing the 
alterations of outline and of depth which have taken place since the survey made by the Engi
neer Department, in 1852-'53. 

Lieut. Comg. Wainwright, on concluding work on the Hudson, resumed hydrographic duty 
on the Rappahannock, in Section III. 

Several hydrographic sheets have been returned to the office by Lieut. Comg. Wainwright 
within the season, viz: three of Hudson river, extending from Castle Garden northward, New
ark bay, Kill van Kull, and two sheets containing Arthur Kill sound, on the scale ro-!-oo· He 
has deposited also the records and diagrams of current observations made at thirteen stations in 
the vicinity of New York city. 

Hydrography of New York bay and harbor.-The hydrographic work of Lieut. Comg. T. A. 
Craven, U.S. N., assistant in the Coast Survey, in continuation of that begun last year for the Com
missioners on Harbor Encroachments, was resumed in the steamer Corwin on the 17th of June. 
Soundings in the present season were extended from the Light-Ship through the Narrows and the 
entire eastern portion of the bay and harbor, together with East river to Throg's Point, Little 
Hell Gate, and Harlem river. For the data requisite in the reduction of the soundings, eight 
tidal stations were used by the party, and observations were made at twenty-five stations on cur
rents. One hundred and twenty-five specimens of bottom were taken with soundings in various 
parts of the harbor and its dependencies. The work was discontinued on the 13th of Novem
ber, at which time Lieut. Co mg. Craven reported as the result of the season's operations: 

Miles run in sounding......... . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . . . . . .. . . . . . . . . . .. . . . . . . 9'78 
Angles determined. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. 4, 733 
Total number of soundings...... ... ........ ............ .... .. ...... .................. 45,650 

About fifty-five miles of water area were included in the soundings. 
The following charts have been received within the season from Lieut. Comg. Craven: New 

York harbor, from Governor's island to Fort Hamilton, scale 10 i 0 0 ; a connecting sheet extending 
to Sandy Hook, and including part of Raritan bay, scale 201nro; a third, exhibiting the soundings 
between Jersey city and Williamsburg, scale 10t0-0; and a fourth, containing the results of 
soundings on Diamond reef and Coen.ties reef, scale 20

1
00• 

Lieut. Comg. Craven has deposited also thirty volumes containing records of soundings, with 
duplicates, and the records of current observations made at eighteen stations in East river, to
gether with eighty-eight" specimens of bottom taken from New York harbor during last season. 

Tides and tidal currents.-For the purpose of investigating the cause of changes in the shore
line at Sandy Hook, Sub-Assistant H. Mitchell commenced, under my instructions, in the winter, 
a series of elaborate observations and experiments in that vicinity. With a view to determine 
the nature of the currents and the course of their action as affecting the shores, objects of vari
ous specific gravities were used, the place of deposit by the action of the water under different 
circumstances being noted in the several cases. 

The conclusions which I have drawn from these observations are of an important character, 
and will be found, briefly stated, in an abstract of a paper read to the American Association for 
the Advancement of Science, at their meeting in Albany last August, and which I append to 
this report. (See Appendix No. 38.) Sub-Assistant Mitchell conducted also the observations 
requisite in the investigation of the tides and cum~nts of Newark bay and the Kills. Fifteen 
stations were occupied in connection with the tides of the bay and Kill van Kull and Arthur 
Kill, and nine in the observations on currents. At each station an observer on shore noted 
the rise and fall of the tide upon a gauge, while another, from a boat anchored in the stream 

' observed simultaneously the velocity and direction of the current. Several sets of stations 
were thus occupied daily during the progress of the work. . Further remark in reference to the 
execution of this duty is contained in the report of Suh-Assistant Mitchell, Appendix No. 39. 

In the early part of August eight tidal stations were established -0n the Hudson river, between 
Albany and New York city. The looalities were selecied, undel' my direction, by Lieut. W. 
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P. Trowbridge, U. S. Engineers, assistant in the Coast Survey, to whose efficient services, in 
connection with tidal operations on the Western Coast, I have elsewhere referred. 

The gauges were placed at intervals of from twelve to twenty-five miles, varying according to 
the character of the river between the stations, as presenting more or less obstruction to the 
progress of the tide wave. The stations chosen were at Greenbush, (opposite Albany,) Castleton, 
Stuyvesant, Tivoli, Poughkeepsie, West Point, Verplanck's Point, and Dobb's Ferry. Regular 
observations were kept up as usual throughout the season at Governor's island, in New York 
harbor. At that station and at Greenbush, Saxton's relf-registering gauge was used. 

The observations at the eight stations below .Albany were conducted by Mr. Gustavus Wiirde
mann. Bench marks were established and carefully secured for future reference, by inserting 
copper bolts in stone structures adjacent to the several stations used. The observations made 
throughout the season will be, as soon as practicable, reduced in the Tidal Division. Appendix 
No. 40 contains the report made by Mr. Wiirdemann on concluding operations for the season. 

Special observations on the tides and currents of Passaic river were made, during the latter 
part of the summer, by Mr. Mitchell. These were undertaken for the determination of questions 
concerning the construction of bridges in the vicinity of Newark, N. J. In prosecuting this 
work, three.positions were occupied and soundings made to determine the configuration of the 
bed of the river. The axis of the current was determined, and also its direction. 

Sub-Assistant Mitchell was aided throughout the season by :Mr. W. G. Williams, whose 
• efficiency in the various duties assigned to him are warmly commended in the several reports of 

the season. 
The observations with the self-registering tide-gauge at Governor's Island having been 

frequently interrupted by ice during the winter, a common box-gauge and a graduated sta.ff 
were established at the Atlantic Ferry dock, in Brooklyn, to supply the necessary results. The 
P.xpedient has proved successful, notwithstanding the extreme severity of the winter of 1855-' 56, 
in which, however, a few instances occurred not admitting the use of either of the gauges, by 
reason of the piles of floating ice surrounding them. 

In the spring the observations at Brooklyn were discontinued, and those at Governor's Island 
placed under the charge of 1\fr. J. B. Brooks, and have been regularly kept up. 

Light-hou.se examinalions.-Under directions from the Department, re-examinations have been 
made by Lieut. Comg. C. R. P. Rodgers, U. S. N., assistant in the Coast Survey, in reference 
to the expediPncy of establishing light-houses at Bowers' Beach, and. the mouth of Old Duck 
creek, on the western shore of Delaware bay. The results, as detailed in his report, (Appendix 
No. 84,) have been communicated to the Light-house Board. 

SECTION III. 
FROM CAPE HENWPEN TO CAPE HENRY, INCLUDING THE COAST O~' PART OF DELAWARE, MARYL!.ND. 

AND PART OF VIRGINIA. (Suren C, Nos. 7-12.) 

Important magnetic observations have been made at the stations of the survey in this section. 
The main triangulation has been completed in former years, leaving only that of part of the 
rivers to execute. That of the rivers of Maryland, except the Patuxent and St. Mary's, bas 
been also completed, and of the Rappahannock river, Virginia. The triangulation of James 
atid York rivers has been in progress. Topography of verification has been executed on the Elk 
river, Maryland. The topography of the seacoast of Virginia, and of the shores of the Chesa
peake bay, in Virginia, has also been in progress this year. The hydrography of Tangier sound, 
Va., and of the James and Rappahannock rivers, Va., has made good progress. The details 
of all these operations will be found in this chapter . 

.Magnetic ob.tertiatiom.-During the months of August and September, Assistant Charles A. 
Bchott, aided by Mr. J. L. Tilghman, determined the magnetic declination, dip, and intensity at 
seventeen !ifations,_ lyi.n:g principally near the seacoast between Cape Henlopen and Cape Henry, 

. ' ' ,_ . ' 



 

viz: Washington city, D. C., two stations; Baltimore; Oxford, Maryland; Cape Henlopen; 
Dagsborough, Delaware; Mason's Landing, Maryland; Snead, Virginia; Joynes, Virginia; 
Scott, Virginia; Cape Charles; Old Point Comfort; Norfolk, two stations; Cape Henry; Frede
ricksburg and Richmond. 

The declination and intensity were determined by magnetomer, (Jones) U. S. C. S., No. 6, 
and the dip by the dip-circle, (Gambey) U.S. 0. S., No. 5; sidereal chronometer, (J. Fletcher,) 
No. 1,707, was used in the observations. 

Before leaving, and after returning to Washington, the magnetic constants were carefully 
determined; the moment of inertia of magnet H was deduced from seven sets of observations by 
means of three inertia rings of very different weight. The temperature co-efficient had previously 
been known from careful observations; the co-efficient depending on the distribution of magnet
ism relative to the deflecting and deflected magnets, was determined from nine sets, and the 
magnetic moment o.f magnet H from twelve sets of observations. The cylindrical figure of the 
axes of the dipping needles was tested by means of twenty-eight sets of observations, by applying 
different weights, the results being deduced by Mayer's formula. 

At each of the abovenamed stations the azimuth and time for the determination of the declina
tion were obtained by means of the 5-inch horizontal and vertical circles of the ma~netic theo
dolite from three sets of observations of the sun when near the prime vertical, comprising in all 
seventy-two separate readings. The intensity was obtained from two sets, repeated five times, 
of two hundred vibrations each, of magnet H, and the dip by four sets of observations, with 
needles No. 1 and No. 2, with polarity direct and reversed: in all, by two hundred and fifty-six: 
separate readings. 

The results of these observations are given in Appendix No. 30. 
Triang1dation of James river, Virginia.-This work has been continued in the direction of the 

river downwards from Little Brandon, the limit reached in the previous season by Assistant 
John Farley. Commencing on the 10th of October, the party of Mr. Farley remained in the 
field until the 31st of December. Operations were resumed early in May, and the triangulation 
was prosect1ted until the 7th of July. The limit now reached in this work is at Hog island, 
below Jamestown, about twenty-five miles from the entrance of James river into Chesapeake bay, 
so that it will probably be completed this autumn, or early in the ensuing year. 

The number of stations occupied within the season was twenty, and for purposes of verification 
six others were reoccupied. Twenty triangles were determined in a series with the 6-inch 
theodolites, (Brunner No. 66, and Gambey No. 76,) by three thousand three hundred and fifteen 
intersections. 

Sub-Assistant Charles Ferguson assisted in the work in the former part of the season. 
The original notes and records of the angular measurements made in the work on James and 

York rivers, and the resulting computations and descriptions of stations and signals connected 
with the triangulation of James river, have been turned in at the office by .Assistant Farley. 

Triangv],ation of York river, Virginia.-Under the immediate command of Lieutenant J.P. 
Roy, U. S . .A., assistant in the Coast Survey, and the general direction of Assistant John 
Farley, a party was organized at the opening of the present surveying season for this work. 
Between the 1st of November and the 10th December, the triangles were ex.tended from the 
entrance of the river, where the work joins the Chesapeake triangulation of Assistant Blunt, 
upwards as far as Green Point and King'e creek. 

Resuming operations on the 27th: of March, Lieutenant Roy carried the series of triangles from 
King's creek up York river, and terminated the work of the season at Purtan island, a.bout 
twenty miles from the mouth of the river. Eighteen triangles are included in the series, the 
angles of which were measured by two thousand observations with the 6-inch Brunner theodo
lite, C. S. No. 66. 

Tlf10(1Taphy.-The verification of the plane-table sheet of the ea'stern side of Elk riva-, Mary"'. 
la11d, from a point about two miles above th~ Fren<lhtown railroad depot, and exttind.ing to ad 
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including Bohemia river, has been executed by Assistant H. L. Whiting. The resurvey was 
carried throughout to the distance of three miles back from the shores of Elk river, the details 
within the limits stated being closely and thoroughly filled up. 'l'his work was completed in 
December, and the area embraced in verification is about thirty square miles. Assistant 
Whiting made in the same month an examination of the plane-table surveys of Rappahannock 
river, taking for that purpose the sheet containing the shores of the river between Tappahan
nock and a point six miles below the town. 

The results have been reported as being generally satisfactory. 
Assistant Whiting was subsequently employed in a resurvey, as noticed in Section I, and is 

at present with the other parties completing the topography required by the Commissioners on 
New York Harbor Encroachments, as stated under Section II. 

Topography on the seacoabt of Virginia.-Assistant George D. Wise, after completing his 
office-work of surveys made in the early part of the year iu Section VII, resumed the topog
raphy of the outer coast of Virginia. Commencing at Assawaman inlet on the 18th of 
August, his plane-table work was extended northward to Snead signal, and eastward beyond 
the light-house on Assateague island. The shores of Chincoteague and Assateague inlets, and 
of numerous creeks connecting with them, are included in the details of his plane-table sheet. 

The operations of the party were closed on the 30th of September. 
A good deal of sickness prevailed among the hands employed in the field-work. 
The statistics reported are as follows : 

Miles of shore-line surveyed ................. ,.............................................. 50 
Miles of roads surveyed................ .... ........................ ......... ......... ...... 30 
Square miles of area included .................................................. ~........... 20 

Early preparations will be made for the return of the party to resume the work in Section VII. 
Seven topographical sheets of work executed during the last and previous seasons on the sea

coast of Maryland and Virginia, have, within the year, been put in ink by Assistant Wise, and 
deposited in the archives. 

Topography of shores of Chesapeake bay.-Assistant John Seib, after a short interval follow
ing his return from Section V, reorganized his party in the schooner Wave for topographical 
work on the shores of the Chesapeake bay. He left Baltimore for the mouth of the Potomac 
on the 16th of July, and completed the plane-table survey of the entrance to that river. His 
two sheets of this vicinity contain the shore-line and interior of Point Lookout, including the 
creek of that name on the northern side of the entrance; the topography of the southern bank 
of the Potomac from Hull's Neck outward to Smith's Point and the western shore of Chesa
peake bay; from thence southward to the mouth of Great Wicomico river. Cupid's creek, 
Rack's creek, Little Wicomico river, and numerous intricate water-courses, are laid down 
amongst the topographical features occurring between the limits mentioned. The sheet con
taining the southern bank of the Potomac includes also the topography of the upper part of 
Great Wicomico river. Mr. W. H. Dennis aided Mr. Seib in the execution of this work, but 
was transferred to Section II shortly after the middle of August. Later in the season, Assistant 
Seib completed the topography of the entrance to the Rappahannock river. His sheet of .~at 

locality contains the adjacent western shore of Chesapeake bay north from Windmill Point and 
from Stingray Point southward to the Piankatank river, and includes also the topography of 
both shores of the Rappahannock river, from the entrance upwards to Stiff Point, on the southern 
}lank. The limits on the northern side take in the shore-line and topography of the river about 
two miles above Mosquito Point. Sturgeon creek, Mosquito creek, and Stiff creek, are repre
sented. on the plane-table sheet. .The statistics of the work executed are thus presented in the 
report -0f Assistant Seib : 

Shore-line of rivers, creeks, coves, and ponds surveyed ................ . 
~~'\"Bfed •..... ....... ,. ............. , .............................................. . 
~----~;"1-•i:e ... '" .. ·.,. . .-. ~- ...... •alt• ii • • • • • • • • • • • •# • -. illl • • •••••I • • • illl • • • • • • • • •1' a.• • • • • •. 

144 miles. 
34 " 
29 
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Sub-Assistant Charles Ferguson joined the party on the 26th of August, and assisted Mr. Seib 
in topography until the close of the season. The schooner Wave was then refitted at Baltimore, 
and has now reached her station with the party of Assistant Seib for topographical duty in 
Section V. 

Fourteen plane-table sheetf1 of work previously executed on the Chesapeake by Assistant Seib, 
have been inked and returned by him to the office within the year. Portions of :field-work on 
four sheets yet remain to be executed in order to complete the survey of the bay. These are 
registered in the archives as Nos. 495, 503, 504, and 507; and it is estimated that six months of 
continuous favorable weather in the :field will suffice for the completion of the details required 
on them. 

Top-0grapky of Rappaliannoclc river.-The regular topographical survey of th~ Rappahannock 
river (sketch No. 7) has been extended from stations Punch-bowl-Down.man towards the 
entrance, a distance of about six miles beyond the limits of last season's work, by Assistant 
I. Hull Adams. Early in June he furnished points on the shore for the hydrographic party 
then employed in the same stretch of the river, which has there a breadth of from two and a 
half to three miles. 

The Aheet of Mr. Adams, which connects with that of the previous year by Mr. Seib, embraces 
the opposite shores of the river, including the mouths of numerous creeks. lt presents forty 
miles of shore-line and two miles of roads. The schooner J. Y. Mason served the party for 
transportation. 

Assistant Adams has since his return from this section engaged in the prosecution of a topo
graphical survey, already noticed under Section I, and is now completing preparations for 
resuming work on the Rappahannock. · 

Hydrography of Tangier sound.-(Sketch No. 7.)-The only extended portion of the hydro
graphic work of Chesapeake bay remaining unfinished at the opening of the season, has since 
been completed by the party of Lieut. Comg. J. J. Almy, U. S. N., assistant in the Coast 
Survey, in the steamer Hetzel. 

The soundings commenced on a line joining Tangier island and the light-house south of 
Watts' island, and were carried from thence northward into and up the sound, and including its 
numerous dependencies, among which are the branches known as Big Annemessex river, 
Manokin and Wicomico rivers, Monie bay, Nanticoke river, Fishing bay, and Hooper's straits. 

The work at the entrance was properly joined with the hydrography of Pocomoke sound, 
executed by the party in the previous season. 

Numerous specimens of bottom taken in Tangier sound have been deposited in the office by 
Lieut. Comg. Almy. He reports as follows on the statistics of the work executed : 

Miles run in sounding.................................................................. 574 
Number of soundings................................................................... 27 ,627 
Angles taken by theodolite . . .. . . •. . . . . . . . .. . .. . . . .. . . . . . . . .. . . .. . .. . . . . . . .. . . . . .. . . . . 134 
Angles taken by sextants ................................................... ···~...... 2,243 
Tides observed............................................................................ 74 
Tidal observations recorded.. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . • . . . . . .. . . . . . . . . 1, 027 

Within the season Lieut. Comg. Almy has completed and deposited in the office his 
hydrographic sheet of Pocomoke sound with nine volumes of soundings, and twelve con
taining the records of angles taken in executing the work between Cape Henry and Pocomoke 
sound. These, together with two volumes containing the records of tidal observations in Chesa
peake bay and Pocomoke sound, were accompanied by duplicates. 

Hydrography of Rappahamwck river.-The finished hydrography of the river has been 
carried within the present season downwards from Accaceek Point by the party of Lieut. 
Comg. Richard Wainwright, U. S. N., assistant in the Coast Survey, in the schooner 
Nautilus. The length of river course included in the soundings is a.bout twelve miles and a half. 
A self-registering tide-gauge was established in the middle of May by Lieut. Com.g.. Wain• 
wright at Tappahannock, and kept in operation durinJ the progress of the .hydrography. 
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Records have been made also from ftve other gauges established between Accaceek Point and 
the stations " Punch-bowl-Downman,'' at which the work of the season was closed on the 
28th of June. 

The hydrographic statistics are as follows: 

Number of angles determined ...................................................... . 
Number of miles rnn in sounding ................................................. . 
Total number of soundings ......................................................... . 

1,269 
201 

15,020 

On returning from this section, the party of Lieut. Comg. Wainwright was transferred to 
Section II, and during the remainder of the summer engaged in the hydrographic reconnaissance 
of a part of Hudson river, as mentioned under that head. 

Hydrographie sheets No. 9, No. 11, and No. 16, of Rappahannock river, scale nifoo, 
have been completed within the season and returned to the office by Lieut. Comg. Wain
wright. He has deposited also eighteen volumes of soundings, and eight containing the 
recorded angles of the work in Rappahannock river, with duplicates, and notes of the tidal 
observations made in connection with the hydrography. 

Hydrography of James river, Virginia.-The sounding of this river has been continued 
within the season by the party of Lieut. Comg. J. N. Maffitt, U. S. N., assistant in the 
Coast Survey, in the schooner Crawford. Operations were begun on the 9th of June, in the 
usual manner .of thi.S party, by the measurement of a preliminary base i:m Jamestown island, 
for the determination of the shore-line of the river. In connection with the hydrographic work, 
the shores of the James river were traced from Hog island upwards as far as Dancing Point, 
above the mouth of the Ohickahominy. The work was prosecuted until tho 1st of Ju}.y

1 
fq.r

ni.Shing a.t that time the following statistics : 

Number of angles of determination ......................... , ..................... . 
Number of angles observed ......... ,, .... .,. .. .. , . , ............................... . 
Miles run in soundings ..... , .. ,,. ... , .. , ...... !' •• , ............ , •• , •••••••• , •••••••• ,., •• 

Total number of soll.ndh:i.gs , ............... , ...... ., .............. , ......... , ....... . 
Miles of shore-li11e determined ................ , ......... , ..... , .................... . 

260 
1,196 

810 
18,960 

so 

The party of Lieut. Comg. Maffitt had been previously engaged in· the externiion of varioua 
hydrographie surveys in Section V. 

Three sheets of the ehart of J a.mes river, extending from Craney island to the limits last 
reached by Lieut. Comg. Maffitt, have been received at the office, together with two volumes, 
in duplicate of tidal observations recorded during the progress of the soundings. 

Tidal observations.-The permanent self-registering tide-gauge at Old Point Comfort has 
been kept in operation as heretofore. 

At the request of Ma.jor Henry Brewerton, of the Corps of Engineers, a. self~registering gauge 
wa.11 loaned for use at Fort Carroll, on the Patapsco, and the results there obtained have been 
returned to the office. 

A self-registering gauge was a.ls() established at Tappahannock, in the progress of the hydro
gra.phic work in Rappa.lumnock river, by Lieut. Comg. Wain.wright, a.s already mentioned. 

SECTION IV. 

FROM CAPE HENRY TO CAPE FEAR, INCLUDING PART OF VIRGINIA AND NORTH CA.ROLINA.-(Som:B.D, :No. 13.) 
. 

In my report of la.st year I gave a general review of the progress of the operations in this 
section, and stated prospectively how they were to be carried to completion. The expected 
progress for the past year has been realized ; the verification of the telegraphic difference of 
longitude between Petersburg, Va., and Columbia, S. C., was made by the new line between 

1 OS 
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Wilmington and. Columbia; a. preliminary connection has been made between the triangulation 
of Currituck sound and that of Chesaptmke bay; the sea-shore triangulation has been carried 
south to within twenty-seven miles of Federal Point, on the Cape Fear ; the topography 
in connection with this has made due progress, and the hydrography has been carried from 
Cape Hatteras to South Portsmouth, south of Ocracoke. Another season will, in all probability, 
complete the southern sea-shore triangulation of this section, and carry the hydrography nearly 
to the junction with the former work at Cape Lookout. In succession the plans explained in 
my report of 1855 will be carried into execution, and the survey of this section be completed 
about the same time as that of the third section. 

The examination of Hatteras and Ocracoke inlets by Lieut. Comg. Almy has l!!hown that, 
though the channels have shifted since the former survey, they retain their depths. The changes 
at Cape Fear entrance have also been obi;erved by Lieut. Comg. Maffitt, consisting in a still 
further shoaling of the main bar and a deepening of the western channel. 

The following maps and charts have been in progress, or have been drawn within the year: 
Seacoast of Virginia, south of Cape Henry; Albemarle sound; Cape Fear river, upper and 
lower sheets; and Gulf Stream chart, nrtooo· The following have been engraved, or are 
engraving: Cape Fear river, upper and lower sheets; Albemarle sound, {preliminary cha.rt;) 
Albemarle sound, No. 2, (finished chart;) Beaufort harbor, North Carolina, on steel, a.ri a 
finished chart; and the chart of Gulf Stream explorations, 1855. 

Astr<YMmical and tdegraphic observations for difference of longitude.-The establishment by 
the Washington and New Orleans Telegraph Company of a new line for the telegraph between 
Wilmington, N. C., and Columbia, S. C., on the route of the Wilmington and Manchester 
railroad, presenting a desirable opportunity for the verification of the longitude results already 
obtained between Petersburg and Columbia, by the way of Raleigh, two parties were organized 
by Assistant George W. Dean, in November, for this purpose, and for extending the regular 
telegraphic operations, reference to which will be made under Section V. 

The requisite instruments having been placed in adjustment at DeRosset station, in '\Vilming
ton, at the close of November, a full series of observations were made for personal equation by 
Assistant Dean and Sub-Assistant Edward Goodfellow, on the completion of which, the station 
was placed under charge of Mr. Goodfellow, and Mr. Dean proceeded to Columbia. '11hroughout 
the month of December, the unusual severity of snow and rain storms occasioned not only 
frequent interruptions in the regular bnRiness, but also caused great damage to the line; and, 
in consequence, it was found impracticable to commence the longitude experiments success
fully until the 9th of January. On the 17th of that month, having exchanged star signals 
aatiRfactorily on four different nights, Assil!!tant Dean returned to Wilmington, and again 
observed with Mr. Goodfellow for personal equation; after which, Mr. Goodfellow took charge 
of the station at Columbia. Frequent interruptions occurred to prevent the working of the 
telegraph line, arising chiefly from the continued severity of the winter, so that the requisite 
number of nights for exchange of signals was not obtained until the 17th of February. 

At Wilmington, four hundred and eighty observations were recorded for local time and instru
mental corrections. The equatorial intervals corresponding to the threads of the instruments 
were determined from eighty-three observations upon circumpolar stars, and the personal equa
tion of the observers by seventy observations upon equatorial stars. 

For the determination of difference of longitude between Wilmington, N. C., and Columbia, 
8. C., star signals were exchanged on six different ·nights, the observations being ma.de upon 
one hundred and twenty stars. 

At Columbia, between December 18th and February 20th, three hundred and sixty observa
tions were made for local time and correction of instruments, and on circumpolar stars seventy 
observations were recorded for equatorial intervals. 

The latitude and magnetic c6riet8.rit8 had been ·previously determined at Wilmington and 
~lqmbia by- Assigtant Dean. 
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The acknowledgments of Assistant Dean are expressed in the season's report for courtesie11 
and willing co-~ration extended to himself and the members of the parties under his charge 
by L. J. Fleming, Esq., general superintendent of the Wilmington and Manchester railroad. 

The telegraph work in this section terminated on the 20th of February, when the parties 
were transferred to stations in Section V. 

Computed results of the observations made at DeRosset, in 1854, for latitude, and for magnetic 
elements at that station and at Raleigh, in the same year, have been deposited in the office by 
.Assistant Dean. 

Seoondary triangulation from Cape Henry southward.-A preliminary connection has been 
ma.de by the party of Assistant J. J. S. Hassler, between the triangulation coming northward 
from Currituck sound and that of the Chesapeake, at Cape Henry. This work has proceeded 
under local difficuties peculiar to the stretch of coast along which it has been extended. The 
opening of some lines, in approaching the cape, was required where the surface presented was. 
of swampy forest ; and this is reported as being also the character of the region westward of 
Cape Henry, from which it is desirable to determine stations in connection for the topography 
and hydrography of Broad bay and Lynnhaven bay. 

The season's operations of Assistant Hassler commenced at Green Branch sign&l, thirteen 
miles 1muthward from Cape Henrn and in making the preliminary connection with Cape Henry 
east and the light-house, the following statistics were reported : 

Stations determined ......................................... ,............................... 12 
Number of observations .................................................................. 2,412 
Area of triangulation, in square miles................................................ 25 

Observations were made with the Gambey theodolite, C. S. No. 56. 
The computations resulting from this work, with records of the angles measured and descrip

tions of signals, have been turned in at the office by .Assistant Hassler. 
TriangUlation 0'1t the coast of Narth Carolina.-The party of Assistant A. S. Wadsworth com

mencing on the 10th of March at the stations "Skeleton-Macawber," the limits reached by 
him last year, has extended this work southward, closely following the coast to Rich inlet, which 
is twenty-five miles distant from the stations named. 

"The progress of the triangulation was much impeded by the difficulty of transit, the creeks 
composing the sound (so called) interfering seriously with foot passage, though scarcely navi
gable for boats of the lightest dr&ught.'' 

.Assistant Wadsworth had also charge of the p&rty employed in topographical work in the 
vicinity. 

The following are reported as statistics of the triangulation work executed up to the 18th 
of June, when the party was broken up: 

Number of stations occupied .................................... ,....................... 25 
Number of signals observed on......................................................... 29 
Angles measured.......................................................................... '16 
Number of observations.................................................................. 2,901 
Area of tria.ngulation, square miles.................................................... 221 

The angular measurements were made with the siX-inch Gambey repeating theodolite, (0. 8. 
No. 29.) 

Mr. H. S. Duval served as aid in the triangulation party. 
Assistant Wadsworth ha.a deposited in the archives records of the angles observed, with a. 

duplicate of the volumes containing them, and computed results for the length of lines. 
T0tp0gr<lf'h11 of the outer coast of North Carolina.-The plane-table party in charge of .Assistant 

Wadsworth, beginning in March at a point about a. mile north of New River inlet, carried the 
survey $outhward and westward along the coast, following Closely the triangulation executed 
a.lso under his charge, as already mentioned. 
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The sheets include the ocean shore, and in detail the numerous creeks and small sounds lying 
contiguous to the main, and extending down the coast to a point beyond Stttm.p inlet, about 
midway in the triangulation of the present season. 

The stretch of coast embraced in these two plane-table sheets is about :fifteen miles. 
The statistical results are as follow: 

Miles of shore-line surveyed.................................... . . . . .. . . . . . . . . . . . . .. . .. . .. 255 
Square miles of area....................................................... .. . . . . . . . .. . ... . .. 25 

The topography was executed by Mr. John Meehan, attached to the joint parties in charge of 
Assistant Wadsworth, who, in reference to its quality as plane-table survey, remarks: "This 
work was executed with great energy and skill, and stood the test of a thorough examination." 

The topographical sheets have been turned in at the office by .Assistant Wadsworth. 
In-shore hydrograplty, between Gape Hatteras and Ocracoke.-On the completion of repairs to 

the steamer Betzel, rendered necessary by disaster, the details of which as ooourring on that 
vessel are given in my report of last year, Lieut. Comg. J. J . .Almy, U. S. N., assistant in 
the Coast Survey] reorganized his party for duty afloat on the coast of North Carolina, and 
commenced the operations of the season on the 16th of June. 

Connecting with the in-shore hydrography executed in 1850, the soundings of the present 
year have been extended outside of the limits then reached, and into twenty-two fathoms, which 
depth was found about twenty miles due south from Cape Hatteras. The depth was found to 
be fifteen fathoms on a line carried from thence southward and westward to an offing thirteen 
miles due south from South Portsmouth, Ocracoke inlet. Broad off from the coast of North 
Carolina, and within the limit just described, which stretches about thirty-five miles in a direc
tion generally parallel with the coast, the hydrographic survey was completed in the early part 
of August. 

The results furnished by this party, regarding the oppressiveness of the weather and the 
general character of t,he season, are highly creditable to the energy of the chief and to the 
officers engaged with him in the execution of their arduous duties. These are shown in the 
following statistics of the work: 761 nautical miles were run in sounding, and 5,681 soundings 
were taken, with numerous specimens of the bottom, in from two to twenty-two fathoms. The 
number of angles taken by theodolites for hydrographic positions was 1,475, and the number 
by sextants 761. Twenty-one high tides and twenty-six low tides were observed while the work 
was in progress, and one thousand and seventy-five (1,0'75) observations were recorded. 

On the character of this portion of the coast, Lieut. Comg. Almy remarks: "Except 
Hatteras shoals, this is a bold coast, much more so than the coast of Virginia; eleven and twelve 
fathoms water ate canied within five miles of the land. After striking fourteen and fifteen 
fathoms these soundings continue out for some distance, and the depth increases more gradually. 
Off Ocracoke light-house, at a distance of thirteen nautical miles from the land, there are 
fifteen fathoms water; and off Hatteras light-house, at a distance of fourteen nautical miles due 
south from it, there are twenty-two fathoms of water." 

Lieut. Comg . .Almy has. since re-examined soundings in the vicinity of Cape Henry, and 
completed the hydrograpby of Tangier sound, as mentioned under Section III. 

The cha.rt of off-shore soundings, from Cape Henry southward to the Virginia boundary, 
1eale nh-r, has been completed by Lieut. Comg . .Almy, and is now deposited in the archives. 

GULF STREAM. 

Instructions were gi-ven to the several pa.rties fitting out a.t the north and going to the sections 
on the Gulf of :Mexico, to make observations connected with the Gulf Stream and off-shore 
soundings. • 

The only party which succeeded in e:xoouting these instru~tions was that of Commander 
B. F. Sanda, U. S. N., assistant in the Coast Survey, who sounded. in about twenty-three 
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fathoms upon the in-shore bed, with mode:rnte slope from off Cape Fear to the mouth of 
Savannah river, and from thence, putting back for repairs, to Cape Canaveral. The results, 
though they appear of no special value in regard to the Gulf Stream, will serve in filling up 
the off-shore charts. They show, too, a result in reference to currents which is of interest, 
namely, a northerly-setting current of from seven-tenths of a knot per hour to pne and four
tenths of a knot along the coast, between Cape Fear and Cape Canaveral. The region sounded 
over is on the range just inside of that occupied by the inner warm band, inside of the cold 
wall, represented on the chart of the Gulf Stream accompanying my report of 1854. 

STATISTICS. 
Mileo. Cutll cf the lead. 

Line of soun4ings inside of inner cold band ......................... . 475 137' 

SECTION V. 

FROM CAPE FEAR TO THE ST. MARY'S RIVER, INCLUDING PART OF THE COAST OF NORTH CAROLINA, 
SOUTH CAROLINA, AND GEORGIA.-(8.:.J:TCn E, No. 17 .) 

Eight parties have been engaged upon the coast of this section during the past season, 
namely: one astronomical party j two triangulation parties; two combined triangulation and 
topographical ; one topographical, and two hydrographic parties ; and the progress has been 
proportionately considerable. 

The triangulation and topography of the very difficult region just south of the Cape Fear has 
advanced a step; additional work has been done in Georgetown harbor. The triangulation 
between Charleston and Savannah has extended to the Hunting islands, and the entire ocean 
shore hydrography, from Charleston harbor to Tybee entrance, inclusive, has been completed. 
The shores of St. Helena sound have been surveyed, and the hydrography of the sound and 
of Port Royal entrance has been completed. 

North Edisto entrance has been resounded, and South Edisto river surveyed. Sapelo entrance 
has been triangulated. St. Simon's entrance and Turtle and Brunswick rivers have been trian
gulated and sounded out. 

There remain only Wassaw, Ossabaw1 and St. Catherine's inlets, on the coast of Georgia., 
which have not been touched by the survey ; but the operations on the whole range of coast, from 
the Savannah river to the St. Mary's, are nearly prepared for the general system of working appli
cable there. This general system was explained in my reportoflast year, and I need notthere
fore repeat it now. The operations necessary to complete the surveys of the harbors and inlets 
referred to, on the coast of Georgia, will be completed, and others will be commenced this year. 
In South Carolina the triangulation and topography will be carried south towards the Savannah 
river, and north towards Bull's bay ; and the hydrography will be finished northward from 
Bull's bay towards Cape Roman, working continuously northward from Charleston to Winyah 
bay and Georgetown harbor. · 

The triangulation and topography of the northern end of the section will be brought south.
ward towards the North Carolina line. 

Drawings of the following maps, charts, and sketches have been completed during the year: 
Georgetown harbor and Winyah bay, preliminary chart, (additions,) 40 hnr; Maffitt's channel" 
(comparative cha.rt, 1852 to 1856,) Tfu; Charleston bar, (comparative, 1850 to 1855,) rotoo; 
Port Boya.l entrance and Bea.ufort.ha.rbor, To~oo; Sa.va.nnah. river, to the head of .Argyle island, 
TUhir ; and Romerly marshes, n-h-o· The following have been engraved, or are in progress : 
Winyah bay a.nd Georgetown harbor, (preliminary;) Maffitt's channel, (comparative;) Port 
Royal en""'ce ; Romerly marshes and Savannah river, (preliminary.) 
A~ and telegraphic obaeruatiena and determination of magnetic elementB.-At the 
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close of the telegraphic operations, already noticed under the preceding section, the pa.rties in 
the immediate charge of Assistant George W. Dean, and under the general direction of Dr. B. 
A. Gould, jr., were transferred to the line connecting Macon, Ga., with Montgomery, Ala. 

Sub-Assistant Edward Goodfellow early in March occupied a station at the former place, 
while Mr. Dean occupied one at the latter. The station at Montgomery had been previously 
arranged with great judgment by Thomas McDonnell, Esq., artificer in the survey. 

Between the 23d of March and 8th of April, star signals had been successfully exchanged by 
the parties on four nights, observations being also made during the interval for latitude at 
the Montgomery station. 

I personally visited the parties in this section while they were engaged at Macon and Mont
gomery, and took part in the experiments in progress at Montgomery. The modes adopted in 
carrying out the previously arranged plan for the observations were entirely satisfactory. 

No opportunity having presented since the year 1852, the occasion was taken during my 
transient stay at that station for redetermining the personal equation between Assistant Dean 
and myself. 

On the 10th of April Mr. Goodfellow arrived at Montgomery, and the requisite observations 
having been made for personal equation between the two observers, Mr. Dean returned to the 
station at Macon. The subsequent operations were favored by circumstances of the weather 
which immediately followed, so that satisfactory exchanges of star signals were secured on four 
separate nights, between the 12th and 24th of the month, closing the work for the season at 
these two stations. 

For local time and instrumental corrections, three hundred and thirty observations were made 
at Macon, exclusive of fifty-seven observations for equatorial intervals of the transit wires. At 
Montgomery, two hundred and seventy-five obst1rvations were ma.de for time and correction of 
instruments, with sixty others for equatorial intervals. 

The determinations for difference of fongitude consisted of exchanges of signals upon two 
hundred stars on eight nights, between March 23 and April 24. 

Observations upon an a.v:era.ge of twenty-one stars were used in determining the personal 
equation between Mr. Dean and Mr. Goodfellow, and the same number for that between Mr. 
Dean and myself. 

For latitude, one hundred and eighty observations were made by Assistant Dean, at Mont
gomery, with the zenith telescope, C. S. No. IS, upon forty sets of stars selected from the 
Greenwich Twelve-Year and British Association Catalogues. The value of the micrometer was 
obtained from one hundred and seventy-five observations upon Polaris near its western 
elongation, and the- usual observations were made for the value of the level scale. 

Mr. Dean determined also the magnetic declination, dip, and intensity, e.t a station near the 
State House in :Montgomery, making one hundred and eighty observations for the magnetic 
declination on four days, and two complete sets for intensity and moment of inertia on two days, 
with the declinometer D. No. 22, (C. S. No. 1.) The dip of the magnetic needle was obtained 
from three complete sets with a ten-inch dip-circle, (C. S. No. 4.) 

A meridian line of nearly a mile in length was established by Assistant Dean at Montgomery, 
the termini of which were permanently m.a.rked with marble p<>Sts sunk two and a. half feet into 
the ground. The tops of the posts, which project a. few inch.es above the ground, were inscribed 
with the letters U. S. C. S. The southern terminus of this meridian is in the Capitol square, 
and a.bout twenty-five yards from the northeast corner of the State House, the northern 
extremity being near the east i!ide of the Wetumpka. road, and. upon the property of Mr. W. M. 
Peters. Meteorological observations were as usual recorded at the stations by the aida of the 

, parties, Mr. J. H. Toomer, Mr. McLane Tilton, and Mr. James Searles, who also read off the 
chronogra.phic sheets upon which the observations for local time and instrumental oorrootiou 
were recorded. 

Experiment. were conducted during the progreu of the eam.paign in thi1 section;,.and. its 
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connection with the stations in Section IV, for determining the velocity of the galvanic current, 
by using batteries of different intensities, varying from ten to forty Grove cups at each 
11ta.tion. 

Special mention is ma.de, in the report of Assistant Dean, of the courtesies extended to him 
by the gentlemen severally connected with the lines of telegraph used in his operations of the 
season, and by others, in affording ample facilities and accommodation in transporting the 
instruments over the roads respectively under their charge. Prominent among those referred 
to a.s worthily entitled to the thanks of the Survey for important aid so rendered, are: Messrs. 
J. C. Butler and W. W. Heiss, superintendents upon the Washington and New Orleans Tele
graph Line ; J~._JJ .. Cuyler, Esq., president of the Georgia Central Railroad Company ; and C . 

. T. Pollard, Esq., president of the Montgomery and West Point Railroad Company. 
Assistant Dean returned to Washington early in May, and made immediate preparation for 

continuing the work of the primary triangulation in Section I, in which he was unremittingly 
engaged until late in the autumn. 

The longitude parties were visited by Dr. Gould in April, and under his direction a station 
was established in the public square of Mobile, and a site selected at New Orleans for 
occupation during the present winter. 

The records and computations resulting from the observations made at Columbia, Macon, and 
Montgomery, for latitude and magnetic elements, have been received from Assistant Dean. 

Primary and secondary triangulation in South Oarolina.-The primary and secondary 
triangulations of the coast southward and westward from North Edisto river have been continued 
by the party of Assistant C. 0. Boutelle. 

Operations were begun in the reoccupation of the station New Cut, on the north shore of 
Wadmelaw island. The primary work was carried over Edisto and Fenwick islands, and now 
includes the upper part of St. Helena sound. The seconda.ry triangulation was extended from 
South Edisto river over Fenwick and Hutchinson islands, and quite over the waters of St. 
Helena sound and to the Hunting ielands. 

Lieutenant Rufus Saxton, U.S. A., assistant, was associated with Assistant Boutelle in the 
work of the season in this section. 

A reconnaissance for continuing the triangulation was made as far as Port Royal entrance, to 
facilitate the operations projected for the ensuing season, for which active preparations are now 
in progress, under the direction of Assistant Boutelle. These contemplate the prosecution of 
the triangulation towards Savannah, and also north and east from Charleston towards Bull's 
bay. Mr. F. P. Webber was attached to the party as aid. 

During the progress of the operations conducted by Mr. Boutelle, points were furnished by 
him for the use of the hydrogra.phic party of Lieut. Oomg. Maffitt, the labors of which will 
be presently noticed. 

The following statistics ·are returned in the report of th(! sea.son's work of primary and 
sooondary triangulation : 

"Twenty-nve stations in all were occupied between the 12th of February and 4th of May, and 
at these two hundred and twenty-one angles were measured upon two hundred and twenty-six 
objects by 011.e thousand eight hundred and twenty-nine observations." 

The achooner Guthrie, intended for the transportation of instruments and the equipage of 
the.party, was disabled on the coast of New Jersey shortly after her departure from New York, 
cauing much delay in the commencement of work. After the neceBsary transfer, acoommo
dationa Yere furnished for the party by Assistant Seib, in the schooner W~ve, which service is 
duly Mknowledged in the general report of Assistant Boutelle. 

A. volume, comai:aiu:g the eomputed i:esults of observations made for latitude at Allston 
station, has been eat to the office by Assistant Boutelle. 
8~ ·~ and topography, coast of North Carolina, BQtl,f,h of Oape Fear rivtr.

(Sketck No. 11.)-Th~ means referred to in my last season's report, in connection with the work 
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south of Cape Fear, have been successfully applied in extending the secondary triangulation 
and topography of the coast as far as Lockwood's Folly. This was accomplished by the party 
of Assistant C. P. Bolles. The approaches to Cape Fear and to Lockwood's Folly inlet are 
included in the triangulation. 

Sub-Assistant G. H. Bagwell assisted Mr. Bolles in joint work throughout the season in this 
section, and at the close of operationsjoined the party of Assistant Blunt in Section II. 

Nineteen stations were occupied by Assistant Bolles in the triangulation south of Cape Fear, 
and the intersections included the measurement of seventy-five angles. 

Arrangements are now in progress for continuing the work southward to the boundary line of 
North Carolina. 

Triangulation of St. Simon's sound and Brunswick har'Wr, Georgia.-This. work, which is 
mentioned in my last annual report as having been commenced, has been completed within the 
present season by the party of Assistant A. W. Longfellow. 

The schooner Meredith, with the instruments of the party, arrived at Brunswick on the 
21st of December, and, after a few days spent in necessary repairs, the triangulation was resumed 
by Mr. Longfellow in St. Simon's sound. Measurements were completed at the close of April, 
of triangles extending from the shores of St. Simon's and Jekyl islands, thirteen miles through 
the sound, and up Turtle river to Blythe island, and including the lateral channels to Brunswick 
city and Hamilton, which comprise about twenty miles of water passage. 

During the progress of the work, points requisite for the execution of the hydrogra.phy were 
furnished to the party of Lieut. Corng. Trenchard. 

Assistant Longfellow remarks, in reference to the character of the season: "Bad weather, 
which set in a.t the commencement of the work, continued almost the whole season along this 
part of the Atlantic coast, making the most severe and stormy winter known on the coast of 
Georgia for a. period of, probably, thirty years. The storms recurred at such frequent intervals 
that the atmosphere was kept in constant commotion. For triangulation purposes, not an hour 
of continuous seeing was afforded throughout the sea.son." 

In completing the work, one hundred and eighteen angles were determined by five hundred 
and eighty-six observations, direct and reverse. Three thousand four hundred and ninety-nine 
repetitions were made with the 6-inch Brunner theodolite, C. S. No. 67. 

The lines of sight, passing alternately over marsh and water, opposed great difficulties in the 
determination of angles, owing to the unequal refraction. 

The triangle sides were computed as the observations were ma.de, and duplicates of the :field 
notes, containing such and other data, after being compared with the originals, will be deposited 
in the archives. 

Assistant Longfellow has furnished the computations of his work executed in the previous 
seimon at the Romerly marshes. 

Triangulation of Doboy inlet and Sapelo sound, Georgia.-After completing the duty to be 
hereafter noticed, (under the head of Section VI,) a thorough reconnaissance of this vicinity was 
made in April by Lieutenant A. W. Evans, U. S. A., assistant in the Coast Survey, as prelimi
nary to the triangulation. The following extract from his report states in detail the subsequent 
operations of his party : · 

" A base site of rather more than a. mile in length wa.s selected at the north end of Sapelo 
island, the greater part of which wa.s through a growth of young liv&-<Jak, occupying my party 
about five days in opening the line. The actual measurement of the preliminary base (1,700 •. '1 
metres) occupied portions of six days. The broad expanse of marshes and rivers between the 
islands and the main land of this part of Georgia presented great facilities for triangulation, 
only a few of the lines requiring any cutting. In the work of' triangulation, nine stations of the 
first order, and thirty-seven of the second, were erected. Two hundred and eighty-one angles 
were measured a.t thirteen stations, by two thousand one hundred and four observ&tfons with 
the theodolite.'' · 
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"The work can be readily extended, from bases now established, over Black-beard island, and 
the narrows between that and Sapelo island, to Cabarita entrance, so as to furnish points on the 
outside of these islands for hydrographic purposes, northward to St. Catherine's, or southward 
to Doboy sound; and for the extension of inside work, triangles of from four to five miles on a 
side can be readily obtained." 

The work at Sapelo sound was begun on the 15th of April, and completed on the 25th of 
June, when Lieutenant Evans sailed for Savannah. From that port he despatched the schooner 
"Hassler" to New York, where she arrived safely on the 19th of July, and, after refitting, the 
vessel and party were employed during the remainder of the season in the prosecution of second
ary triangulation, as mentioned under Section I. 

Mr. F. M. Mclver joined the party of Lieutenant Evans on the 28th of April, and served 
with it as aid during the continuance of operations in Section Y. 

Topography of Dawho river and South Edisto, and of St. Hel,ena sound, South Carolina.-The 
party of Assistant John Seib was organized early in December, and left Baltimore on the 17th 
of that month, in the schooner Wave; but the vessel, after being detained by bad weather in 
Chesapeake bay, was unfortunately disabled in a storm off the Fryingpan shoals, and with 
much labor and difficulty was got into Charleston on the 3d of January. Indispensable repairs 
occupied a month, during which Mr. Seib and the aid, Mr. W. H. Dennis, employed themselves 
in inking the topographical sheets of the previous season. 

The Wave, on leaving Charleston, afforded transportation for the triangulation party and 
camp equipage of Assistant Boutelle. 

Mr. Seib commenced a topographical sheet, showing the entrance to the South Edisto riYer, and 
subsequently of the Dawho river, commencing at the Dawho ferry signal. The shore-line and 
topography of both shores were completed from its junction with the South Edisto and Pon Pon 
rivers to within about five miles of its mouth, where the sheet joins with the last season's work 
of Mr. Seib on Edisto island, and with a previous topographical suryey by Assistant "Wise. 

" The Dawho river is very narrow and crooked, though less than twelve feet at low water was 
nowhere found in the middle of the channel. The numerous dams and watercourses on 
Jehossee island made the work slow in progress, as did also the muddy shores of the river, 
and the many creeks intersecting the marshes on and opposite to Edisto island.'' 

On the 5th of April Assistant Seib moved his party to St. Helena sound, and expeditiously 
completed the plane-table survey of its shore-line, including the mouths of the Ashepoo, Com
bahee, and Morgan rivers, and the outer coast-line, extending from the Hunting islands south
ward ,and westward nearly to the entrance of Port Royal sound. These data were promptly 
furnished to the hydrographic party of Lieut. Comg. Maffitt. 

The topographical work of Assistant Seib in this section, commenced within the present season, 
is embraced in three sheets, which now contain, respectively, the upper part of the South 
Edisto and part of the Dawho river; the lower part of Edist~ island and entrance to South 
Edisto river ; and St. Helena sound, with the mouths of its dependencies and the ocean shore 
southward of the entrance. 

The work required in filling the sheets will hereafter be resumed for completion. Assist&nt 
Seib reports as the statistic results of the season : 

Miles of shore-line surveyed ............................................................. . 
Miles of roods surveyed ................................................................... . 
Area, in square miles ................................. : ................................... . 

103 
1'1! 
20 

At the close of the operations of the party, Mr. Dennis was assigned to detached duty, and 
executed, 'Q.nder the general direction of Assistant Seib, a resurvey of Rabbit and Hare islands 
in Georgetown ,harbor, South Carolina, tracing also the shore-line from signal "Sin" to th~ 
light-house. The result was furnished to Lieut. Comg. Maffitt for purposes connected with 
the issue of a ~ew edition of the preliminary chart of Winyah bay and Georgetown harbor. 

. 8 cs 
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The schooner Wave reached Baltimore on the 17th of .May, and Assistant Seib shortly after
wards resumed topographical work in Section III. He commend!:! specially the services of Mr. 
Dennis, the aid in his party. 

Topography of St. Simon's sound.-Assistant Longfellow took up, on the 30th of April, the 
topography of St. Simon's sound, following his own tl'iangulation, the completion of which has 
been already noticed. Plane-table operations were carried on until the middle of May, and then 
discontinued in consequence of adYerse weather. The two topographical sheets commenced by 
Mr. Longfellow contain both shores of the entrance to St. Simon's sound, and, generally, both 
shores from the entrance, up Turtle river to Blythe island, the shore-line left for execution in 
the coming season being at points most remote from the main channel. This will be completed 
by the party at an early day, under instructions which have been already issued. 

The topographical statistics comprise thirty-one miles of shore-line. Tracings of the sheets 
were furnished by Mr. Longfellow for the use of the hydrographic party. 

In the middle of April I used the schooner Meredith to visit Fernandina, for a review of the 
operations of the parties there. 

Mr. N. S. Finney was attached as aid to the party employed on St. Simon's sound and 
Brunswick harbor. 

With reference to facilities afforded in the prosecution of the survey in the vicinity, Assistant 
Longfellow mentions for special acknowledgment the courtesies shown and assistance afforded 
by Colonel Charles L. Schlatter, chief engineer of the Brunswick and Florida railroad, and by 
Colonel Thomas Boncke and Butler King, jr., Esq. I must return my thanks to Mr. Finigan, 
contractor on the air-line railroad, for facilities kindly furnished by him at Fernandina. 

The schooner Meredith was despatch,ed to Portland, and has since been in the service of Mr. 
Longfellow's topographical party in Portland harbor. This party is now about making prepa
rations for returning to complete the work on· the coast of Georgia. 

One topographical sheet of work executed by Assistant R. M. Bache in this section, and two 
by Sub-Assistant S. A. Wainwright, have been inked within the season and deposited in the 
archives. 

Hydrography between (JharlMton and Savannah.-The in-shore hydrography of the coast of 
South Carolina, together with som1dings in special localities between Charleston harbor and the 
entrance to Savannah river, has been completed within the past surveying season by the party 
of Lieut. Comg. J. N. Maffitt, U. S. N., assistant in the Coast Survey. 

Three surveying vessels were assigned for the accomplishment of this duty. 
Maffitt's channel, in Charleston harbor, was again e:tamined, and a copy of the resulting chart 

of the present year furnished to the office in April. 
Lieut. Comg. Maffitt, with the schooners Bancroft and Crawford, also completed the necessary 

supplementary hydrography at the entrance of Port Royal bay and Broad and Beaufort rivers, 
together with the hydrography and requisite shore-line of St. Helena. bar and sound, and the 
in-shore soundings between the coast and .Martin's Industry. 

Under Lieut. Comg. Maffitt's direction, Lieut. Hunter Davidson, in the schooner Galla.tin, 
executed tl1e in-shore soundings, commencing two miles northeast of the mouth of North Edisto 
river, South Carolina, rnferred to in my report of last year as the limit then reached in the 
operations of Lieut. Simpson. The hydrography was continued southward by Lieut. Davidson, 
and connects with the work at St. Helena. bar, already mentioned as completed under the dir~ 
tion of Lieut. Comg. Maffitt. 

Lieut. Davidson completed also the hydrography of the .bar and harbor of South Edisto river, 
~nd made a reconnaissance at the entrance of the North Edmo, to a.BCertain the changes which 
had ooourred since the <>Tiginal survey in 1861. 
- Supplementary soundings were made in the vicinity of the bar of Georgetown harbor ami to 
the northward and eastward of Rattlesnake shoal. The data last refel'Ted to will he pn&elllled. 

a.s early aB pra.ctieable in a new edition of the cha.rt of Charleston harbor, first issued in 1805. 



 

THE UNITED STATES COAST SURVEY. 59 

The hydrographic work having been commenced in December, the general severity of the 
winter of 1855-'56 offered serious obstacles to the progress of the surveying party afloat in this 
section; and the return of statistics, under these known circumstances, showing as it does, more 
than the usual amount of work completed, aR compared with the average of past seasons for this 
and other sections, is highly creditable to the zeal evinced by the hydrographic chief and to the 
energy of the officers associated with him. 

Observations of tides and currents were made during the progress of the hydrography. 
Four permanent and two temporary tidal stations were establish8d at St. Helena bar and 

South Edisto river. Occasional tidal observations were made also at Fort Sumter and at South 
Wharf, in Georgetown harbor. 

Lieut. Comg. Maffitt subsequently (in June) continued the hydrography of James river, the 
statistics of which are exclusive of the following summary of work com1)leted on the coast of 
South Carolina within the season: 

Whole number of soundings ......................................................... . 
Whole number of angles ............................................................. . 
Miles run in sounding ................................................................. . 
Specimens of bottom taken from different localiti€s ............................ . 
Current stations ..•.......................................•............................... 
Permanent tidal stations .......•.........•............................................. 
Temporary tidal stations .........•...•....•.......................................... 

107,855 
9,527 
4,801 

65 
7 
4 
4 

Full records of the hydrographic opeqttion have been returned, in duplicate, and deposited in 
the archives at the office. 

Charts of the resurvey of Maffitt's channel, scale 5~00 ; entrance to Charleston harbor, 50
1
00 ; 

North channel; Georgetown bar; North Edisto bar; and hydrographic reconnaissance of Port 
Royal entrance and bay, 2 -ir!-ooi have been received from Lieut. Comg. Maffitt, and recorded 
with the archives.': 

On the night of December 22, 1855, a fire occurred at Beaufort, S. C., which threatened 
destruction to the town. By the exertions of Lieut. Braine and the officers and crew of the 
schooner Bancroft, in common with others, the danger was happily arrested. The thanks of the 
citizens were tendered, through Lieut. Comg. Maffitt, to the officers who so promptly assisted in 
the emergency. • 

Hydrography of Br·unswick harbor and St. Simon's sound, Georgia.-Lieut. Comg. Stephen D. 
Trenchard, U. S. N., assistant in the Coast Survey, in charge of the school.ler Bowditch, com
menced the survey of Brunswick harbor on the 12th of February, and, working towards the 
entrance of the sound, reached St. Simon's bar on the 9th of June, having completed the 
hydrography of the sound and of Brunswick and Turtle rivers. 

One permanent and five temporary tidal stations were established; at the first, night and day 
tides being observed for seventy-one days. 'l'he results thus obtained were forwarded to the 
Coast Survey Office. 

The permanent station was established near the north point of Jekyl iBland, within the 
entrance of St. Simon's llQUnd. 

The mean rise and fa.11 of ordinary tides, a.a given by the observations, is 6.8 feet, and of 
spring tides 8.3 feet. 

In connection also with the hydrographic operations, ten current stations were occupied. 
"The greatest velocity observed was o:ff Jekyl island, near the tidal station, during full moon, 

the current there running from five to six miles per hour, though its ordinary rate is from two 
and a. half to three miles. 

"High water occurs at Brllllswick twenty-four minutes later than at St. Simon's entrance, 
and low water twenty-eight minutes later." 
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The following are the statistics of the hydrographic work executed by this party: 
Miles run in soundings................................................................. 598 
Total number of soundings.................................... .. .. . .. . ... .. . . . . .. .... 28,200 
Theodolite angles observed............................................................ 1,856 
Sextant angles observed............................................................... 318 

Remarks relative to the capacity of the bar and channel of St. Simon's are contained in the 
report of Lieut. Comg. Trenchard, given in the Appendix No. 49. 

His suggestions in regard to the placing of buoys to facilitate the navigation of the sound 
have been presented to the notice of the Light-house Board in my communication to the Depart
ment, contained in Appen<l.ix No. 81. 

Two of the hydrographic sheets of Brunswick ·harbor, scale Yoho, have been received from 
Lieut. Comg. Trenchard, and deposited in the archives. He has returned also four volumes 
containing soundings, and two of angles recorded in the work of the season, together with the 
results of observations made on currents in St. John's river. (Section VI.) 

Tidal observations.-The continuous seril'!s of observations attempted at Castle Pinckney 
having become broken by the concurrence of adverse circumstances, alluded to in my last yearly 
report, a self-registering tide-gauge was established finally at the wharf of the new custom
house in Charleston, S. C., and it is now in successful operation, under the charge of Mr. W. 
R. Herron. 

Observations of tides for short periods were also made in connection with the hydrographic 
work at Stono river, Beaufort, and Port Royal, S: C., and at .Tekyl island and Doboy inlet, Ga. 

Suggestions made by Lieut. Comg. T. A. Craven, C. S. N., assistant in the Coast Survey, in 
regard to the ex1)ediency of distinguishing by local designation the outer buoys on the Atlantic 
coast southward from Savannah, were communicated to the Department in April, for the 
information of the Light-house Board. The extract from his letter having reference thereto 
is given in Appendix No. 80. 

SECTION VI. 

FROM THE"_ST. MARY'S RIVER TO ST. JOSEPH'S BAY, (;OAST OF FLORIDA, AND INCLUDING THE FLORIDA 
REEFS AND KEYS.---(SKETCII F, Nos. 25, 26.) 

Notwithstanding the Indian hostilities, which deranged in a degree the plans for working on 
the Florida main in this section, the progress has been good. The triangulation of the Florida 
keys and reef is quite two-thirds done; the gap between Sister key and Key Rodriguez, of about 
fifty miles, will be filled in two or three seasons, giving then a continuous cha.in from Virginia 
key, near Cape Florida, to the Marquesas, inclusive. 

'fhe topography has kept within a season's work of the triangulation, and the m{l.rking of the 
keys connected with Key West has accompanied it. The hydrography has kept close upon the 
topography, extending now from Key Biscayne bay to the -vicinity of Key Rodriguez, and from 
Key West to Loggerhead key. , 

The rcimlt of examinations made of the soil from Key Biscayne, and from the shores and 
prairie of Cape Sable, by Professor Wolcott Gibbs, of the Free Academy, New York, is given 
in the Appendix No. 64. No silicious sand occurring near Cape Sable, or soil or rocks which 
would yield it, the remark in regard to its amount is of considerable interegt in reference to the 
currents of adjacent parts of the Florida coast. 

In the following pages are given the details of the operations in this section. 
1. Of the observations for latitude at Fernandina. 
2. 'l'hc completion of the triangulation of St. Mary's entrance and of Fernandina harbor. 
3. The measurement of a base of verification on St. John's river, near Jacksonville. 
4. Of the triangulation of the keys and reef from Loggerhead key to Horse-Shoe key· and 

Middle Summerland. 
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5. The prolongation of this work to Sister key. 
6. The erection of signals intended for the triangulation connecting Cape Sable with the keys. 
7. The topographical survey and marking of Loggerhead, Middle Summerland, Cudjoe, and 

Gopher keys, with others of less magnitude. 
8. The topography of Johnston's and Sawyer's keys, and of thirty-five other smaller keys. 
9. The completion of the topography of the St. John's river to Jacksonville. 
10. The hydrography of the reef from Grecian shoal to French reef, and from Loggerhead 

key westward to the Eastern Sambo. 
11. The completion of the hydrography of St. Mary's entrance and Fernandina harbor. 
12. Deep-sea soundings in the Gulf of Mexico. 
13. Tidal and current operations in the St. John's, for the Engineer Department. 
14. The preparation of a beacon for the Elbow, Florida reef. 
The following drawings have been completed during the year: St. John's river, 2~t00 ; 

Legare anchorage, 20~ 06 ; and Tampa bay, 120
1
000 , Florida reefs, 2 -v-d-000 , (preliminary 

chart,) and Florida reefs, 80t.,~0, (finished map,) are in progress. 
'rhe engraving of the sketch of beacons on Florida reefs, Legare anchorage, 20t 00, (reconnais

sance;) and Tampa bay, rn\nro• (reconnaissance,) was executed within the year . 
.Astronomical observations for l,atit·ude.-On being detached from the party engaged in the 

determination of telegraphic differences of longitude, as noticed under Sections IV and V, Sub
Assistant Edward Goodfellow proceeded, under my instructions, to occupy for latitude a station 
at Fernandina, Florida. 

"An observatory wa; built and observations begun on the 19th of May. The instruments 
used were the zenith telescope No. 5, and transit No. 8, of the Coast Survey. Single blocks of 
stone of sufficient size not being procurable, the first named was mounted upon three, and the 
second upon two wooden posts, each five feet nine inches in length, and twelve by eight inches 
in section. These, on being sunk in the sand to a depth of nearly ihree feet, afforded a steady 
foundation for the instruments. 

"For latitude, one hundred and ninety-nine 
arranged for observation in thirty-four pairs. 
single pair was six. 

observations were made on sixty-four stars, 
The average number of observations upon a 

"For value of micrometer, one hundred and fourteen observations, in two sets, were made 
upon 51 Hev. Oephei, at western elongation, and ninety-eight observations were taken upon a 
distant mark for value of level. 

'' The stars observed Jor time and instrumental correction were all i:;electeC:. from the Nautical 
Almanac. Eighty-seven observations were made for these purposes upon twelve stars. 

"Sixty-three observations of the barometer and thermometer, arranged in the usual manner, 
were entered in the meteorological register. 

"After placing the transit instrument carefully in the meridian, a meridian line about a 
quarter of a mile in length was established on Amelia island. The extremities of this line are 
marked by marble pillars nearly three feet long and five inches square. These were placed 
vertically in the ground, their tops, upon which were cut the letters U. S. C. S., being left on 
a level with the surface. Lines crossing at right-angles are also marked on the top of each 
pillar, through the intersections of which, on each, the meridian line passes." 

The advance of the season not admitting of delay in procuring instruments suitable for making 
elaborate magnetic observations, the approximate magnetic bearing of the meridian line estab
lished on Amelia island was found by a common surveying transit. 

Mr. McLane Tilton served as aid in the astronomical party. 
The report of Sub-Assistant Goodfellow concludes with the expression of his obligations to 

the gentlemen connected with the Florida Railr-0ad Company for prompt and liberal assistance 
in the erection of the temporary observatory, and in the prosecution of the work. 

Mr. Goodfellow has sent to the office the records of his observationi:;. At the close of August 
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he joined my party, and assisted in its operations at the station (Mount Desert, Maine,) in 
Section I. 

Triangulation if St. Mary's river, Georgia, and Ff3rnandina haTb<Yr, Florida.-Lieut. 
A. W. Evans, U.S. A., assistant in the Coast Survey, with a party in the schooner Hassler, 
resumed operations in Cumberland sound, on the 21st of December, and having completed his 
reconnaissance, the nature of which is detailed in my last annual report, the necessary signals 
were erected for executing the triangulation. The work was carried steadily forward, until its 
completion, on the 5th of March. The connected series of triangles includes Tiger island, 
Cumberland sound, and Fernandina harbor, with the entrance to St. Mary's river and vicinity, 
as far up as the town of St. Mary's. Progress in the field-work was much retarded by the 
prevalence of northeasterly storms in January. Exclusive of the statistics of· reconnaissance 
previously given, nine signals of the first, and twenty-seven of the second order were erected 
within the season. Eleven stations were occupied for measurements with the theodolite, and 
three hundred and seven angles were determined, with intersections upon fifty-three objects, by 
two thousand six hundred and sixty observations. The positions of sixty-three different points 
were accurately determined in this vicinity. 

Further operations in completion of the survey at the entrance to the St. Mary's river will be 
noticed under the head of hydrography. 

On concluding the field-work, the party of Lieut. Evans proceeded in the Hassler to the St. 
John's river. Ria service, as connected with the completion of the survey in that locality, will 
be now described. 

Measurement of a base of verification on St. John's river, Florida.-Eefore closing his work of 
the previous year, Lieut. Evans had selected, near Jacksonville, the site,.or a base of verification 
for the triangulation of the St. John's river, the measurement of which was necessarily deferred 
by reason of the advance of the season. He arrived-at Jacksonville, in the schooner Hassler, 
on the 9th of March, wit} the apparatus previously used in determining the length of the 
preliminary base at Tiger island, and, having adjusted elevating screws to the trestles and sub
stituted a level for the boxes in lieu of the surveyor's instrument. employed on that occasion, the 
measurement was commenced of the closing line, which had been fixed on as the upper base. 
The changes made in the apparatus are reported by Lieut. Evans as having greatly facilitated 
his further operations in execution of this duty. When almost at a loss for the want of the 
requisite assistance, which it was expected could have been procured af Jacksonville, he for
tunately secured the services of Mr. Gustavus Wiirdemann, then employed under my instruc
tions in separate duty conneded with the survey of the river. In consequence of frequent rajns, 
the execution of the work was somewhat delayed. The actual measur~ent occupied parts of 
eight different days throughout the latter part of March and beginning of April. Each bar, 
after adjustment, was carefully levelled, the contact being so made in every case from one ter
minus to the other. The measured length of the base, 1,511.67 metres, was found to agree 
nearly with that deduced by calculation from the triangle sides. The termini were marked on 
blocks of stone, fixed in position before beginning the measurement. 

After completing.the requisite connection of the verifying base with the triangulation of the 
St. John's river, Lieut. Evans proceeded, under my instructions, to Sapelo entrance, Ga. The 
execution of the duty assigned in that vicinity has been mentioned under Section V. 

The records of observations and computations of the work executed on the St. John's have 
been turned in by Lieut. Evans. 

Triangulation cf the Florida keys.-Two parties, as in former seasons, were detailed for the 
continua.nee of the triangulation work on the main, and for its extension eastward among the 
keys from last year's limits. The first of these, in charge of Lieut. A. H. Seward, U.S. A., 
assistant in the Coast Survey, was instructed to connect the Cape Sable base with the keys lying 
in the vicinity of the coast to the southward and eastward. Signals were erected by the party 
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at Cape Sable, and at stations intervening between it and Centre key, but-threatened hostilities 
from the Florida Indians constrained him to leaYe the hunting grounds. The necessity for 
this will appear from my communication with the War Department, given in Appendix 
No. 72. Lieut. Seward at once transported his party to the keys, eastward of the eastern 
limits of the work of Sub-Assistant Rockwell, to be presently noticed. The triangulation 
was carried from Horse-Shoe key and Middle Summerland, eastward, to Jacob's Point, a dis
tance of about eighteen miles. Twenty-nine signals were erected, and eighteen stations were 
occupied, before the first of June, when the season closed. Four thousand and seventy-one 
single observations were recorded in determining the angles measured. The triangulation covers 
an area of about one hundred and eight square miles. 

Lieut. Seward, on returning to the north, was attached to the party of .Assistant Edmund 
Blunt, then engaged in the triangulation of Hudson river, as mentioned under Section II. 

Sub-Assistant John Rockwell, succeeding before the close of the previous season to the charge 
of the party of Lieutenant (now Captain) James Totten, U.S. A., commenced his triangulation 
at the eastern (Pt. Dora) and northern limit!;; reached in that year. 

The work was carried northward, from Newfound harbor to Content and Harbor key, and 
eastward, from Pt. Dora to Little Pine key, at which it forms, with Johnson's key on the north, 
and Middle Summerland on the south, a junction with the triangulation of Lieut. Seward, 
already noticed. 

In pursuance of arrangements made at the beginning of the season, the charge of the party in 
the schooner Petrel was transferred to Sub-Assistant J. A. Sullivan, who had been relieved 
from duty in Section IX for this purpose. 

Mr. Sullivan arrived at Key West early in April, and conducted the operations of the party 
until the close of the season. Having completed the observations commenced by Mr. Rockwell, 
at stations Johnston's and Budd, he occupied and completed measurements of angles from the 
stations Content, Harbor, Driftwood, and Soldier Crab, and verified the angle made at Newfound 
harbor, with stations adjacent to it on the eastward. Nineteen stations in all were occupied, 
from which five thousand seven hundred and seventy-six observations w:ere made upon twenty
four points in the determination of eighty-four angles. The area included in this triangulation 
is about two hundred and forty square miles. . 

On reaching the office, Mr. Sullivan was assigned to topographical duty in Section II. 
Mr. S. J. Rough served as aid to the party engaged in this section, and is specially com

mended in the reports of Sub-Assistants Rockwell and Sullivan. 
It wa.s arranged that a third party, that of Lieutenant A. W. Evans, U. S. A., should take 

up the triangulation of the Florida main, near Cape Sable, proceeding towards Shark river; but 
the interruption already referred to rendered a change of plans expedient, and it was made 
accordingly. 

The recorded observations of the joint work of Sub-Assistants Rockwell and Sullivan, with 
their computatioqs, have been deposited in the office. 

Topography of Fwrida keys.-Two parties also, as heretofore, have been engaged in the con
tinued survey, for the General Land Office, of keys lying northward and eastward from Key 
West. 

The party of Sub-Assistant C. T. Iardella, in the schooner Agassiz, commenced with the 
plane-table at Sugar Loaf, on the 1st of January, and in that vicinity completed the topography 
<>f Loggerhead key, Middle Summerland key, Cudjoe key, and Gopher key, together with the 
several smaller patches of keys, to which local names have not yet beet~ given. All the firm 
la.nd ound on the several keys included in his plane-table sheet has been subdivided and marked 
in seetionf! by e. method stated in his report on the work, which will be found in detail in 
Arpendix No. 82. 
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The statistics of the work of Mr. Iardella are as follows: 
Miles of shore-line of keys traced....................................................... 210 
Square miles of :firm land surveyed.................................................... 32 
Total square miles included in sheet................................................... 70 

Mr. F. W. Alexander served as aid in this party. 
'l'he topographical sheet of Sub-Assistant Iardella, containing his work of the season, has 

been inked and turned into the office, together with two sheets of previous work by Assistant 
Adams. 

The second topographical party, in charge of Sub-Assistant S. A. Wainwright, in the schooner 
Joseph Henry, proceeded at the commencement of the season for the continuation of topo
graphical work on Key Largo; but the near approach of hostile Indians, known to have 
ventured beyond the coast in that vicinity, rendered it necessary to transfer the party to a greater 
distance from the main. Having at length selected points within the triangulation of Sub
Assistant Rockwell, Mr. Wainwright coinmenced in February his plane-table sheet, with the 
survey of Johnston's key. The work was continued until the end of April, and includes, besides 
that just named, Sawyer's key, and another in its vicinity, equal in size, together with thirty
:five smaller keys. The firm land contained in Johnston's key was marked at the intersection 
of meridians with quarter-section lines by posts, as described in the report of Sub-Assistant 
Wainwright, a copy of which will be found in Appendix No. 52. 'fhe following statistics are 
presented by the topographical sheet: 

Miles of shore-line surveyed of keys and banks..................................... 80 
Square miles of in-line of keys surveyed........................... . ..... .. ... .. ..... 4 

Mr. J. L. 'l'ilghman served as aid in the party of Mr. Wainwright. 
The topographical sheet of the present season has been inked and returned to the office by 

Sub-Assistant Wainwright, with two sheets of work executed in the previous season. 
The schooners Agassiz and Joseph Henry were, at the close of operation~ for the season, laid 

up at Key West. . . 
Sub-Assistant Iardella has since l?een engaged in topographical duty, as already stated under 

Section I, and is now preparing to resume work on the Florida keys. 
Copies, in triplicate, of the topographical sheets, showing the results of the past surveying 

season, were transmitted in October, with my report to the Commissioner of the General Land 
Office, a copy of which is contained in Appendix No. 52. 

Topography of St. John's 1·iver.-The part of the survey of this river referred to as remaining 
unfinished at the date of my last annual report, has been completed by Assistant A. M. Harri
son. The schooner Benjamin Peirce, with the instruments and equipage of the party, arrived 
at Jacksonville on the 20th of December; but while lying at anchor there, the vessel received so 
much damage by the drifting to her berth of the steamer Seminole, which had unfortunately 
taken fire, as to cause a delay of several weeks in the regular operations of the season. 

The topographical survey was resumed on the 14th of January, and completed by the 1st of 
the ensuing month. The sheet of this season comprises the city of Jacksonville and both shores 
of the St. John's river, ex.tending from the city upwards to Winter's Point. Within these 
limits, which include an area of two and a half square miles, the topographical sheet embra.ces 
eight miles of shore-line, and ten and a half miles of roads. 

The survey of the St. John's, between Mayport Mills and Winter's Point, undertaken, as 
already stated, at the request of the Engineer Department, is now complete; and the sheets of 
the previous season, inked by .Assistant Harrison while repairs were in progress on the vessel 
of the party, have been deposited. in the archives, together with that finished. within the present 
year. 

Some particulars of interest relative to the character of the river and vicinity, communicated 
by Assieta.nt Harrison, will be found in Appendix No. 51. 
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On completing operations at the St. John's, the party was transferred to section VII. 
The disaster to the steamer Seminole, before mentioned, threatened, amongst other vessels, 

imminent damage to the Coast Survey schooner Peirce, which was, however, happily averted by 
the timely and commendable energy of Mr. P. R. Hawley, the aid in Mr. Harrison's party. 

The official report of Assistant Harrison on the subject is given in Appendix No. 71. 
Three topographical sheets, comprising the map of St. John's river, have been put in ink 

within the season by Assistant Harrison, and are now registered with the archives in the Coast 
Survey office. 

Hydrography of FWrida reefs.-The soundings on the Florida reefs have been continued in 
two localities within the season by the party of Lieut. Comg. T. A. Craven, U. S. N., assistant 
in the Coast Survey, in the steamer Corwin and tender Sophia. Work was commenced on the 1st 
uf February broad off from Key Lal' go, and extended from GTccian shoal south ward and westward 
to French reef. The hydl'Ographic sheet of this vicinity comprises the soundings requisite 
within an area of about sixty-four square miles. A second sheet was executed, containing 
soundings made between Loggerhead key and Eastern Sambo, embraced in an area of seventy
six square miles. 

The hydrographic work was terminated for the season on the 1st of :May, the party return
ing the following statistics: 

Angles determined ..................................................................... . 
l\<Iiles run in sounding ................................................................. . 
Total number of soundings ........................................................... . 
Greatest depth sounded, (fathoms) .................................................. . 
Least depth sounded, (fathom) .................................................... . 
Tidal stations ............................................................................ . 

2,38'7 
1,287 

58,200 
50 

1 
2 

Reference has been already made, under Section V, to the suggestions communicated to me by 
Lieut. Comg. Craven, in regard to designations for the coast buoys south of the entrance to 
Savannah river. The subject was formally presented for the consideration of the Light-house 
Board in my communication to the Department, which will be found in the Appendix, (No. 80.) 

Since his return from this section, Lieut. Comg. Craven has been engaged in prosecuting, 
with accustomed energy, the hydrography necessary to complete the resurvey of New York 
harbor, as noticed under Section II. 

.A hydrographic sheet of Doboy bar and sound, (Section V ,) 20to0 , based on the reconnais
sance made in the previous season by Lieut. Comg. Craven, has been returned to the office, 
together with seven volumes of the soundings on Florida reef, and sixteen Eipecimens of sea 
bottom, ta.ken from various localities during the progress of the work. 
· Hydrography of St. Mary' 8 river and Cumberland Bound.-The supplementary hydrography 
requisite for the chart of the entrance to St. Mary's river and Fernandina harbor has been 
·completed by the party of Lieut. Comg. Trenchard. Commencing on the 11th of June, St. 
Mary's bar was re-examined with great care, the results of this work being compared with those 
obtained in the hydr<>graphic reconnaissance ma.de by that officer in the previous season. 

The soundings were continued up Amelia river to a point half a mile above the railroad 
wharf, and also into Cumberland sound, extending a mile from the entrance, and up the St. 
Mary's river, in which they were terminated half a mile above the town of St. Mary's. 

Four current stations were occupied, and three tide-gauges kept in temporary use for the 
reduction of the soundings. 

The mean rise and fall of the tides, as derived from observations conducted by Lieut. Comg. 
Trenchard, a.t the entrance to St . .Mary's river, is five feet and seven-tenths, and of spring tides 
a.bout seven feet. He states that the highest tides are found to occur during the months of 
August, September, and Oct.ober; when the winds prevail fresh from the northeast, the lowest 
being coincident with the full and change of the moon, with the wind from the westward. 

9 cs 
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The following statistics are contained in the report of Lieut. Comg. Trenchard: 

:Miles run in sounding ................................................................... . 
Total number of soundings .................. -......................................... . 
Theodolite angles observed ............................................................. . 
Sextant angles observed ................................................................ . 

100 
7,000 

260 
300 

On the completion of the hydro graphic survey of the St. Mary's, at the close of June, the party 
returned to New York in the schooner Bowditch, and the vessel was soon afterwards transferred 
to the topographical party of Sub-Assistant Sullivan. Lieut. Comg. Trenchard was subse
quently assigned, for the remainder of the surveying season, to the command of the steamer 
Vixen, and engaged, after finishing his office-work, in the hydrography of Casco bay, noticed 
under Section I. 

Lieut. Comg. Trenchard has sent for deposit in the archives a sheet of St. Mary's bar and 
Fernandina harbor, scale 2 -cd-00 ; also three sheets containing the results of his hydrographic 
survey of St. John's river, scale ruiuu· The soundings on the latter are comprised between 
Mayport Mills, near the entrance, and Jacksonville. The hydrographic sheets are accompa.nied 
by a chart exhibiting the stations occupied by his party for current observations made at the bar 
of the St. John's. 

The records of soundings made in executing the hydrography of St. John's river, comprised 
in seven volumes, have been placed in the archives of the Section. 

Deep-sea soundings.-On the outward passage of the steamer Walker, Commander B. F. 
Sands, U. S. N., assistant in the Coast Survey, to the station allotted for the service of his party in 
Section VIII, a line of soundings was carried, with a single interruption in consequence of rough 
weather,_from Key West (northwest passage) to the delta of the Mississippi. Bottom was 
found on this line in 336 fathoms with 1,250 fathoms of line; but the effort made to carry 
soundings throughout proved unsuccessful, although several casts were made with 1,290 fathoms 
of line out. 

Commander Sands, on returning from his station, carried a line of continuous soundings from 
Chandeleur sound to the northwest passage of Key West harbor, further reference to which will 
be made in the notice of the hydrographic operations conducted by him in Section VIII. 

Tidal observations.-A self-registering tide-gauge was established in February by Mr. Gus
tavus Wiirdemann at Fort Clinch, at St. Mary's entrance; after which he proceeded to St. John's 
river, Florida, and repeated the current and tidal observations made by the hydrographic party 
there engaged in the preceding year. Four stations were occupied simultaneously in the river, 
and three stations at the mouth and on the bar. 

The gauge at Fort Clinch will be kept in operation as one of the permanent stations. 
, Records of the observations made at St. John's river have been deposited in the office by Mr: 

Wurdemann. 
Preparation of a beacon for the E'/hozv, Florida reef.-An iron beacon for "The Elbow" waS" 

procured in New London, Connecticut, and from thence shipped by the General Disbursing 
.Agent, Samuel Hein, Esq., to Key West, on the 17th of July. Sub-Assistant Rockwell having 
left this section, after completing arrangements for the erection of the beacon, it was consigned 
to Lieutenant M. C. Watkins, U.S. N., light-hous<i inspector at Key West. 

SECTION VII. 

J.<'ROM ST. JOSEPH'S BAY TO MOBILE B.AY, INCLUDING PART OF THE COAST OF FLORIDA AND AI.ABHlA. 
(SIUITCH G, NOH. 30-32.) 

This is only the second year for which an appropriation has been granted for this difficult 
~eetion1 thus necessarily much behind the others in its progress. Five parties have been 
~m.ployed during the season, namely : two triangulation, two topographical, and one hydro-
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graphic party, and a combined triangulation and topographical party was also occupied here 
during part of the season. The means available, however, did not permit each of the parties to 
have a separate vessel for transportation, and accordingly their progress was less than it would 
have been under more favorable circumstances. The work accomplished is detailed under the 
following heads : 

1. The triangulation of Cedar keys and approaches. 
2. The triangulation of St. Mark's river and approaches. 
3. The triangulation of Apalachicola harbor, and its approaches by the eastern and western 

passes. 
4. The triangulation of part of Pensacola harbor and approaches. 
5, 6, 7, 8. The corresponding topographical work near Cedar keys, of St. Mark's, Apalachi

cola, and Pensacola. 
9. The hydrography of the approaches to Cedar keys and of W accasassa bay and Crystal river 

offing. 
10. The hydrography of St. Mark's river and approaches. 
11. The completion of the hydrography of St. Andrew's bay. 
A finished chart of Cedar keys, 50i 00, (additions,) and map of St. Andrew's bay have been 

drawn, and preliminary charts of Cedar keys and approaches, 60h,0 , and St. Andrew's bay, 
4rl00 , have been engraved. 

Triangulation ef Cedar keys.-This work was executed by Sub-Assistant B. Huger, jr., for 
whose party transportation was afforded in the schooner Benjamin Peirce, belonging to the 
party of Assistant Harrison. The vessel left Jacksonville, Florida, on the 18th of February, 
but owing to continued bad weather was unable to reach Cedar keys until the 14th of March. 

Beginning at Grassy Point, in Waccasassa bay, thet riangulation was carried directly westward 
as far as Depot key, and includes, besides the stations on the main land, several on Waccasassa 
reef, and others on reefs intervening between it and the main. Points were also determined and 
furnished to the topographical party of Assistant Harrison and hydrographic party of Lieut. 
Comg. Duer. Seventy-three angles were measured in the triangulation upon twenty-one objects 
by fourteen hundred and ninety-nine observations. The area covered by the triangles is about 
a hundred square miles. 

In a careful reconnaissance made by Sub-Assistant Huger, between Live Oak key and Crystal 
river, no practicable base was found, and he expresses the opinion that no proper site for one 
will be found nearer than Acolite key. He remarks, in regard to the character of the surface 
presented for the continued triangulation : "Many of the station points must be upon oyster 
reefs, covered at high water. These consist of a rather loose stratum (of broken shells) about 
two feet in depth, beneath which is the solid oyster bed. The loose stratum shifts during every 
fresh breeze, and the oyster bed below is nearly as hard as limestone.'' 

The interest and energy manifested by Mr. George E. Humphries, who served as aid in the 
party of Sub-Assistant Huger, are duly commended in the season's report. 

Closing operations in this section on the 28th of May, Mr. Huger, after the completion of his 
office-work, prosecuted in oonjunction with Lieut. A. W. Evans, U.S. A., assistant, the second
ary triangulation of the Kennebec river, as described under Section I. 

Triangulation of St. Mark's river.-A preliminary base was laid out in December by Sub
Assistant Spencer C. McCorkle, near the -city of St. Mark's and Port Leon railroad. The base 
is twelve hundred metres in length, and was measured with iron wires, occupying nineteen work
ing hours in its measurement. 

Signals having been erected to connect properly with the base, observations were begun on 
the 17th of December, and continued till the 8th of January, during which time seven new 
stations were occupied in the triangulation between Fort St. Mark's and the light-house at the 
entrance of the river. Three sta.tious also, erecOO<i in previous 8e8l8011s, wexe re-occupied. 
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Four hundred and ninety-two observations were recorded in the measurement of twenty-five 
angles. The area of the triangulation is about ten square miles. 

Transportation for the party of Mr. M cCor kle was furnished in the schooner Fr1J.nklin by 
Assistant Wise, who also co-operated in the discharge of the duties assigned to the triangulation 
party. The weather generally was unfavorable for work during the continuance of the pa.rties 
in this section. 

As the triangulation advanced, points were furnished for the execution of the plane-table 
survey and hydrography. 

The notes, journals, and records of Sub-Assistant McCorkle have been received at the Coast 
Survey office. Remarks made by him in reference to the capacity of the channel at St. Mark's 
are given as extracted from his report. (Appendix, No. 55.) 

Triangulation of Apalachicola harbor.-(Sketch No. 30.)-Leaving St. Mark's on closing 
operations there, the party of Sub-Assistant McCorkle reached Apalachicola on the 15th of 
January, 'and was joined by the topographical party in the schooner Franklin on the 1st of the 
following month. 

The parties were visited by Assistant Gerdes, and, with the advantage of his advice and expe
rience, the site for a preliminary base in two lines was selected on the eastern end of St. George's 
island. 

The measurement was begun on the 20th of February, Mr. Wise assisting in the operations 
throughout. Thirty-six working hours were employed in determining the lengths of the two 
lines. One of these was found to be 1,780 metres, and the other 1,300, giving for the prelimi
nary base a length of 2,984.6 metres. 

Stations, :fifteen in number, were erected and secured between the western end of Dog island 
and the eastern end of St. Vincent's, the limits projected for the triangulation of St. George's 
sound. Of these, ten were occupied between the 24th of March and 28th of May, the work 
closing at the last-mentioned date in consequence of the unfavorable nature of the season, but 
with a view to its completion early in the coming winter. 

The area included in this work is about 120 square miles, in which forty-four angles were 
measured by 1,032 observations. General remarks, contained in the report of Sub-Assistant 
McCorkle, in regard to facilities for trade afforded at Apalachicola harbor, are given in Appen
dix No. 55. 

Computations of the work of triangulation, and the notes and records connected with it, have 
been received at the office. 

Triangulation of Pensacola harbor and astronomical, observationB.-Under very favorable 
circumstances, a preliminary base line was measured by Assistant F. H. Gerdes at Warrington, 
between the 10th and 12th of April, the apparatus used being that designed by Assistant 
Hilgard. The western terminus of the base was marked by a screw pile, and the eastern end, 
having been selected as the astronomical station, was permanently secured by a granite 
monument. Astronomical observations for latitude and azimuth were made by Sub-Assistant 
J. G. Oltmanns, attached to the party of Mr. Gerdes. These consisted of sixty observations, 
with zenith telescope No. 1, on thirteen pairs of stars for latitude, and for azimuth five sets of 
observations, each six direct and six reversed on Polaris. 

The triangulation was extended by Assistant Gerdes from Pensacola city eastward to the 
entrance of East and Black Water bays, and southward. over the bay of Pensacola as far as the 
island of Santa. Bosa. The space yet remaining for completion is that between Pensacola and 
Yellow Water bay. 

Assistant Gerdes remarks on the results of the season: "The triangles close remarkably well, 
and I have reason to think will be found satisfactory. The inclinJ!.tions and the expansioll8 of 
the bars observed in the ba.se measurement were at once reduced and applied in calculation to 
the triangles determined.'' 

Twenty stations in all were occupied, from which forty separate signals were observed on. 
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Eighteen hundred single measurements were made with the 12-inch theodolite C. S. No. 16, in 
the determination of angles. In the progress of the work, which terminated for the present 
season on the 16th of May, Assistant Gerdes was aided by Mr. R. E. Halter. The schooner 
"Gerdes," used for transportation, was then laid up at New Orleans, and the instruments 
shipped for return to the Coast Survey office. 

The party was subsequently engaged in the topographical resurvey of New York harbor and 
vicinity, as stated under Section IL 

Assistant Gerdes has sent to the office the journals and notes of the work completed by him 
at St. Andrew's bay. 

Topograpky of Cedar keys.-Assistant A. M. Harrison having completed the unfinished work 
of the previous season on St. John's river, as referred to under Section VI, proceeded under 
instructions to follow the triangulation of Sub-Assistant Huger, with a plane-table survey of 
Cedar keys. His work in this section commenced on the 29th of March, and is comprised in two 
sheets, the first showing the main shore, the second the Waccasassa reefs. He also made a 
plane-table reconnaissance of the W ethloccochee river. 

The interval necessary for the determination of points by the triangulation party was 
employed by Assistant Harrison in a reconnaissance of the Waccasassa river, on the banks of 
which he erected a number of signals of the third order to facilitate the plane-table survey of 
the ensuing season. Descriptions and drawings of these have been deposited in the office. 

The aggregate statistics of topography executed in the several localities are as follows : 

Miles of shore-line............................................................................ 70 
Miles of roads.................................................................................. lOl 
Area in square miles......................................................................... 16 

The health of Assistant Harrison not admitting of his continuance with the party until the 
dose of the season, its operations were conducted by Mr. P. R. Hawley, aid, whose efforts are 
warmly commended. 

The schooner" Peirce" sailed for New York on 1;.he 31st of May, and on her arrival there 
the party engaged in the completion of topographical work for the Commissioners on Harbor 
Encroachments, as mentioned under Section II. 

Interesting remarks and observations made-by Assistant Harrison in regard to the nature of 
the country comprised in the operations on the western coast of Florida will be found in 
Appendix No. 53. 

For facilities afforded by Judge Augustus Steele, of Atseena Otie, whilE: prosecuting the 
survey in that vicinity, the acknowledgments of Assistant Harrison are expressed in his report. 
The party is now preparing to return to Section VI. 

Four topographical sheets on the scale rot00, comprising the Wethloccochee river, recon
naissance of W accasassa river, Waccasassa reef, and the country eastward of Cedar keys, have 
been inked by Assistant Harrison, and are now registered in the office. 

Topography of St. Mark's river.-The party of Assistant George D. Wise, after having 
engaged during the month of December jointly with the party employed in triangulation, as 
already mentioned, followed in the plane-table survey of St. Mark's river, from points furnished 
for that object by Sub-Assistant M:cCorkle. 

The topogtaphical sheet com.prising the shores of the river between the town and Fort St. 
Mark's, and the entrance to the harbor, was completed by the 27th of January. .A. tracing 
from tht;i sheet" to exhibit the shore-line, was furnished for the use of the hydrographic pa.rty. 
The following statistics have been returned by Mr. Wise : 

Kiles of shore-line surveyed .......... ,....................................................... GO 
Kil.es of road.s. • ...•• .•••••••.. •. . .••••••.• •• •. . ....... ..... .. . . .. ..•••.. ... •••••• .• ........ .. •...•• 6 
.A.ea. ia. aq,_llat'e miles. • • ... • • ..••.••••••• -............................................ w •••••••• - • 25 
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"The topographical work at St. Mark's was found diffi.~ult of execution, owing to the 
character of the marshes, which are not accessible at low water, and in many places afford no 
secure footing." 

Assistant Wise has inked and deposited in the archives his topographical sheet of St. Mark's 
river, scale 20-!oo· 

Topography qf Apalachicola bay.-After completing the survey of St. Mark's, Assistant Wise 
commenced that of Apalachicola, (on the 30th of January,) assisting, during the progress of 
joint operations with the triangulation party, in the measurement of the preliminary base. 
'fhe topographical work was pr_osecuted until the 20th of May, the sheet containing then the 
shore-line of the middle parts of St. George's sound, included between Dog island on the east, 
and the town of Apalachicola on the west, together with the shore-line of the. lower part of 
Apalachicola bay. The limits remaining for completion will extend the survey as far as the 
eastern end of Dog island on the east, and westward from Apalachicola to Indian Pass, in the 
vicinity of Cape St. Blas. 

The statistics of the present season, which include the survey of the town of Apalachicola, 
are as follows : 

Miles of shore-line surveyed. . .. .. . . .. .. . . .. ... . . . . .. . . . .. .. . . . .. . . . . .. . . . . . .. .. . . .. . . . . .. .. 'i5 
Miles of Gulf coast............................................................................ 25 
Area included in sheet, (square miles)................................................... 39 

The schooner Franklin, after being dismantled, was laid up at Apalachicola on the 30th of 
May, and Assistant Wise, returning to the north, was employed in his office-work until the 
period at which the topography referred to under Section Ill, as since executed by him, was 
begun. He is now preparing for the return to Apalachicola. 

Topography of Pensacola bay.-The topography of the shores of Pensacola bay has been 
executed by Assistant F. H. Gerdes, based upon the triangulation already referred to. It is 
comprised in two sheets, one of which (nearly completed) contains the entrance to Pensacola 
bay, Santa Rosa island, the fortifications, b~rracks, Navy Yard, and the towns of Warrington 
and Woolsey; the second, containing the coast topography from the Navy Yard to Escambia bay, 
and including the city of Pensacola and the opposite shore of Pensacola bay, will be completed 
during the present winter. These now present the following statistics: 

Miles of shore-line. . .. .. ... .. .. .. . .. .. . .. . .. . . ............ ... . .. . .. ... .. . .. . . . . . . .. .. . . .. . .... 44 
Miles of roads.................................................................................. 50 
Area (square miles)........................................................................... 50 

Mr. C. H. Boyd served as aid to Assistant Gerdes in this section, and in the further prosecu
tion, since his return, of the resurvey mentioned under Section II. Two sheets containing the 
plane-table survey, made during the season at Pensacola, have been inked by Assi11tant Gerdes 
and sent to the office. 

Hydrography of Cedar keys.-Lieut. Comg. Berry~a.n, on completing the hydrography of 
St. Andrew's bay, and communicating the necessary information in regard to localities near 
Cedar keys to his successor in command, was relieved by Lieut. Comg. John K. ·Duer, U.S. N., 
assistant in the Coast Survey, on the 16th of April. The soundings made in the present season 
complete the hydrography of Cedar keys and the approaches, and furnish additienal data for 
the preliminary chart of that locality which a.coompanied my la.st annual report, being therein 
recorded as Sketch No. 33. Tidal observations were made during a half lunation. The 
statistics of work given' in the report of Lieut. Comg. Duer are: 

Number of shore stations occupied with theodolite ............................. . 
Number of angles determined ....................................................... . 
TotbJ. numlJer of soundings ............................. ~ •....• , .. _. ..................•..... 

2 
693 

2&,419 
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Hydrography of Waccasassa bay and Crystal. river offing.-This work, connecting with the 
eastern limits of the hydrographic survey of Cedar keys, was executed by the party of Lieut. 
Comg. Duer, between the close of May and the middle of the succeeding month, at which time 
soundings along the coast had been extended eastward and southward, as far as the northeastern 
edge of St. Martin's reef, including W accasassa bay and its approaches, and the entrance to 
Crystal river. 

Special directions deemed necessary, in the opinion of Lieut. Comg. Duer, to be observed by 
commanders of vessels bound to the harbor of this river are given in the Appendix No. 54. 

The statistics of the operations are : • 

Number of signals established. ............ ............... ......... .................. 2 
Stations occupied with the theodolite.. . . . . . . . . . . . . . . . . .. . . . . .. .. .. . . . . . . . . . . . . . . . .. 2 
Number of tidal stations............................................................... 2 
Number of angles determined........................................................ 498 
Miles of sounding lines run. . . . . . . ... . . . ... .. ........ .. . .. . .. . ... ..... . .. . ... .. .. .. . 346 
Total number of soundings............................. . ............ .. .. .. .. . .... .. .. 33, 17 4 

.At the close of the season, the schooner Varina returned to New York with the party of 
Lieut. Comg. Duer, who has since been employed in office-work. 

Preparations are now in progress for the return of the party to this section. The chart of 
Waccasassa bay, scale 20~00 , executed by Lieut. Comg. Duer, has been returned to the office 
and deposited in the archives. 

Hydrography of St. Mark's river.-Following the triangulation and topography already 
noticed, the party of Lieut. Comg. 0. H. Berryman, U.S. N., assistant in the Coast Survey, 
in the schooner Varina, commenced the hydrography of St. Mark's on the 10th of March. The 
som1dings include the approaches, entrance, harbor, and the river as far up as the old fort and 
town of St. Mark's, and were extended a short distance up the branch called Wakulla river. 
The character of the channel of St. Mark's river is thus described in the report of Lieut. 
Comg. Berryman: "The river runs over a bed of limestone, between extensive marshes, from 
St. Mark's to its mouth. The channel is very crooked and narrow. I had occasion to make an 
examination of the character of the limestone formation at the 'Devil's :Elbow,' and found 
that an iron rod, an inch in diameter and twelve feet long, was easily driven through the top, 
which seemed to be no more than a crust a few inches in thickness." 

The hydrographic survey was completed on the 4th of April, and comprises the following 
statistics : 

Number of stations established...................................................... 11 
Number of tidal stations............................................................... 3 
Angles determined...................................................................... 997 
Miles of sounding lines run........................................................... 367 
Total number of soundings .......... , . . .. •. .. . . . . . . . .. .. . . . .. . . .. . . . .. . . . . .•. .. .. . • .• 34,456 

Hydrograpky of St . .Andrew's bay.-The supplementary work at the approaches, bar and 
entrance, and in the main harbor of St. Andrew's, was completed by Lieut. Comg. Berryman 
between January 31 and February 14. The additional results, as presented in the statistics of 
soundings, &c., are applicable to the preliminary chart of St . .Andrew's bay, which appeared in 
my annual report of last year. (Sketch No. 35, 1855.) · 

StationB established ..................................................... · · · · · · · · • · · · · • · · 
Angles determined ......................................................... ··•··· ..... . 
Miles of sounding lines run ........................ , ................................. . 
Total number of soundings ...........•.......•............•............ ·•·•·••········ 

Tidal obat'!ffations were recorded durwg the progreSB of the work. 

4 
205 
137 

8,210 
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Having been relieved by Lieut. Comg. Duer, on completing the hydrography a.t St. Andrew's 
bay a.nd St. Mark's river, Lieut. Comg. Berryman returned to New York and was assigned to 
the com.numd of the steamer "Vixen," intended for the hydrography in Section I, and for 
spec~l researches in the Gulf Stream. The exigency of the government service suggesting, 
however, that the experience gained by this energetic officer in the cruise of the "Dolphin," in 
1853, might be made available in the selection of a proper line for the Trans-Atlantic Telegraph, 
he was detached in .Tune, and shortly after assumed, under special orders from the Navy Depart
ment, the command of the steamer Arctic, for the execution of that important duty. He has 
since been re-assigned, and is at present engaged in C~ast Survey duty in the steamer Vixen. 

Two hydrographic sheets of Cedar keys, and two of St. Andrew's bay1 scale nt00, one of 
Ocilla river, scale Toi 00, and a chart of soundings made by Lieut. Comg. Berryman in the Gulf of 
Mexico, were turned into the archives of the office in the early part of the season, together with 
his sheet of hydrographic reconnaissance, scale 60 ~ 00, of Tampa bay, in Section VI. He has 
also placed in the office his journals, containing the soundings and angles taken in prosecuting 
the hydrography of Tampa bay, Ocilla river, and St. Andrew's bay. 

Light.Jwuse.~, &c.-In reply to a call from the Light-house Board regarding aids to naviga
tion which might be deemed necessary in St. Andrew's bay, Florida, a copy of the report of 
Lieut. Comg. Berryman was transmitted, containing his remarks on the subject, with general 
suggestions relative to the placing of buoys to facilitate the passage of vessels over the bar. The 
report will be found in the Appendix No. 85. 

SECTION VIII. 

FROM MOBILE BAY TO VERMILION B.A.Y, INCLUDING THE COAST OF MISSISSIPPI A.ND PARTO-'F LOUISI.A.'NA. 
(S:DTCH H, Nos. 33-40.) 

This section is about <me-third done, but the progress in it during the past year ha.s been 
more than in that proportion to the whole shore-line, notwithstanding the unforeseen obstacle 
in the detention of the hydrographic party at the north. The operations are as follows: 

1. Preliminaries for determining difference of longitude. 
2. The extension of the secondary triangulation on Chandeleur bay, &c. 
3. The triangulation of .Atchafalaya bay and its topography. 
4. The topography of Lake Borgne and East Pearl river. 
5. The hydrography of Mississippi sound. 
6. Deep-sea soundings and temperatures. 
I should be glad to keep two triangulation parties and two topographical parties, besides the 

hydrographic party having a steam-vessel now employed here, and occasionally an astronomical 
party, constantly at work in this section. The utmost, however, that the appropriation 
furnishes is a combined triangulation and topographical party, a triangulation party, a 
topographical party, and a hydrographic party having a steam-vessel. 

Sections YI and VII being much behind this section in progress, I have not felt at liberty 
especially to pui!h this one forward to completion. 

The groo.t work of connecting Mobile and New Orleans, in a.ll its detail, is nea.rly done. The 
next sea.son will probably give the telegraphic difference of longitu.de !l!Dd the latitudes. They 
are already connected by triangulation. The plane-table aurveys Qnd the hydro.gra.phy have 
re.ached the Pearl river, and hydrograJ?hY has extended off into the Gulf. A preliminary a.nd 
a nnished map of Mobile b&y have been published ; the nrst sheet of Mississippi sound is 
nearly completed, and the drawings of the other two sheetB are in progress; charts of Cat a.D.d 
Ship Island harbors have been published. Reoonna.iSB&nce maps of the delta of the Misaiasippi, 
of Timba.llier bay, of Barataria hay, and of Paes Fourohon·, ha.ve been published . 

.A. survey of Isle Derniere hp been JWMle and published; but tb.e ~t,J:o.wi hurrioaae of AugJlBt 
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10, 1856, has swept over that island, changing, no doubt, essentially the features Of land and 
water. A general reconnaissance of the coast of this section has been made, so as to determine 
critically the operations necessary in completing the survey. The portion of the coast from the 
delta of the Mississippi to Lake Sabine is much more easily surveyed, and requires less detail 
than the portion bordering on Mississippi sound and the lakes Borgne and Pontchartrain. 

Drawings of the Gulf of Mexico, 240 -fi-000, (sketch for profiles of deep-sea soundings;) Gulf of 
Mexico, Too-o1oouo., (sketch for co-tidal lines;) seacoast of Alabama and Mississippi, 20,f000, 
(preliminary chart;) Biloxi bay, T0~-00 , (finished,) arnl Mississippi delta, 200\r011 , (reconnais
sance,) have been completed, and a finished map of Mississippi sound, No. 2, is in progress. 
The following have been engraved, or are in progress of engraving: l\Io1}ile bay, Mississippi 
sound, No. 1, 80~ 1nr, (finished;) and ditto, ,-00

1
000 , (preliminary;) Biloxi bay; deep-sea sound

ings Gulf of Mexico, and co-tidal lines, runooo<Y· 
For difference of longitude.-A site was selected in the public square of Mobile by 

Mr. Thomas McDonnell, artific~ in the survey, ancl a station prepared for occupation next 
year, so as to permit at once the connection of Montgomery and Mobile. Dr. B. A, Gould, Jr., 
selected a site for the New Orleans station, after considerable examination, upon the open space 
in the middle of Basin street, about midway between Common and Canal streets. 

Triangulation.-The continuation of the primary triangulation in this section, under charge 
of Assistant J. E. Hilgard, was in progress at the date of my last report. Mr. Hilgard being 
also charged with work connected with the publication of the Coast Survey records and results, 
which requfred his presence in Washington during part of the season, the work was executed '" 
in his absence by Sub-Assistant Stephen Harris and Mr. ,J. S. Harris. Assistant Hilgard 
rejoined his party early in November, and continued operations until the close of December. 
In addition to the work previously reported, five primary stations were occupied, at which three 
hundred and thirty-three measures of angles, each by six repetitions, were taken with the ten
inch (No. 74) and twelve-inch (No. 16) Gambey theodolites. 

The primary triangulation is now com1)lete to the line Cat Island Light-Pitcher Point, 
and connects with the Chandekur Light, (see Sketch No. 33.) Great attention was paid to the 
preservation of station marks, which presents many difficulties here, as in other parts of 
the coast. Appendix No. 56 gives an extract from Mr. Hilgard's report, showing the mearni 
employed by him to secure the stations. 

Observations of azimuth were made at Cat Island station, with a twenty-six-inch Wurdemann 
transit, according to a method devised by Mr. Hilgard, and described in his report, (Appendix 
No. 27.) Six sets were observed with a probable error of± 011 .6 for a single sf't. 

The same party continued the supplementary work across the lakes and marshes to the west
ward, towards New Orleans, and in that direction, seven stations were occupied and thirty-five 
angles measured. The stations previously determined in the lower part of Lake Borgne, the 
marks of which had become in a great measure obliterated by storms and decay, were visited, 
and such additional marks placed upon them as would enable the topogra•1hical party to 
identify them readily. 

To close all the triangles in the series to New Orleans, the occupation of station Little Woods 
(Sketch No. 33) is still required, and the direction from Fort Wood"' to Bonfouca, which has 
not yet been obtained. The survey of Lake Pontchartrain will require the erection of a signal 
in the middle of the lake, and the reoccupation of some of the stations on its eastern shore, 
including Little Woods, which may, therefore, be postponed until that work is taken up. In 
the meantime some prominent points about New Orleans are connected by triangles in which 

·two angles are measured. 
In his report Assistant Hilgard remarks : " The preparations for observing angles were, 

througho~t the year, kept well in advance of the opportunities for observing ; and the periods 
during which observations were actually made may fairly be stated as including all those when 

10cs 
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the state o( the atmosphere rendered them practicable. I find that observations were princi
pally made in May, June, October, and November, and there was a larg.er proportion of 
observing days in June and November than in any other month." 

Sub-Assistant J. G. Oltmanns, aided by Mr. R. E. Halter, continued the work he was engaged 
in at the date of my last report, under the direction of Assistant Hilga.rd, replacing the signals 
that had been. dest:royed by the storm of September, and occupying eight additional stations, in 
extending the triangulation to the south end of the Chandeleur islands and Freemason's keys. 

One hundred and thirty measures of angles were taken, by six repetitions each, with the twelve
inch Gambey theodolite, (No. 16.) See Sketch No. 33. This party closed its operations on the 
1st of November, when Mr. Oltmanns was transferred to the work in Atchafalaya bay. 

Two volumes, containing descriptions of signals, original and duplicate, two of magnetic 
observations, ancl a duplicate of the azimuths observed, have been placed in the archives by 
Assistant Hilgard. 

TriangUlation of .Atchafalaya bay.-(Sketch No. 33.)-The wQrk of this season was commenced 
by the partJ'of Assistant F. H. Gerdes in the middle of January, at the line joining Belle Isle 
with the station known as " Central Signal." From there it was carried wetitward, along the 
northern shore, and southward, directly over the water of the bay, to Bird key, at the entrance 
into Cote Blanche bay, various reefs and shoals in the Atchafalaya serving for the erection of 
the requisite intermediate stations. 

The Central Signal, and one erected by the party in 1855 at the Ballast Ground, had been 
•swept away, and required to be re-established from Point au Fer and Belle Isle during the 

present season of the work. 
The statistics of triangulation are thus reported by Assistant Gerdes : 

Signals erected and secured........................................................... 12 
Stations occupied. ........................................ ..................... ......... 11 
Stations and objects observed upon.................................................. 29 
Triangles completed........ . . .... . . . ... . ...... . . . .• . .. . .. .. . . .. . ..... . .. . . . . .. •.. ... . .. 18 
Total number of observations......................................................... 1,200 

The site for a preliminary base was selected on Point au Chevreuil, but being disappointed in 
the delay in the arrival of the apparatus intended to he used in the <letermination of its length, 
five repeated measurements were made with a chain by Sub-Assistant J. G. Oltmanns, under the 
direction of Mr. Gerdes. The final measurement will be made on the return of the party to 
this section. The records of the observations made du,_ring the season have been deposited in 
the office. 

Topography of .Atchafalaya bay.-Proceeding from the points furnished in the progress of 
the triangulation, the plane-table survey of the northern shore of Atcha.falaya bay was con
tinued westward from Belle Isle by Sub-Assistant Oltmanns, attached to the party of A88istant 
Gerdes. 

The sheet of the season comprises the shores of Belle Isle bay; Point au Chevreuil, the western 
aide of which forms part of the shores of O&te Blanche bay; Rabbit key; and Bird key. The 
length of shore-line deterlnined in the sea.son is twenty-seven and a ha.lf miles, within an area 
of thirty square miles. 

The party engaged in the joint work of triangulation and topography, in which Mr. R. E. 
Halter served a.s aid, was subsequently employed in similar duties at Pensacola, aa mentioned 
under Section VII. · 

Sub-Assistant Oltmanns continued during the month of October of last yem his Slll'V:ey ofiihe 
Ohandeleur and _adjacent isla.nds, and revised the shore-line that had been changed by the storm 
in September. The additional sh.ore-line sun-eyed by him is thirty-two miles, {Sk•h Ne. a) 

Three plane-te.ble aheets of the work executed at Atchafal&~ba.y, aaatwo of that-ea:~ 
at the Chandeleur islands, have been inked and registered. in the archives-. 
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Popogra;>hy ef Lake Bor!fM WM/, l!Jast Pearl river.-After erecting the necessary signals, the 
party of Assistant R. M. Bache commenced with the plane-table on the 23d of February, and 
carried forward the survey of the shores of East Pearl river and of the pa!lses connecting with 
Little lake, adjacent to Pearl River island. 

By the 3d of April the topographical sheet included the shore-line on the eastern, northern, 
and western sides of the island, together with the opposite shores of Pearl river and Little lake, 
and joined on the east and west with work executed in previous seasons. Operations were then 
temporarily ruspended, but the outside shore-line of Pearl River island, bordering on Lake 
Borgne, and completing the work in that immediate locality, was det;ermined by Ai;;siAtant 
Bache early in May. The party was occupied during the remaining parts of that and the 
previous month in tracing the western shore-line of Lake Borgne, between the Rigolets and 
Chef Menteur, and on closing, in consequence of the advance of the season, the work had been 
brought nearly to a junction with the limits reached by the plane-table in the former part of 
the year. 

The schooner G. M. Bache, which had been, as heretofore, in the service of this party, was 
laid up at New Orleans on the return of Assistant Bache to the north. He remarks, in reporting 
the results of the season: "In the country which I have just surveyed the cane was in many 
places so high as to render necessary the use of a i1ortable platform, and so dense as to greatly 
impede the movements of the party, requiring sometimes the forward signal to be carried ahead 
in an extra boat, and the back signal to be sent for in the same way ; so that, instead of making 
from thirty to thirty-five stations in a day, which can readily be done on the outside shore-line, 
generally only ten could be made, and those with the greatest labor." 

Eighty-three miles of shore-line were surveyed during the season, within an area of about 
twenty-two sqna.re miles. 

Assistant Bache has been since engaged in a. topographical survey in Section I, but is now 
preparing to resume work on the shores of Lake Borgne. 

Hydrography of Mississippi tm1..md, and deep-sea soiindings.-This work has been completed 
along the northern shore, and generally, from the limits reached in the previous season, west
ward to the meridian of East Pearl river, by the party of Commander B. F. Sands, U.S. N., 
assistant in the Coast Survey. 

My own expectations in regard to the iimely commencement of the hydrography, and those of 
the able officer charged with its execution, were disappointed at the outset of the present sur
veying y{l&r by the long detention of the steamer Walker in the ice of Delaware river. An 
attempt made as late in the season as the middle of March to clear for the paf:sage entailed some 
damage to the wheels of the Walker, and further delay at New Castle for repairs. 

The vessel being) however, finally freed. from embarrassment, efforts were made, in execution 
0f my instructions for the southern passage) to follow the inner cold band of the Gulf Stream 
below the latitude of Cape Hatteras. This, by reason of stress of weather, was rendered imprac
ticable until Commander Sands had reached a position off Caiie Fear. From thence a line of 
.soundings was carried to Cape Canaveral, a more extended reference to which, as belonging to 
the hydrography of the Gulf Stream, has been made under that head. . 

On leaving Key West, a line of deep-sea soundings was run across the Gulf of Mexico from 
the northwest passage of that harbor to the delta of the Mississippi. The greatest depth at 
whfoh bottom was obtain.ed was in latitude 26° 39' N., longitude 84° 46' W.-the sounding 
apparatus there indicating 336 fathoms, with 1,250 fathom~ of line out. In the next cast 
beyond this one, the bottom was not reached. with 1,290 fathoms· of line-the Massey lead 
markin.'8' ·966 fathoms, At a.bout two-thirds of the distance from Key West, the operations 
we18 inilerrupied by stormy weather, bat a.gain resumed, and soundings carried thence to the 
delta~ Beginning at Paes A L'outre, oontintt<lUS soundings were carried, on a line eastward, 
1lt the ~ ~ of Horn island, and th.en due north to that island. 

'Dle irtt.ete.ting ·l't'ISttt1s, Ill! to the t.leep-.sea te111peratures deYel{jped along this line, are shown 
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in the diagrams of Sketch No. 40. Between latitudes 27° 061 and 28° north, and l(mgitudes 
85° 20' and 86° 391 west, in the Gulf, at the depths of 421, 610 and 790 .fathoms, temperatures 
as low as 35° and 36° Fahrenheit were reached in the month of April. The lowest temperature 
in winter, belonging to this region, is about 52° at a depth of 230 fathoms. Does not this, 
taken in connection with the observations off Cape Florida, show conclusively the passage of the 
polar current beneath tbe.{}ulf Stream, through the Straits of Florida into the Gulf of Mexico, 
and the unde~lying of its waters below thmie of the Gulf? The curve of temperature with depths 
has the sam~ form as that :in the cold current between the Gulf Stream and the Atlantic coast. 
Is the sudden fall of temperature at this position, where the sudden change of depth takes place, 
accidental? This is a highly interesting fact for examination, in consequence of the analogies 
already made out on the southern coast of the Atlantic. The sudden sloping of the bottom of 
the Gulf is just what was to have Leen expected from similar determinations elsewhere. 

The steamer Walker reached Pass Christian on the 1st of May, but finding the weather 
yet unfavorable for the execution of the regular hydrography, Commander Sands took the 
occasion for renewing, at Pensacola, the requisite stock of coal and provisions, and on the 
departure for his station ran a line with soundings, southward and westward from Pensacola 
bar, forty-four miles, and from thence to a connection with the off-shore hydrography between 
Chandeleur and Horn island. 

The continued hydrography of :Mississippi sound waA resumed by Commander Sands on the 
5th of May, and prosecuted under favorable circumstances during that and a part of the subse
quent month. The work completed before the close of operations, on the 11th of June, com
prises the soundings of the northern part of Mississippi sound, from the meridian of the west 
end of Cat island, westward, to the mouth of East Pearl river-and southward, including Grand 
Island pass and the bay of St. Louis, to a line joining Cat island and Grand island. 

On leaving the section a line of soundings was successfully carried from the entrance of Chan
deleur sound to the northwest passage at Key 'Vest, which furnishes, with data already obtained, 
an accurate profile of this part of the Gulf of Mexico. The greatest depth found on this line was 
335 fathoms. 

Returning northwarrl with the steamer Walker in the latter part of June, Commander Sands 
made observations at three temperature stations in the axis of the Gulf Stream, north and south 
of Cape Hatteras, in continuation of his work, extending from the southward in the previoUB 
year. 

The following are the statistics of hydrographic work executed within the past season in Sec
tion VIH, or in immediate connection with the operations of the party of Commander Sands in 
that section: 

Lo<>li""' Jn th• Gulf of Morloo. . ; Hll~,.;. Jn/°""' of tho 

--I!"• from K•f ~~t to '""1WpJll dolt. ........... -- ••• : ..... ------ •••••••• ..J -."::' j lo: 
Heep-sea. Jme from Pa.sR a I Outre to Hom 1Sla.nd •• __________________ --------------------: 80 I 12 
Deep-sea line from Pensacola. to Chandeleur sound·--------------------------------------i 91 / 31 
Deep-sea line from Chandeleursound to Key West.--------------·--·--·--------------·-' 521 

1

: 49 
Hvdrography of Mississippi sound ___ -- • -- - -- - -- - ----- - - - -- --- -- • -- ·-- - - - -- - . - - -- - - -- • .I 808 62, 307 

1--------
i 1, 716 62, 431 

Angle11 det~rmined for hydrograp~ic pnrp<ljl!lS------- -- • ·-·- --· -- - --- ----- ··-- - --- --- --- ·i 1, 478 

Since the opening of the surveying season Commander Sands has returned for deposit in the 
archives, his chart of resurvey of Pelican channel; survey of Biloxi bay; reconnaissance of Ver
milion bay and Calcasieu river, and two sheets of Mississippi sound, scale 1 vho, together with 
two charts, showing soundings and temperatures in the Gulf of Mexico, the originals and dupli
cate reeords of soundings and angles, and twenty specimens of bottom from the Gu.If of Mexico. 
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Tides.-A brief notice of the progress made in discussing the tidal observations of the Gulf 
coast is given in the introduction to this report, and the results are detailed in the Appendix 
No. 35, in a paper on cotidal lines, read by me before the American Association for the advance
ment of Science. 

SECTION IX. 
FROM VERMILION BA.Y TO THE BOUNDARY, INCLUDING PART OF THE COAST OF LOUISIANA, AND THAT 

OF TEXAS.-(S1>:1mm I, Nos. 41-43.) 

This section is well advanced, notwithstanding the peculiarly disadvantageous circumstances 
under which the work in it has labored from time to time. I estimate that it is one-third done, 
and that it can easily be brought out before the other Gulf sections, with the force at present 
employed in it. The great work was Galveston bay and its dependencies, executed now some 
years since, and published in sketches and preliminary charts, and nearly ready in a finished 
map. The occasional services of an astronomical party, and the regu1ar services of one triangu
lation, one topographical, and one hydrographic. party with a sailing vessel, will bring the 
work to a close between Matagorda bay and the boundary, unless extrao.rdinary detention occur, 
in six years; and in two or three years more the work, from East bay to Vermilion bay, may be 
completed by a similar force. The only part of this coast which presented difficulties has been 
passed, and the work goes now rapidly onward, the topography and hydrography keeping pace 
with the triangulation without essential difficulty. It will be necessary, in order to produce 
this result, to keep the same parties during, at least, half of this time on this particular part of 
the coast. The frequent changes in the assistants employed have much retarded the progress 
in past years, the first season being in a great degree required to give the experielilce necessary, 
and to know what means are best suited to the particular circumstances and localities of the work 
to make the best use of the means provided. The first effort was made in this section by bor
rowing a revenue-cutter from the Treasury Department in 1847, and the first permanent opera
tions of the Coast Survey were conducted with very small means in 1848. One year since, 
nearly the whole available appropriation for this section was absorbed in providing a suitable 
vessel, the schooner Arago, for the hydrographic party. 

The following operations are detailed in this section: 
1. Triangulation of Matagorda bay. 
2. Topography of Matagorda bay. 
3. Hydrography of the coast of Texas, south of Gal.veston bay. 
The drawing and engraving of the preliminary cha.rt of Galveston bay 70l 1r00, has been com

pleted. 
Secondary Trian1Julation of Matagorda bay.-(8/cetch No. 41.)-The party of Assistant S. A. 

Gilbert reached Matagorda on the 18th of January in the schooner Phoonix, and employed 
the following month in the erection of signals, and in reconnaissance for the work of the season. 
The instruments shipped to the party having been lost in the wreck of the steamer Crescent 
City, others were sent from the office to replace them, and the measurements of angles were 
commenced on the 20th of February. 

For the triangulation, twenty-three tripod signals were erected in Palacios and Lavacca bays, 
and in other dependencies of Matagorda bay, the work being extended in a direction westward 
from the limits of the triangulation of the previous year. Ten stations were occupied by .Assist
ant Gilbert; at nine of which observations for horizontal angles were made from the tripod 
heads at elevations varying between twenty and forty-three feet. .At these stations fifty-eight 
angles were measured on forty-three di1ferent objects. The area covered by the triangulation is 
about three hundred and twenty-four square miles. . 

"The general character of the country is level prairie, much cut up with low, wet, boggy 
traots. and etna.ll bayous. 

" There is no timber excepting on the islands in the Colorado bottom, and on the immediate 
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banks where the land is low and subject to frequent inundations, and in those localities a. very 
dense growth of cotton-wood, cypress, gum, and other varieties, interlaced with=vines of various 
kinds, forms an a.lmost impenetrable thicket." 

''Through the islands,· between the two mouths of the Colorado, run innumerable small bayous 
and channels, which are generally so choked up by fallen trees and dri.ft-wood aB to be inacces
sible for boats of any kind." 

"The trade in the river is limited, and by reason of the shell reef obstructing the navigation 
at Dog island, where the water, as well as at the mouth of the river, is lessened to two and a 
half feet, sea-going vessels, engaged in carrying sugar and cotton from Matagorda to New York, 
are under the necessity of receiving and disc4arging their cargoes by lighters at Shell island, at 
a distance of eight miles southwest of the town of Matagorda.'' 

"The shores of La.vacca bay, in the upper part, rise from fifteen to twenty feet above the 
water level." 

Sub-Assistant Malcolm Seaton was attached to the party engaged i.n the triangulation, and 
his zeal, industry, and efficiency in the prosecution of the work are acknowledged in col'dial 
terms in the report of Assistant Gilbert. Operations in the joint duty of triangulation and topo
graphy were terminated for the season on the 12th of May. 

Topography of Matagorda bay.-In connection with the work just noticed, the plane-table 
survey of the peninsula separating Matagorda bay from the waters of the Gulf of Mexico was 
completed by the party of Assistant Gilbert. The work joins at Smith signal with the sheet of 
Sub-Assistant Sullivan, to be presently mentioned, and was extended from thence southward and 
westward to Decros Point. The shores of the mainland, on the opposite side of Matagorda bay, 
are included in the topographical sheets of Assistant Gilbert; the details of that extending 
eastward from Matagorda, commenced la.st ea.son, being also completed. 

The topography of the .mainland is comprised between Lake Austin on the east, and the 
entrance to Palacios bay on the west, and the details in reference to the statistics are exclusive 
of t.hose returned for the sheet commenced in the previous year. The summary for the present 
season is as follows: 

8hore-line surveyed .......•..........................•..............•............. 
Roads surveyed._ ....... _ ....... _ ...... , .................................. , •...... , . 
Square miles of area. .................... , ......................................... . 

234 miles. 
5 " 

108 

This work, with that of the party of Sub-Assistant Sullivan, to be next noticed, completes the 
survey of the upper part of Matagorda bay, and as far as the junction formed by its waters with 
those of Palacios bay and Lavacca bay. In reference to the character of the region included in 
his topographical survey, Assistant Gilbert remarks that: 

"About a mile back from Matagorda ba.y the prairie is above the ordinary high water of the 
rivers or tide, and appears to be rich and fertile; but in general, the lands a.round the bay, and for 
miles in the interior, a.re used only as grazing ground for the immense herds of cattle raised in 
the vicinity of Matagorda.'' 

On closing the work of triangulation and topography in Matagorda bay, the schooner Phainix 
was rentted for her return to New Orleans, where she arrived on the 1st of June, and was soon 
after laid up for the season at Madisonville. Assistant Gilbert returning to the north completed 
his office-work, and in ilie latter part of August reslltned topographical duty on Long Island, as 
detailed under Section II. This duty has been continued until the present time, but active 
preparations are in progress for an early return of the party to Section IX. 

The topography of the peninlft'lla., at the upper extremity of :Matagorda bay, was executed by 
Sub-Assistant J. A. Sullivan. 

Transportation was afforded for his party in the schooner Phamix, which was during the 
season engaged, as just stated, in the service of the triangulation party of Assistant GUbeit at 
Wot'k lowel' down OU the OOMt. 
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Mr. Sullivan commenced his sheet on the 31st of January, and completed the survey of the 
peninsula between Cany creek and Smith's house and landing, including the coast of the Gulf 
of Mexico, lying between the points named. The extent of coast line determined and defined on 
the sheet is about nine and a half miles. The survey of the main land was carried towards the 
interior along Oany creek, embracing both its shores, and on the lower side as far back as Lake 
Austin, a part of whieh and of Live Oak bayou, on the shores of Matagorda bay, were also 
included. Numerous intricate watercourses, and other features comprised within the limits 
just mentioned, are amongst the details returned on the map sent to the office by Mr. Sullivan. 

"The peninsula, from the head of Matagorda"bay to Smith's signal, is very much cut up with 
bayous, some of which, when the tide is high, connect the waters of the bay with the Gulf of 
Mexico. The bay shore is fringed with bushes, and is very uneven and marshy to an average 
distance back of about one hundred and fifty metres." 

"Cany creek was surveyed to a station which, though not over four miles above the mouth of 
the canal in a direct liI~e, is thirteen miles distant, measured by the watercourse. The creek 
runs through a belt of woods varying from fifty to two hundred and fifty metres in width, with 
a dense undergrowth, which extends to the water's edge." 

The following are statistics of the work executed: 
Miles of shore-line surveyed.............................................................. 145 
Miles of roads surveyed................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181 

Sub-Assistant Sullivan discharged his party in the beginning of April, and proceeded, under 
my instructionsJ to act in concert with Sub-Assistant Rockwell for continuing the triangulation 
of the Florida keys, reference to which has been made under Section VI. He was since engaged 
in topographical work requisite in the resurvey of New York harbor. 

The topographical sheet of Sub-Assistant Sullivan has been deposited in the office, and will 
be inked during the winter. 

Hydrography, coast of Texa.s.-The party of Lieut. Comg. Edwin J. De Haven, U.S. N., 
assistant in the Coast Survey, in the schooner Arago, reached the station joining the limits which 
terminated the work of the previous season, southward of Galveston bay, about the middle of 
December. .After making a proper connection with the hydrographic sheet last executed, the 
soundings were resumed at "Jupiter" station, about three miles below Velasco, and continued 
southward and westward along the coast, and for about twelve miles off shore to ''Bath'' station on 
the peninsula below the head of Matagorda bay. 'l'he hydrographic sheet, including this work, 
extends thirty-one miles e.long the coast. An examination was also made of the soundings 
executed in the previous year. Ip. prosecuting the work of the present surveying season, nine
teen thousand one hundred and fifty-two soundings were made. 

Lieut. Comg. De Haven has completed, and turned in for deposit in the archives, his hydro
graphic tilieet containing th.e upper part of Galveston bay, and four sheets, scale 2 1rioc, of 

- soun<l;~gs executed westward of Galveston bar, together with his chart of work e:;:tending from 
Quintana westward, and the following records of observations made during the progress of the 
survey by his pa.rty in the section, viz: Ten volumes of soundings, and the same number of 
volumes of angles entered in the work of upper Galveston bay, off Galveston bar, and westward 
of it; two journals of the same, and four volumes original and duplicate of tidal observations 
made at Bolivar Point, Galveston bay, San Luis, and San Bernard river. He has also returned 
six vulumes of soundings, seven of recorded angles, and a volume of tidal records containing the 
data ()Dta.i.ned this see.son. 
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SECTION X. 

CO!.ST OF CALIFORNIA, FROM THE SOUTHERN BOUNDARY TO THE FORTY-SECOND PARALLEL, NORTH 
LATITUDE. (SKETCH J, Nos. 44-50.) 

The details of operations in this section will be found to include : 
1. The extension of the primary triangulation northward of San Francisco bay. 
2. The triangulation of the main, adjacent to Santa Barbara channel, and of Santa Cruz 

island. 
3. The topography of San Francisco and San Pablo bays. 
4. The topography of the main, adjacent to Santa Barbara channel. 
5. The hydrography of San Pablo bay, of Mare Island straits, of San Clemente anchorage, of 

Sam. Diego bar, of Cortez shoal, and of part of Santa Barbara channel. 
Primary triangulation.-The work extending northward from San Francisco bay has been, 

during the season, in charge of Assistant George A. Fairfield. From the termination of the 
series of triangles completed by Assistant R. D. Cutts, between Monterey and Rocky mound, 
the divergence of the mountain ranges was found to increase, necessarily involving the selection 
of lines of greater length, and, under ordinary circumstances of the season, enhancing the 
difficulties to be expected in makili.g the observations. Two primary stations have been occu
pied by Assistant Fairfield in the extension of the work from Ballenas bay to Russian river. 
The number of angles measured within the season was thirty-one by twenty-seven hundred and 
seventy-nine observations. Twelve primary signals were erected, and the heights of the two 
stations occupied were determined by the level. 

Tomales bay and Bodega bay were included in secondary triangulation. 
Descriptions of the signals erected by Assistant R. D. Cutts, and of the stations established 

by him on the shores of San Francisco bay and southward to Monterey, have been received 
from him within the year, and placed with the records of the triangulation. 

Pl'iangulation of the main, adjacent to Santa Barbara channel, and of Santci Cruz island.
The plan proposed for connecting the islands in Santa Barbara channel, by triangulation, with 
stations established on the main coast near Point Fermin, has been pressed forward by Assistant 
W. E. Greenwell. After the completion of a reconnaissance, he projected a series of triangles 
to extend from San Pedro, northward and westward, stretching over the villages of San Fer
nando and Santa Clara, and resting at a station near the mission of San Buenaventura, from 
which it is expected that a junction may be formed with the islands of Santa Cruz, Santa Rosa, 
e.nd San Miguel. Observati<ms were begun at San Pedro, and, as an example of the peculiar 
difficulty presented in this work, the party in occupying that station for two consecutive months 
were not able once to distinguish either the signal on Santa Barbara island or that erected on 
Point Duma, although the latter station is but twenty-seven miles, and the former only al,out 
forty miles d?stant. The exertions of Assistant Greenwell were subsequently successful in 
completing the triangulation between these points upon the basis of his reconnaissance already 
referred. to. Four primary and fifteen secondary stations were observed on within the season. 
The number of observations made was fourteen hundred and two, with the eight-inch Gambey 
theodolite, C. S. No. 44. · 

In October, Mr. Greenwell measured a base of six hundred and ninety metres near the 
middle of Santa Cruz, and has ma.de progress in the triangulation of that island preparatory to 
the plane-table survey and its connection with the work on the main. The topography of Santa 
Cruz island and that of Santa~osa will be commenced early in the ensuing year. 

Having effected a landing upon Santa Barbara island, with.out accident, although at consider
able risk, Assistant Greenwell erected a signal there just previous to the opening of the present 
surveying year. He remarks, "Since then, I visited the island again, for the purpose of leaving 
a. heliotroper, but, after two days spent in fruitless eft'grts to land, wu at length forced to 

• 
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abandon the attempt. The extent of this little island in shore-line would not exceed two miles. 
Its elevation in the highest part is about five h~ndred feet, and the surface contains some 
twenty or thirty acres covered with soil, but no water occurs, and not a vestige of wood. The 
shores are rocky and abrupt, presenting on the northeast and on the southern side perpendicular 
surfaces, exposed to the full force of the ocean swell.'' 

"Catalina island is about seventeen miles in length, with, at most, a breadth of four or five 
miles. Its shores are rocky, and on the southern side fearfully abrupt, but on f:he northern 
shore, in several little ·coves or bays, boats may land at any season of the year. For agricultural 
purposes I consider this island valueless. It is made up of ridges of rock, running diagonally 
across the surface from northeast to southwest, with elevations of from two to three thousand 
feet, composed principally of slate rock, with occasional masses of coarse quartz. Between 
these ridges occur precipitous gulches, and at intervals little valleys, but they are inconsidera
ble, and the soil is light and scarcely worth the cultivation.'' 

"Four or five settlers cultivate the most productive of the little valleys mentioned, but realize 
nothing beyond the bare means of living. About midway between the isthmus and the north
western extremity of the island, there is a well of running water, sweet and good. At the 
southeastern point, good water has also been found in digging to a depth of fifty feet or more; 
but in places intermediate, although found at the same depth, the water is brackish. The 
island of Santa Catalina produces good firewood, (scrub oak,) and much of it could be obtained 
without extraordinary labor.'' 

Mr. P. C. F. West served as aid in the party of Assistant Greenwell. 
The schooner Humboldt, used for transportation, was laid up at San Francisco on closing 

work for the season. 
Topography of San Prandsro and San Pablo bays.-The party of Sub-Assistant Augustus F. 

Rodgers has completed the plane-table survey of the northern shore of San Pablo bay; extend
ing it eastward from the limit reached last season in the vicinity of the mouth of Petaluma 
creek. Several navigable streams, known as Folay and Sonoma creeks, and Navy Yard slough, 
are included in the topographical sheet. This work was executed in March. A second sheet, 
completed in 1\lay, embraces the shores of Napa or Mare Island strait, including the works in 
progress in the vicinity of the Navy Yard, and a plan of those contemplated, together with a 
survey of the town of Valle1o, on the opposite eastern shore of the strait. The details of these 
two surveys exhibit the connection between the waters of Napa and Sonoma creeks, hitherto but 
little known; the surveying schooner Baltimore, in the service of the topographical party, being 
the first vessel of like draught known to have passed through. 

In July, Sub-Assistant Rodgers completed a topographical sheet containing the shores of 
Karquines strait, and the southern part of Suisun bay, connecting with that last mentioned; 
and in August a fourth sheet, presenting the shores of San Antonio creek with the adjacent 
eastern shore of San Francisco bay. The fifth plane-table sheet, which closed his work of the 
present season, embraces the eastern shore of San Francisco bay. This survey joins with the 
former sheet at the mouth of San Antonio creek, and extends northward and westward to 
the station Contra Costa, No. 3, opposite the main entrance of the bay. 

'I'he topographical statistics of the season are as follows: 

Sheets. 

i 

Miles of 
shore-line. 

No. 21-------··-_j 249. 87 
22-----·--·--i 137.25 
23----··--·-·1 46.4() 
24--------·--1 83.50 

25-----------~~ 
Total_----·---~· 02 

11 0 s 

Miles of Area, square 
roads. miles. 

10.00 
28.60 
29.25 

67. 75 

19.75 
IS. 75 
20.50 
10.30 

9.00 

73.80 



 

82 REPORT OF THE SUPERINTENDENT OF 

The city of Benicia and the towns of Vallejo, Martinez, Oakland, San Antonio, and Clinton 
are included in the plane-table sheets just mentioned. 

In his report of operations, Sub-Assistant Rodgers remarks: "The town of Vallejo has 
within the last year assumed the appearance of a thriving place, having now a population of 
about eight hundred souls. 

"The city of Oakland and its vicinity will furnish an interesting example of the rapid 
progress of settlement in California. The villages of San Antonio and Clinton, which had no 
existence four years ago, now form a prominent feature on the eastern ~bore of San Francisco 
bay; though still unimportant in themselves, they have recently been joined under the name of 
Brooldyntown.'' 

The prevalence of fogs in the vicinity of San Francisco during the season, and rapid altera
tions of natural foature in topographical details, yet going on with the progress of devt:lopment, 
made it expedient to defer until the ensuing season the survey of that city. Under ordinary 
circumstances of weather, .and other contingencies affecting operations in the field,. the survey 
of the shores of San Francisco bay and its dependencies, including the city of San Francisco, 
will probably be completed before the close of the next ensuing year. 

Six topographical sheets of the survey of San Francisco bay have been received from Sub
Assistant Rodgers since the close of last season, and filed with the archives of the Coast 
Survey office. · 

Tracings from these were furnished, during the progress of work, to the hydrographic party. 
The two sheets embracing Oakland and vicinity are reported as well advanced for forwarding to 
the office. 

Topography of the main, adjacent to Santa Barbara channel.-The party of Sub-Assistant W. 
M. Johnson took the field early in April, and during the season executed two plane-table sheets, 
embracing a part of the coast bordering on the Santa Barbara channel. The first of these 
commences at Santa Clara river, and exhibits the ocean shore-line and the topographical features 
in detail of the main, between it and Point Hueneme, where it joins the second sheet. The 
survey was from thence continued in the same direction, southward and eastward, along the 
shore of the channel to Point Mugu. Above eighteen miles of outer coast-line are represented 
in the two sheets, the first of which has been returned and deposited in the office. The season 
proved to be very unfavorable for the operations of the party. Sub.-Assistant Johnson made a 
reconnaissance from the limit reached in the topographical survey-to Point Duma, distant rather 
more than twenty miles, and remarks in reference to the general features of the country : '' So 
broken is this part of the coast that we did not reach Point Duma until the approach of night 
on the second day after leaving camp, though moving at sunrise. There is but little water and 
very little land that will ever bo fit for cultivation; the only rancho passed on our route was 
within a mile of Point Duma.'' 

Sub-Assistant Johnson was engaged during part of the season in tracing in the shore-line of 
his work on Monterey bay, north of Point Ano Nuevo, and north of Point Duma, and in the 
preparation of other topographical data, for the use of the hydrographic party of Commander 
Alden. • 

The statistics of the plane-table work executed are as follows : 

Shore-line of coast surveyed ..................................................... . 
Shore-line of sloughs and ponds ..................... _ .....••...•............•..• 
Shore-line of roads ................................................................. . 

• 

181 miles. 
40i miles. 

6 miles . 

Since the opening of the season three plane-table sheets, forwarded to the office by Sub-
Assistant Johnson, have been registered and deposited in the archives. One of these contains 
the survey made by him of Anacapa. island and part of Santa Cruz, in the early pa.rt of the 
year. 

Hydrography.-The hydrography of this section was interrupted during the pa.rt ye&r by the 
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use made of the steamer Active, under Commander Alden, in the Indian war in Washington 
Territory. The conduct of Captain Alden, in volunteering his services, and those of his party, 
was approved by me and by the Department.-(See Appendix No. 73.) The survey, however, 
was deprived of efficient services from December, 1855, until the middle of March following, 
except during a short period when Blakely harbor, Washington Territory, was surveyed. 

In May, the steamer Active and schooner Ewing were employed in attempts to survey the 
Cortez shoal, but the weather proving boisterous, the examination was deferred until later in 
the season. The vicinity of the island: of San Clemente was surveyed, and the vessels proceeded 
to San Diego harbor, completing soundings there between the 16th of June and 28th of ,July. 

Just after leaving San Francisco, the vessels proceeded to Monterey, and Commander Alden 
visited Carmel bay, "for the purpose of examining a small harbor in that vicinity, which 
I had been informed was a safe anchorage at all seasons. I found a small nook at the southern 
extremity of Carmel b~, sufficiently land-locked, but too small for a vessel of this size to swing 
comfortably at anchor. There is an extensive quarry of granite at this point, and several 
vessels are employed in its transportation to San Francisco, but there is so little room that they 
are compelled to warp out and in by buoys placed at the entrance.'' 

In reference to the work at San Diego, Commander Alden remarks: 
" We found a bar at the entrance to that port. It is situated between the outer extremity of 

Point Loma and the tail of Zuninga shoal. The bar is :five hundred yards wide between the 
outer and inner five-fathom curves, and has only twenty feet at mean low water, at the shoalest 
point." 

On the 30th of July the schooner was taken in tow of the Active, and, at the close of the day 
following, the steamer succeeded in anchoring in eleven fathoms on Cortez shoal. 

"The Ewing having anchored in the same depth of water, and just far enough off (about 
two miles) to give a good base for operations, at daylight next morning the work was begun; 
and an astronomical bearing having been taken on the schooner, a boat with a large signal was 
left to occupy our position, while soundings on the line were executed in the steamer Active; 
after which the schooner or boat was fleeted as occasion required. In like manner, the whole 
area of the shoal (a hundred and thirty square miles) was sounded out." 

A spot having probably as little as three fathoms of water at low tide was struck in the lati
tude of the least water found by Lieut. Comg. McRae, and somewhat less than half a mile to 
the eastward of the position assigned by that officer for the point of rock detected by him in 
the examination of the previous year. 

A consideration of the highly favorable circumstances under which the complete survey of 
the shoal was made by Commander .Alden leads to the conclusion that the single point of rock 
found in both examinations is identical. He adds further : '' We had a fair opportunity to give 
the bank a thorough examination, and I am satisfied that the spot on which we got three and a 
half fathoms-s~ th_!:ee fathoms at low waj;er-is the only point at all dangerous to navigation, 
except perhaps in heavy weather, when it breaks in five or six fathoms on the shoal, and some
times, I suppose, in much deeper water." 

On the departure of Commander Alden for Puget's Sound, the schooner Ewing was left in 
charge of Lieut. Comg. R. M. Cuyler, U.S. N., assistant in the Coast Survey, for the execution 
of the hydrography of San Pablo bay. This work was completed before the end of March. 
Mare Island strait, with a part of Karquines strait, was sounded out while the vessels of the 
party were undergoing repairs in April. Commander Alden remarks, in connection with the 
work in this vicinity: "In our examination a.bout Commission Rock, it was discovered to 
extend much further into the main ship-channel than was at :first supposed. We found fourteen 
feet of water fifty metres from the point of rock, which is bare at low water, reducing the width 
of the channel between the eighteen feet curves to about two hundred and twenty yards.'' 

Observations were made on the currents of Santa Barbara channel by Lieut. Comg. Cuyler, 
in the schooner Ewing, and from this work, which was continued as the nature of the season 
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permitted, the following conclusions have been reached by that officer : " From the observa
tions already made, I deduce that in Santa Barbara channel, close in with the main land, and 
out from it about four miles, the current runs constantly during summer to the westward and 
northward and westward, with a maximum velocity of a knot and a half per hour. Further 
out in the channel it is not so strong, and often runs to the northward and eastward and south
ward and eastward ; but even there its greatest velocity is attained when running to the west
ward. At Point Conception the set is constantly to the southward and westward." 

" On Cortez shoal the general set of the current is southward and eastward, and the greatest 
velocity a knot and a half per hour.'' 

These conclusions confirm, so far as they go, the results of observations begun under my 
instructions by the late Lieut. Comg. Archibald McRae, U.S. N. The untimely death of that 
intelligent and energetic officer, and causes arising subsequently in consequence of the absence 
of Commander Alden in Section XI, have devolved the completion of this duty upon Lieut. 
Comg. Cuyler. 

Following the shore-line of Santa Barbara channel on the main, between San Buenaven
tura and Point Duma, furnished by Sub-Assistant W. M. Johnson, the soundings by the hydro
graphic party kept even pacP with the field-work until the close of the season. 

The statistic summary of hydrographic work ii:; thus stated in the season's report: 

I 
Miles of Angles Casts of Current 

Localities. soundings. observed. the lead. ; stations oc
, cupied. 

-------·--\ 
San P3.blo bay.---------------------------------------------------- 681 4.23 j 10,830 
Mare Island straits--------------------------------·--------------- 125 565 I 4.,070 '----------
San Clemcl'I te anchorage - - - - - - - __ - - - •• __ - - ____ - _________ • _______ - _ _ _ 30 7 5 500 _________ _ 
San Diego harbor an<l vicinity-------------------------------------- 53j 

1 
2, 727 12, 739 , 

Cortez shoal------------------------------------------------------- 206 87 783 1···---··4· 
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Twelve specimens of the bottom were obtained with the soundings in. the Santa Barbara 
channel. The hydrographic party is at present engaged in the execution of the hydrography 
between San Buenaventura and Point Duma on the main bordering the channel. 

Commander Alden has sent to the office within the year charts of the following localities in 
this section : 

Vicinity of Anacapa and eastern end of Santa Cruz island ..................................... . 
San Buenaventura and vicinity ......................................................................... . 
Sauquel cove, Monterey bay ............................................................................. . 
William's Landing and vicinity (two sheets) ...................................................... .. 
San Francisco bay (four sheets) ............................ : ........................................... . 
San l<~rancisco bay, No. 4 ............................................................................... .. 
San Pablo bay .............................................................................................. ~ 
Crescent City harbor (resurvey) ........................................................................ . 
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Tidal observations.-The permanent tidal stations at San Diego, San Francisco, and Astoria, 
have been kept up during the surveying season. .As stated in my previous annual reports, the 
operations were continued in the charge of Lieutenant W. P. Trowbridge, but, in view of his 
return to the Atlantic coast in April, arrangements which met the concurrence of the Chief 
:E;ngineer, General Totten, were concluded withColonel DeRussy, for ,maintaining the permanent 
stations on the Western Coast. This service was voluntarily undertaken by Lie~tenant N. F. 
Alexander, of the Corps of Engineers, and the skill and success shown by that officer in its 
accomplishment have been such as to command my thanks and approbation. 



 

A short series of observations was made with the self-registering gauge at Cuyler's harbor, 
island of San Miguel, to fill the interval mentioned in my last annual report as occurring 
between the stations at San Diego and San Pedro. 

Light-house examination.-Since the date of my communication (October 11, 1855) report4\ng 
progress made in the re-examination of the islands of Santa Cruz and Anacapa, and of the 
main adjacent to Santa Barbara channel, that duty has been completed in the selection of a 
point southeast of San Buenaventura for the establishment of a seacoast light. The service was 
executed by Lieut. Comg. Archibald Ma.cRae, U. S. N., assistant in the Coast Survey. The 
reasons determining the choice of the site referred to, are stated in detail in his report upon 
concluding the re-examination. (Appendix No. 86.) 

SECTION XI. 

CO.AST OF OREGON AND W .A.SHINGTON TERRITOlUES.-(SuTcH K, Nos.. 51-60.\ 

Notwithstanding the interruption to the hydrography of this section by the occupation of the 
"steamer Active in operations connected with the Indian war, the survey has made definite pro
gress. Astronomical observations were made at Point Hudson, "Tashington Territory. A base 
was measured at Port Townshend, and the triangulation of Admiralty Inlet was continued into 
Hood's canal. The topography of Port Townshend and of Port Gamble, and the entrance to 
Hood's canal, was executed, and sketches of Apple and Murden's coves were made. The hydrog
raphy of Blakely harbor was executed. A list of the maps turned in by the hydrographic 
party is given in this chapter with the details of the other work. 

Astronomical observations.-Having wintered at San Francisco, and completed his office-work 
of lal'lt year in this section, Assistant George Davidson returned with his party in the brig 
Fauntleroy, to Admiralty Inlet, and commenced the operations of the season by observing the 
occultations of a Scorpii and the planet Mars, in connection with the usual means for determi
nations of chronometer rate and other instrumental corrections. The observatory was erected 
at Point Hudson, for the meridian of which the occultations had been calculated. A meridian 
mark was established and observations commenced for the determination of azimuth for the 
adjustment of the triangulation. On five consecutive nights, one hundred and ninety-two 
observations were made for the : Hgle between a Ursm Minoris at eastern elongation and the 
station Point Wilson, and 0 I hundred and fourteen observations for that between a Ursre 
Minoris at eastern elongation and Point Wilson. The same number of observations were made 
for the azimuth between that station and Admiralty Head. The elongation mark was in the 
line beyond Point Wilson, and distant two miles from the azimuth station. The ten-inch 
theodolite, C. S. No. 20, was used in the observations. 

Triangul,ation of Admiralty Inlet.-After measuring the base selected at Port Townshend, and 
occupying some of the stations established last season, Assistant Davidson proceeded with the 
triangulation from the limits then reached, and extended it westward, opening on Fuca strait, 
and southward over the inlet and its dependencies in the direction of Puget's Sound, into Hood's 
canal, Poss.ession Sound, and the adjacent waters, and including Port Discovery. Stations were 
selected for connecting with the work to be executed in the straits of Fuca, Rosario strait, and 
Canal de Haro. A reconnaissance was made bevond Duwamish bay, and seventy-five signals 
erected for continuing the ob1:1ervations. In the .measurement of vertical angles,.Mr. Davidson 
made one' hundred and thirteen observations at these stations, and determined the heights of 
si~een obj~ts, He reports for Mount Baker, an active volcano, an elevation of 10,495 feet, 
and for Mount Constance, the eastern sharp peak of the Olympus range, a height of 7, 771 feet. 
The instrument used in these determinations was the vertical circle, C. S. No. 80. The sea.son 
proved gener~y unfavorable for field-work in this section, the observations in triangulation 
being much hindered by lateral refr8.ction. 
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The following are the statistics of the season : 

Number of signals re-examined......................................................... 37 
' Number of signals erected and determined.......................................... 95 

Stations occupied during the season.................................................... 60 
Angles measured........................................................................... 299 
Separate observations in measurement ................................................ 9,816 

Sub-Assistant James S. Lawson, attached to the party of Assistant Davidson, participated in 
the execution of the triangulation at the entrance to Hood's canal, and other work in the field. 

Under the direction of Mr. Davidson, a signal was erected near the site for the light-house at 
New Dungeness, and Sub-Assistant Lawson succeeded in connecting the station with his trian
gulation of that locality. 
·Nine volumes, containing notes and records of Mr. Davidson's work at San Pedro and in 

Rosario strait and Admiralty Inlet, and also descriptions of the signals erected, have been 
received at the office. 

Topography.-Sub-Assistant Jameei S. Lawson, attached to t.he party of Assistant Davidson,. 
has completed the plane-table survey of Port Townshend and approaches, and of Port Gamble, 
westward to Point Salisbury and Termination, embracing both sides of Hood:s canal, and extend
ing northward halfway to its entrance. Sketches of Apple cove and Murden' s cove have also 
been executed by Mr. Davidson and Mr. Lawson. The points necessary for the execution of 
this work were furnished by the triangulation party. The shore-line, comprising over forty-one 
miles within the limits of triangulation, was approximately traced by Assistant Davidson. 

Mr. Lawson levelled the base at Port Townshend, and has furnished a profile and sketch of 
the site for reference. 

The statistics of his work are as fo1lows: 

Shore-line surveyed ........... ; ....................................................... . 
Area of topographical sheets, (square miles) .................................. . 

He is at present engaged in inking the sheets executed within the season. 

71! miles. 
18 

Sub-Assistant Lawson's plane-table sheets, on the scale of nr!no, of Port Ludlow, Smith's 
Island, New Dungeness, and Mats-Mats, or Boat harbor, have been received and deposited 
with the archives. 

Mea8'Uremerd of Port Townshend base.-In July Assistant George Davidson measured at Port 
Townshend a base 2,869.5 metres in length upon the site selected in the previous season, using 
the two iron rods, each of four metres, 'Cm.ployed by Assistant R. D. Cutts in determining the 
length of the Pulgas base, in Section X. More than two-thirds of the base at Port 'fownahend 
runs over a space covered by the tide, but the level sandy bottom admitted of good progress, 
though less than half of each of the four days employed in the measurement were available on 
account of the water. 

Mr. Davidson followed in the measurement the method used by him in April, 1853, at 
Los Angeles. The ends of the base at Port Townshend 'have been well marked below the 
ground, and will, as soon as practicable, be distinguished by marks of the usual kind above the 
surface. 

Hydrography of Blakely harbor.-While engaged with the surveying steamer Active, in the 
special duty for the Navy Department, of assisting to repel Indian hostilities in Washington 
Territory, as referred to in Appendix.No. 73, it was expected that occasional opportunities might 
offer for advancing the hydrography of this section. But the Active being the only steam-vessel 
available for the service in Puget's Sound, she was constantly in requisition during the three 
months following the 15th of December, and actually ran, as shown by the log, an aggregate 
dista.nce of over four thousand miles between seventy-nine different ,anchorages. Before leaving 
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the section, however, Commander Alden executed a hydrngraphic survey of Blakely harbor, the 
statistics of which are as follows: 

Miles run in soundings..................................................................... 16 
Angles observed.............................................................................. 150 
Total number of soundings................................................................ 398 
Area surveyed, (square miles) ............... ~............................................ 2 

Since the date of my last annual report, the following hydrographic sheets of localities m 
Section XI have been forwarded to the office by Commander Alden : 

Shoal water bay, No. 2. 
New Dungeness .......................................................................... . 
Oly1npia harbor .......................................................................... . 
Port Ludlow .............................................................................. . 
Port Gan1 ble .............................................................................. . 
Admiralty Inlet ........................................................................ .. 
Steilacoom harbor and vicinity ....................................... ." ............... . 
Bellingham bay ......................................................................... . 
Blakely harbor ........................................................................... . 
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Magnetic observations.-While observing at Point Hudson for azimuth, Mr. Davidson deter
mined the magnetic declination, making one hundred and thirty observations upon four days 
for that purpose. He redetermined also the zero points of the magnets and the co-efficient of 
torsion. The instrument used was the magnetometer, U. S. C. S., No. 3. 

OFFICE-WORK. 

From the 1st of November, 1855, until the 21st of May, 1856, (nearly seven months,) the 
Coast Survey office was under the charge of Captain W. R. Palmer, U. S. Topographical 
Engineers, and during the remainder of the year under that of Captain H. W. Benham, of the 
Corps of Engineers. The work in general has made satisfactory progress iri all the divisions 
uncftlr both of these accomplished officers. 

Captain Benham was assigned to the impcrtant duty of examining the engraving establish
ments of Europe, with a view to increase the number of our first-class engravers, in November 
of 1855, and returned in June, 1856. In November, I made a close examination of all the 
parts of the office, and again in May. The details of progress are generally from the report of 
Captain Benham ma.de at the close of October, and of the chiefs of the office divisions accom
panying it. 

The divisions of the office are the following : 
1. Computing; 2. Tidal; 3. Drawing; 4. Engraving; 5. Electrotyping; 6. Miscellaneous. 
1. CoMPU'fING DrvrsrnN.-This division has been during the year under the charge of .Assistant 

Oharks ..4.. Sohott, and has fully maintained the high character of former years for zeal and 
efficiency, and for progress. The papers contributed by Mr. Schott, and forming part of the 
Appendix to this report, are evidences of his successful labors out of the routine of the division. 
The regular work has been kept up, and the numerous calls from the field parties and from 
persons outside of the survey, have be'n duly answered. 
· The computations have been distrib'fi.ted as follows: JJ:lr. E. Nulty has made latitude and 
azimuth computations, and reductions of magnetic declinations, dips, J.1.nd intensities; ..4.~tant 
'I'. W. Werner has been engaged on the various calculations of triangulations, and on the 
extension of projection tables; Mr. James Main has reduced magnetic declinations, dips, and 
intensities, completed. and revised astronomical azimuths and longitudes, a.n.d put the resulta in 
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shape for publication. Mr. G. Rumpf has computed, revised, and adjusted various triangulations, 
and had charge of the registers of geographical positions and geodetic statistics. Mr. J. 
Weisner has reduced transit observations, and computed chronometric differences of longitudes, 
and generally assisted on reductions of triangulations and other calculations. Mr. J. H. 
'Ioomer assisted in the reductions of triangulations, and was afterwards detached for field duty. 
JJfr. J. E. Blankenship aided .Assistant J. ~. Hilgard in the discussion of magnetic lines, 
reduced mean to apparent places of stars, and commenced reductions of triangulations. Mr. 
J. T. Hoover has acted as clerk to the division, and assisted in computing and making various 
diagrams. Mr. S. Walker, Mr. J. L. Tilghman, and Mr. S. J. Hough, were each temporarily 
attached to the division for a short time in miscellaneous computations. 

2. Tm.AL D1vrsroN.-Under the charge of .Assistant L. F. Pourtales this division has fully 
maintained its high character during the past year. I have adverted to the progress made in 
the tidal discussions, under my immediate direction, in the introduction to my report; and a 
more extended notice of them will be found in Mr. Pourtales' reports in the Appendix Nos. 
19 and 41. A statement of the observations made will also be found in them. The details of the 
records and ordinary office tidal computations, as repo.rted by Mr. Pourta"les, are in Appendix 
No. 19. . 

Mr. Avery has discussed the tides of Boston harbor, and deduced from them tables for the 
prediction of tides; he has also devoted much attention to the simplification of the methods of 
discussion. Mr. Kincheloe has been chiefly engaged in computations relating to the diurnal 
inequality on the Eastern a.nd Western Coasts, and in miscellaneous work. Mr. Fendal,l. has 
made numerous decompositions of tides by the graphical method; among them, a whole year of 
the tides of San Francisco ; he also made numerous diagrams and miscellaneous computations. 
Mr. Downes, who joined the division in December, has computed the theoretical lunitidal 
intervals for San Francisco, and also some of the groups for cotidal lines of the Gulf of Mexico. 
Mr. Evans read off and reduced the self-registering observations until his detachment for field 
duty. Mr. Blanchard assisted in the same duty, and in ordinary reductions. Messrs. Bas
sett, Walker, and Williams were engaged, at intervals, in miscellaneous reductions. 

3. DRAWING DrvISION.-This has continued under the charge of Lieutenant .!. a. Tidball, 
U. S. A., assistant. Captain Benham reports that, notwithstanding the calls made upon this 
dhrision for extra work, especially for that connected with the resurvey of New York bay*nd 
harbor for the Commissioners on Harbor Encroachments, this division has kept well up to the 
ordinary work in the preparation of first-class maps and charts, as well as of sketches for 
publication in the annual report. Good progress has been made on two off-shore charts of the 
Atlantic coast, one north and east, and the other south and west of that between Gay Head and 
Cape Henlopen ; also, on one of the seacoast charts of Mississippi sound. The drawings of the 
sketches for my last annual report were all completed by the 3d of July of the present year, 
and it is expected that those of the present year will be ready by the close of February. A map 
of Central America, from materials furnished by the Committee of Foreign Affairs of the United 
States Senate, was also compiled in this division by request of the State Department. The 
work of the year has been added to the Congress map. The annual sketches have been 
made anew upon uniform scales, and a map of the coast for the Light-house Board has made 
considerable progress. During the year, Captain A . ..A. Gi"bson, U.S. A., to whom especially 
had been assigned, under my own immediate direction, the preparation of projects or plans of 
maps, was relieved from Coast Survey service, and this work was assigned to .A. Boschke, Esq.) 
assisted by_ Mr . .A. E. Hartman. It has been much int~upted by the necessary absence of Mr. 
Boschke on duty for the New York Harbor Commissioners, but has made reasonable progress 
in a general system, the ~ils for which are nearly ripe in most of the sections of the coast.· 
Captain Gibson had served the Coaitt Survey efficiently, and I regretted. much to lose his 
services and judgment in matters rela.ting to the Drawing Division. 

A.ssiatant W . .M. 0. Fairfax has been occupied on topographic and hydrographic reductions 
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of the :first class ; Assistant M. J. McOlery and Mr. Josepli Welch in the first-class reductions 
of topography ;,Mr. J. J. Ricketts, on fine hydrographic reductions and verification; Mr. A. 
Bal,bach, on the same during part of the year; Mr. L. D. Williams on reductions of hydrog
raphy and topography of the first and second classes; Messrs. A. Lindenkohl, J. R. Key, W. 
T. Martin, and F. Fairfax on hydrographic reductions of the second class; Messrs. W. P. 
Sck1iltz, A. E. Hartman, and P. Witzel (the two latter part of the year only) principally on 
progress sketches, projects and projections for field parties ; Mr. W. Fairfax on sketches ; Mesl!TB. 
B. Hooe, Jr., H. McOormick, and S. B. Linton on the miscellaneous work of the division. 

Captain Benham refers in strong terms to the services of Lieutenant J. C. Tidball in charge 
of this division. 

4. ENGRAVING DIVISION.-This was under the charge of Lieut. J. a. Clark, U. s. A., assistant, 
until May of this year, and since under that of Lieut. Rufus Saxton, U. S. A. The large 
first-class maps of Boston harbor and Mobile bay are included in the finished work of this year, 
making an average of nearly five first-class maps per year, for several years, besides annually 
some thirty other maps and charts. 

The first-class topography, hydrography, and lettering have been executed by Messrs. G. 
McCoy, F. Dankwortli, A. Rolle, J. Knight, J. V. N. Throop, and G. B. Met-zeroth. Messrs . 
.A. Blondeau and A. Sengteller have been employed a portion of the year only upon first-class 
work. The topography, hydrography, and lettering, generally have employed .Jfessrs . .A. 
¥aedel, J. C. Kondrup, A. Petersen, and J. J. Kni,ght, during the whole year. Messrs. H. 
S. Barnard, W. Langran, W. Ogilvie, and R. :J.•. Knight, have been employed a portion of the 
year only. The preliminary charts and sketches have been executed by apprentices J. W. 
Bradley, R. F. Bartle, F. W. Benner, W. A. Thompson, and W. Rose, the latter being 
employed the greater portion of the year. 

Captain Benham acknowledges, with high praise, the exertions of Edward Wharton, Esq., 
the clerk of this division, upon whom its charge has devolved during a portion of the year, in 
consequence of the sickness of Lieutenant Saxton, stating that the force had been "faithfully, 
laboriously, and judiciously employed." 

5. ELECTROTYPE DIVISION.-Oaptain Benham reports that, in this division, "still under the 
direction of Mr. George Matl1iot, a much larger amount of work has been accomplished than in 
any former year, besides, as always heretofore, some successful experimental results. Some 
thirty-two alto plates, including seven of the thin bassos, and the same number of plates for 
printing have been prepared, and five other large plates have been rearranged, joined, or 
altered, making sixty-nine in all, directly needed for printing purposes; while some thirty other 
electrotype pla.tes a.re reported as ha.ving been made for uses in experiments of various kinds.'' 

The successful experiment of printing from thin electrotype plates has been already referred 
to in the introduction to my report. Captain Benham says further : 

"Important additions to the electrotype apparatus have been ma.de during the year, as 
much nearly as the size of the building now in use will permit. The experiments in photo
electric or "actino" engraving have been continued, and with further successfhl results; and 
preparations are making for an "actino" engraved plate, of a size about thirteen inches square. 
Mr. Ma.thiot appears con:fident of eventual success in the art of engraving by this process; and 
the important inventions that have, from year to year, been developed by his ingenuity and 
industry, lead me to hope for the desirable result he anticipates.'' 
Mr. B. W. Patter80'n has assisted Mr. Mathiot in the electrotyping and records of the division. 

6. Ml:som.I.ANEOus.-(a.) Priming. "The printing has been executed, as heretofore, by Mr. 
O'Brien, with Mr. RutherdaJ,e as assistant, and all the maps which have been required for sale, 
or for gratuitous distribution to public institutions a.nd others, as well a.s all that were necessary 
fur o1!iee UIMllJ, h.&ve been prepared, a:in.-Ounting to about 34, 700 copies in all, iucluding in 
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this a new edition of about 400 sets of the fine maps of the work, on thin paper, for binding in 
volumes.'' 

(b.) Disfribution of maps and reports.-" The charge of the maps and the distribution of the 
reports have been continued with .Mr. V. E. King during the past year, and by his report six 
finished maps, seven preliminary charts, and twenty-one sketches have been added to the publi
cation list. There have been turned over to our agents for sale about three thousand copies of the 
charts of the work; and about eight tl10usand five hundred have been gratuitously distributed, 
under authority of the Treasury Department, to institutions and individuals, both in our own 
and foreign countries, making, with some hundreds required for the office, nearly 12,000 
impressions usefully disposed of during the year. Over 6,100 copies of the annual report for 
1854, and about 1,250 copies of those of previous years, have been, under the authority of 
Congress, distributed to libraries, institutions of learning, and to individuals in the different 
States ; to Anny and Navy libraries and officers; and to meet the extra calls made by members 
of Congress for this work. Nearly 500 copies have been presented to foreign governments and 
their literary and scientific institutions, and to their prominent citizens distinguished in such 
pursuits." 

(c.) "The Library and .Archive& have continued under the care of Mr. 0. B. Snow. The 
library now consists of 3,876 volumes-nearly every one relating directly or indirectly to the 
duties o~ the survey. Of these, 241 have been purchased during the past year, and 172 
were presented by foreign governments, and by different scientific societies.'' _ 

"By far the most important of these additions is the magnificent set of works published ty 
the government of France, and presented to the Coast Survey office by order of Admiral 
Hamelin, the Minister of Marine, in return for some presents of our newly invented instruments, 
Coast Survey maps, reports, &c., which, by authority of the Treasury Department, were 
presented to the French government. This present to our library consists of seventeen folio 
volumes of splendid illustrations of various character, accompanying some sixty v9lumes of 
letterpress description of voyages made by the national vessels of France. In addition to 
these, we have received from the same source eleven large folio volumes of the charts published 
by the French Marine Department." 

There has also been presented to the office, in return for sets of maps, reports, &c., 
presented to the British Ordnance Survey and Admiralty officers, a portfolio containing upwards 
of two hundred sheets of the beautiful maps of England, prepared by the Ordnance Survey. 

( d.) "In the Instrument Shop, a large number of valuable instruments have been made for the 
survey, and a still greater number-in fact, nearly all that have required it-have been repaired, 
or altered, or rearranged by the force there employed." 

"Among the more important instruments fabricated, are included one self-registering tide
gauge, ten deep-sea thermometers, two theodolites, and five stands for theodolites, two reconnoi
tering telescopes, two sounding instruments, seven three-armed protractors, one large circular 
protractor, four sectors, six beam compasses, three magnetic compasses, three plane-tables, four 
reducing frames, and a cylinder for magnetic observations." 

"Among the instruments repaired, are twenty-eight theodolites, twenty-three plane-tables, 
eleven heliotropes, sixteen deep-sea thermometers, three transit instruments, thirty-seven sextants, 
nineteen telescopes, ten reconnoitering telescopes, seven ship compasses, six surveying com
passes, four prismatic compasses, ten sounding instruments, six self-registering tide-gauges, two 
dip-circles, two zenith telescopes, three sectors, and three sets of base rods. A number of other 
instruments were repaired for field parties, and work has been done also for the engraving and 
drawing divisions." 

(e.) "In the Carpenter's Slwp, under Mr. Yeatman., the usual necessary labor has been per
formed, including, among many other things, the making of fourteen theodolite and plane-table 
stands, three barometer cases, a case for the Hardy clock, and some. twenty other boxes to fit 
valuable instruments, such as heliotropeB, transits, plane-tables, compasses, &c., with a large 
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number of drawing and engraver's desks, tables, cases for maps, copper-plates, &c. In addition 
to these, nearly two hundred cases for maps have been painted and numbered. The Coast 8urny 
buildings have been kept in repair ; and the packing of instruments for field and hydrographic 
parties has been well performed.'' 

Captain Benham commends highly, in his report, the senices of Assistants J. E. Hilgard and 
Charles A. Schott, in charge of the computing division; of Assistant L. F. Pourtales, in charge 
of the tidal division; very specially the services of Lieut. J. C. Tidball, U. S. A., in charge of 
the drawing division; of JJfr. G. A. Porterfield, clerk of the same division; of Lieuts. J. C. 
Clark and Rufus Saxton, U. S. A., in charge of the engraving division; and also specially those 
of llfr. E. Wharton, clerk of the division ; of Mr. G. Mathiot, in charge of the electrotype 
division; of Mr. C. B. Snow, in charge of the archives and library; of .ilfr. A. W. Russell, the 
principal clerk of the assistant in charge; of Mr. J. Vierbuclien, chief instrument maker; and 
of Mr. H. Yeatman, chief carpenter. 

Captain Benham also acknowledges the cordial co-01Jeration of the General Disbursing Agent 
of the Coast Survey, Samuel Hein, Esq., in all matters relating to the office. 

Very acceptable imrviee has been rendered during the year by Lieut. W. D. Whiting, of the 
Navy, in the revision of the office-work of the hydrography, and in IJTeparing or revjsing the 
data for the published charts. Lieut. Whiting has also given advice in reference to the repairs 
of the Coast Survey vessels. 

I have already, in the introduction, acknowledged the services of Professor A. G. Pendleton, 
U. S. N., in the Gulf Stream and astronomical work, and of Lieutenant E. B. Hunt, of the 
Corps of Engineers, in the preparation of the index of memoirs and papers on subjects of science 
connected with the Coast Survey. 

Samuel Hein, Esq., General Disbursing Agent of the survey, has continued to discharge the 
difficult and onerous duties assigned to him, with his usua,l facility and success. 

In closing my report, I must also acknowledge the able and devoted services of my principal 
clerk, W. W. Cooper, Esq., upon whom, by the new arrangement of the details of the Superin
tendent's office, additional duties have devolved, which he has discharged very successfully. 

Respectfully submitted by 

Hon. JAMES GUTHRm, 
Secretary ef the Treasury. 

A. D. BACHE, 
Superintendent U. S. Coast Survey. 
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APPENDIX. 

APPENDIX No. I. 
Distribution of the parties of the OoaBt Survey upon the coast of the Dnited States (luring the sur

veying season of 1855-' 56. 
-------- ------------------.-------------,----~ ------------------

Persons conducting opera- \ Limits of sections. Parties. Operations. tions. Localitiee of opera.tions. 

SECTION I. 

FromPa.ssa.maquod- I No. 
dy ba.y to Point • 
Judith, includ-
ing the 000.l!t of 
Maine, N. Hamp-
shire, MB88achu-
setts, and Rhode 
IBia.nd. 

1--------1----------~f ______________ _ 

1 I Geodetic, astrono
mical, and mag
netic observa
tions. 

2 

8 

Reconnaissance. __ -

Secondary triangu
lation. 

i 
I 

A. D. Bache, Superintend- \ Saunders Station, Hancock county, Me.; 
ent; Geo. W. Dean, as- !' occupied for connection between pri· 
sistant; J,ieut. J. D. Bing- mary a.nd secondary trirulgulation ; 
ha.m, U. S. Army, assist- astronomical, geodetic, a.nd magnetic 
a.nt ; Stephen Harris, Bl1b- I observations, at prima.ry station on 
assistant ; Edward Good- Mount Desert isla.nd, coast of Maine. 
fellow, sub-a.ssista.nt. (See also Section V.) 

Reconnaissa.µce for connecting site of 
verification base, on Epping plain, with 
adjacent stations in the prima.ry trian. 
gula.tion. (See also Section V.) 

.A.. D. 'Bache, Superintend
ent; C. 0. Boutelle, a.ssist
ant; Lieut. J, C. Clark, 
U. S, Army, a.ssi.stant ; 
l<'. P. Webber, a.id. 1 

Lieut .. .A.. W. Evans, U. s. / Kennebec river, in the vicinity of Bath; 
Army, assistant; Benja- Sheepscot river, and stations in Casco 
min Huger, jr., sub-as- bay, for continuance of triangulation. 
sistant; G. E. Humphries, (See also Sections V and 'VI.) 
aid. 

4 Topography. _ _ _ _ _ I. Hull .Ada.ms, assistant; 
H. ~- Duva.l, aid. 

Pla.ne-table survey of southern pa.rt of 
Small Point peninsula, Me. ; a.nd of 
the mouth of Kennebec river, in
cluding Seguin and other adjacent 
!Bla.nds. (See also Section III.) 

5 Topography. ·.A.. W. Longfellow, assist.. 
ant; N. S. Finney, aid. 

Detailed topography of the city of Port-
land, for :finished chart of Portla.nd 
harbor. (See also Section V.) 

6 Topography. • - _ _ _ :R. M. Bache, assistant. •• _. _ Completion of plane-table 11Urvey of Dux
bury, Ma.ss., and extension of topo
graphy towa.rds Marshfield. (See al8o 
Section 'VIII.) 

7 Topography. ----. C, T. Iardella, sub-a.seistant. Coaat of Cape Cod peninsula, from Or
leans to Naueett Centre light, and re
survey of Monomoy Point. (See also 
Section 'VI.) 

8 Topography. • • - • _ H. L. Whiting, aBBista.nt. _ _ _ Resurvey and determination of changea 
in shore line of Muskeget channel. 
(See also Sectioll.8 ll a.nd fil) 

Hydrography. ---- Lieutenant Commmding 
Stephen D. Trenchard, U. 
S. Navy, -Utaat. 

Hydrogra.phy of Ql8oo bay, extended 
from Great Jebelg i1la.nd westward to 
join Conner work ; soundings at the 
entrance to Kennebec river, Me., and 
aupplementa.ry hydrography belween 
A.nnia SqU&l1l and Ipswich, cout. of 
H111Mclnwitta. (See alao 8eotiona V 
and VI.) 



 

Limits of sections. 

SECTION!
(Continued.) 

SJ:Cl'ION II. 

From Point Judith 
to Cape Henlopen, 
including the coast 
of Connecticut, N 
York, and N. Jer
sey, and 11hore of 
l:'enllll}'l"f&nia and 
Delaware. 

\ Parties. 

I No. 10 

11 

12 

No. l 
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Operations. 1
1 

Persons conducting opera- I', 

tions. Localities of operations. 

--------i !~--------------
----!Commander H. S. Stellwa- ! Deep-sea.soundings from Cape Cod pe-Hydrography. 

111, gen, U. S. Navy, assilit- · ninsula. extending to longitude 660 
ant. 30' west, and completion of hydro-

' gra.pby from Monomoy to Race Point 

Hydrography. 

l 
I 
I 

____ / Lieutenant Commanding 
C. R. P. Rodgers, U. S. 
Navy, assistant. 

'lidal observations. I- -- . _. _. _ .. __ ~-_ ·-. ----_ 
I 

8eoondtuy triangu-1 Edmund Blunt, assistant; 
lation. Lieut. J. C. Clark, U. S. ! 

Army, MSistant, (part of : 
· season;) ~arles Fer.gu- J 

son, sub-&11mtant; G. H. I 
Bagwell, sub-assistant. ! 

(Ca.pe Cod) ; in-shore hydrography 
from Scituate to Plymouth; hydro
graphy of Cape Cod bay completed, 
and additional lines of soundings off 
Cape Ann. 

.Approaches to Nantucket sound com
pleted, including soundings of Great 
Round shoal and adjacent sand ridges, 
a.nd the middle and southern part of 
Nantucket sound to the eastward of 
Nantucket light-boat; resurvey of 
Horse Shoo, Eldridge's, and Wreck 
shoals. Supplementary hydrography 
in northeastern part of Nant.ucket 
sound ; also northward from Holmes' 
Hole and on the Middle Ground, 
(Vineyard sound,) and survey of Cot
a.my bay, adjoining Edgartown har
bor. (See also Section II.) 

Observations with self-registering gauge 
continued at Boston dry dock. 

Determination of points in New York 
city and vicinity for topographical 
work of Commissioners on Harbor En
croachments. 

2 Seoondarytriangu- I Edmund Blunt, assistant; 
lation. Lieut. A. H. fleward, U. 

Triangulation of Hudson river, between 
Albany and New Baltimore. 

S. Army, atl&istant; Lieut. 
A. P. Bill, U.S. Army, 
asaistant. 

1J "ropogtaph;r------- F. H. Gerdes, a.ssislnnt; J. 
G. Oltmanns, sub-assist
ant ; Chas. H. 'Boyd, aid. 

Topogla.phy. - - - - - S. .A.. Gilbert, assist.ant ; J. 
A. Sullivan, sub-assistant; 
Maloohn s.aton, aub-as
sistant; W. S. Gilbert, aid; 
F. W . .Alexander, aid,(P&rt 
of season.) 

'.6 Topepaphy. -- ••• H. L. Whiting, lll&isiant; 
F. W. Don, aid. 

Topography of shores of East rinr, from 
Harlem river to Throg's Neck, com
pleted ; and of Long Island, from 
Brooklyn to Jamaica and Flushing; 
also topography of western shore of 
Hudson river, above Hoboken, and 
of eastern shore, above Ne'lr Ylll'k city, 
extending to Palisade Point ; executed 
fm Commil!l!ionem on Harbor En
croachments. (See al&o 8IJctiona VII 
and VIII.) 

Topography completed of western end 
of Long ll!land, and of southern aide, 
including Jamaica bay and ialandll ; 
also resurvey of Rockaway inlet and 
Interior, with the toWJ111 of Flatlands, 
Centreville, Gravesend, New Utrecht, 
Fla.tbush, Gowanus, New Lots towards 
Jamaica, and Fort Hamilton, for Com
mi88iooers on Harbor Encroachments. 
(See also Section IX.) 

Finished t.opography of the shores and 
det.ailaof the interior of Staten island, 
for Commi•ionemon Harbor Encroach
ments. (See also lections I and m.) 
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SECTION II-- No. 6 Topography. - -· -- A. M. Harrison, assistant; 
P.R. Hawley, aid; W. H. 
Dennis, aid, (part of sea
son,) 

Finiilhed plane-table resurvey of south
ern shores of Raritan bay and Sandy 
Hook bay, from mouth of Raritan 
river to Shrewsbury inlet, including 
the highlands of Navesink, and Sandy 
Hook, for Commissioners on Harbor 
Encroachments. (See also Sections VI 

(Continued.) 

SEO'l'IOJI m. 
From Cape Henlo

pen to Cape Hen
ry, including the 
coast of paTt of 
Delaware, and the 
coast of Maryland 
and Virginia. 

No. 

7 Topography. __ _ 

8 Topography. __ • 

9 Hydrography .•• 

A. Boschke .•••• --- . 

_ A. S. Wadsworth, assistant. 

• Lieutenant Commanding C. 
R. P. Rodgers,U. S. Navy, 
assistant. 

10 Hydrography. _. _ _ Lieutenant Comm!lnding T. 

11 Hydrography. _ -

A. Craven,U. S. Navy, as
sistant. 

Lieutenant Comd'g Richard 
Wainwright, U. S. Navy, 
assistant. 

12 Tidal observations. Lieut. W. P. Trowbridge, U. 
S. Engineers, assistant ; 
Gustavus Wiirdemann. 

13 Tides and 1mrrents. Henry Mitchell, sub-assist· 
ant; W. G. Williams, aid. 

2 

Secondary triangu
lation. 

Secondary triangu
lation. 

' John Farley, assistant; 
Charles Ferguson, sub
assistant, (pa.rt of aeaaoa;) 
J. P. Farley aid. 

Lieutenant J. P. Roy, U. S. 
Army, assistant. 

and VII.) • 

Details of topography,: wharves of New 
York city and Brooklyn, !lUd shores of 
Harlem river and its dependencies. 

Shores of Hudson river, between Albany 
and New Baltimore. (See also Sec, IV.) 

Resurvey of harborinsidc of Sandy Point, 
near Stonington, Conn. Re-examina
tion for light-house sites in Delaware 
bay. (See also Section I.) 

Hydrography completed, of New York 
ba.y and harbor-from Light Ship to 
Throg's Point, including Harlem riv
er, Harlem Kills, and Little Hell Gate; 
for Commissioners on Harbor En
croachments. (See also Section VI.) 

ITydrography of Hudson river, between 
Albany and New Baltimore. (See also 
Section III.) 

Investigation of the tides in Hudson riv
er, using stations at Governor's ii;land, 
Dobb's Ferry, Verplanck'sPoint, West 
Point, Poughkeepsie, Tivoli, Stuyve
sant, Castleton, and Albany. (See 
also Sect-ions X and XI.) 

Tides and currents of Newark bay, Kill 
van Kull, and Arthur's Kill; and in
vestigation of currents at Sandy Hook 
and in docks of New York city, for 
Commissioners on Harbor Encroach
ments. Tides and currents of Pas
saic river. 

James river, Va., from Upper Brandon 
station, downwards, to Jamestown 
and Hog island. 

York river, Va.., from entrance connect
ing with work on Chesapeake bay, and 
extending upwards to Purtan island 
and Moody's wharf. 

Topography •• ---· H. L. Whiting, assist.ant. ,. Verification of topography on ea.st side 
of Elk river, Md., and on both shores 
of Ra.ppaha.nnook river, Va., extend
ing six miles below Tappahannock. 
(See also Sections I and II.) 

Topography.. •••• John Seib, 888istant; W. H. 
Dennis, aid. 

Survey of months of the Potomac and 
Ra.ppahannock rivers, including adja.
cent shore of Chesapeake bay ; topo
graphy of interior, near Wolf Trap 
and on Pia.nkatank river, completed' 
with numerolll! creeks and water: 
cou111e11 (See al6o Section V.) 
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SECTION lll
(Contin11ed_) 

No. 5 Topography._ •• ·- Geo. D. Wise, assistant; F. 

SECTIOM IV. 

6 Topography._-· 

I 
7 l Hydrography. --

8 Hydrography. __ 

9 Hydrographic re
connais.sa.nce~ 

10 Magnetic observa· 
tions. 

From Cape Henry No. 1 
to Cape Fear, in· 

Telegraphic obser
vations. 

cluding part of 
the coast of Vir· 
ginia and coast of 
North Carolina. 

SJ:C'J'ION v. 
From Cape Fear to 

St. Kary's _river, 
including tbe 
coast of South 
Ca.rolbla & Geor
gia. 

No. 

2 Secondar) triangu
lation. 

3 Triangulation and 
topography. 

4 

l 

Hydrogra.phy. --

Aatronomica.l, tele
graphic, and mag· 
netic observatioWJ. 

F. Nes, aid. 

I. Hull Adams, assistant. _ - _. 

Lieutenant Comd'g Richard 
Wainwright, U. S. Navy, 
assi;,tant. 

Lieutenant Comd'g John J. 
Almy, U.S. Navy, l\SSist
ant. 

Lieutenant Comd'g J. N. 
)faffitt, U.S. Navy, assist
ant. 

Chas. A. Schott, assistant ; 
J. L. Tilghman, aid. 

• 

George W. Dean, assistan~; 
Edward Goodfellow, sub
a.ssista.nt ; F. M. Mciver. 
a.id, (part of sea.son;) Mc~ 
Lane Tilton, a.id. 

J. J. S Hassler, assistant. 

A. S.Wadsw01:th, llSllist&nt; 
J. Meehan, aid; H. S. 
Duval, aid. 

Lieutenant Comd'g John J. 
Almy, U. 5. Navy, assist
ant. 

Dr. B. A. Gould, jr., assist
ant; George W. Dea.n, 
assist&nt; Edward Good· 
fellow, aub-lll!l!istant. 

Localities of opera.tions_ 

Plane-tahle survey of ma.in coast and of 
islands bordering .Chincoteague inlet, 
Ya._ (See also Section YIL) 

Sh9res of H.a.ppahannock river. Va., be
tween line "Punch Bowl-Downma.n" 
and line joining ''Jones'' Station and 
"Upper Spindle." (See also Sec
tion I.) 

Finished hydrography of Rappahanno-ck 
river, Ya, between Accaceek Point and 
stations " Punch Bowl " --" Down -
man,'' with accompanying tidal o!J
servations. (See also Section JI.) 

Completion of hydrography in Tangier 
sound a.nd its dependencies, Chesa
peake bay, and examination of work 
in the vicinity of Cape Henry. (See 
also Section IV.) 

Extension of soundings in James river, 
upwards, from Hog island to mouth of 
Chickahominy rive::-, Va. (See also 
Section V.) 

Determination of magnetic declination, 
dip, and intensity, at Cape Henlopen 
light, and Dagsborough, Del. ; Ox
ford, Merton's Landing, and &lti
more, Md.; Washington, D.C.; and at 
Snead, Jaynes, Scott, Fredericksburg, 
Richmond, Cape Charles, Old Point 
Comfort light, Norfolk, and Cape 
Henry light, Va. 

For difference of longitude between 
Wilmington, N. C., and Columbia, 
S. C. (See also Section V.) 

Connection ma.de ;vith Cape Henry ea.st 
and light-house, by triangulation ex
tended from the northern part of Back 
bay along the sea.coaet of Virginia. 

Triangulation of seacoa.st of North Caro
lina., from stations •' Skeleton '' -
" Macawber," southward, to Rich 
inlet; a.nd topography from New 
river, southwa.rd, to Stump inlet. 
(See also Section II.) 

Off-shore hydrography of coast of North 
Ca.rolina completed, from Cape Hat
teras, southward, to South Ports
mouth, N. C. (See also Section III.) 

Telegraphic difference of longitude be
tween Columbia, S. C., and Wilming
ton, N. C. ; also between Macon, Ga., 
and Montgomery, Ala. Observations 
for latitude and magnetic elements at 
Montgomery. (See a.I.so Sections I 
and IV.) 



 

96 REPORT OF THE SUPERINTENDENT OF 

APPENDIX No. 1-C.Ontinued. 

Limits of sections. Parties. 

1 

Operations. Persons co~i~~~~ing opera- Localities of operations. i I 
--S-Etn--IO-N--"V---i-N"-o-.-2-l!-P-n-.-ma_r_y_a_n_d_S6_c_- 1-C-.-0-._Bo_u_te_ll_e_,-ass--is_ta_n_t_; 

(Continued.) ondary triangu- Lieut. Rufus Saxton, U. 

3 
Ill'; 

lation. S. Army, assistant; F. P. 
Webber, aid. 

Continuation of triangulation on South 
Edisto river, and extension of work 
into St. Helena sound. (See also Sec
tion I.) 

Secondary triangu- C. P. Bolles, assistant; G. I 
lation and topog- H. Bagwell, sub-assist-
raphy. o.nt; W. S. Edwards, aid. I 

41 Soron- triom<"· A. W. Longfell<>w, ...... 

1

1 

I 

lation and topog- I ant; N. S. Finney, aid. 
raphy. 

6 I Secondary triangu-

1 ~~~~c~_recon-

j 
6 Topography. _ --

7 I
I 

Hydrography. __ 

I 

·\ 
I 

8 Hydrography. --

Lieut. A. W. Evans, U. S 
Army, assistant; F. M. 
Mclver, aid. 

John Seib, assistant; W. 
H. Dennis, aid. 

• 
Lieutenant Comm.anding J. 

N. Maffitt, U. S.Navy,as
sistant. 

Lieutenant Commanding 
Stephen D. Trenchard, U. 
S. Navy, assistant. 

Triangulation and topography of coast of 
North Carolina, between Cape Fear 
river and Lockwood's Folly entrance, 
completed, including the approaches 
to both. 

St. Simon's entrance and sound com
pleted, in connection with triangula
tion of Brunswick harbor and Turtle 
river, Ga., extending to Blythe island. 
Topography commenced. (See also 
Section 1.) 

Measurement of preliminary base and 
triangulation of Sapelo sound and en
trance, including Sapelo river and 
vicinity, Ga. (See also Sections I and 
VL) 

Shores of Dawho river, S. C., from 
the confluence of South Edisto and 
Pon Pon rivers to within a few miles 
of its mouth. Shore-line of St. 
Helena sound, connecting with outer 
coast of South Carolina, 'Contiguous to 
the Hunting islands, and extending 
nearly to Port Royal entrance. Veri
fication of topography in Winyah bay 
and Georgetown harbor, S. C. (See 
also Section III.) 

Resurvey of ship channels over George
town bar, S. C., with shore-line of 
North island and others in Winyah 
bay. Maffitt's channel resurveyed. 
Soundings completed off Rattlesnake 
shoal. In-shore hydrography of coast 
of South Carolina completed from 
"Palmetto" signal (above N. Edisto) 
to St. Michael's creek, including re
survey of North Edisto entrance and 
hydrography of the ha1·bors and bars 
of South Edisto and St. Helena sound 
with supplementary work at th~ 
mouth of Broad river and entrance to 
P<>rt Royal sound. (See also Section 
III.) 

St. Simon's sound, the bar, and ap
proaches, and hydrogra.phy of Br1ms
wick harbor, Ga., completed, inclu
ding part of Turtle river beyond 

1idal observatioilll. 

Brunswick. (See also Sections I and 
VI.) 

Gustavus Wii.rdema.nn. ____ _I Station on St. John's river for tides, and 

IJl.,ection. -- --

for tida.l currents on St. John's bar 
Fla. ' 

Telegraph operations at Macon, (]a., 
and Montgomery, Ala. Triangula
tion, topography, and hydrogra.pby, 
near Bruaswick. Triangulation and 
tidal observations at St. Mary's. Tri
angulation at Sa.pelo entrance, Ga. 
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Localities of operations. 

1----1----------------------1-------------------

j 
S.anOllV
(Continued.) I 

Gulf Stream.·----·-! No. 

I 

8Jicon0ll VI. 

1 

From St. Mary's riv- No. l 
er to St. Joseph's 1 

bay, including the I 
e&stema.ndpartof I 
the western coast 
of Floxida. 

1 
2 

I 

3 

6 

1 

8 

Soundings, and 
temperature ob
servations. 

Astronomical ob
servations. 

Triangulation . 

Secondary and ter
tia.ry triangula
tion. 

Tria.ngulation. 

' Commander B. F. Sands, 
U. S. Navy, assistant. 

F..dward Goodfellow. sub
assistant; McLane Tilton, 
aid. 

Lieut. A. W. Evans, U. S. 
Army, assistant; F. M. 
Mclver, aid. 

Lieut. A. H. Seward, U. S. 
Army, assistant; Stephen 
Harris, sub-assista.nt,(part 
of season;) C. B. Baker, 
aid. 

John Rockwell, sub-assist
ant; J. A. Sullivan, sub
assistant, (part ofseason;) 
S. J. Hough, aid. 

Topography. _ --·- A. M. Harrison, assistant; 
P. R. Hawley, aid. 

Topography .• ---- C. T. Ia.rdella, sub-assistant; 
F. W . .Alexander, aid. 

Topography .••••• S. A. Wainwright, sub-as
sistant; J. L. Tilghman, 
aid. 

Hydrography ••••• Lieutenant Commanding T. 
A. Craven, U. S. Navy ,as
sistant. 

13 c 8 

Soundings midway between the coast 
and inner edge of the Gulf Stream, 
from off Cape Fear to the latitude of 
St. Simon's Sound, Ga., and frum the 
month of Savannah river to Cape 
Canaveral, Fla. Temperature stations 
in the axis of tlte Stream, from off 
Cape Lookout, extended northward 
to Cape Hatteras. (See also Section 
VIII.) 

i For determination of latitude i.t Fer
nandina, Fla.., near the entrance to 
St. Mary's river, boundary between 
Georgia and ~'lorida. (See also Sec..-.. 
tions I and V.) · 

Completion of work on St. Mary's river 
and Cumberland sound, in connection 
with the triangulation of Ameli11. 
river, Bell's river, and Jolly river, Ina. 
Measurement of verification base, nea.r 
Ja.cksonville, and its connection with 
the triangulation of St. John's river, 
Fla. (See also Section~ I and V.) 

Erection of signals from Cape Sable 
base, southward and eastward, to 
Centre key, and triangulation of 
outer keys carried from Hurse 8hoe 
and Little Pine keys, eastward, to Ja
cobs' harbor. (See also Sections I and 
II.) 

Triangu la ti on of Florida keys, east• 
ward. from line" Johnston"-" Log
gerhead," and extended to " Little 
Pine" -"Middle Summer land." Pro
vision of screw-pile beacon for the 
"Elbow," Florida reef. (See also SeC" 
tions II and IX.) 

Topography of shores of St. John's riv
er, !<'la., completed to Winters' Point, 
above and including the town of 
Jacksonville and its endrons. (See 
also Sections II a.nd VII.) 

Sugar Loaf, Cudjoe key, Loggerhead 
key, Summerlanrl key, and small de
tached keys on Florida reef. surveyed 
and marked in section• for General 
Land Office. (See also t-lection I.) 

Topography of Johnston key and Saw
yer's key, and of two otber large and 
numer011s smaller keys lying between 
the Pine islands and Key West, exe· 
cnted, and Rf'ctions marked for Gene
ral Land Office. 

Hydrography of Florida reef exten<led 
from Grecian shoal, southward and 
westward, to French reef, and from 
Eastern Sambo to Loggerhead Key. 
(See a® Section n.} 
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SECTION VI- Ko. 9 Hydrography. , Lieutenant Commanding S. Soundings completed at the entra.nce to 
(Continued.) ·---, D.Trenchard,U.S.Navy, Cumberland sound, including Fcr-

assistant. nandina harbor and Amelia river. 
Re-examination of St. Mary's bar and 

SECTION VII. 

F'J.om St. Joseph's 
bay to Mobile bay, 
including part of 
the western coa.st 
of Florida,and the 
coast of .Alabama. 

SECTION VIII. 

From Mobile bay to 
Vermilion bay,in
cluding the coast 
of Alabama, Mis
sissippi, and part 
of Louisiana. 

No. 

No. 

1 

I 
bydrograpby of river carried up,vard s 
beyond St. Mary'8, with tidal and cur-

l 
rent observations. (See also Sections 
I and V.) 

Secondary triangu
lation and astro
nomical obser- 1 

vations. 

F. H. Gerdes, assistant; J. 
G. Oltmanns, sub-assist
tant; C. H. Boyoi, aid. 

Measurement of preliminary base and 
extension of secondary triangulation 
over Pensacola bay, including Pen&&
cola city, with observations for lati
tude and azimuth at the navy yard, 
Pensacola. (See also Sections II and 
VIII.) 

2 Triangulation. • Spencer C. McCorkle, sub- Measurement of preliminary base and 

3 

4 

assistant. triangulation of the harbor of St. 

Triangulation .•• -- Benj. Huger, jr., sub-assist
ant; G. E. Humphries, 
aid. 

Topography. _____ _ F. H. Gerdes. assistant; J. 
G. Oltmanns, sub-assist
ant; R. E. Halter, aid; C. 
H. Boyd, aid. 

Mark's; measurement of preliminary 
base at Apalachicola and triangulation 
of St. George's sound, including Apa
lachicola harbor, nearly completed. 

Triangulation from Cedar keys, (Depot 
key,) extended eastward to Grassy 
Point, on Wacca.'18.ssa. bay, western 
coast of Florida.. (See also Section I.) 

Survey of entranca to Pensa.eola bay, 
and topography of the shores up
ward~ to Eilca.mbia bay. (See also 
Sections II and VIII.) 

fl Topography.------ Geo. D. Wise, assistant. ___ Plane-table survey of St. Mark's river 

6 Topography •• 

7 

I 

Hydrography. _. _ 

Primary a.nd Rec
ondary triangu
lation, and as
tronomical ob
servations. 

Secondary triangu
la.tion a.nd to
JlOIT&phy. 

A. M. Harrison, assistant; 
P. R. Hawley, aid. 

Lieutenant Comd' g 0. H. 
Berryman, "C". S. Na.vy, 
assistant, (part of season;) 
Lieutenant Comd'g John 
K. Duer, U. S. Navy, as
sistant. 

J. E. Rilgard, assistant ; 
Stephen Harris,sub-assist
ant ; Joseph S. Harris, 
aid. 

J.E. Hilgard, assistant; J.G. 
Oltmanns, 1mb-assistant; 
R. .E. Halter aid. 

11.nd !'t. George's sound completed ; 
survey of shores of Apalachicola bay 
nearly completed. (See also Section 
III.) 

Topography of Cedar keys extendid 
eastward to Waccasassa river, and in
dndingreefsin Waccasassa bay; plane
table reconnaissance of the mouths of 
Waccasa.ssa & We-thlocco-chee rivers; 
and examination et' Crystal river and 
Homosassa river, western coast of Flo
rida.. (See also Sections II and VI.) 

Supplementary hydrography off the en
trance and including the bar and har
bor of St. Andrew's; hydrography of 
St. Mark's river and harbor ; contin
uation of the hydrography of Cedar 
keys and approaches ; soundings in 
Waccasassa bay and Crystal river 
offing extended to northeastern edge 
of St. Martin's reef. 

Continuation of the primary triangula
tion to Cat Island light, Pitcher Point, 
and to the Chand.tleur islands; com
pletion of secondary triangulation of 
Lake Pontchartrain; observations of 
azimuth at Cat is.land. 

Continuation of seoondary tria.ngulation 
and topography U> 110uth end of ChaD.
deleur iilanda. 
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Localities of operations. 
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SECTION VIIl

(Continued.) 

SJICTION IX. 

From Vermilion 
bay to the south-
western hounda-
ry, including part 
of the coast '(if 
Louisiana and the 
coast of Texas. 

&ion.OJI X. 

Western ooast of 
the United State& 
from the J10uthem 
boundary to the 
'2d parallel, in-
eluding the ooast 
of California. 

i 
Ko. 3 Secondary triangu

lation and to
pography. 

F. H. Gerdes, assistant; J. 
G. Oltmanns, sub-assist
ant; R.E.Halter,aid; C. 
H. Boyd, aid. 

Completion of secondary triangulation 
in Atchafalaya bay, from Belle i"le to 
Cote Blanche bay ; and topography of 
shore5 of Atchafalaya. bay. (f-:ee also 
Sections II a.nd \'II.) 

4 Topography. • • _ - • : R. M. Bache, as3istant. Plane-table survey of Pearl River ishmd 
and vicinity, and shore-line of part uf 
Lake Bori_~ne, included between the 
Rigolets and Chef Menteur. (See also 
Section I.) 

5 Hydrography. 

No. 1 Triangulation and 
i topography. 

I 
I 

I 
2 • Topography. 

I 
I 
I 

I 
I 

\ 
3 Hydrogr&pby. 

No. 1 Primary, secon.da-
ry, and tertiary 
t:riangulation. 

i Triangul&tion. 

Commander B. F. Sands, U. 
S. Navy, assistant. 

S. A. Gilbert, 1111Sistant; 
Malcolm Seaton, sub-&S
l!istant. 

J. A. Sullivan, sub-assist
ant, (pa.rt of sea.son.) 

Northern shore of Mississippi sound 
completed, from line joining Cat island 
and Point Blanc-westward to East 
Pearl river, including St. Louis bay 
and Grand Tuland passitge. into Lake 
l>orgne, and southward to line from 
Cat Island light-house to St. Joseph's 
island. Lines of deep-sea soundings 
in Gulf of Mexico: from N. W. pas
eage (Key West) to delta of Missis
sippi river ; eastward from Pass ll. 
Loutre to middle meridian of Horn 
island, and thence north to (Jff-shore 
soundings : from Pensacola bay south
west to latitude of south end of 
Chandeleur sound, and thence N.v1:. 
by Vr. to entrance of sound; and 
line from Chandeleur sound to N.W. 
passage, (Key West.) (See also Gulf 
Stream.) 

Triangulation of lower part of Matagor
da bay, Texas, and extension into 
Lavacca and Palacios bays ; topo
graphy of main land completed north 
and son th of Matagorda, from Laka 
Austin to Palacios bay, and of outer 
peninsula to Decros Point. (See also 
Section II.) 

Plane-table survey of peninsula adjacent 
to the eastern extremity of Matagorda. 
bay between Carry creek and "Smith" 
station, and survey of the interior, 
including part of Live Oak bayou, 
pa.rt of Lake Austin, and extending 
northward to a. point above "Ken
ner" signal, on Cany creek. (See also 
Sections II and VI.) 

Lieutenant Commanding I Hydrography of coast of Texas, from Ju-
Edwin J. De Haven, U. piter station southward and westward 
8. Navy, assistant. to Bath station, head of Matagorda bay. 

G. A. Fairfield, BSllist&nt. I Extension of primary triangulation, 
northward of Sa.n Francisco, from Bal
lenas bay to Russian river. Second
ary triangulation of Toma.Jes bay a.nd 
Bodega. ba.y. 

W. E. Greenwell, Bllli@tlmt ; Triangulation of main between San 
P. C. F. Weat, aid. Pedro and Point Duma., and of is.lands 

in Santa Barbara. cha.nnel, oontinued, 
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4 

6 

6 
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from the 42d par-
a.lie! to the north-
ern boundary, in-
cluding the coast 
of Oregon a.nd 
Washington Ter- I 
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I
. Persons co~ducting opera- / Localities of operations. 

hons. I 
I 1----------------~ 

Topography. _ •••• Augustus F. Rodgers, sub
aS>istant; David Kerr, 
aid. 

Topography. 

I 
-----1 

Hydrography. 

Hydrogra.phy. 

Triangulation and 
astronomical and 
magnetic obser
vations. 

i 

W. M. John~on, sub-assist
ant; C. JIL Bache, aid. 

CommM!dt>r James Alden, 
U. S. Navy, assistant. 

Lieutenant Commanding 
Richard M. Cuyler, U. S. 
Navy, assistant. 

George Davidson, assistant ; 
James S. Lawsan, sub-as
sistant. 

Plane-table survey of northern shore of 
San Pablo bay, Mare island strait; 
Karquines strait, San .Ant-0nio creek, 
and eastern shore of San Francisco 
bay, north of the mouth of San Anto
nio creek.. 

Topography of main shore of Santa Bar
bara cliannt'], between Santa Clara 
river and Point Mugu. 

Hydrography of San Pablo bay, Mare 
island strait, San Diego bay, and 
I<'alse bay, completed. Sarvey of Cor
tez shoal completed, and hydrographic 
reconnaissance of southeaBtern end of 
San Clemente island. Hydrography 
continued in Santa Barbara channel, 
and between Monterey bay and San 
Francisco entrance, with deep-sea. 
temperatures. {See also Section XI.) 

Observations on the currents of Santa. 
Barbara channel, including examina
tion of currents outside of and be
tween the Santa Barbara islands. 

Measurement of preliminary base at Port 
Townshend. Triangulation of Ad
miralty inlet, and extension of work 
towards the Straits of Fuca., Rosario 
strait, Hood's canal, and Puget's 
Sound. Observations for azimuth, and 
of occultations for longitude at Point 
Hudson. 

2 Topography. _ -- • _ James S. Lawson, sub-Mllist- Topography of Port Townshend a.nd Port 
ant. Gamble, Apple cove and Murden's 

cove, completed. Plane-table survey 
commenced a.t entrance of Hood's 
canal. 

8 Hydrogra.phy. ---· Commander James Alden, 
U. S. Na.vy, a.ssista.nt. 

Reconnaissance of Blakely harbor, W. T. 
Deep-sea. temperatures off the coast of 
Oregon and Washington Territories. 
(See also Section X.) 

&arlol!IS X, XI. 

The coast of Califor
ni11, and Oregon 
and Washington 
Territories. 

Tides, -------··-- Lieut. W. P. Trowbridge, U. 
S. Engineers, assistant. 

Lieut. N. F. Alexander, U. 
s. Engineel'B. 

Completion of tidal observations, except 
at permanent stations. 

Charge of permanent tidal stations a.t 
San Diego and San Francisco, (Section 
X,) and at Astoria, (Section XI.) 
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APPENDIX No. 2. 
List of .Army officers on Coast Survey duty March 1, 1856. 

Officers. Rank. Date of attachment. 

Henry W. Benham ••••• ---- --- ___ .; Captain engineers ••••• -- •••• -- • ___ --- •• --- ••••••••• __ ••• April l, 1853 
William R. Palmer. ____ ---- -- • ____ : <'aptain topographical engineers. _______ -- • --- •• __________ - ! March 2, 1852 
Joseph 0. Clark, jr .•• ----- _ -- _ -- • -: First lieutenant 4th artillery ••••• -- _ ••••• --· -·---. _ ••••••• ! January 7, 1854, 
Ambrose l'. Hill. •• __ --· ••••••••• _ First lieutenant 1st artillery ••••• --- •• --- • _____ •••• _. •• • • • November 23, 1855 
John C. TiclbalL •. _ __ __ _ __ _ __ _ __ _ _ First lieutenant 2d artillery.---- _____________ -·--_________ 8eptember 6, 1854 
Augustus H. Seward ••• _ •••••• _____ ! l<~!rst l~eutcnant 5th. infantry •••••••• __ --- _ •• _ •• ___ •••••• --i December 11, 1851 
Edward B. Hunt--·-----·-··-----· Ji1rst lieutenant engrneers ···-·------·--------------------: May 5, 1851 
William P. Trowbridge ____________ First lieutenant engineers---··------------------------·-· April 18, 1851 
Rufus Saxton ••••••••••••••••• ____ J<'irst lieutenant 4th artillery ••••• -- •••• -- •••• -· ••• -- • -- •• -: December 25, 1855 
James P. Roy •• _ ••••••••• _ •• ___ • _ First lieutenant 2d infantry •••••••• _ ••••••••••••••••••••• _; October 7, 1853 
Andrew W. Evans • _ •• _ --·. __ ••••• 1 Second lieutenant 7th infantry ••• _____ ••• _ -- •••••• _____ •• -: November 10, 1852 

I 

APPENDIX No. 2 bis. 

List of Army officers on CoaBf Survey duty September 1, 1856. 

Officers. &nk. I>ate of attachment. 

Henry W. Benham................ Captain engineers _ ••• _ •••• ···-. __ • ___ •• ·-- ---- •• _ •• ____ • April 1, 1853 
James H. Simpson --·-···---------j Captain topographical engineers ___________________________ .June 24, 1856 
Joseph C. Clark, jr ••••••••••••••.• 

1 

First lieutenant 4th artillery.---------·----------------·-- January 7, 185l 
.Ambrose P. Hill ------------------I First lieutenant 1st artillery ______________________________ November 23, 1855 
John C. Tidball ___________________ First lieutenant 2d artillery ••• -----·--·--·--·------------- September 6, l85t 
Augustus H Seward _______________ ! First lieutenant 5th inmntry·---------·-----···----------- December 11, 1851 
Edward B. Hunt ••••••••••••••••• _ First lieutenant engineers--· ••••••• --· ••••••••••• __ •• _ •• _ May 5, 1851 
WllJiam P. Trowbridge •••• ------·- First lieutenant engineers ••• ----------------------------- April 18, 1851 
Rufus &xton _____________________ First lieutenant 4th artillery •••••••••••••••••••••••••••••• December 25, 1855 
James P. Roy ••••• -- -··. --- ••• -· -- First lieutenant 2d infantry •••••• --- •• ---··-. __ •• _. __ • •• • • October 7, 1853 
Judson D. Bingham----------·--·- First lieutenant 2d artillery _______________________________ 

1

November10, 1852 
Andrew W. Evans----------------[ Second lieutenant 7th infantry·--------------------------- Ma.rch 22, 1856 
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APPENDIX No. 3. 
IMt of Navy officers on Coast Survey duty March 1, 1856. 

Locality of service. f ___ o_fti_c._ers_. ________ na_n_k_-. _____ IDa.te of attachment.·, 

Officework(Sect. I). ___ i HenryS. StellwagcnJ Commander ____ . _______ ! October 22, 1852 
i K. R. Breese--------[ Lieutenant-·------------: July 10, 1855 

I 
I
I C. R.1:'. Hodgers.----l Lieutenant commanding .. ! .July 7, 1855 
, Thos, T. Houston----' Lieutenant. _____________ ! May 31, 1855 

Office work (Sect. Il) ___ I Richard Wainwright-1
1 

Lieutenant commanding __ ! .. January 31, 1!!48 
'J B • ' 

I 
.. Stewart·-------· Lieutenant·-----------·-:. November 15, 1852 

I . 
D. P. McCorkle.-----[.------dO •. --------------i March 6, 1855 , W. G. Tcmplc. ______ , _____ .do. _______________ ; June 5, 1855 

! Thos. C. Eaton _____ J ______ do _______________ .[ July 23, 1852 

I Office work (Sects. III 1 John J. ;A.lmY-------j ~eutenant commanding.-! Mar;ih 12, 1851 
and IV.) \ R. D. Mmor --------! Lieutenant·------------·\ Apnl 19, 1855 

Ve138el. 

J . Albert Allmand •• ---)- .•• _ .do .• -- •••• ___ • •• • • March 28, 1855 
Schooners Crawford, Gal- I Sections III and v ____ _! John N. Maffitt. ·---1 Lieutenant commanding •• ! May 9, 1843 

la.tin, and Bancroft. I Hunter Davidson ____ / Lieutenant·-------------/ January 17, 1852 
; S. B. Luce----------,------dO.-------------· -·1 May 18, 1851, 
j R. Chandler ..•.•.• _! ______ do.--------------- July 10, 1855 

l
l D. L. Braine. -- .• ___ ! _ --- - .do.--_. -- • _ ----- •• , October 28, 1855 

C.H. Cushman. _____ [ Master .. ________________ 1 June 13, 1855 
Schooner Bowditch .••••• /' Sections V and VJ _____ , Stephen D. Trenchard; Lieutenant commanding __ I March 1, 1853 . I F. A. ~C---·------1 ~eutenant. ________ 7 ____ 1 February 21, 1856 
Steamer Corwin and ten- i Section VI. ••••••••••. 

1

. T. A. Cra~en ____ ····/ L!-entenant commandm~ • .I November 27, 1850 
der. [ J.C. Feb1ger·-··----i Lieutenant·----·--------! December 3, 1851 

I
I John Lee Davis ----+-··--do ••••••••• ---··-·ii November24, 1854 W. T. Truxtun ______ , ______ do ________________ July 19, 1854 

Jas. II. Rochelle •••.• 1 ..•. _.do •••• ---·----···"' July 11, 1855 
E. K. Owen·--·-----i····--do •••••••••••• ____ 

1

1 December 4, 1855 
T. Le P. Cronmiller •• , Assistant surgeon •.•••••• November 23, 1853 

Schooner Varina •.•••••• Section VII ........... Otwa.y H. Berryman.II Lieutenant commanding __ December 8, 1853 
John K. Duer _______ Lieutenant·----···--····; August 1, 1855 
S. L. Breese .•••••••• I. --- .. do. __ ---- ___ • --- •. I October 11, 1854 
C.H. Greene ~------1------do---·-···-··-----/ October 22, 1855 
W. T. GlasselL. -- • -1- .. -_--do. -- • -- • _ -- . _ ••• -j October 22, 1855 
F. A. Walke ________ .Assistant surgeon.·-··--\ October 22, 1855 

Steamer Walker •••••••• Section Vlll---······· B. F. Sands·--···-··/ Commander-··- -·--····i May H, 1850 
W. M. Gamble ______ , Lieutenant·----···--··-· Septemberl8, 1855 

I H. N. Crabb •••••••••••••• dO-----······--··· August 23, 1855 
Jas. Parker, jr .•••••• f ______ do ________________ Septemberl9, 1855 
J.C. Coleman .•••••• ! .Assistant surgeon. ------1 December Z, 1855 

Schooner Arago •••••••• Section IX. •••• _______ E. J. De Haven.·---- Lientenantcommanding .. 1 November12, 1855 
John Kell •••••••••• !' Lieutenant. _____________ Novemberl3, 1855 
James H. Gillis ••••...•••• dO---------------- October 18, 1855 
De GrasseLivingston.

1 

Master .. --·-·····------- October 18, 1855 
Charles Martin •••••• Passed assistant surgeon .. October 20, 1855 

Steamer Active and SectionsX.andXI ••••• JamesAlden---····- Commander •••••••••••• May 18, 1849 
echooner Ewing. J. S. Kennard. ______ Lieutenant. _____________ May 6, 1852 

R. M. Cuyler •••••••••••••• d9 •••••••••••••••• June 20, 1845 
S. 13. Bassett. •• _ •••• ··- ••• do __ •• --· ••• _.-·.. March 11, 1849 
Edw. E. Stone-····- •••••• dO----······-···-- March 29, 1854 
P. C. Johnson ••••••• ··----do ••••••• _________ July 20, 1854, 
J.M. Browne ••.•••• Assistant surgeon •••••••• May IO, 1855 

Office •••••••• _ ••••••• W. D. Whiting •••• _. Lieutenant·----···-····· July 30, 1853 
Do •••••••••••••••• A.G. Pendleton .•••• Profesaor of mathematics. May 8, 1848 
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APPENDIX No. 3 bis. 

List of Navy officers on Coast Survey.duty September l, 1856. 

I Rank. )nate of attachment. 

~~~~~--~~~~.~~~~--~~~~!~~~~~~~~~~~, 

: I , 
Office work (Sect. VI) __ ; John C .. Febiger _____ . Lieutenant~-------------! December 3, 1851 
Office work (Sect. VII). i John K. Duer ____ -- -i Lieutenant commanding •• ' August 1, 1855 

S. Livingston Breese.: Lieutenant. .• ·----·-----: October 11, ISM 
Office work !Sect. Vill).: Benjamin F. Sands. __ Commander .• -----------. May 14, 1850 

' i \VilliamM. Gamble •• Lieutenant. _____________ Septemberl8, 1855 
Office work (Sect. IX)--1 Edwin J. De Haven .• Lieutenant oommanding •. 1 November 12, 1853 

I John Kell---------~· Lieutenant ............. -----·-' Nove1nbcrl3, 185.S 

Vessel. Locality of service. Officers. 

Section J_ ____________ Henry S. Stcllwagen. Commander .• -----------: October 22, 1852 
Hunter Davidson ____ , Lieutenant .•• -----------. May 18, 1854 

St.ea.mer Bibb----------! 

K. Randolph Ereese.+ ••••• dO--------------·-' .July 10, 1851> 
James G. Max.well._. Master ... -- _. _ -- • -- _ -- _ - May 12, 1856 

Schooner Gallatin and I Section I----·-------- C. RP. Rodgers----: Lieutenant commanding •• i July 7, 1851> 
wnder. Stephen B. Luce·----! Lieutenant·-·----------·' May 18, 1854 I i Thomas T. Houston •• ; ______ do ________________ , ]\fay 31, 1851> 

1 ~i James H. Gillis _____ : ______ do ________________ : July 8, 1856 
[ De Grasse Livingston .. Master .. _______________ . July 8, 1856 

Steamer Vixen I Section L------------1 StephenD. Trenchard' Lieutenant commanding __ · March 1, 1853 
---------\ Francis A.. Roe _____ _, Lieutenant .•• ----------- .. February 21, 1856 

I ! John J. Cornwe!L ..• · ••.••• do ________________ July 29, 1856 
, ~ Geo. F. Morrison •••• ! Master .. ________________ : July 29, 1856 
i [ Robert L. Mar------:------do ________________ ; July 29, 1856 

Steamer Corwin-------·I Section II--------·-·-' T. A. Craven ________ , Lieutenant commanding •• ! November27, 1850 

Schooner Nautilua. ----- Section II -- __ --- . ---

i 
Schooner Crawford_ - - - - • j Section III •• _ ••• _. _ •• 

Steamer Hetzel. •• ____ - _ [ Rections III and IV ___ _ 

i 

William G. Temple_; Lieutenant. _____________ ; June 5, 1851> 
John Lee DaYis - ___ - _ -- ••• do •• -- •• -- _ -- ___ • _; November 24, 1854 
Wm. T. Truxtun •.. +-----do ________________ i July 19, 1854 
Jam~s H. Rochelle_--!- ____ .do. _____ •• __ - - - __ -i July 11, 1855 
Elia" K. Owen_ --- - --i- -- _ - .do. - - • -- -- • -- - _ -- .: December 4, 1855 
T. Le?. Cronmiller __ 

1 
Assistant surgeon ________ ; November23, 1853 

Richard Wainwright.I Lieutenant commanding •• : January 31, 1848 
John B. Stewart-----' Lieutenant-------------' November 15, 1852 
D. P. Mccorkle----- •••••• do.--------------·i March 6, 1851> 
John N. Maffitt -----i Lieutenant commanding •• ! May 9, 1843 
Ralph Chandler-----: Lieutenant .•• -----------: July 10, 1855 
Daniel L. Braine .•••• ------dO---------------- October 28, 1855 
John J. Almy _______ ; Lieutenant commanding __ 

1 
March 12, 1851 

Robert D. Minor·----: Lieutenant. _____________ April 19, 1855 
William H. Ward .. __ : Master .. ----------------i April 10, 1856 
R. F. Mason ________ ! Passed assistant surgeon ..• ; April 10, 1856 

Steamer Active and Sections Xand XI. ••.. JamesAlden--------1 Commander ____ --------i May 18, 1849 
schooner Ewing. i Richard M. Cuyler ___ , Lieutenant·--·----------! June 20, 1845 

i SimeonS. Bassett----1------do ________________ , March 17, 1849 
i Philip C. Johnson, jr.1------dO.---------------' July 20, 1854 
i J.M. Browne _______ , Assistant surgeon .••••••• j May 10, 1855 

Office. _______________ ! W. D. Whiting .••••• : Lieutenant-------------! July 30, 1853 
Office ••• -------------1 A.G. Pendleton .•••• ! Professor of mathematics-: May 8, 1848 

APPENDIX No. 4. 
List of assistant engineers United States Navy, on Coast Survey duty March 1, 1856. 

_____ v_e_sse_1_·----·l---.Assi--'s_ta_n_t_e_n_g_i_n_ee_r_s_. --1 Rank. I Date of attachment. 

T. A. Jackson ___________ __'! Second assistant engineer--------------·\ June 30, 1855 
James F. La.mdin _____ - -- • .! Third assistant engineer ___ ---------- ___ 1 June 30, 1854 
R. W. McClcery ••••••••••• !------do •• _______ do __________ --------~ December 26, 18.'>5 
W. Holland ____ ---------- Firstas.«istantengineer ________ --------i September 5, 18a5 

Steamer Corwin----·-----

Steamer Walker •• ____ ----
J.M. Harris--------------' Third assistant engineer--···-----------1 October 27, 181>4 
W. M. W~llet •••• ---·-----!------do _________ do ••• ---------------]October Zi, 1854 
John Hollms- --- - -- - - -- - - -[-- ___ .do __ . __ • ___ do -- _. --- _ -- -- •• ____ ' October 27, 1854 
N. C. Davis. - --- - --- - -- -- -1 First assistant engineer - • -- •• - -- - --- • -- February 22 1853 
M. P. Jordan------------- Third assistant engineer.--------------- June 20: 1854 
John Howell------·-------\------do.--------do ---------- -------- J11J1e 20 185-i 

Steamer Bibb - ----- -- •• -- R. B. Quin. ___ --·- ___ --- _ _ Seoond assistant engineer. -- ______ . _ __ _ _ May 2s', 1856 
Steamer Rat.el .......... ~ W. C. ~heeler-~-- -- _ - ---+--- .. do ••. ----~-do--·:---:_- --- ------ September 7, 1853 

Steamer .Active •• --- •••• __ 
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APPENDIX No. 4 b• 

Li,st of assistant engineers United Statu Navy, on Coast Survey duty SeptembBr 1, 1856. 

I 
VeBSel. A.s~istant engineers. Rank. ' Date of attachment. 

~~~~~~~1~~~~~~~-1-~~~~~~~~~~-l1~~~~~ 
H,<mry H. "tewo.rt ••••••• ..[ Fir.st assistl'Lnt engi~eer ·---------------!June 1, 1856 Stea.mer :Bibb--------·--· 

Stea.mer Vixen ••••••••••• 

fltea.mer Corwin-·-··----· 

Stea.mer Hetzel ••• ·-- --- •• 

Steamer Active. --- ••••••• 

Steamer Walker _________ _ 

~. H. Hunt __ •• __ •• ----. -'. Third assistant eagmeer. --- ••• --- ••• ___ 
1 

May 15, 1856 
J.C. HulL-------------··i Second assistantengineer---------·-·-·· May 6, 1856 
John S. Albert •••••••• ----: Third assistant engineer.---------------! May 15, 1856 
W .M. Willet, jr. __ - -----. -'-. -- - .do •.•. --- - .do -- --- •. _ - ---- ___ --1 October 27, 1854 
T. A. Jackson.·----------_! First assistant engineer----------------' June 30, 1855 
James F. Lamdin •••••••.•• ; Third assistant engineer----·---------~-! June 30, ISM 
R. W. McCieery ___________ , ______ do •.••••••• do ------------------:December 26, 1855 
W. C. Wheeler------------1 First assistant engineer--·····- ••.••••• [ September 7, 1853 
J. McElmell __ ••••• ---- ••• ' Third assistant engineer ••••••• --- _ ••••• ' April 11, 1856 
N. C. Davis •.••••••••••••• ; First assistant engineer ••..•• ----------~ February 22, 1853 
M. P. Jordan-------······' Third assistant engineer •••••••••••••••• 1 June 20, 1854 
John Hollins •. ________ •• __ [_ --- . .do. ______ •. do _____ • _. ----- __ •• ·I October 27, 1854 

I I 

• 
APPENDIX No. 5. 

List of infcmnation furnished by the Coast Survey during the year 1855-'56, under authority of 
the Treasury Department. 

Date. I To whom communicated. Information communicated. 

181>6. I 
Nov. 61' Gen. T. Tilghman-·--·-···----------------! Distance from Easton, Md., to City Hall, N. Y. 

7 G. W. Blunt, Esq ••• --------------·--------j Tracing of hydrographic surveys on the coast of South Caro
lina and Georgia in 1854 and 1855. 

10 j Franklin Institute JournaL ••••••••••••••••• 1 Information relative to measurement of Florida bases. 
20 i Prof. Christopher Hansteen •• - - ••• - • - • - •• - •• ! Results of observations made for magnetic declination, dip, 

I I and intensity, at stations in vicinity of New York city. 
Dec. 8 ! C. F. Henningson, Esq ___________ ••. -------! '.rracing of hydrographic survey of Cedar keys, l<'la. 

18 I Hon. Howell Cobb.·--··------·--·-··------1 Tracing of reconnaissance of Brunswick harbor, Ga. 
19 J Solomon Cohen, F.sq ••••••••••••••••••••••• j Do. do. 
26 , G. P. Elliott, Esq------.--------------------, Tracing of hydrographic survey of Port Roya.I entrance and 

1856. ' Beaufort river, S. C. 
Jan. 5 ! Lieut. J.C. Ives, Topogra.phical Engineer&----! TrMing of hydrogyaphic reconnaissance of Tampa bay, Fla. 

S 1 Commander C.R. Kennedy, U.S. Navy •••••• Distance between points in the vicinity of Norfolk, Va. 
10 , H. McCall, Esq •••••• -----------····----·-- Tracing of topography of Bush, Gunpowder, and :Middle riv-

/ crs, Md. 
15 'John L. Hamard, Esq---------------------- Tracing of Chandeleur islands, La 
26 F,gbert S. Viele,Esq ________ •••••••••••••••• Tracing of shore-line of New Jersey. 

Feb. 12 Meill!l'S. Chubb Brothe:r11 --· •• ----. ·- -- -- -- -- Tracing of line of soundings from Wharf Point to Poplar Point 
across Pata.psco river, Md. 

12 E. C. Anderson, Esq ••• ·-·-----·---------·- Tracing of reconnaissance of Brunswick harbor, Ga. 
15 , Hon. E. C. Cabell ••••• --------···--------- Tracing of hydrogra.phrc survey of Ocilla river, Fla. 
20 j G. W. Blunt, Esq. ______ • _ ... - •.•.• - • - - - • - _ Tracing of additional soundings in Nantucket sound. 
22 E. C. Andeil!On, Esq-----··---·--·--·------ Tracing of &vannah river from entrance to head of Argyle 

island, Ga. 
U War Department------··-----·------------ Tracing of hydrographic survey of Olympia harbor, Wa.sh

ington Territory. 
!6 .••••• do-----·----·-···-··---------------· Tracing ofhydrographic survey of Steilacoom harbor Wash-

ington Territory. · ' . 
March 0 Engineer Bure&u --·----- ------·----·------ Copy of chart of St. Mu.ry's b&r and Fernandina harbor, Fla. 

10 Henry E. Pierrepont, Esq.---- - . - --- . .•••••• Tracing of topography of Newport and vicinity, R. I. 
15 Richa..rd Cromwell, Esq--------·------------ Tracing of hydrography of part of Pat.apeco river, near Fort 

McHenry, Md. 
17 I G. W. Richards, Esq---·-------------------, Tracing of reconnaissance of Absecom inlet, N. J. in 1854. 
17 • Hons. A.. H. Stephens and J. L. Seward •••••• ! Tracing of reconnailll!lltlce of Brunswick harbor, Ga. 
19 Capt. A. A.. Humphreys, Topogra.pbical Engin.·ra\ Tracing of sketch of A.tchafalaya. bay, La. 
20 General Land Office·-- •• - ---- - - --- - ------ - .j Tracing of Anacapa and ea&t end of Santa. Cruz islands c.i. 
22 Hon. W. W. Boyce •••• -----·----------· •• -1 Tracing of Port Royal entrance, S. C. ' 
25 H. F. Walling, Esq ••••••••••••••• -·····-·· Tracings 9f topography of portiollS of OOMt of MaaaachW!etts. 

April 2 Q. W. Rlunt, Eaq •••••••••••••••••••••••••• Tracing of hydrograpby f.rom. Hobjaek bay to Cape R~nry, 
I Chese eak.e bay. 
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APPENDIX Ko. 5-Continued. 

Date. To whom communicated. Information communicated. 

1856. 
Tracing of hydrography of East river, from Randall's island to Charles Copley, Esq __ .------- --- ------ ___ --i 

i 
April 2 

May 

June 

July 

Aug. 

7 
9 

11 
12 
18 

War Department ____ . ___ ---- --- . --- --- -- _,! 
R. H. Long-, Esq ••• -- - -- __ ---- -- --- -- •• -- - .. 
M. P. Muller. Esq-------------------------! 
Hon. D. L. Yulee ..• -----------------------i 
Hon. Mitchell King •• - -- • -- - - --- ----- --- -- -! 

Throg's neck. 
Tracing from sketch of month of Miami river, Fla. 
Tracing of hydrographic survey of 8t. Andrew's bay, Fla. 
Tracing of triangulation and topography of Cedar keys, Fla. 
Copy of chart of Cumber!Gnd sound and Amelia bar, Fla. 
Tracing of hydrography of Savannah river from. and including, 

Hutchinson's island to l1ead of Onslow island, Ga. 
18 D. B. Bryant, Esq-----------·--·---------- Latitude, longitude, and description of geodetic station, Se

21 John H. Scranton, EsQ---------------------1 
21 _____ .do ___ • _____ • _______________________ ~ I 

battis Mount, ::IIe. 
Tracing of hydrographic survey of Olympia harbor, Puget'R 

Sonnd, '\"'"ashington Territory. 
Tracing of hydrographic surve~· of Steilacoom harbor, Puget's 

Sound, ·washington Territory. 
21 Hon. J. Morrison Harris •• _______ . __ .. ___ ._ -i Tracing of Patapsco river from Baltimore to middle of Chesa-

, peake bay. 
24 
25 
29 

Light-house Board-------------------------i Tracing of Swash channel, ~ew Tork bay. 
Charles Copley, Esq _____ .. ___ . _____ . ____ ._ .1 Tracing of additional soundings in Nantucket sound. 
C. W. l\Ioesta, Esq ••• ----------------------1 Moon culminations observed on certain days of 1852, 1853, 

6 Professor Joseph Henry ______ . _ •. _ _ _ __ _ ___ _ Latitude, lon~itudc, and elevation a.hove the sea, of Coast 

I 

1854, 1855, and 1856. 

Survey station at Mount Hollr, ~- J. 
6 James Miller, Esq •• ------··----•---·------- Latitude and longitude of Shepard's Point and Arundel sig-

9 
19 

Gen. T. Tilghman------------------------
Engineer Bureau - _ - - - - - - - . - - . - - . - - - - . - - - - - I 

nals, near Beaufort, N. C. 
Tracing of part of Pocomoke sound. Chesapeake bay. 
Tracing of part of Hell Gate channel, near Dlackwell"s Point, 

New York. 
24 Gouverneur Morris, Esq. ____ • ___ ----- ____ • _ Tracing of soundings of Ea•t river, nearMorrisiana, New York. 
24 Commissioners on New York harbor--------- Copy of original topographic and hydrographic sheets of New 

26 
2 
2 

United States Fishery Commissioner ______ ... 
_______ do __________ do _______ ---- ------

W. B. Hill,Esq ••••• -- --------------·-----

York bay and harbor. 
Tracing or' topography of Sangus river and vicinity, Mass. 
Tracing of topography of Weir river and \'irinity. Mass. 
Tracing of Delaware river, from mouth of SC'huylkill to navy 

yard, Philadelphia. 
6 United States Fishery Commissioner _. _ _ _ __ __ Tracing of topography of Parker's rh·er and vicini~, Mass. 
6 •••• do ________ •• do _______ ---- ------ Tracing of topographr of Back river, Monument river, Ware-

ham. and "'eneantic river8, l\lat's. 
6 ·--------.do. _________ do _______ ---- ------ Tracing of topography of Na.stetucket river and vicinity, 

6 ·---------do __________ do _______ ---- ------

~ !==========:~::::::::::~~::::::: :::: :::::: 
I 

IO I A. S. Baldwin, Esq ___ --------- ________ .----

i 
14 
17 

18 
20 
3 
3 

Prof. W. C. Bond .. ----------------·------
Baron Von Muller-----------·--·----------

Edwa.rdO. Boyle, Esq----------------------
E.W. Seabrook, Esq.---·------------------
A. Hawley, Esq. __ . __ • -- _ -- • ____ --· _ --- ----
J, B. Mills, F.sq.·-···----------------------

l\fass. 
Tracing of topography of Acoaksett river and vicinity, Mass. 
Tracing of southern extremity of Cape Cod, Mass. 
Tracing of topography of O•terville river and harbor, Cotuit 

river, and P.:ponset bl',~', Mass. 
Tracing of St. John's river, from entrancP to Je.cksonville, 

Florida. 
Determination of longitude of Bangor, Maine. 
Certain magnetic constants and examples for determining 

magnetic elements. 
Tracing of Coenties' reef, New.York harbor. 
Tracing of sketch of Edisto island, S. C. 
Tracing of part of Upper Galveston bay, Texas. 
Data to establish a meridian from certain Coast Survey stations 

opposite Peekskill, on the Hudson river. 
8 A. Hawley, Esq-----··-----·---·----------- Tracing of entrance of Trinity river, Galveston bay, Texas. 

10 Lieut. W. H. Stevens, Corps of Engineers---- Tracing of topography of Galveston island, Texas 
10 l G. W. Blunt,Esq ••• -----------------------1 Tracing of.co.a.st between Safom and Cape Ann, Mass., and 

I soundings in Vineyard sound. 
15 Hon. W. Cost Johnson ________________ . ____ , Tracing of Point Lookout and vicinity, Md. 
24 Light-house Dea.rd. ___________________ . __ . -i Tracing of entrance ot .Uappahannock river, Cbes.'1.peake bay. 
24 --------dO--------------------------------: Tracing of hydrography near Smith'R Point, Chesapeake bay. 
80 H)Q. D. L. Yulee __________________________ j Tracing of St. l\Iary's bar and Fernandina harbor, }'la. 

7 S. D. Backus, Esq ....••.. _._. ______________ : Tracing of the topography of Byram river, Conn. 
11 G. W. :Blunt,Esq ____________________ •••••• 

1

1 Tracing of C-Ommander Sands' soundings, from Savannah, 
Ga., to the Belize, in 1856. 

15 H. Wilson·lle.rris, Es<t-·-··-----·------------ Tradng from reduction of Chesapeake bay, north of Pata.p!ICO ... I river, Md. 
16 lien. J. B. :Bicaud •••• ___ ·-- __ • _______ ---- _ _ Tracing of Bush river, Md. · 
15. Cortlaad PuksP, F.aq. ·-- ·----· ___ ----- _____ ·Copy of a report on the currents in Passaic rh•tt, N. J. 
26 Bngiaesr Bureau -···•--·--·-·------·------1 Tracing of St. John's river, Fla. 

14 cs 
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APPENDIX No. 5-Continued. 

Date. To whom communicated. Information communicated. 

1856. 
Od. 10 G. W. Rlunt, Esq •••••••••••••••.••••••••.. : Tracing of hydrographic survey of North Edisto bar, S. C. · 

Tracing of hydrographic survey of Port Royal entrance, 8. d . 
Projection from 390 to 540 north latitude, and from 54° to 

10 
10 

14 
16 

••.••. do ___________ ----------------------: 
Sir Wm. E. Logan •.• ----------------------

98° west longitude from Greenwich. 
J.P. Jackson, Esq •• ---------------·-------· 'l'racing from hydrographic survey of Newark bay, N. J. 
H.F. Walling, EsQ.------·-···-------------! Tracings of topographic surveys on the coast of MaSS&chu

setts, from Plymouth to Buzzard's bay, including Martha's 
. Vineyard, Nantucket island, and No-Man's-Land. 

18 Land Office •••••••••••••. ---·-------------! Topography of Mud, Snipe. and Saddle Bunch keys, Fl&. 
18 i· ____ .do. __ • ______ •••. _____ . -- •••••••.••. -: Topography of Johnson and S~wyer keys, Fla. 
18 1 •••••• do .••. ------------------------------, Topography of Sugarloaf, Cudjoe, Summerland, and Logger-

[ ! head keys, Fla. 
I 

APPENDIX No. 6. 
List of capes, headlands, islands, harbors, and ancho'f"ages, on the western coast of the United States, 

of which either preliminary, topographical, or complete surveys have been made, or maps, charts, 
or sketches issued to date of report of 1856. 

Names, in geographical order. Character of survey. Published. 

CAPF.S AND HEADLANDS. 

Po~nt Lom& ••••••••••••.••• -- - -- ••••• -- •• --- - Topographical survey ---· ••• -- • - ••• --1 Sketch •••••••••• --·-----

~~~~~ :::~:: :: ===== ====:: :: : :: : : : : = == ==== = = == =:: == = ==~~=:::: :: ==::: == = ::::::: == i::: =~~===:: ===: :: : :: :::::: 
Buenaventura mission •••• -- •••• - -- • - -- -~-. - - -- •

1 

.. -- . -- - .. do. - - -- ---- --- --· •••• - - - •• \. ·--- ••••• - - ••••• - -- - - - • - -

rrE1 [~£:~ :: : =:: = :i = iiiii: iii iii iii:= ~iii;:~:==: mi:::::~ ii=::=:~= i: =ii ~iii: mlliff ff :ii: ~i :ii 11: :ii 
~:::n~~:~~===:::::::==========:============ ==========i~========================[~~~~~::::::~======~===== Cape Disappointment •••• -- •••.•• - .•• - --- -- •• - •••• _ ••••• do •• -- -- •• -·-- •••. -- --- --- l- •.. do •••••••••••• -- -- __ •• 
Cape Flattery .••• - ••••• -- ••••• --- • -- • -- .•• - - - .•••• --- •• do •• --- ••••••••••• -- - ••••• 

1 
.... do ••• --- -- • -- ••••••••• 

ULA...'IDS. I 
Los Coronados islands-----·------------------- Topographical survey---------------- Sketch-----· ------·-----
Anacapa island --- ---- _ ----- •. --- ---- - -- ---- -- ----- ••••• do .. _----- ___________ -----'- ..• do ••. -------- --- _____ • 
Banta Cruz island ••••••• -- ••• -- -- •• -- • -- - --- - •

1 

...... -- .. do ••. __ ••• -- __ ••••••••• --- 1 •••• do •••••• -----· - ••••••• 
South Farallon island •••••••••••••• --- --- ••• - -- Reconnai881\Ilce •.•• -- • -- • -- - -- • -- - --1- ... do ••••••••• --- - - - - -- • -
Alcatraz island------------------------------- Topographical sUTvey -·-----·-------- •••• do •••••••••••••••••••• 

~~~~~~=~~~=~~~~~~~~~~~=~~~~~~~~:~~~~~~~~=~:~il~~=~~===~::~:~~~~~:~~~~~l1=~~~~~~~~~~~=~~~~~~~~~~~~ 
Smith's isl&nd. --- ••••• --- --- -----. -- • -- •••• --\ Preliminary survey ---- --- ••• ------ •••••. do •.. --- - -- - -- - ••••• --
Cypress island •••• --- •••••• -- -·--- --- -.··--- •• -(· Topographical survey ••••• -- • -- • --- -- --··- - ----·· --- -,.-- - ---- ••• 

HAii.BOBS AND ANCHORAGES. 

San Diego harbor -•---- ••• --- --------. -- ••• --- Preliminary survey ---- ___ • ____ ..• _.. Sketch --- .• __ • ------ ----
San Clemente harbor ••••••••••• --- •••••• ------ --- ••••••• do ••• __ ••••••••••••••••••••••• do ••••••.••• -----.---
Catalina harbor ••••••••••••••••••••••••••••••••••••••••• do •••••••••••••••••••••••••••• do •••••••••••••••••••• 
San Pedro harbor ••••• ------------------------ Topogra.phicalsurvey ---------------- •••• do •••••••••••••••••••• 
Cuyler's harbor, island of Ban Miguel •••••••••••• Preliminary 1:1¥IVey ···-------·-······ •••• do ••••••••••••••••••• 
Prisoners' harbor, Santa Cruz island ••• ----·---·-·1--- --..... do •• ------ .... - --- -------. --- .do •••••••••••• ------·· 
Smugglers' cove, Santa Cruz island •••••••••••••• Topogmphica.l survey-·-·-··--··----·----··------·------·-····· 
Santa Barba.I'& anchorage ••••••••••••••••••••••• ----------do •••••••••••••••••••••••• Sketch •••••••••••••••••• 
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APPENDIX No. 6-0ontinued. 

Na.mes, in geographica.l order. Character of survey. 1'ubli8hed. 

HARHOR8 AND ANCHOJtAG~-Continued. 

Coxo harbor---------------------------------· Preliminary survey------------------ Sketch-------·-----------
San Luis Obispo harbor. --- --- ---- --- -- - •• - . -- _ ;_. -- -- • -- _do ___ -- • --- --- •. __ ---- --- . ___ .do ____ ---- _________ . __ 
San Simeon harbor. --- ---- --- - -- - --- ---------- -- -- -- • -- .do ____ - - --- ---- --- --- _ ·-·. ___ .do ______ . _____ ----- __ _ 
Monterey harbor.-._ -- . --- -- . --·. --- ------. --- Topographical Rurvey ----- ______ ----- ___ .do. _________ ._------._ 
Sa.uquel cove-------------------------------- ----------dO------------------------ --------------------------
Santa. Cruz ha.rbor _____ - ·----- ---- --- ------. --· ---- -- -- - _do _____ - -- -- --- . -- --- - . -- . Sketch . __ • __ ---- _____ . __ 
Point Aiio Nuevo harbor.----.--------- --- - . ---'---- - --- •• <lu •• ---- ------- --- • -- - ·-- .' --- .do.------- __ -------- __ 
San Francisco harbor •••• ------------ -- --- - --- • Complete survey ... ------. ---- .• ___ ., ___ .do ..... ______ ------- __ 
Mendocino City harbor ---- --- •••• --- ------- --- Preliminary suney ••• ---- ··- •...••.. ___ .do. _________________ •• 
Shelter cove __ .. -- ••••. -- -- - ------ - -- --- -- -- -.---- -- ____ do .. -- -- ---- -- _. -- -·------ __ .. do. _______ ..• ____ ._. __ 

~~~':'~~:U~~~Yo;i~~g·h;;u""a~ -~ :~?: = == ========== =: =:: = :: ::~~:::: = =: :::::::::::::::: :' :=: :~~: :: : : : :: :=::: =:: =: := 

~=~~~~nar::~~ ~~~~~:: == == ~ = = :: :=: == == == = ==: : === = = = =: =~~=== = ==: == = :: =: ===: = =: ==:; :: : :i~: ==:: :: : :: : : = ==: == == New DungeneBS harbor • --- -·- ••••• -- -- -- ___ ••. Topogr~pllical survey __ ••• ___ .... ___ ., .• __ . _________ . ___ ---- ___ _ 
Port Townshend ___ --- - ---------- - -- ---- -- . -- . --- - - _____ do ... - --- --- ------- -- . --- _: Sketch ____ ----- ______ . __ 
Port Ludlow __ - - - - - - • - • - - •• - - - - - . - - - - - •.••• - . - - - - - - - - •• do - - - - - - - - - - - _ •• _ - • _ - . - - _ . '.. _ .••• __ • _ •• _. __ . ______ . __ 

~~~~~l~r-~~-~~1~b_o_r_: :: : :: : : : =: :: :: :: : ==: · p;;ll;;i;.;r~Os-.;;v",fy·: :: : ::: : :: : : : : ::: : '.::::: :: : :: : ::: : : : : : :: : : : == 

~::~~~o~r~;b~;:::=:::::::=::::::=:::::::::: :::=======~~:=::::::::::::::::::==::::~::::::::::::::::~::::::: 
Olympia harbor. --- -- . - -----. ---- -- . ----. -- •• ·:···-·-----dO--- -- -- . -- ---- -- • -------;·---·--. ---- __ -----·- _ •• __ 

BAYS. 

San Diego bar-------------------------------- Topographical survey------------ ____ : Sketch-----------------· 
False baY------------------------------------ ----------do ••.... ------------------'--------------------------
Monterey bay -------------·--··--------------'----------do. _______________________ Sketch.----------------· 
&n Francisco bay ••• -------------------------- ----------do ...•• --~----------------- ____ do _______________ ----
San Pablo bay _ •• _. _ •••.• _. - ••• - - . - . - - - - . - •••• - - - - - - - - •. do - - . - - - - - - - - ___ • _. - • _ - _ .. ,. __ . _____________________ _ 
Eallenas bay_----- --- ·---- -- ---- --- -- ---·- --- - --- - --- __ do _______ ---------. --- --- -.-- __________ ------------ __ 
Sir Francis Drake's bay •. -- --- ---- -- . -- --- -- --- Prelimimuy survey • -- • -- - --- . -- - • -- - Sketch ----- _ .• ___ •• ____ _ 
'fomales bay--------------------------------- Topographical Rurvey ---------------- --------- -----------------
Humbuldt bay. ______ ._ --- ___ --·--. - • -- -- ___ ••• , Preliminary survey - -- .• ________ • __ •. Sketch ________________ •• 
'I'rinidad bay •• __ •• _______ -- . ---- - - - ---- --- ---'--------- •• do •. ---- - --- -- . - -- . - ------ _ •.• do _____ . __ --- ___ •••• __ 

r~:;~1:~ ~~: ::: :: : : ::: : ======: :: :: :: :: ::: :·: ~~~~~~~~l=;l;~~~== = == = = == = =: = = = = :::= = =~~= == = = = == = = = = = == = == == Eellingham bay-·---------· ..... ----------- ___ ----'. Preliminary survey ......... .............................. ! Sketch .............................. ____ _ 

:RIZFS AND BANKS OR SHOAU!. 

Corte:z bank----- ______ --· __ ----- -- . -- -- --- -- . : Prnliminary survey - --- - --- -- - --· - . -- ' Sketch ----- .• ----- -----· 
Duxbury reef ••• --- -- ----- .• -- - -- ----.--- --- --- -- -------.do ___ --- - --- ---- ------ -· - - .•••• do. __ - ----- -----------

l!TRA11'1!! AND EJl'TRANOES. 
I 

San Diego entrance--------------------------- T-0pographical survey-------· _______ _! Sketch------------------
San Francisco entrance ---- --- ---- ------- --- --- Complete survey - -- --- -- -- - -- -- - ____ ] __ .. do ____ -------- _______ • 
Mare Island straits ____ ---- ___ ----._.---------- Topographical survey ------ --- ---- --- . __ .do •• -------------_----
Umpquah River entrance __ --- __ - •. -- ---- --- --• Preliminary surve.v - -- - - ------ -------: __ •• do. ___ ---- .• _________ _ 
Columbia River entra!lce. __ --- •• ____ • -- •• _ _ _ ___ Complete survey - - - -- - - - •• -- .•.• ----, Preliminary chart- ________ _ 
Admiralty inlet. _____________ • _____ • ___ • ___ --- Preliminary survey ---- -- ----- -- ••• - • 1 Sketch • ___ • __ •. _____ • __ _ 
Canal de Haro and straits of R081Lrio . _. -- -- ______ ---- - -- - - _do ••• -·---· - ------. ----- - - •••• do_. __ •• __ .• -- _. _. ___ ,. 

JUYll:BS. 

Se.~ia Cl~m river ________ •• ----- _____ •• _. ___ •• -i Topographical survey - - - • -- _. - -- - _. ___ • _. ______ • ________ •• ____ _ 
Salmaa nver ___ ----- ________ --·---- ---- ______ : ________ •• do ••. - ••• --- ---- ••• -- ----- . ---- .• ----- •• ------- ____ _ 
Pa.ja.ro riveT ---- ••• ____ •• ___ -------- ___ • ________ •• - •• - • -do-- -- ••• -- • -- -- . - - -- -- - - - .• -----. -- • ---- --- ---- ___ • 

CITIES. i 
City oUlonterey. ------ ________ • _ --·-- _______ _i Topographiral survey - - • --- -- - ----- - - Sketch -----. --- • _ -··--·. 
City of &n l<'mncll!CO •• _ •••• ____ • ____ • __ • __ • ___ : __ ._.----_do •••• ··- -- • ---- -- - -- -- - -- Map - -- -- -··-· --·. _ •• ----
City of Benicia .•• __ -----_-·------ ______ ----- --i- _-------.do_ - -- --- - --- - -- • - -·- - - - -- - -·-----·· -· •• _ -- ________ • 
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APPENDIX No. 7. 
Results of the Coast Survey at different periods, from 1844 to 1856. 

Previous to ( From 184'4 I For 1855. 
1844. to 1855. 

Total from be
ginning of 

I
. ~urvey. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-1-~~~~~--~~~~~-1-~~~~~ 

Reconnai~sance : 
Arca, in square miles---------------------------------Parties, number of. ___________________________ • _____ _ 

Base Jin· s: 
Primary, number of------------------·-------------
Secondary, nu1nher of_ __________ --- • ______ ... ____ ---- _ 

Length of, iu miles----------------------------------
Triangul>ttiun : 

Area, in sqn:ire mil~s ________ . ____ • ___ . _____________ _ 

Extent of coast-line, in miles. ___ ._··-- __ -- _ ---- -- --- • 
Extent of shore-line. in mile~-----------------------. 
Hrn·izonta.J ang-le staHons, num her oL. __ - . _ ••• __ - • _ - - . -
Point" ddermint!d, number of_ ___ -- ---- ---- __ -- -- ---- _ 
Vertical angle stations, nnmlJcr oL _____________ --------
Heights determined, number of. ______ . - - _ - •••• - ••••• 

Ashonomical "tations: , 

9,642 34, 757 I 
--------- ------------1 

1 07 
2 2<l 

19~ ~Pot 

9,076 
310 

3,215 
750 

1, 183 
15 
44 

24-,787 
1,667 
9, 7!12 
1, 811 
3, 188 

18 l 
446 

Azimuth, number oL---------------------------------'. 9 52 
Latitude, number uL . __ - -- _ - _ - -· --- - - - -- - - - - - -- -- - - --· 9 87 
Longitude, number 1>L •• - --- . -- ••. --- - --- - - - -- ---- -- --! 1 70 
Longi tudc, (permanent,) n um her of_ - - • _ - •• - - • - - - . - - _ - - - ' ___________ • , ____ • _____ _ 

Magnetic sttttions, number of._ .• -- .• -- • - ---- --- - - --- - . -- - • --._ __ _ __ _ _ ___ _ 146 
'rria.ngulation parties, numl,er of----_ --- - --- _ --- - - - ...... - -- ........ , ________ ........ ! ..... ------ __ _ 
A~tronomical pnrti es. n mu lwr of. _. __ •• _ • _ • __ .•• _ ••••• __ •• __ •• : ____________ 1 __________ _ 

Magnet-ic parties, numLcr of •• -- ---- _ •••• ---- ••• _ - • _ •• --- ----: ____ ---- ••• -'----- _____ _ 
Top0grnpby : · 

1,487 
7 

2 

4'5,886 

s ·1 

24t ' 

9 
35 

1341 

2,729 
375 

1,270 
410 
584 

6 
6 

4 
4 
1 
3 
8 

20 
6 
5 

I 36,592 
2,352 

14,277 
2,971 
4,955 

202 
496 

I 
I 

65 
100 

72 , ___________ _ 
f 154 

l=====::::::: 
1------------

Are,., in square mile"-------------------•-----··------ 6,222 5,642 532 12,396. 
Length of shore-linc,inmiks __________________________ . 6, JOO : 11,415 1,356 18,871 

Topographical parties, munbcr uf_ ___ •••• ---- ----- - - -- •• -- -- ------ _________ : _______ •••• _ 14 \··- __ ••••••• 
Hydrography: ; '. 1 

~~:~~~~ ;,;,~:~;eer 1::J~~8_:::: ::::: :: : ::::::::::: :: : : :: : : ::: ____ -=~ ~=~- _::::::: ::: : : : --------i i·-1: :::: ::::::: 
Souncling-s, nurnher of.-------------------------------- 808, 147 : 2,608,215 526,875 I 3,943,237 
Soundings in Gulf stream for temperature - - - - - -- ---- - - -- _ ••• : •• _____ : 1, 715 J 37 1, 852 
Fathoms of line used in mmc·-------------------------,------------: 176,757 4.268 181,025 
Tidal stntionR, nurnheroL •• ---------------------------1 lOR i 401 104 613 
Tido.l partit•s, number of ____ :·-·----------------------'------------------------ 3 ------------
Current parties, number of----------------------------,------------;·--·-------- l ·----------
Current statiom, llltmber of - - -- - . -- - . - --- - - . - - - - -- -- --:. _. ------- __ : 444 84 528 
Specimens of bottom, num1>cr of. - -- - -- -- -- - - - - • --- -- -- ______ ---- __ ! 4, 736 253 4, 989 

'l'opogrnphical mapo, (origini>l,) numher of_____________________ 166 2!l7 77 5<l0 
Hydrographic maps, (original,) number oL. -- •• - • - .• - - - •• - . - - - • 127 303 60 4-90 
Rednctiom; o.nd other maps ••• - --- - -- - -- - --- - --- - - -- - ---- -- -- 326 83'1 168 1, 328 
Tot1\I numherof manuscript maps--------------------·-·-----: 619 1,434 305 2,358 
Records of triang11h1tion, (origitml,) number of vol11me15 _________ : 97 276 79 452 
Records, M-trono:riical,. (•~riginal,) number of volumes -- - - • - - -- --i 17 314 35 366 
Heconls, ma~nehc, (<mgmttl.) number of volumes---------···--. 4 59 33 96 
Duplicates of the a hove, number of volumes • - - -- - - - -- - .. - - . - --i 27 483 139 649 
Cnrnpu~ns, number of volumes ••••. - . - -- - - -- - - --- - -- - - • - --! 78 422 109 60'9 
H ydrogr:i)ltti<; books, soundings and angles, (original,) number of i 

·volumes --- --- ------- -- •• --- - • -- ----- -- - ------. - --- - •• - .; 188 
Sounding itnd angle observations, (duplicatcR,) number of volume~.' 28 

H;:L~~~=~l~~c- -~''.~R:. -t~~~I- -a~~- _c_1~r~~~:· _ _'~~~~~~~·!-~-~~~~~ __ o!_i 127 / 
Tidal and current observations, (duplic:ttes.) number of volumes •• ! .• ___ •. ____ .i 
Hydrogmphic ooo\s, t.id11l reductions, number of volumes •••••••. ------------! 
T?tal records, number of volumes ____________________ ·------· 566 I 
Library, number of vohune~--------------------------------- 1,327 
Enh'Ta\'crl pla.tes of map<l, number o<---------------------- ---- 5 
J<:ng~aved plates electrotyped, number of----------------------------------/ 
P11~l1shed m<Lps, number. oL.- ---- -- -- - - - - - - --- -- -- - ---- ------ -- ----- ---·-i 
Printed sheets of maps d1•tnhuted, number of - - - - - -- - - ---- -- • - __ •• __ ••• _.-I 
Printed sheets of maps, with sale a.gents, number of.------··--- ------------i' 
'l'ptal number of printt!d sheets -- ---- ----- •. -- .. ---- ----. __ • _ ----- ••• ---
Instruments, cost ·•L--------------------------------------- 31,872 / 
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APPE~DIX No. 8. 
Gener<il list of Ooast Survey discoveries and developments to 1855, inclusive. 

1. Determination of the dimensions of Alden's Rock, near Cape Elizabeth, Maine-1854. 
2. Determination of rocks off Marblehead and Nahant-1855. 
3. A rock (not on any chart) in the inner harbor of Gloucester, Mass.--discovered 1853. 
4 . .A. bank, ninety miles eastward of Boston, with about thirty-six fathoms of water-proba.bly 

a knoll connected with Cashe's ledge) but with deep water between it and the ledge-1853. 
5. Boston harbor: Broad Sound channel thoroughly surveyed, and marks recommended-

1848. 
6. Several rocks in the fair channel-way in Boston harbor entrance-1854. 
7. A bank, (Stcllwagen'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. 

8. Extension of Stellwagen's Bank to the southward and eastward some sixteen or seventeen 
square miles, enclosed by the twenty-fathom curve-1855. 

9. A dangerous sunken ledge (Davis' ledge) to the eastward and in the neighborhood of 
Minot's ledge-1854. 

10. Probable connection of George's Bank and the deep-sea banks north and east of Nan
tucket-1855. 

11. Nantucket shoals: Davis' New South shoals, six miles south of the old Nantucket South 
shoals, in the track of all vessels going between N e'Y York and Europe, or running along the 
coast from the Eastern to the Southern States or South America--discovered in 1846. 

12. Two new shoals north and east of Nantucket--discovered in 1847. 
13. Six new sl10als near Nantucket, the outermost fourteen and a half miles from land, and 

with only ten feet water-discovered in 1848. 
14. l\IcBlair's shoals, off Nantucket-discovered in 1849. 
15. The tidal currents of Nantucket shoals and the approaches-1854. 
16. Davis' Bank, Nantucket shoals--disco~ered in 1848, and survey :finished in 1851. 
17. Fishing Rip, a large shoal extending north and south about ten miles to the eastward of 

Davis' Bank, and thirty miles from Nantucket, with four and a half fathoms-surveyed in 
1852. 

18. A ridge connecting Davis' New South, shoal and Davis' Bank-found in 1853. 
19. A small bank or knoll, with but five fathoms on it, about five miles east of Great RiJJ, 

with twelve fathoms between it and Davis' Bank and Fishing Rip, the water gradually deepen
ing outside of it to the northward and eastward, beyond the limits of the series of shoals. 

20. Discovery of Edwards' shoal, one mile and seven-eighths s9uthward of Na.ntucket light
boat-1855. 

21. Examination of the interference tides of Nantucket and Martha's Vineyard sounds-1855. 
22. Contraction of the inlet at the north end of Monomoy island, and opening of new entrance 

to Chatham harhor-1853. 
23. Muskeget channel--surveyed by Lieutenant C.H. Davis in 1848, and Lieutenant C.H. 

McBlair in 1850. · 
24. Nume-rous rocks in Martha's Vineyard sound, Long Island sound, and the various bays 

and harbors connected with them. • 
25. The tida.l currents of Long Island sound, 1854. • 
26. The currents of the great bay between Me.BSachusetts, Bhode Island, Connecticut, New 

York, and New Jersey-1855. • 
27. Gedney'tMlha.nnel into New York bay, having two feet more water than the old channels. 
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Had the true depth of this channel been known in 17'18, (then probably existing, as seen by 
comparing old and new charts,) the French fleet under Count D'Estaing would have passed into 
the bay, and taken the assembled British vessels. -

28. The changes in New York harbor, near New York city, between 1845 and 1856. 
29. Increase of depth in Buttermilk channel, ascertained and made known in 1848 by survey 

of Lieut. D. D. Porter, U.S. N. 
30. Changes in New York bay and harbor-1855. 
31. Shoal in the main ship-channel of New York harbor-1855. 
32. Sandy Hook: Its remarkable increase traced from the surveys of the topographical 

engineers and others, and by several successive special surveys made between 1844 and 1856. 
33. Delaware bay: Blake's channel at the entrance, discovered in 1844-open when the 

eastern channel is closed by the ice. This discovery has served to develop strikingly the 
resources of that portion of Delaware. 

34. Blunt's channel in Delaware bay. 
35. Changes in the Delaware near the Pea Patch. 
36. The true extent and position of the dangerous shoals near Chincoteague Inlet, Va.-1852. 
3'7. Metompkin Inlet, Va., shoaling from eleven to eight feet in the chan·nel during 1852. 
38. Two channels into Wachapreague Inlet, Va.-one from the northward and the other 

from 'h ·eastward-both with seven feet water at low tide-1852. 
:rn. A shoal half a mile in extent, not put down on any chart, 5! miles east from the north 

end of Paramore's island, Ya.: it has but four fathoms water on it, and nine fathoms around 
it-1852. 

40. Great Machipungo 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. 

41. Two shoals near the entrance to the Chesapeake-one 4{- nautical miles S. E. by E. from 
Smith's Island light-house, with seventeen feet water upon it; the other E. by S. nearly, 7! 
miles from the same light, with nineteen and a half feet upon it-1853. 

42. Only three feet water upon the "Inner Middle," the shoal part of the Middle Ground 
west of the" North Channel," at the Chesapeake entrance-1852. 

43. A twenty-five fathom hole 2! miles west-seuthwest from Tazewell triangulation point, 
eastern shore .of the Chesapeake; all other charts give not more than sixteen fathoms in this 
vicinity. 

44. A shoal at the mouth of the Great and Little Choptank, in Chesapeake bay-1848. 
45. The bars in Rappahannock river-1855. 
46. The general permanence of the Bodkin channel, and shoals in its vicinity, at the entrance 

of the Patapsco river-between 1844 and 1854. 
4'7. 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. 
48. Re-examination of York Spit, Chesapeake bay, and least water determined (nine foet)-

1855. 
49. A reconnaissance of the Wimble shoals, near Nag's Head, coast of North Carolina-

1854. 
50. Sub-marine range of hills beyond the Gulf Stream, tracked from Cape Florida to Cape 

Lookout-1855. · 
51. Deeper water found on Diamond shoal, and a dangerous nine-feet shoal off Cape Hatteras 

-1850. • 
52. A new-channel, with fourteen feet water, into Hatteras Inlet, formed during the year 

185f, which is better and straig?lter than the old channel. 
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53. The well ascertained influence of prevailing winds in the movement of the bars at Ca1)e 
Fear and New Inlet entrances, and the gradual shoaling of the main bar; the latter fact being 
of great importance to the extensive commerce seeking this harbor-1853. 

54. Changes in the main Western and New Inlet channels into Ca11e Fear-1855. 
55. Frying-Pan shoals, off Cape Fear, N. C. A channel of 2! fathoms, upwards of a mile 

wide, distant 11 nautical miles from Bald Head light-house, across the Frying-Pan shoals. A 
channel extending from 3 to 4 miles from the point of Cape Fear to 8 or 8t miles from it, with 
sufficient water at low tide to allow vessels drawing 9 or 10 feet water to cross safely. A channel 
at the distance of 14 nautical miles from Bald Head light-house, one mile wide, with 3! to 7 
fathoms water in it. The Frying-Pan shoals extend 20 nautical miles from Bald Head light
house, and 16, 17, and 18 feet water is found 17 and 18 nautical miles out from the light-1851. 

56. Shoaling of Cape Fear river bar thoroughly examined for purposes of improvement-1852. 
57. The general permanence in depth on the bar of Beaufort, N. C., with the change of 

position of the chaunel-1854. 
58. Changes at the entrance of Winyah bay and Georgetown ha_rbor, and the washing away 

of Light-house Point, at the same entrance-1853. 
59. Maffitt's new channel, Charleston harbor, with the same depth of water as the ship 

channel-1850. 
60. The changes in Maffitt's channel, Charleston harbor, S. C., from 1852 to 1856. 
61. Changes in the main ship channel, Charleston harbor-1855. 
62. Changes in the channels at the entrance of Charleston harbor-1852. 
63. The remarkable discovery of continuous deep-sea soundings off Charleston, and of sound

ings in the depth of between four and five hundred fathoms beyoml the Gulf Stream-1853. 
64. The discovery of cold water at the bottom of the ocean below the Gulf Stream, along the 

coasts of North and South Carolina, Georgia, and Florida-1853. 
65. The discovery of the cold wall, alterna.te warm and cold bands, and various other features 

of the Gulf Stream, especially such as concern its surface and deep-sea temperatures, and its 
distribution relative to the shore and bottom of the ocean. 

66. Various facts relative to the distribution .of minute shellA on the ocean bottom, of probable 
use to navigators for recognizing their positions. 

67. Examination of Doboy, St. Simon's, and Cumberland entrances-1855. 
68. Hetzel shoal, off Cape Canaveral, Florida-1850. 
69. Temperature of 34° beneath the Gulf Stream, thirty-five miles east of Cape Florida, at 

a depth of three hundred and seventy fathoms-1855. 
'70. 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. 
71. A new passage, with three fathoms water, across Florida reef to Legare harbor, under 

Triumph reef (latitude 25° 30' N., longitude 80° 031 W,) which, if properly buoyed, will be 
valuable as a harbor of refuge. 

72. A safe rule for crossing the Florida reef near Indian key-1854. 
'73. A new channel into Key West harbor-1850. 
'H. Co-tidal lines for the Atlantic coast of the United States-1854. 
75. Isaac shoal, near Rebecca shoal, Florida reef; not laid down on any chart-1852. 
'76. Channel No. 4, a northwest entrance into Cedar Keys bay-1852. 
77. Mobile Bay entrance bar; in 1822 only seventeen feet at low water couM be carried over 

it; in 1841 it had nineteen; and in 1847 twenty feet and three-quarters, as shown by succes
sive surveys-1847. 

78. The diminution, almost closing, of the passage between Da.uphine and Pe~ican islands, at 
the entrance of Mobile hay-1853. 

'1.9. Horn: ltda.nd,cha.nnel, Mississippi sound. 
80. The removal of the East Spit of Petit :Bois island, in the hurricane of 1852, opening a 
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new communication between the Gulf and Mississippi sound, and the rendering of Horn Island 
Pa.ss mo:re easy of access by the removal of knolls-1853. 

81. The accurate determination of Ship shoal, off the coast of Louisiana., in connection with 
the site for a light-house-1853. 

82. An increase of depth of water on the bar at Pass Fourchon, Louisiana-1854. 
83. Deep-sea soundings in the Gulf of lUexico-1855-' 56. 
84. Tidal phenomena of the Gulf-1855. 
85. The changes at Aransas Pass, Texas, as bearing on the question of a light-house site-

1853. 
86. The determination of the position, and soundings on Cortez Bank, off the coast of Cali

fornia-1853. 
87. Determination of the position of Cortez Rock-1855. 
88. A shoal inside of Ballast Point, San Diego bay, with only twell"e and a half feet water; 

not laid down on any chart-1852. 
89. Determination of Uncle Sam Rock-1855. 
90. Red sand, marking the inner entrance to the Golden Gate-1855. 
91. Channel sounded out between Yerba Buena and the Contra Costa, San Francisco ba.y-

1855. 
92. Changes in the channel entrances of Humboldt bay or harbor, California-1852 and 

1853. 
93. South channel, Columbia river, surveyed and made available to commerce-1851. 

Changes of channels, their southward tendency, and a new three-fathom channel from Cape 
Disappointment, due west, to open water, Columbia entrance-1852. Fu:rther changes-1853. 

94. The depth of water on the bars at the entrance of Rogue river and Umpquah river, 
Oregon-1853. 

95. A shoal at the entrance to the Straits of Rosario, Washington Territory, giving good 
holding ground in thirty-three feet-1854. 

96. Boulder reef, northwest of Sinclair island, Rosario strait, partly bare at unusually low 
tides, and surrounded by kelp-~854. 

97. Belle Rock, in the middle of Rosario strait, Washington Territory, visible only at extreme 
low tides-18iJ4. 

98. Entrance Rock, at the entrance of Rosario strait-1854. 
99. Unit Rock, in the Canal de Haro, Washington Territory-1854. 
100. A five-fathom shoal in the Strait of Juan de Fuca, between C,anal de Haro and Rosario 

stra.it-1854. 
101. The non-existence of two islands at the northern entrance of Canal de Haro, laid down 

on charts-1854. 
102. The non-existence of San Juan island, usually ]aid among the Santa Barbara group-

1854. 
103. Tides of San Diego, San Francisco, and Astoria-1854. 
104. Co-tidal lines of the Pacific coast-1855. 
105. Various surveys and charts of small harbors on the Pacific, and a continuous recon

naissance of the entire W eBtern Coast and islands adjacent, a great part of which was imperfectly 

known. 

Additional list for 1856. 

1. Determination of the position ~f a sunken rock, on which the steamer Daniel Webster 
struck, in Casco bay, on the evening of the 13th of October. 

2. Development of a reef extending between Minot's and Scituate light. 
3. A sunken rock, with only six feet on it at low water, oft' Web.ter's flag...ia1f, lf.aasachu

aettl bay. 
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4. A dangerous rock, near Saquish Head, entrance to Plymouth harbor. 
5. Three rocks determined in position, partly bare at low water, off Manomet Point, Massa

chusetts bay. 
6. Determination of a very dangerous rock off Indian hill, and four miles southward of Mano

met Point, Massachusetts bay, with as little as six feet water on it. 
7. Non-existence determined of "Clark's Bank" and "Crab Ledge," laid do,vn on certain 

charts as distinct from an immense shoal ground off Cape Cod peninsula. 
8. Discovery of two shoal spots, with twelve and thirteen feet water, eastward from Great and 

Little Round shoals, Nantucket sound. 
9. Determination of two shoal spots near the northern extremity of Davis' Bank, with four

teen and eighteen feet water. 
10. Further development of Edwards' shoal, three fourths of a mile from the Southern Cross 

Rip, Nantucket sound. 
11. Of shoal sand ridges, discovered northward of Great Point light, Nantucket sound. 
12. Important changes in geographical feature at the southeastern end of Martha's Vineyard, 

Muskeget channel. 
13. Determination of changes occurring in New York harbor. 
14. Investigation of the cause of changes at Sandy Hook. 
15. The tides of Hudson river. 
16. Development of the changes affecting the entrance to North Edisto river, S. C. 
17. Discovery of a new channel between Martin's Industry (shoal) and the southeast breakers, 

Port Royal entrance, S. C. 
18. Directions for entering the harbor from Crystal River offing, western coast of Florida 

peninsula. 
19. Co-tidal lines of the Gulf of Mexico. 
20. On the effect of wind in disturbing the tides of the Gulf of Mexico. 
21. Development of a bar at the entrance to San Diego bay, California. 
22. Complete hydrographic survey and determination of a point of rock on Cortez shoal. 
23. Investigation of the currents of Santa Barbara channel. 
24. Further development of the extent of Commission Rock, San Pablo bay. 

APPENDIX No. 9. 
Letter to the Secretary of the Treasury, reporting determination of the position of a rock upon which 

the steamer Daniel Webster struck in Oasco !Jay. 

NEW YoRK, Qd,ober 24, 1856. 

Sm: I have the honor to append, for the information of the Department and the Light-house 
Board, the following extracts from the report of Lieut. Comg. S. D. Trenchard, U.S. N., assistant 
in the Coast Survey, on determining, by my direction, the position of a rock in Casco Bay, on 
which the steamer Daniel Webster struck, on a recent passage from Bangor to Portland. -

"The rock bears N. by E.iE. by compass, from the centre of Hal,f-way Rock, and lies about 
a. sixth of a mile from it. The least depth upon the rock is from ten to fifteen feet at mean low 
water, and at extreme low tides, less than eight feet. 

"Its extent does not exceed five yards square. The soundings between it and Hol,f-way Rock 
deepen suddenly to six and seven fathoms, (at mean low water,) but to the northward more gradu
ally to nine and ten fathoms. 

15 cs 
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"T11iR rnck lies directly in the track of steamers passing to and from the eastward of Port
land, and I would recommend that a buoy be placed upon it. 

''The steamer Daniel "\Vebster struck n1xm the rock at 4.30 p. m., on the 13th instant, the 
weather lJeing cloudy and rainy. The tide was remarkably low on that day. Captain Blanchard 
states the draught of the steamer then as seven feet. 

"I am greatly indebted to Captain "Waldron, of the United States revenue marine, for his. 
kind efforts in aiding me to find the rock referred to." 

I would respectfully request that a copy of this communication may be sent to the Light-house 
Board. 

Very respectfully, yours, A. D. BACHE, 
Superintendent U. S. OO<Ufl Survey. 

Hon. JAMES Gt'THRIE, Secretary of the Treasury. 

APPENDIX No. 10. 

Letter to the Secretary of the Treasury, transmitting extracts from a report ef Oommandei· H. S. 
Stellwagen, U.S. N., assistant in the Coast Survey, on developments of dangers to navigation 
between Point Allerton and Plymouth harbor, coast of lJiassachusett:s. 

:MocxT DESERT STATIOX, 

Near Ellsworth, Maine, September 26, 1856. 
Sm: I have the honor to communicate, for the general benefit of the navigation of Massachu

setts bay, between Point .Allerton and Plymouth harbor, and for the information of the Light
house Board, the following extracts from a report made by Commander H. S. Stellwagen, U.S. N., 
assistant in the Coast Survey, on the progress of hydrographic work executed within the season 
in that vicinity, under his command : 

"Several rocks were found extending in a reef from Scituate light towards Minot's light-boat, 
the outer one of which is the ledge reported by me in 1853, and subsequently by Commander 
Davis. I have located it correctly by angles, for the first time, and carefully triangulated the 
peaks, some nine in all, which make up ihe reef. The positions are shown on the accompanying 
sketch, within a red line, from which the natural connection of the rocks can be readily inferreg.. 
A good depth of water occurs between the peaks, yet by reason of their proximity to each other 
the reef which they form is very dangerous. These rocks should be marked by buoys. 

"The tracing shows also the position of a sunken rock, with six or seven fathoms water, off 
Webster's flag-staff, lying three-quarters of a mile outside of a rock on which a buoy is placed, 
likely to lead vessels on the outer rock. 

''A rock near Saquish Head, entrance to Plymouth harbor, is dangerous to vessels beating in. 
It is quite sharp and not easy to detect. The position is marked on the enclosed tracing. 

''In addition to those mentioned, I have to report the determination of three rocks, partly 
bare at low water, off Holmes (Manomet) Point. On these a British vessel (the Mary Ann) 
was lost some years ago.'' 

Commander Stellwagen has also determined and reported the position of a detached and very 
dangerous rock, lying off Indian Hill. This was found about four miles to the southward of 
Manomet Point, and has as little as six feet water on it. The existence of the rock seems to 
have been very little known. 

I would respectfully request authority to publish this communication in the usual form, and 
that a copy of the same be transmitted from the Department to the Light-house Board. 

Very respectfully, yours, 
A. D. BACHE, Superintendent. 

Hon. JAlilES GU'rHRIE, Swretary of the Treasury. 
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APPENDIX No. 11. 
Letter to the Secretary of tlte Trrnsury, communicating particulars of developments recently made 

by Commander H. S. SteUu:agen, U. S. N., assistant in the Coast Survey, in the vicinity of 
Nantucket slwak 

ALBAXY, August 29, 1856. 
Srn : I have the honor to communicate the following dcrelorments Te11ortcd tc. me by 

Commander H. S. Htellwagen, U.S. N., assistant in the Coast Surre~~, under date of the 19th 
instant. In the progress of his hydrographic work to the eastward of the peninsula of CaI1e 
Cod, his general examination was carried also southward as far as the latitude of Sankaty 
light. The immediate results re1JOrted are the diseonry of a new shoal in latitude 41° 27' N., 
longitude 69° 51' W., lying in the midclle of the ship eliannel l>etweeu Great Hound shoal and 
McBlair's shoal. 'l'he least water found waR twelve feet, and it is intimate(l by Commander 
Stell wagen that a minute survey may possilily develop the existl,ncr of spotR lmving: n less depth. 

A shoal was also found eastward from the northern cxtremitr of Little Round l:'hoal with as 
little as thirteen feet water. 'l'his shoal lies fr1 latitude 41c31' 15" N., and longitude (lfl 0 52' 05"W. 

The existence of a very narrow ridge, with only fourteen fret water, was detected at the 
northern extremity of Davis' Bank, Sankaty light l1earing Vvest k South, distant fifteen and a 
half nautical miles. 

Two miles due north of the last mentioned shoal, a ridge w·as found stretching about a mile 
in a N. W. and S.E. direction, having within a small space upon it only eig11teen foet water. 

The season's operations of Commander Stellwagen, yet in progresR eastward of the Ca.1)e Cod 
peninsula, have determined the non-existence of Crab Ledge and Clark· I' Bank ; but a large 
extent of shoal water, with soundings in nine ancl fifteen fathoms, 1rns found S."\V. and 
W.S.W. from George's shoal, for which no soundings haw yet been indicated on published 
charts. 

The recommenclations of Commander Stellwagen, for placing huoys upon tlw shoal spot at tlie 
northern extremity of Davis' Bank and on that immediately north of it, have been com
municated to the Light-house Board. 

I would respectfully request authority to publish the information herein contained, in the 
usual form, for the general benefit of navigators. 

Very respectfully, yours, 

Hon. JAMES GUTHRIE, 

Secretary of the Treasury. 

A. D. BACHE, 
Superintendent U. S. Coast Survey. 

APPENDIX No. 12. 
Letter to th-e Secretary of the Treasury, communicating extracts .from a report q/ Lieut. Comg. 

0. R. P. Rodgers, f!. S. N., assistant in the Coast Sitrvey, upon the dc1;elopment of Edwards' 
shoal, and tlie ex~te1ice of shoal sand ridges nortliward of Great Point liglit, .Nautucket sound. 

COAST SURVEY OFFICE, December 8, 1856. 
SIR : I have the honor to communicate, as in part the result of a close hydrographic survey 

of Nantucket sound completed within the present season, the further development of Edwards' 
shool, by Lieut. Oomg. O. R. P. Rodgers, U. S. N., assistant in the Coast Survey, and the 
dlsoovery df Shoal ridges of sand lying northward of Great Point light. The existence of 
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Edwards' shoal was communicated to the Department in my letter of November 6, 1855. The 
following extracts from the report addressed to me by Lieut. Comg. Rodgers contain the result 
of his subsequent minute examination, and a description of the character of the sand ridges 
referred to : 

"At the end of last season I had the honor to report the discovery and partial examination 
of a shoal south of the Cross Rips, in Nantucket sound, which, with your sanction, has been_ 
called Edwards' shoal. This was carefully surveyed in the operations of my party during the' 
season just ended. It lies in the channel-way sout11 of the Cross Rips, surrounded by deep 
water, and its crest is a narrow ridge, more than half a mile in length, with only ten and 
twelve feet water upon it. It may consequently be considered worthy of special attention, and 
should at once be carefully buoyed. 

" From the eastern side of this ridge, which rises like a wall in the sea, the water deepens 
abruptly to five fathoms, and at its southern end, within the space of a few yards, from eleven 
feet to eight fathoms. On the western side, the ridge falls off more gradually, and from its 
centre a spur of shoal makes out to the westward for more than a quarter of a mile, with sixteen 
and eighteen feet water upon it. 

''The shoal is composed of hard sand. Its northern edge is distant from the Nantucket light
boat a mile and seven-eighths, (nautical,) and from the southern Cross Rip about three quarters 
of a mile. In the channel between it and the Cross Rips we found from six to ten fathoms 
water. 

"It is remarkable that a shoal like this, so constantly passed by vessels beating through the 
southern channel of Nantucket sound, should have been so long unknown, and particularly that 
it should have escaped the notice of pilots. 

"Its discovery forcibly illustrates the value of the comprehensive methods employed in the 
Coast Survey, and the practical utility of making the hills and valleys in the sea as well known 
as those on the shore. 

''I beg leave to report, also, that the developments of our survey during the season exhibit 
sand ridges a little more than two miles to the northward of Great Point light, bearing from it 
N. 1° 30' W. to N. 22° 30' W., and having in some places on their crests as little as nineteen 
feet water. They lie parallel to each other in a general direction about N.N.W. and S.S.E., 
are short and very narrow, and have five and six fathoms of water around and between them." 

I would respectfully request authority to publish this communication in the usual form, and 
also that a copy may be transmitted to the Light-house Board for information, as connected with 
the recommendation of Lieut. Comg. Rodgers for placing a buoy on Edwards' shoal. 

Very respectfully, yours, 
A. D. BACHE, Superintendent. 

Hon. JAMES GUTHRIE, Secretary of the Treasury. 

APPENDIX No. 13. 
Letter of .A.6mta11t Henry L. Whiting, with particulars in detail of ckafifJe,s in shore-line, noticed 

in a re-examination of the topography of Martha's Vineyard: bordering Mmkeget channel. 

RrcnMOND, STATEN IsLANn, N. Y., June 14, 1856. 
DEAR Sm : The occupations and arrangements incident to my commencing operations here 

prevented ?1-e from making my report on the resurvey and examinations for Muskeget channel, 
Mass., whtch J now submit. 

The work was executed at different times between the receipt of your instructions and the 8th 
of May, when I completed the survey. These intervals of work were in consequence of the 
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very changeable and unsettled weather which prevailed at that time. With regard to the 
changes in the shores and beaches at the southeast part of the Vineyard, they have been quite 
considerable, and seem to indicate a gradual encroachment of the sea upon the south shores of 
the island. The beach has beaten, in places, directly in upon the island, together with a 
gradual moving of the points, inlets, &c., eastward, being the same action which I liave 
observed at all points of our northern coast of similar character, as at SandJ Hook, Cape Cod, 
&c. There was a new opening broken through the long beach which formerly stretched across 
the whole of Catamy bay, (the water south of Edgartown and between the main island and 
Chappaquiddick.) This opening is now about a third of a mile wide, and the beach on either 
side of it has been driven in towards the bay about a thousand feet. This is now the main 
opening, and the tide is so strong through it as to materially affect the harbor, and make it 
difficult for vessels in light winds to stem it in coming in from Cape Poge. The east opening, 
which was formerly the only one, has worked still further eastward, and become much narrower 
than it was ; the outside beach has made eastward, extending 1iast the south point of Chappa
quiddick, (Wasque Point,) which has been washed away nearly a thousand feet. This action of 
the sea indicates a gradual wearing away of the southern shore of the island ; and I think, in 
this particular locality, the beach may eventually be entirely swept away, or washed in upon 
either shore, leaving the bay between the Vineyard and Chappaquiddick an open chop. In 
this case the character and capacity of Edgartown harbor will be greatly changed; whether it 
will tend to deepen the eastern channel and improve it, or carry the sand, &c., through and 
deposit it in shoals towards Cape Poge, is a question for time to develop. 

The greater quantity and velocity of the current sweeping through the harbor will have a 
strong effect upon the shore and wharves of Edgartown. In fact, its influence is already felt. 

A heavy gale, with heavy and continued breakers, may throw up another beach, and close 
this .. new south opening ; but I think the indications point to its being finally swept away. 

At :Muskeget I found very considerable and marked changes, although the action and altera
tion of the shore and beaches are not so uniform as on the Vineyard. The general tendency 
seems to be a making northward, and driving of the outer beaches upon the islands and sand
bars lying inside or north of them. The beach south of Tuckernuck island has been driven in 
towards the island nearly its full width, and the channel between it and Tuckernuck, which was 
formerly quite a passage, is nearly one-half filled up, and much shoaler than it was. This is 
the case at the south end of Muskeget ; and off Gravelly island the beach was driven entirely 
in upon it. A beach of nearly a mile in length, which extended past both Gravelly island and 
the south point of Muskeget, and was about a quarter of a mile outside and south of them, has 
entirely disappeared. The southwest part of Muskeget, however, has made out nearly a quarter 
of a mile ; and a new beach, somewhat furthGr east, but outside of all the other beaches as 
they formerly existed, has been formed. 

These changes show that the action of the currents, breakers, &c., does not entirely carry 
away these sands, but that the causes \Vhich originally formed them tend to keep them in their 
general position, excepting a gradual working northward, and a tendency to beat in towards the 
main land. 

I remain, sir, very respectfully yours, 
HENRY L. WHITING. 

Prof. A. D. BAcHB, 
Superintendent U. 8. Ooast Survey, Washington, D. G. 
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APPENDIX No. 14. 
Report of Lieut. Comg. J. N. Mqffitt, U. S. N., assistant in the Goa.st Survey, on the changes 

affecting the entrance to North Edisto river, South Carolina. 

JAMES RIVER, .August 26, 1856. 
DEAR Srn: The following deductions are based upon a careful comparison of the survey of 

North Edisto bar made in 1851, and a resurvey of this year. 
The general formation of the bar has not been much altered since the survey of 1851, though 

the position of the two channels has somewhat changed. The entrance to the south channel 
from sea-ward remains the same, but the inner entrance has been narrowed about two hundred 
and thirty metres, by the encroachment of the bank on the south side; several twelve-foot spots 
of the former survey seem to have disappeared, and the channel now shows thirteen feet at mean 
low water. The. outer entrance to the east channel has shifted to the southward and westward 
about two hundred metres, and has widened about fifty metres; the inner entrance has shifted 
to the northward and eastward about one hundred metres, thus altering materially the range of 
the channel. The shoal or middle ground between the channels has somewhat enlarged, and 
shifted its general position to the southward and westward about two hundred metres. The six
foot curve remains nearly the same. On the south side of the south channel it has shifted to 
the northward about a hundred metres. 

The comparison sheet exhibits the curves taken from the charts of 1851 and 1856. 
I am, very respectfully, your ol)edient servant, 

J. N. MAFFITT, Lieutenant Commanding. 
Prof. A. D. BAcHE, 

Superintendent U. S. Coast Survey, Washington, D. 0. 

APPENDIX No. 15. 
Report of Lieut. Gomg. J. N. Majfitt, U. S. N., assistant in the Coast Survey, on the development 

of a new channel between Martin's Industry and the southeast breaker, (Port Royal entrance,) 
South Carolina. 

JAMES RIVER, August 26, 1856. 
DEAR Sm: During the progress of the hydrography of "Martin's Industry," a channel, un

known to the pilots and unnoticed by the best authority, was developed, and, I think:, may fairly 
be claimed as a discovery by the Coast Survey. The most authentic and recent chart of this 
locality, made a few years ago by Ca1)tain Bythwood, of Beaufort, S. C., gives no indication 
of the channel referred to, nor is there mention made of it in the "Coast Pilot." This 
channel lies between ''Martin's Industry'' shoal and the southeast breaker. The old east 
channel is two miles to the northward of it, and the main or south channel two and three
quarter miles to the southward and westward. Through the "southeast," or Coast Survey 
channel, there is a depth of twenty feet at mean low water, with an average width of three
q_uarters of a mile. The course of the c1rnnnel is northwest and southeast. I herewith enclose 
a tracing of the channel ways over Port Royal bar, and would respectfully suggest that five 
buoys be placed as per diagram, in order that the east and south channels may be navigated 
with safety by vessels under the necessity of using Port Royal as a harbor of refuge. 

I am, very respectfully, your obedient servant, 
J. N. MAFFITT, Lieutenant Commanding. 

Prof. A. D. BACHE, 

Superintendeni U. S. Goa.at Survey, Waahington, D. 0. 
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ArrENDIX No. 16. 
Letter from the Superintendent to the Secretary of the Treasury, with copy of a coinmunication from 

Captain W. L. Dall, P. M. S. S. " Columbia," and extmcts from a letter of Captain James 
WatkiM, P. JJf. S. S. " Golden .Age," relative to facilities for navigation afforded by the 
development of a deposit of reddish sand detected by Commander .Alden inside of the bar at the 
entrance to San Francisco harbor, California. 

CoAST Sr:RYEY OFFICE, lriay 7, 1856. 

Srn: I have the honor to subjoin, herewith, the copy of a letter addressed by Captain W. L. 
Dall, of the Pacific mail steamship "Columbia," to Commander James Alden, U.S. :K., assistant 
in the Coast Survey, in relation to the development by the last named officer of a deposit of 
sand peculiar to the inside of the bar at the entrance to the harbor of San :Francisco, and which 
was made the general subject of my communication to the Department under date October 20, 
1855. 

In addressing Commander Alden, Captain Dall says: 
"After completing the survey of the entrance to the harbor of San Francisco. vou -were kind 

enough to show me your chart, and point out to me the characteristic soundings ; you called my 
attention particularly to the fact, that, as soon as the 'bar' was crossed, the lead would bring 
up gray sand with red species, and that such bottom was found at no place outside the bar. 

"Since then, I have had on two occasions an opportunity to use the information acquired 
from your chart. 

"In October of last year, coming from the Columbia river, I made Point Arena, (ni:riety-:five 
miles from the 'Heads,') and at the same .time met a dense fog. I ran by time and the 
revolutions of the wheels until I was up with Point Reyes, when the course was altered for the 
'Heads.' To be certain of my position, I got a cast of the lead every fifteen minutes. In 
four hours after passing Point Reyes I found myself in five fathoms, which I supposed to be on 
the 'North Bank,' forming part of the bar off San Francisco harbor. Steering E.S.E., and 
sounding carefully, the water soon deepened to ten fathoms, when I had the lead armed, and it 
brought up' gray sand with red speCks.' I was certain then (relying on your chart) that I 
was inside the bar, and off the entrance of the harbor. I kept the same course until we got 
eighteen fathoms, when I hauled up N.E. by E., and in a short time got the soundings under 
the north shore, then altered the course to E. by N., which took me in clear of Fort Point, and 
the :first thing I saw through the fog was the long wharf on North beach. 

"On my last trip from Oregon I made Point Reyes at midnight, and saw the light on Point 
Boneta at intervals. At 2 a. m., when about ten miles from the 'Heads,' the fog shut down 
so dense, that we could not see a ship's length. I continued on until, by the soundings, we 
were on the 'North Bank,' and in four and a half fathoms. I then dropped a kedge and 
waited for daylight. At 5 a. m. got under way, steering E.S.E., and sounding we soon got 
eight fathoms, and the lead being armed brought up 'gray sand with red speclcs.' When in 
fifteen fathoms, I changed the course to E. by N., and soon, by the deep water, supposed I was 
in mid-channel. When the fog lifted we were running fairly up the channel, and midway 
between Fort Point and North shore. Had I not been guided by what I had learned from your 
cha.rt, I should in both instances have had to remain at anchor outside until the fog lifted. 

"Three years ago I was off the harbor in this steamer three days in a. dense fog. Had the 
soundings and peculiarities of the bottom been as well known then as now, I should have been 
able to run in by the lead. The cha.rt of the entrance of the harbor of San Francisco will be 
an invaluable aesi&tant to the captains of steamers running on this coast, saving much time 
during the foggy season, and enabling them, with proper caution, to enter the harbor at times 
when, without it, they w.ould be obliged to wait outside for clear weather.'' 



 

120 REPORT OF THE SUPERINTENDENT OF 

Captain James Watkins, of the Pacific Mail Company's steamship "Golden Age,'' in trans
mitting to me a copy of the communication just quoted, remarks, in regard to the facilities for 
navigation to be afforded by the publication of the development referred to : 

"A short time prior to my leaving San Francisco, I crossed the 'bar' on board the U. S. 
steamer 'Active,' and I was highly gratified to know that the 'bar' chart, when published, 
will furnish us a safe guide into the harbor in thick weather with our lead. As the soundings, 
are so marked and accurate, there can be no mistaking them, in my opinion, with proper 
attention to the lead.'' 

I would respectfully request authority to publish this communication in the usual form, for 
the benefit of naYigators on the western coast of the United States. 

Very respectfully, yours, 

Hon. JAMES GUTHRIE, 

Secretary of the Treasury. 

APPENDIX No. 17. 

.A. D. BACHE, 
Superintendent. 

Tide tables for the U8e of navigators, prepared from the Cowt Survey observations by A. D. Bache, 
Superintendent. 

The following tables will enable navigators to ascertain the time and height of high and low 
water at 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 of 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 but moderate differences in height between the 
two successive high waters or low waters-one occurring before noon, and 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 at the next succeeding 
low water. The intervals, too, between successive high or successive low waters may be very 
unequal. 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 the 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. These 
pecµliarities 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 the matter of 
unfamiliar technical expressions as far as practicable, though, for brevity, BDme 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 establiBhment of the pDrt, and is ordinarily marked on the charts. As it 
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is not generally the average of the intervals during a month's tides, it is a less convenient and 
less accurate quantity for the use of the navigator 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 least interval, occur
ring 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, for 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 and fall of spring tides; and the seventh 
the least difference, known as the rise and fall of 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 flood is measured from the middle of the stand at 
low water to the middle of the stand 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 giYen by the sum of 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 description of these marks, (except in special localities, 
designated on the following page,) as of no particular interest in this connection. 

o This term was introduced by the Rev. Mr. Whewell, who has done so much for the inYestigation of the laws of the tides. 

16 0 6 
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BENCH-MARKS. 

[Referred to in Table I. J 

* Boslon.-The top of the wall or quay, at the entrance to the dry dock m the Charlestown 
navy yarcl, is fourteen feet -f/0 (14. 76 feet) above mean low water. 

t New Yorlc.-Thc lower e<lge of a straight line cut in a stone wall, at the head of the wooden 
wharf on Governor's island, is fourtePn feet -i'v\- (14.51 feet) above mean low water. The letters 
U. S. C. S. are eut in the same stone. 

t Old Point Comfort, Va.-A line cut in the wall of the light-house, one foot from the ground, 
on the S. vY. side, is eleven feet (11 feet) above mean low water. 

§Oliarlcston, S. 0.-Thc outer and lower edge of embrasure of gun No. 3, at Castle Pinckney, 
iR ten feet. 1

1
0\, (10.13 feet) a1Jove mean low water. 

TABLE I. 

Tide table for the coast of the United States. 

Port. 

\ l.) 

Cuast from Portla1td to ,,,.·ttthw York. 

Portland . . . . . • . • . • . . . - ......••.•.•.... 
Porl-...rnouth •••••..•.•..••..•..•• , ••.•••. 
1\: ,.,,·hur~ pnrt ........................... . 
Sall!IU •. , ..•.•• , •••• , •.• , ...•..•.•• •· ••· · 
J~o:-:tn11 Jig'llt ••• , •••• , •••• , ••••• •• •• •• • ••• 
fl1•,.:tflll' .. -••••.•••.••.•••••••••.•••.••••.• 
Nantuek1•t •.....•.••.••.•••••....•••••• 

dgarlO\.\' n .••••.••••.•••••••••••••••••• , . 
fl11hul',., IJ.nlr>: .•.••••••.•••••••••••••••••• 
'rarp:111\i11 Cove, •.••.•.•••••• , ••••••••• , • 
\'-~00 1 '::; Holr., N. l"'ifl1~ .................. . 
\Yood'!< Hole, S. ~illu ................... , 
Bird 1.-:land light ........................ . 
Nr.w Hcd1ord 1rntrancr., (llurnpling Uock)-
S"t•v.-pnrt ......•••.•.•...••....•..• , •.... 
Poult Judith .....•..•......•••.•••.••.• ,. 
lllock isl anti ..•. ,, •• ,,, •..• , ••.••. , •••... 
:uontauk Poi11t, L. L ••••••••••••••••••••• 
~<lt~dy f{flDk, •• ' ..•••• ' . • • . . • . . • . . • • • . . 
N'f'\V \~nrkt .. , . . .•. . . . ·· · · ·· · • · • · • · · · 
'l'nrryto,vn .....••..••...••....... , •..•.. 

Long lslmui so mid. 

'V1ttrh Hill ................... . 
Sto,dn!.!:to11 .••. , ••••••••...•...•••• , •••••• 
Lhtlt• Gull i:-dand ..•.•••.••••••••••••• , .. 
Ne\\ Lo11do11 ....••.•.••••.•..•••.••.••.. 
NP\\1 lfa,·e11 ............................. . 
Hridp-t>pH' ••. 
Oyster Hay 1 I ... I .. . .. ,. ........... . 
~a11c\':-1Point.,1 ... I ••••..•.•.••••••••• , •••• 
"l\;P,\V Rochelle ..••••••...........••••..•.. 
'l'hrog's. Neck. ........... , ............ . 

Coasl of .A ... cu· Jersey. 

State. 

1,2.1 

;'\le ....... : 
N. IL. .. . 
M:u•,; .... . 
MnH:= ... . 
Ma::-~ ..... ' 
J\Jass ••••. 
!\fU!-l!i ..... 
Mas::; •.•. ., 
Ma~!I ••••• 
Mn~:s •.••• : 
1\1a5:;. .... , 
1\1n:-;~ ... .. 
Me,, ... .. 
7\1ai;;:,; •• 
IL I. .... . 
IL I. ..... ' 

~ .. ~:-.:::l 
N. J ...•.. I 
N. V. 
IS. Y ••••. 

R. I ·····' 

t~~--.. ·.::;' 
C:onn •.•• 
Conn 
N. Y ••.•• 1 

N. Y ..... : 
N. Y ..... ~ 
N. Y. .•.. 

~~old t"prin~ inlet ..••..•...•••••...•... , , N. J •••• , 
Cape Ma: la111liu~.. •• . . .. • • . . .. .. . N. J ••.• , . 

Dck:i.:tffC bay mu.l rfoer. 

I leJaV\-~nr~ Break \V~t<lr,., •.• , •• , ••••••••• , 
IH2ht..'-t'':o, iC.•pe M<iy) ••••••..•.•.•••••••. 
i:,~ l ~hmcl light... . .. .. .. . . • . . . . . . . • ... 
:'.\ll:tho11 ti\'Cr ..••.•.•......•...••• , ..•••.. 
New ~~a.sth~ .......•.... 
l'hilad!..•fflhin. • ·· ·· · .. •· · ·• •• · ....•... 

Hcl ....••. 
N.J ...••. 
N. J •••••• 
l•cl ....••. 
H•t ...••. 
l 1a ...•••. 

Mean duration. 

I --

i 

.,, 
·§. §' i 
rL z i 

---·---11---- ----i----
(3.) (4.) (6.) (7.) (8 j (9.) : (10.) 

I ----1--------------- _____ , ___ _ 

h. m. 
1l 25 
11 2:~ 
] 1 2::! 
11 l:J 
11 12 
11 27 I 

12 24 

h. m. 
0 44 

5;1 
50 
,'j() 

3.5 
4t 

12 16 ' ....•••..... 
II 43 
B 4 

31 
49 

~ 6 .......... .. 
b f)\) 

5~ 
57 
43 
3Z 

7 35 
8 20 
7 29 
~ J:J 
9 57 

9 00 
9 7 
9 38 
9 20 

JI 16 
ll Jl 
11 ' 
I] 1:1 
II 22 
II 20 

8 00 
l:! 33 
!I 4 
9 52 

II 53 
l:l 18 

4;) 
4l 
24 
46 
41 
11 
47 
46 
58 

~j 

30 
7 

.52 
B 
:1 

sl 
:n 
32 
39 

51 
47 

50 
43 
51 
48 

Feet. 
8.8 
8.6 
7 .e 
9.2 
U.3 

JO.O 
3.1 
2.0 
1.7 
2.4 
3.9 
1.5 
4.4 
3.8 
:J 9 
a. I 
2.8 
1.9 
4.8 
4 3 
3,f) 

2.7 
2.3 
2 .. 5 
2.6 
5.8 
6.5 
7 .3 
7 .7 
i .6 
7.3 

4.4 
4.8 

3 5 
4.9 
6.0 
5.9 
6.5 
6.0 

Feet. 
10.0 
Y.8 
D. l 

10.6 
10.9 
113 

;-J_fi 
2.5 
1.8 
2.G 

5.3 
4.6 
4.6 
3.7 
3.5 
2.4 
S.6 
5.·l 
4.0 

3.1 
:J.4 
2.9 
:J.I 
6.6 
H.O 
!l.'J 
8.9 
8.6 
!!.2 

5.4 
!' 0 

4.5 
6 2 
7 .0 
6.9 
6.9 
G.8 

l't>ef. 
~.6 
7 .2 
6.6 
7.6 
8.1 
8.5 
2.6 
1.6 
1.3 
2.0 

•••••••••• ! 

! 3.5 l 
2.8 
3.1 
2.6 
2.0 
1.8 
4.0 
3.4 
~- 7 

2.4 
2.1 
2.3 
2.1 
5.1 
4.7 
5.4 
6.4 
6.6 
6.1 

3.6 
4,3 

:i.o 
3.9 
5.t 
50 
6.6 
.5. l 

h. "'· 
6 14 
6 22 
5 16 
6 19 
6 20 
6 13 
6 23 
6 51 
6 41 
6 9 
6 31 
6 3 
6 SL 
6 50 
6 21 
6 12 
6 2:1 
6 17 
6 10 
6 00 
6 5 

6 35 
6 15 
6 1 
5 5tl 
6 24 
6 1 
6 s 
5 !'"5 
5 51 
5 50 

6 8 
6 11 

6 rn 
6 26 
5 52 i 
6 11 . 
5 6 
4 52 

It. m. 
6 12 
6 7 
7 9 
6 6 
6 6 
6 13 
5 44 
5 2Q 
5 21 
6 li 
s :;1 
6 22 
5 58 
.5 33 
6 3 
6 IO 
6 2 
6 7 
6 15 I 
6 25 ' 
6 20 

5 56 
6 IO 
6 21 
6 26 
6 5 
6 7 
6 24 
6 30 
6 35 
6 33 

h m. 
0 20 

21 
24 

6 
15 
9 
9 

24 
12 
31 

42 
23 
00 
5 

31 
16 
28 
4J 

14 
2:i 
37 
fS 

14 
12 
43 

6 18 1 ......... . 

6 15 ' 20 
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Pon. 

(1.) 

Chesapeake bay and rUers. i 
i 

Old Point Oomfo~ ....................... i 
Point Lo<>kout .••••.•••••••.•.••••••••••• 1 

SE~~:~~~::_:::::::::::::::::::::::::::' 
James river, (City Point) .... ,., ••••••••••• ! 
Richmond ............................... ) 

co .. t of NOTth and &Jul;h Carolina, Geor- ! 
gia, and .Florida. I 

==~~i~t.~~: :: :: :: :: ~::: :::: ::::::: :: : i 
Smithville, (Cape Fear)........... .. •• , • , ~ 
CharJeston, _(Castle Pinckney)~ .•••••••••• :1 

Fort PUIMki, (Sav. entrance) •.•••••••••• _, 
Savairn~h, (Dry Dock wharf) .•.••••••••• 

1 

Doboy hght-huuse , ...................... : 
St. Sin1on's ••••••.•••.•• , • • • • • • • • •• • . •. , 
Fort Vlinch ............................. . 
St. John's river ........................... ' 
St. Augustine ........................ .. 
Cape Florida .......................... .. 
Indian Key ••..•••..•••••.....•.•.••••••. 
Sand Key ............................ . 
Key West .............................. . 
Tortuga~ ..•.•....•....•....•••..•.•.. 
Tampa hlly, (Egmont Key) ........... .. 
Oedar Key•, (Depot Key) ................ ., 
St.Mark'•...................... : 

Western coast. 1 

San Dieg~ ............................... \ 
~~~.~~~r~~;i;;,~:: :::: ::::::: ::::: :: ::::: :! 
::n~~!; ~~.~:.: .: :'.:.:: ·::. :: :: : : :: : : : : : 
South FaralJon ••• , ••••••.•.••••••••••.•. 
San Francia-co, (N. bench) , ... , ......... . 
Bodega .••.•.••••••••••••• , ••••••••.••.. 
Humboldt bay ........... , ............. . 
Pon Orford .............................. I 
A~toria .................................... : 
Ne<l-•h harbor .......................... • I 
Port Townshend .••.••••.....•••••....••. 1 

Fort Steilac()()lll ••••....•...••••••.•...•. 1 
I 

State. 

(2.) 

~L:::::1 
Md ...... . 
Md ..... .. 
Md ..... .. 
Va •••••• 
Ya ...... 

N. C: .. .. 
N.C ..... . 
N.C ••••• i 
N.C ..... ' 
s. v .... .. 
Ga ..••.•• 
Ga ..••••.• 
Ga ..•••••• 1 

Ga ...•••.. 
na ...... . 
Fla ....... ' 
Fla ....... · 
Fla ....... : 
Fla ..... .. 
Fla ...... . 
FJa ....... · 
Fla ....... , 

~:~:·:::: :! 
FJa ...... .' 

I 

I Cal ....... , 
Val ....... I 
Cal ....... : 
Cal. ...... : 
Cal. ...... : 
Cal .. 
CaJ. ...... i 
Cal ....... : 
t;a.J. ... •' 

g~:+~~:::! 
W.Ter. •. i 
W. Ter ... : 
W.Ter .•. I 

TABLE I-Continued. 

Jnterval between time of 
1 

moon's trana:it and time : 
of high wat~.r. 1 

Rise and fall. 

ci ~ = ;:. ~ 

~ I ~ ~ 

t3.) (4.) 
'--1----: 
; \5.J I (6.): (7.); 

: I .. I 

l\fean du.ration. 

(8.) (ii.) (10.) 

---1---,-------
h. m. 

8 17 
12 58 : 
16 38 ' 
17 4:.! 
18 33 

Ii. m. 
50 
45 
4U 
48 
43 

14 14 , ........... . 
16 2ti 

7 4 
7 26 
7 26 
7 19 
7 13 
7 20 I 
8 13 • 

33 
7 23 
7 53 
7 31 
8 3-2 ' 
8 16 I 

8 18 
8 40 
9 2! 
y 5fi 

11 21 . 
13 15 ! 
13 33 i 

9 50 
9 45 
9 25 

10 14 
JU 28 
10 37 
12 6 
11 17 
12 0-J 
ll 26 
12 48 
12 33 

;J 4!1 
4 46 

57 
50 
:J4 I 

47 
36 
41 
51 
5.5 
44 

6 
48 
43 
51 
49 

.. .. T i2": 
I :t2 , 
1 33 

~ ~ ! 

45 
48 
2 

52 
49 

I 16 
1 4 
l .).J I 

1 IL ! 

1 6 
1 13 
I 28 
J 3 
I 6 

Feet. 
2.5 
1.4 ! 
0.9 
l.O 
1.3 

:Feet. 
3.0 
!.9 
1.0 
J.3 
1.5 

~:~ !"·• .... 

2.0 
2.8 ' 
4.3 i 
4.5 
.5.:J 
7.0 
6.5 
6.6 1 

6.1 
5.9 
4.6 
4.2 
1.5 
1.8 
1 " 
1.4 
1.2 
1.4 
2.5 
2.2 

3.7 
3.9 
3.7 
3.6 
:l.4 
3.6 
3.6 
3.6 
4.4 
5.1 
6.1 
5.6 
4.6 
9.2 

2.2 
3.3 
5.U 
5.5 
6.3 
H.U 
1.6 
7,8 
7 .3 
ti. 7 
5.3 
4.7 
1. 7 
ll.4 
2.0 
2.3 
1.5 
l.8 
2.8 
2.9 

5.0 
4.7 
5.1 
4.1:1 
4.3 
4.4 
4.3 
4.7 
5.5 
6.8 
7.3 
7.4 
5.5 

11.l 

Feet. 
:2.(! 
o:; 
0.8 
0.6 
0.9 

1.8 
2.2 
3.4 
3.o 
4.6 
5.9 ! 
5 .,') 
5.4 I 

5.0 

3.2 
:3. 5 
1.2 
1.2 
0.6 
0. 7 
0.6 
1.0 
1.8 
1.2 

2.3 
2.2 
~.8 
2.4 
2.5 
2.8 
2.8 
2. 7 
3.5 
3.7 
4.5 
4,8 
4.0 
i.2 

h. m. 
6 J 
5 5Y 
6 11 
5 2:J 
5 54 
5 2~ 
4 5-2 

6 7 
6 11 
6 lo 
6 1 
Ii 36 
5 49 
5 4 
6 2 
4 57 
6 9 
5 59 
6 
6 llU 
6 x 
6 31 
6 59 
6 4:l 
6 :ltl 
6 12 
6 16 

6 22 
6 1~ 
6 13 
6 37 
6 3J 
6 11' 
{} 3!;} 
t> rn 
6 19 
6 1g 
6 3 
6 20 
6 34 
ij :J 

h. m. h. m. 
6 25 
6 1Y 3:1 
6 15 3-2 

j s ......... . 
6 33 
6 52 40 

7 34 i·········· 

6 7 50 
6 JO 42 
6 17 31 
6 26 26 
6 9 :J:I 
6 3.5 26 
7 2-J 14 
6 ~o 
7 !lfi 19 
G J7 
6 2{i ];) 
~ rn 35 
ti 25 45 
5 48 rn 
5 55 13 
5 25 12 
5 40 
6 ll 4:J 
6 13 
6 9 

6 00 
6 

30 
30 

6 .-) 
.. ) 50 6 2 ........ 35 
g ,,i .... "'"'34 
[) 59 
6 00 

6 ' 
6 28 
6 6 
.fl 5::l 
6 25 

i ......... . 
] ........ .. 
I 28 

NoTE.-The mean interval in coJumn 3 bas been increased by 12 hou.rs for some ef the ports in Delaware river and Chesapeake bay, so a!' to show 
the succession of times from tile month; therefore, 12 hours ought to be subtracted from the establishments wli.ich are greater tllau 12 hours before 
UBing lhem. 

The foregoing Table I gives the means of determining roughly the time ancl 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: 

Examp'le I.-It is required to find the time of high water at New York on the 5th of Novem
ber, 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 8/t. l::lin., 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, namely, 5 .4 feet. If the 
soundings on the chart are reduced to low water spring tides, 5.4 feet is 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 for Tnea.n ticlea being 1.1 foot less than for spring.a, the rise or increase of depth will be half 
ef thia, or 0,G of a foot leu than 5.4 feet, which is 4.8 feet, or nearly 4 feet 10 inches. 
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EaJample II.-Required the time of high water at Boston on the 23d of January, 185l. From 
the 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 1 lh. 27m. 

We have then 5h. 18m. time of transit; to which add 
11 27 mean interval from Table I. 

Hi 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. 
W. of Greenwich. 'l'he correction to be applied to the time of transit of the moon at Greenwich 
is, for the 4/i., eight minutes, and for the 44m., one minute. The time of transit on the date 
assumed in the preceding example is 5h. 9m., to which add nine minutes, the correction just 
found, gives 5h. 18m., as before ascertained from the American Almanac. 

In using the United States Nau ti cal Almanac, in the astronomical part of which the transits 
of the moon arc 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 low water, add from Table I the duration of ebb tide; 
this gives 4h. 45rn. p. m., time 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 16h. 45m. reckoned from 
midnight. 

The height of this tide corresponding to the transit of 5h. 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: IOh. 58m. p. m , time of low water, January 23. 

6 13 duration of flood from Table I. ---
Sum ~ or 5h. 1lm. a. 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 of ebb together, and their sum to the time of high 
water found. Thus: 

high water. 
Thus: 

6h. 13m., duration of ebb tide from Table I. 
6 13 duration of flood. 

12 26 duration of whole tide. 
4 45 p. m., January 23, time of high water. 

~~ or 5h. llm. a. m., 24th January, time of the next succeeding 

Subtracting the same quantity, will give the time of the preceding high water. 

4h. 45m. p. m., or 16h. 45m. from midnight, is the time of high water. 
12 26 duration of flood and ebb. 

4 19 a. m. of the 23d for the preceding high water. The dura

tion of the flood and ebb having been reckoned from the 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 by subtract
ing half the duration of stand or slack-water given by column 10, Table I, from the time of high 
or low water, and the time of the end of stand of ebb or flood by adding the same. A nearer 
approximation to the times and heights of high water may be obtained by the use of Tables 
ll and III. 
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TABLE II. 

Interval between the time of moon's transit and the time of high water for different lwurs of trai. :;it, 
and for several diff trent ports. 

Time{Jf ! BostoH. New York. ( Philadelphia.] Old Point ! Baltimore, [Smithville, Charleston, Ft. PulaBki, Sa- Key >Vest, \San Fran~~ 
moon'• transit.I I ' ,Comfort, Va. Md. I N. c. s. c. 'vannah R., Ga. Fla. eo, Cal. 

A. m. h. m. I 
h. m. h. m. k. m. h. m. h. m. h. m. fl,. m. h. m. h. "'· 

0 0 II 38 
! 

8 20 1 31 8 33 6 47 7 26 7 38 7 3() 9 26 12 5 
0 30 11 33 8 18 1 28 ~ 27 6 42 7 21 7 34 7 25 !119 11 59 
l 0 II 28 8 15 1 25 8 21 6 37 7 Hi 7 28 7 19 9 12 11 53 
l 30 11 24 s rn 1 21 8 15 6 31 7 13 7 22 7 15 9 6 ll 47 
ll 0 11 20 8 06 1 18 8 9 6 26 7 9 7 16 7 11 9 0 11 41 
2 30 11 16 8 0 1 14 8 4 6 21 7 6 7 11 7 8 B 5;i ]] :JI 
3 0 11 13 7 55 1 11 ~ 0 6 17 7 4 7 7 7 6 8 51 11 33 
3 ao ll JO 7 52 1 8 7 56 6 13 7 3 7 3 7 5 8 50 11 33 
4 0 11 07 7 52 1 6 7 52 6 II 7 2 0 7 4 8 49 11 38 
4 30 11 C6 7 52 l 3 7 49 6 10 7 3 6 58 7 3 8 53 11 46 
5 0 11 06 7 53 I 0 7 48 6 10 7 4 6 58 7 4 8 57 11 55 
5 30 11 09 7 56 0 59 7 50 6 13 7 6 6 69 7 6 9 7 12 3 
6 0 11 13 7 59 0 59 7 53 6 19 7 9 1 7 8 9 17 12 JI 
6 30 11 19 8 05 1 I 8 0 6 25 7 13 7 4 7 12 9 28 12 rn 
7 0 11 25 8 11 l 7 8 7 6 32 7 17 7 10 7 10 9 39 12 23 
7 30 ll 3"2 8 17 1 15 8 15 6 39 7 2:3 7 19 7 22 9 45 12 29 
B 0 11 38 8 23 1 23 8 24 6 44 7 28 7 28 7 28 9 52 12 34 
B 30 11 43 8 27 1 29 8 ;J;j 6 49 7 3:3 7 36 7 34 9 54 ll! ;n 
9 0 11 47 8~ 1 34 8 40 6 52 7 37 7 42 7 J9 !I 56 12 36 
9 30 ll 48 8 34 1 39 8 45 6 54 7 39 7 45 7 42 9 53 12 34 

10 0 11 49 8 3.5 1 42 8 48 6 53 7 40 7 48 7 43 9 51 12 30 
10 30 11 48 8 34 l 43 8 48 6 52 ., 40 7 48 7 41 9 45 12 24 
11 0 11 47 8 31 1 41 8 46 6 56 7 36 7 46 7 37 9 39 12 17 
11 30 11 43 8 25 1 37 8 40 6 48 7 30 7 42 7 34 9 32 12 9 

TABLE III. 

Slwwing the 1·ise and fall ef tides, and corrections to be applied to determine the height ef high 
water soundings on charts referring to mea'I!. low water, and to /,ow water spring tides. 

Time or' Boston. ! New York. Philadelphia. I Old Point Comfort, Va. Baltimore, Md. i Time of 

=~~~i A. B. I c. i A. 1' B. I c. - A. I B. I c. 11--~~-r;--i---;;_- A. ' n. I c. 1
1 ~=~~ 

' ! : I I ' ' I -•--,-.--.-,-1-1-1-;-.-,---·-1--·i- -i- - ~1-1~· ~ ~'- - - ~ -'~ -· 0 ' 11.2 J0.6 i 11.3 i 4.9 4.'1 i 4.9 6.3 6.2 i 6.3 . 2.9 2.6 2.9 1.~ 1.4 1.6 0 

~ 1 u:~ 1 ~z:~ : ~u 1
1 

g ::~ 1 u 1 u u i u 1 ~:g g ~:z u u i:i ~ 
3 !0.6 10.3 I 11.0 4.3 4.2 II 4.6 6.6 6.5 I 6.6 2.6 2.6 2.B 1.4 1.3 1.5 3 
4 I 10.0 10.0 i 10.7 i 3.8 4.0 4.4 6.4 6.4 I,. 6.5 I 2.3 ' 2.4 2.7 1.3 1.2 1.4 4 
5 I 9.2 9.7 I 10.4 i 3.5 3.8 4.2 6.1 6.2 6.3 I 2.1 2.3 2.6 1.1 1.1 1.3 I 5 

; I ~:~ ~:~ II~ :i:~ I ti ~:; I !:l ~:~ ~:: 1· ~:~ ~:i I ~j ;:~ ~:~ ; u u ~ 
8 I 8.9 9.5 10.2 I 3.6 3.tl 4.2 5.2 5.3 5.4 I 2.2 i 2.4 2.6 l.O I 1.1! I 1.4 II 8 

1~ I i~:f l~:~ I lZ:~ !:g g i u u I ~:~ ~:~ I u ~:~ ;:~ u : u i u l~ 
u [ 10.1 10.3 \ 11.0 

1 
4.8 4.5 I 4.9 6.o 6.o I 6.1 

1 
~.o 2.8 

1 
3.o 1.4 1.4 l i.6 1 11 

TABLE III-Continued. 

Time of Smithville, N. C. 1 Charleston, S. iJ. Tybee Entrance, Ga. Key West, Fla. San Francisco, Ca.I. i Time of 
mnon'e -~~---- --~-- ------, --- ---~---~--· moon's 
transit. A. B. I C. A. j B. 1' U. A. I B. ! C. A. I B. j C. A. I B. C. transit. 

Htmr. 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

) I I I I ----- ---,---1------ --1---,--- ---1---1-------------
F .. t. F•et. Feet. Feet. i Feet. Feet. Feet. [ Feet. Feet. Feet. Feet. Feet. Feet. ' Feet. Feet. Jlowr. 

t~ u ~:I ! u II ~:! g u I ~:! u u i u u u I g !:t ~ 
' 5.0 4.7 5.(l I 5.6 5.4 5.7 7.6 I 7 3 7.7 1.5 I 1.4 1.5 3.7 3.6 4.1 2 

g !:~ g i ~:~ t~ ~:~ U I g ~:~ U i·i: ~:~ t1 , ~:~ ~:~ ! 
4.0 4.3 4.6 ! 4.9 5.1 5.4 6.1 I 6.5 7.0 1.0 1.1 1.3 2.8 3.1 3.6 5 
3.8 4.2 4.5 I 4.8 5.0 5.3 5.8 I 6.4 6.B 1.0 ' 1.1 i 1.3 2.7 I 3.1 3.6 6 
3.8 4.1 4.4 4.7 4.9 5.2 6.0 6.5 6.9 1.0 1.1 I 1.3 3.0 I 3.3 3.7 7 
4.0 4.!I 4.5

1 

4.8 5.0 5.3 6.4 6.7 7.1 1.1 I.' 1.2 1.3 3.4 

1

, 3.5 3.9 8 
4.3 4.3 4.6 4.9 5.1 5.4 6.9 6.9 7.4 1.3 1.3 1' 1.4 3.8 3.6 4.1 9 
4.7 4.6 4.9 5.2 5.3 i>.6 7.4 7.0 7.6 1.4 1.3 l.5 4.0 3.8 4.2 10 
5.o 4.7 5.0 5.5 5.4 s.s 7.8 7.2 7.8 1.6 I 1.4 1.6 4.2 a.s 4.3 11 
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In these, the variations in the interval between the moon'R transit and high water are shown 
for some of the principal ports contained in Table I. These variations of interval 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. The table extends from Oh. of transit, midnight of the 
calendar day, or full of the moon, to lli hours. The numbers for "change" of the moon cor
respond to those for 0 hours, and for 13 hours (or 1 p. m. of the calendar day) to 1 hour, and, 
so on up to 23 hours. The ports for which the numbers are given are designated by the head
ing of the columns. 

The 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 oceurs more nearly at full and change, and 
at Sa.n Francisco still more nearly. 

The same remark applies to the heights; spring tides occur about two days after the full and 
change of the moon, and neaps two days after the first and last quarter. 

The use of this table of nearer approximation is quite as simple as that of Table I. 
Bule to find the time of high water.-Look in the Almanac for the time of moon's transit, (or 

southing) for the date required. In the table corresponding to that time will be found the num
ber to be added to the time of transit. 

Example III.-Required 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 lh. 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,) Sh. lOm. 

Thus to lh. 24m., time of moon's transit, . 
Add 8 IO interval found from Table II. 
The sum,~ 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 2d, 
and we must have gone back to the transit of the day before and computed with it, to obtain the 
tide for October 1st. 

Bute to find the height of high water.-Enter Table III, column 1, with 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 
soundings on the chart, where the soundings are given for mean low water; in column C, the 
number to be added to charts of which the soundings are given for low water, spring tides. 

In the foregoing example, (III,) the time of transit being between 1 and 2 hours, we find, from 
Table III, the rise and fall of the tide on the 1st of October, 1856, between 4.9 and 4.7; the 
number to be added to soundings given for mean low water 4.5 feet, (column B,) and for low 
water spring tides, (column C,) 4.9 feet. 

Having found the time of high water, that 0£ low water may be obtained nearly by adding 
the duration of the ebb from column 9, Table I. The time of the next preceding low water 
may be found by subtracting the duration of flood from column 8, Table I. The time of the 
next following high water may be found by adding the duration of both flood and ebb, and of 
the next preceding high water, by subtracting the same duration of the whole tide. 

Example IV.-To find the next high water following that of Example III. 
The duration of flood, column 8, Table I, for New York, is 6li. Om.; and of ebb, from column 

9, is 6h. 25m.; the sum is l2h. 25m. 
To 9h. 34m. p. m., October 1, the time of high water found, 
Add ] 2 25 duration of flood and ebb. 
Sum, 21 59, or 9h. 59m. a. m. of October 2, the time of the next high water. 
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TIJ;)El3 OF raE P .A.CIFIC COAST. 

On the Pacific Coast there is, as a general rule, one large and one small tide during each day, 
the heights of two successive high waters occurring one a. m. and the other p. m. of the same 
twenty-four hours, and the intervals from the next preceding transit of the moon are very 
different. 'l'hese inequalities depend upon the moon's declination. When the moon's declina
tion is nothing, they disappear ; and when it is the greatest, either north or south, they are 
greatest. The inequalities for low water are not the same as for high, though they disappear 
and have the greatest value at nearly the same times. 

When the moon's declination is north, the highest of the two high tides of the twenty-four 
hours occurs at San Francisco about eleven and a half hours after the moon's southing, (transit;) 
and when the declination is south, the lowest of the two high tides occurs at about that interval. 

The lowest of the two low waters of the day is the one which follows next the highest high 
water. The nature of these tides will probably appear more plainly from the annexed dia
grams. 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 XII 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, and the two 
low waters b and d. If a is the high water, which occurs 
about twelve hours after the transit of the moon, when the 
declination is south, the ebb ab is quite .c;;mall, and the high 
water a is much lower than the next high water c. If the 

21
j 

moon's declination is north, it is the large high water a of 
th~ second diagram, which occurs next after the transit, and 
about twelve hours from it. 

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 as 
readily as in the former case. It is one of double entry, the 
time of transit being, as before, placed in the first column. 
The number of days from the day at which the moon has 
had the greatest declination are arranged at the top of the 
table. Entering the first column with the time of transit, 
until we come under the column containing the days from 
the greatest declination, we find the number to be added to 
the time of transit to give the time of high water. If the 
moon's declination is south, Table IV is to be used; if north, 
Table V. 

0 

0 

i I 
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NumbeT to be added to the time of moon's transit at San Francisco to give the time of high water 
for different times of moon's transit, and declination of the moon. 

TABLE IV. TABLE V. 

I 
Tilneor; 
moon's· 
transit.! 

_I 
,., .... [ 
0 0, 
0 30 l 
I oi 
I 30' 
2 oi 
2 30 ! 
3 oi 
3 ag I 4 
4 30 ! 
5 o I 

5 30; 
6 0 ' 
fl 30 
7 o, 
7 30: 
8 0, 
8 30' 
9 0 
u 30: 

10 0; 
10 30: 
11 o, 
11 30 ', 

!South declina.tlon.-Days from greatest declination. ! North declina.tion.-Days from greatest declina.tlon. Time of' 

--~--~---------~-~--II moon's 
0 

_
1
_)_

2_1_3
_/_

4 _!_5_/_6_)_1_J_o_
1

,_1_l-2-1'-:i_l--4-l-:;-1_6_l
1

,_1_ d'IT!~a.-
1. m. 1. m. h. ''" ' h. m. h. m. i h. m, h. m. I h. m. : /J.. m. h. m. 1 /J., m. k. m. , h. m. , h. m. : /J.. m. I•. m. It.. m. 
13 5 13 2 12 57 I 12 50 I 12 42 ' 12 32 12 19 i 12 5 I 11 5 ! 11 8 ' 11 13 I 11 20 i 11 28 ' 11 38 ' 11 51 12 5 u 0 
12 59 12 56 12 51 ' 12 44 12 36 i 12 26 12 13 ' 11 59 10 59 ' 11 2 I 11 71 11 14 I 11 22 \ 11 32 I 11 4:; ' 11 59 0 3U 

i~ ~ i~ ~ i~ ~ : i~ ~ , i~ ~ /' i~ ~ i~ i : n ~ 1 1g ~ i ~g ~ ~~ 5~ n ~ r u iz dl ~ 1 n ~ 1 n ~ i aZ 
12 41 12 38 12 33 ' 12 26 12 18 12 8 11 55 '1 11 41 I' 10 41 '1 10 44 10 49 i' 10 56 ; 11 4 I' 11 14 I 11 27 1' ll 41 2 0 
12 36 12 33 12 28 12 21 12 13 12 3 11 50 11 36 10 36 10 39 10 44 10 51 ' 10 59 I 11 9 I 11 22 11 36 2 30 
12 33 12 30 I 12 25 12 18 12 10 ' 12 0 11 47 11 33 10 33 ; 10 36 10 41 I 10 48 10 56 ' 11 6 i 11 19 11 33 3 0 
12 33 I 12 30 112 25 ; 12 18 12 10 I 12 o 11 47 11 33 10 33 1 10 36 10 41 10 48 , 10 56 !\ u 6 ' 11 19 11 33 a 30 
12 38 ' 12 3.) 12 30 : 12 23 12 15 ' 12 5 11 52 11 38110 38 10 41 10 46 I 10 53 11 1 11 11 1 11 24 ll 38 4 0 
12 46 12 43 12 38 I 1'I 31 12 23 12 13 12 0 11 46 10 46 ' 10 49 10 54 I 11 1 11 9 11 19 ' 11 321' 11 46 4 30 
12 55 12 52 12 47 I 12 40 12 32 12 22 12 9 : 11 55 10 55 : IO J8 11 3 I 11 I 0 11 18 I ll 28 I 11 41 ll 55 :; 0 
13 3 13 0 12 55 12 48 ' 12 40 12 30 12 17 I 12 3 11 3 ' ll 6 11 11 ' 11 18 lJ 26 II 36 : 11 49 , 12 3 5 30 
13 11 13 8 13 3 I 12 w 12 48 12 as 12 25 , l!! 11 11 11 11 14 1I 19 I' 11 26 n 34 : 11 44 : 11 51 i' 12 1I 6 o 
13 In 13 13 13 8 I 13 1 12 53 l!! 43 12 30 : 12 16 11 16 11 19 I 11 24 ' 11 31 11 39 I 11 49 I 12 2 12 16 6 30 
13 23 13 20 13 15 I 13 8 13 0 12 50 12 37 ; 12 23 11 23 11 26 11 31 11 38 i Jl 46 I 11 S6 ' 12 9112 23 7 0 
13 29 13 2t1 13 21 ! 13 14 13 o 12 56 · 12 43 12 29 11 29 ' 11 32 11 37 11 44 1 11 52 I 12 2 I 12 15 12 29 1 30 
13 34 ' 13 31 13 26 I 13 19 ' 13 11 13 1 ! 12 48 12 34 11 34 11 37 11 42 11 49 11 57 i 12 7 ' 12 20 12 34 8 0 

~g ;:;; 1· g ~ ~g ~ i g :t ~g~ g ~ I ~~ ~ ~g; g ~ ~~ ~ n :~ ! }l ~~ ~~ 5~ I :~ lg : ~~ ~ , ~~ ~ ~ :ig 
13 34 13 31 13 26 '1 I:! 19 13 11 13 1 12 48 I 12 34 11 34 11 37 11 42 I 11 49 11 57 I 12 7 ! 12 20 II 12 34 9 30 
13 30 I 13 !!7 13 22 ' 13 15 13 7 12 57 12 44 ! 12 30 11 30 11 33 ! 11 38 • 11 4,') I 11 53 i 12 3 ; 12 16 12 30 IO 0 
13 24 13 21 13 161' 13 9 13 I 12 51 12 38 i 12 24 11 24 : 11 27 I 11 32 I 11 39 I II 47 1111 57 I 12 10 112 24 10 30 
13 17 I 13 14 13 9 13 2 12 54 12 44 12 31 1 12 11 11 17 n 20 11 :ia • 11 32 • 11 40 11 50 

1 
rn a 12 17 , 11 o 

13 9 13 6 13 l 12 54 12 46 12 36 12 23 ! 12 9 11 9 11 12 ! 11 17 I 11 24 ! 11 32 11 42 1 11 55 12 9 t u 30 
I ' I I 1 i I I 

If we disregard the daily inequality, the column headed San Francisco, in Table II, would 
give us, as in the examples on the Atlantic Coast, the means of determining the time of high 
water. With this, the column for seven days in the present table agrees, as in between six and 
seven days from the maximum, the declination becomes nothing, and the diurnal inequality 
also nothing. 

Example V.-Required the time of high water at North Beach, San Francisco, Cal., on the 
7th of February, 1853. 

1st. The time of moon's transit at Greenwich, from the Nautical Almanac, is llh. 4lm.; the 
longitude of San Francisco 8h. lOm., requiring a correction (see p. 123) of 16m. to the time of 
transit for San Francisco, which is thus found to be llh. 57m. 

2d. The moon's declination is south, and at the time of transit about two days from the 
greatest. Entering Table IV, we find 12h (or Oh) of transit, the nee.rest numbe~ to llh. 57m., 
which the table gives; and following the line horizontally until we come to two days from the 
greatest declination, we find 12h. 57m. 

To llk. 57m. time of transit of moon, February 7th San Francisco, 
Add 12 57 from column Oh transit, and two days from greatest declination. 
Sum 24 54 or, Oh. 54m., February 8, is the time of high water, corresponding to the 

transit which we took of February 7. If we desire the tide of February 7, we must go back to 
the moon's transit of the 6th. The example was purposely assumed to show this case. 

llh. lm. time of transit February 6, 1853. 
13 14 number for llh. transit and one day from greatest declination. 

Sum 24 15 time of high water Oh. 15rn. a. m., February 7. 
The height of high water.-The height of high water is obtained in a similar manner by the 

use of Tables VI and VII, entering these in the same way with the, time of transit and days 
from the greatest declination. Table VI is for south declination, and Table VII for north. 
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Table showing the number to be added to the soundings on charts, r~ferred to tlie mean lowest low 
waters ef day, to give the depth at high •water at San Francisco. 

TABLE Vl. TABLE VII. 

~ .~ 
l'fORTR DECLINATION. ~ l!l()UTD Di:CLlNA.TlON. i' § 

- ----------------------!! ~.. -·-----------------------
=·~ I ..,... 
~ 2_ Day.a from greatest declination. ii ~ 2 Days from greatest declination. 

£~ 0 : l i 2 • 3 I 4 I :; 6 7 j!f 0 l I 2 I 3 I 4 5 I 6 " 

/;. -F-.-et-. :-F-t-tt.-:-F-<et-. -F-ut-.1-F-Ul-. 1-F-e-et.-i-F-e-,t-. -F.-d-. Ii-' .\, Feet. ~1~1 Feet. :~· F«t. : Feet. ~-Feet 
0 4.0 ' 4.1 . 4.l 4.2 !' 4.3 I 4.5 4.8 5.0 0 6.0 5.9 5.9 I 5.8 5.7 5.5 I 5,:> 5 0 
2 3.8 a 9 1 3.9 4.o 4.1 1 4.3 4.6 4.s ,' 2 5 a 5.7 s.1 5.6 5.5 : s.3 I 5 ·0 I 4 ·8 
I 3.9 1,· 4.-0 ' 4.0 4.l 4.2 I 4.4 4.7 4.9 I I 5.9 5.8 5.81 5.7 i 5.6 5.4 ' :; l ' 4°11 

3 3.6 :J.7 1 3.7 a.8 a.9 i 4.1 4.4 4.6 ·I a 5.6 5.s 5.5 s.4 5.3 5.1 4 ·8 4 ·6 4 3,4 3,5 3.5 3.6 3.7 , 3.9 4.2 4.~ I 4 5.4 5.3 5.:1 5.2 5.1 4.9 4 6 4',~ 
5 3.3 ' 3.4 I 3.4 3.5 3.6 I 3.8 4.1 4.3 ' 5 5.3 5.2 5.2 I 5.1 5 0 4.8 4 5 4°3 
& 3_3 I' :JA J.4 :i.s I 3.6 I 3.8 4.1 4.J 6 5.3 s.2 5.2 5.1 5.o ~-· 

0 4 5 4· a 
7 3.4 3.5 I 3.5 3.6 ' 3.7 

1
1 3.9 4.2 4.4 7 5.4 5.3 5,3 5.2 5.1 ' .. 9 46 4°,l 

8 3.5 , 3.6 3.6 3.7 I 3.8 4.0 4.3 4.5 ~ 5.5 5.4

1 

5.4 5.3 5.2 5.0 ... 7 4.5 
9 3.711 

3.8 ~ S.8 3.9 4.0 !' 4.2 4.5 4.7 9 5.7 5.6 5.6 I 5.5 5.4 I 5.2 4°9 41 
10 3.9 -1.0 j 4.8 1 4.l 4.2 4.4 4.7 4.9 10 5.9 5.B ' 5.8 5.7 .5.6 5.4 .~:l 4°91 
11 4.1 4.2 : -1.2 4.3 I 4.4 4.6 -i.9 5.1 , 11 6 1 6.o 6.o 

1 
5.9 :i.t< 5 .6 5 .3 i a: 1 

~....:...~~:.._~_:_~~---'-~--'--~--~-'--~---'-~~~~---~~-- I 

NoT&.-To ue these tables with a chart on which the soundings are referred to mean low water, suhtract one toot,. .-om the numbeu in the tables. 

Example VI.-ln example V, to obtain the height of the tide on Fel Jruary 'l, the declination 
being south, we enter Table VI with Oh. of transit and two days fro,.. .Jl greatest declination, and 
find that the tide will be 4.1 feet above the mean of lowest low W'.i.ter, or that 4.1 feet are to be 
added t.o the soundings of a chart reduced to the mean of the lo: west low water of each day. If 
the soundings of the chart were given for mean low water, tl>.en 1.0 foot ought to be subtracted 
from the numbers in Tables VI and VII; thus, in this exa· ..nple it would be 3.1 feet. 

The approximate time of the successive low and hiv;n waters of the day will be found by 
adding the numbers in Table VIII to the time of the fr.est high water already determined. The 
table gives the numbers for the different days from t.\ie greatest declination. 

TABLF. vnr. 

Containing ,,_umber& w be added to the time of aigh water found, from Table III, to obtain the 
sucWJSive 1".JW and high watt.>rs. 

SOUTH Dll:OLJNAT-".O!';, 
( NOJ.ITH DECLINATION. 

Da.ys from Days from 
greatest 

Low water.IHigl> water Low waterJLow ws.ter. High water. Low water. 
greatest 

declina.tio11. declination. 
(Sma.U.) 1:U1.rge.) (Large.) (I.e.rge.) , (Small.) (Small.) 

l. ~II. A. Ill. h. m. h. 'Ill. \ A. m. h. "'· 0 -l 11 10 24 17 52 7 28 14 26 18 37 0 
l 4 17 10 31 17 55 7 24 14 19 18 36 l 
j 4 23 10 41 17 58 7 17 14 9 18 32 2 

' 4 33 10 55 18 3 7 7 13 65 18 28 3 

' 4 45 11 11 18 6 6 ()5 13 39 18 24 4 
~- II 3 11 81 18 8 G 37 13 19 18 22 II 
6 II 23 11 68 18 13 6 15 12 52 18 15 6 
7 6 49 13 25 18 H II 49 12 25 18 a '1 

~ days from greatest declination are written in the :first and last columns of the table. 
~ second, third, and fourth columns refer to south declination, and the fifth, sixth, and 
~venth to north. The second column give11 the number which is to be added, according to tho 
declination, to the time of high water, obtained by means of Tables IV and V, to give the next 
low water; which ia the small low water b of Diagram I. The third contains the numbers to 

1'1 cs 
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be added to the same, to give the second or large high-water c of Diagram I. The fourth, the 
numbers to be added to the same, to give the second or large low-water d of Diagram I. The 
succeeding columns give the numbers to be used in the same way for north declinations, to 
obtain the low-water b (large) of Diagram II, the high-water c (small,) and the low-water d 

(small,) of the same diagram. 
The rise and fall of the same successive tides may be obtained by inspection from Table IX, in ·, 

which the :first column at the side contains the time of transit, and the successive columns the 
'numbers corresponding to that time, and to the 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 these for small low and large high-water b c of Diagram I, and d e of Diagram II ; next, 
the large ebb-tide c d of Diagram I, or a b of Diagram II; and lastly, from the large low
water to the small high-water de of Diagram I, orb c of Diagram II. 

TABLE IX. 

Showing tlie rise and fall of the several tides corresponding to different kours of transit and days 
from greatest declination- of moon at San Francisco. 

ll<>urs , 
of moon's 

transit. ' 

Small ebb.tide, OT1&0m small high water to small low water. 

Days from lUax:.imum declination. 

From small low water to large high water. 

I Days from maximum declinntion. 

! ' I i I : ; I l
l--o--\- 1 : 2 i 3 1\ 4 ;. 5 i. --6-,--1--l--o--!. -1--! -2--1-3-· _1 __ 4 ___ 5 __ 1_6 ___ 

7
_ 

Hour. : Feet. I Feet . . Feet. i. Feet. r-:;..~· Fed. I-;:;:-, Fut. '--;::;-1! Feet, j Feel. :-::::-.~ --.;::---;::--;:: 
0 ' 1.4 I 1.6 1.7 2.1 ; 2.5 . 3.0 I 3.7 ; 4.3 3.4 3.4 ' 3,5 I 3.7 3.9 4.0 4.1 4.:l ] I l.2 1.4 ' 1.5 ].9 2.3 2.8 3.5 I 4. l 3.2 I 3.2 3.3 i 3.5 3.7 3.8 3.9 4.1 
2 ' l.O 1.2 I 1.3 1.7 2.1 !!c6 3.3 . 3.9 3 0 I 3.0 3.1 ' 3',3 3.5 3.6 3.7 3.9 
3 o.7 o.9 1.0 1.4 i.s 2... :i.o 3.6 2.1 I 2.1 i 2.s a.o :i.2 • 3.o 3.4 3.6 
4 0.2 0.4 0.5 0.9 1.3 1.8 2.5 3.1 2.2 2.2 2.3 2.5 2.7 2.@ 2.9 3.1 
5 0.0 0.2 0.3 0.7 1.1 J.6 ' 2.3 2.9 2.0 l 2.0 2.l 2.3 2.5 2,6 2.7 2.9 
6 0.J 0.1 0.2 0.6 LO 1.5 I· 2.2 2.8 1.9 I 1.9 2.0 2.2 2.4 2.5 2.6 2.8 
7 0.2 0.4 0.5 0.9 1.3 LB 1.5 3.1 2.2 ' 2.2 2.3 2.5 2.7 2.8 2.9 3.1 
8 o.s 0.1 o.s 1.2 I.6 2. 1 2.~ 3.4 2.s I 2.s 2.6 2.s 3.o a.1 3.2 3.4 
g o.9 Ll 1.2 1.6 2.0 2.5 3.2 a.s 2.9 2.9 3.o 3.2 3.4 3.5 3.6 a.s 

10 1.2 J.4 1.5 L9 2.3 2.8 3.5 4.1 3.2 3.2 3.~I 3.5 3.7 3.8 3.9 4.1 
11 1.5 1.7 l.l:! 2 2 2.6 3.1 3.8 4.4 3.5 3.5 3.6 3.1'1 4.0 4.l 4.2 4.4 

---'----'---'-----'---'----'----'---- ------------C------------
~~mfr;;~~::::::::::::::::::::::::::::::::::::~:~;; Di8.'1ram1}: I From ......................................... bto c, Diagram I. 

1 
And fr{)m~ ••••••••••••••••••••••••••••••• , •••••. d 10 e, " Ir. 

---~----~-------~-------'--'---

TABLE IX-Continued. 

Large ebl>-tide, or from large higb water to large low water. From large J1>w waler ti> small low water. I Hours \--------~---------~-----------1------------------------· 
of moon's: Days from maximum declination. bays from maximum declination. 

transit. I 

1--0---1--/--2--/--3- I 4 I 5 I 6 I 7 0 i I 2 ;! 4 :;; 6 I 7 

Hoy ; F~1 Fn \ Fr~· II T~· )1 111 'ti I U i, 'f:'i Tl . 11 11 'fl 1, ':'.'; ':::.- ':t I ~; 
2 I 6.8 6.6 i 6.5 6.1 5.7 5.2 Ii 4.5 i 3.9 4.8 4.8 4.7 4.5 g !:~ u g 
3 1' 6.5 6.3 6.2 5.8 I 5.4 4.9 4.2 I 3.6 4.5 4.5 4.4 4.2 4.0 3.9 3.8 3.6 
4 6.0 5.8 I 5.1 II 5.3 4.9 4.4 3.7 i 3.1 4.0 4.0 3.9 3.7 3Jt 3.4 3.3 ~-1 
5 

1 
5.8 5.6 ,

1 

5.5 ii.I 4.7 4.1! 1 3.5 1 2.9 3.8 3.8 3.7 3.5 3.3 3.2 lU 1!.!I 
6 

1
. 5.7 5.5 5.4 ', 5.0 I 4.6 4.1 3.4 

1

. 2.8 3. 7 3.7 3.6 3.4 3.2 3.1 3.o 2.s 
7 I 6.0 5.8 I 5.7 I 5.3 i 4.9 4.4 3.7 3.1 4.0 4.0 3.9 3.7 3.5 3,4 3.3 3.1 
8 6.3 6.1 I 6.0 5.6 5.2 4.7 I 4.0 ' 3.4 4.3 4.3 4.2 4.0 3.8 3.7 3 6 3.4 

1: Ii ~:~ g:~ N ; g I ~:g I t! !:~ I ::~ g I t; !:g N !:~ ::~ !'.~ I u 
11 1.a 1.1 1.0 i 11.a ! s.2 5.1 i s.o I 4.4 5.3 , 5.3 s.2 5.o '·" 4.7 4.6 •·• 

From . •• • • .. • .. .. .. ... .. • .. .. .............. c \'! d, Diqnun I. From ......................................... ,4 t<> e, Dlqram. .1 • 
.Aad from ............................. • •••••• • ... ci to b, " II~ And ftom ..... ., ••••••••••••••••••••••••••••••••• ;I w c, ~. '' · ll 

Examp/,e VII.-Thus in Exa.mpfo VI,. the high water of February 'T was found w be S:J'fuet 
above mea.;n low water. The declination being south, Diagram I a.pplies, and this high wat.et' 
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is the small one. To obtain the fall of the next low water, or small low water, we enter Table 
IX with Oh. of moon's transit, and two days from greatest declination in the first part of the 
table and find 1.7 foot, which will be the difference in height of this high and low water. 
Entering with the same transit and day in the second part, we find 3.5 feet, which is the rise 
of the large high water above the small low water; the difference between 1.7 foot and 3.5 feet, 
or 1.8 foot, is the difference of height of the two successive high waters. 

It is easy to see how, in this way, the souw!ings of a chart can be reduced to what they . 
would be approximately at all the successive hii;h and low waters. A similar set of tables is in · 
preparation for Key West, and some of the other ports on the Gulf of Mexico, where the tides 
are of the same character. 

The tidal observations now in progress on the Pacific will give the mearn; of extending the 
tables to all the principal ports there. 

TIDES OF THE GlJLB' OF MEXICO. 

On the coast of Florida, from Cape Florida round the peninsula to St. Mark's, the tides are of 
the ordinary kind, but with a daily inequality, which, small at Cape Florida, goes on increasing 
as we proceed westward to the Tortugas. From the Tortugas to St. Mark's the daily inequality 
is large and sensibly the same, giving the ;ides a great resemblance to those of the Pacific 
coast, though the rise and fall is much smaller. Between St. Mark's and St. George's island, 
(Apalachicola entrance,) the tide changes to t1te 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 tides are very regular, and the very 
small and irregular double tides appear onl! 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 exceeding an hour. 

To the west of the mouth of the Mississippi the double tides reappear. At Isle Derniere 
they are distinct, though a little irregular, for three or four days near the time of moon's zero 
declination. At all other times the singl<Hlay 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 moon's greatest declination, sometimes being even reduced to but an 
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 .i,ppearance as 
at Isle Derniere. At Galveston the double tides are plainly perceptible, though small, for :five 
or six days, ab-Out the time of moon's zero of declination. A.t other times they present the 
single-day' type, with the poouliarity 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 the 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 double tides are only perceived for two or three 
days at the moon's zero declination. At other times there is but one high water in the day, with 
a long stand of from six to nine hours, during which time are often small irregular fluctuations, 
or a very slow fall. (See description of type curves, Appendix No. 36.) 

In the following table the 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 

· happens 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 often rendered quite irregular. 
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TABLE X. 

Rise and fall o/ tides at severai'. statV:ms in the Gulf of Mexico. 

-----------------------~· ---·---

STATlONS. 

St. George's Island, Florida. •••••••••••.•. 
Pensacola., Florida .••.•••••••••••••••••. 
Fort Morgan, Mobile bay, Alabama._ .. _ .. 
Cat island, MississippL ••••••••••••.••••• 
Southwest Pa.Sii, Louisiana. • __ ••••••••.••. 
Isle Demiere, Louisiana. •••••••• _ •••••••• 
En trance to Lake Calcasieu, Louisiana ••••. 
Galveston, Texas ••••••••••••••••••••••• 
Aransas Pass, Texas .••••••••••••••••••• _ 
Brazos Santiago, Texas ••••••••••••••••• _ 

lllZAN :KISE AND PALL 01' TIDES. 

Mean. 

Ft. 
1. I 
l. 0 
l. 0 
l. 3 
1.1 
1. 4 
l. 9 
1. l 
1.1 
0.9 

At moon's 
greatest 

declination. 

Ft. 
1.8 
1.5 
1.5 
1. 9 
1. 4 
2.2 
2.4 
1. 6 
1. 8 
1.2 

A\ moon's 
least 

declination. 

Ft. 
0.6 
0.4 
0.4 
0.6 
0.5 
o. 7 
.1. 7 
0.8 
o. 6 
0.5 

The type curves, representing the law of the rise and ,fall of the tides a.t the different ports, 
will be found on Sketch No. 38, and a description of them in Appendix No. 36. 

TO DETER'llINE THE RISE AND FALL OF THE TIDE FOR .ANY GIVEN TIME FROM: HIGH OR LOW WArER. 

It is sometimes desirable to know how far the tide will rise in a given time from low water, 
c:'lr fall in a given time from high water, or to approximate to the time which has elapsed from 
fow or high water, by knowing the rise or fall of the tide in the interval. If the proportion of 
the rise and fall in a given time were the same in th1~ different ports, this would easily be shown 
in a single table, giving the proportional rise and fa.11, which, by referring to Table I, showing 
the rise and fall of the tide at the port, would give t~he rise and fall in feet a.nd decimals. The 
proportion, however, is not the same in different port1,, nor in the same ports foy tides of different 
heights. The following (Table XI) shows the relation between the heights above low water 
for each half hour for New ¥ork and for Old Point Comfort, a.nd for spring and neap tides at 
each place. Units express the total rise of high water a.hove low water; and the figures oppo
.site to each half hour denote the proportional fall of the tide from high water onward to low 
water. For example: at New York, three hours after high water, a s.pring tide has fallen six
tenths (sixty-hundredths) of the whole fall. Suppose the whole rise and fW.l of that day to be 
..5.4 feet, (Table I;) then three hours after high water, the tide will ha.ve fallen 3.24 feet, or 
rthree feet three inches, nearly. Conversely, if we have observed that a spring tide ha.a. fallen 
three feet three inches, we may know that high water ho.a passed. a.hoo..t. three houra. 
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TABLE XI. 

Giving the height of the tide above low water for every half hour before or after high water, the 
total range being taken as eg_uol to 1. 

ll"EW YORK. OLD POINT CQ)(FORT. 
Time before I 

or after 1------c----- i 
high wa.tcr. I Spring tide. Ne"p tide. ' Spring tide. ! Neap tide. 

h. m. I 

0 0 
0 30 
1 0 
1 30 
2 0 
2 30 
3 0 
3 30 
4 0 
4 30 
1i 0 
5 30 
6 0 
' 30 

-----1-----------1----
1. 00 
0.98 
0.94 
0.89 
0.80 
0.72 
0.60 
0.49 
0.39 
0.28 
o. 18 
0.09 
0.05 
0.00 

1.00 
0. 98 
0.93 
0.86 
0.72 
0.59 
0.45 
0. 31 ' 

I 

o. 19 I 
o. 10 I o.oz 

J o. oo 

1

------------1 ------------

1. 00 
0.98 
0.95 
0.88 
0.80 
0.70 
0.59 
0.49 
0.37 
0.26 
0.17 
0.08 
0.03 
o.oo 

APPENDIX No. 18. 

1. 00 
0.98 
0.94 
0.87 
0.78 
0.68 
o. 57 
0. 4-4 
0.34 
0.22 
0.13 
0.05 
0.01 
0.00 

Report made to the Superintendent, showing the least water in channel entrances to certain harbors, 
rivers, and anchoragel;, on the coasts of the United States; prepared by Lieut. W. D. Whiting, 
and revised by Lieuterwnt.s Commanding J. J. Almy and T. A. Graven, U. S. N., assistants in 
the Ooaat Survey. Tidal data by Assistant L. F. Poitrtales, in charge of Tidal Division. 

T WATEB IN CHANNEL WAY. 

Me&n~I, Spring tides. 
Limits between which depths &re I . ·-·i 

given.. ~ ~ 1 ~ ~ J 

~ 1e ! .to) ~ . 

I ~ ~ ~ ~ I 
II ~ ~ ~ ~=~ II i.s1s1.s ... 

Pla.ces. Authorities. 

(From Coast Survey data 
when not otherwise 
st&tcd.) 

--------------1-----1-- Ii---
/ 

Fed. Fett. Ftiet. Fea. 
Portland, Maine __________ From C&pe Elizabeth to Portl&nd } 

oF)~~b.~~rti~~d-llght-t~-b;~k;.~t;;; :\ ~~ 1>3. 
8 44

' 
5 54

' 
4 

. Fr;::;n~~~~::t~~-~-~~~-~~~~~=~:_/ so :::: :::: :~: 1850,'53, and '54. 
From brea.kwa.ter to e.nchora.ge ••••• j 16 24 .. 8 15. 5 25. 4 
Channel w&y off town &nd wharves.' 27 35. 8 26. 5 36. 4 
From Munjoy to r&ilroi.d bridge •••• 19. 5 28. 3 19 28. !I J 

Port.mwuth, N. H-------- Fr~=i=~~~s-~~-~:_o~~-~~~~i:_ 42 50. 6 n. 4 51. 3 l 
Fr~~~r:-~~~~~~i~~-~-t~-e-~~r~- 51 59.6 50.4 60.3 it1851

· 
From the N e.rrows to the city ___ • _ _ 4.5 53. 6 44. 4 64 · 3 I 
Oft' the wha.rves------------------ 63 71.6 62.4 72.3 I 
Northern ship channel, between 1::!a- } 

ker's and Misery islands.-------- 52 61. 2 51. 3 61. 9 
Southern ship channel, piu;sing Half-

way Rock, Gooeeberry and Eagle 1850 a.nd '51. 
islands, to the northward, Cat 

::::w:rd~ -~~~~=-~}~~-~-~~- 28 37. 2 : 21. 3 37. 9 

Salem, Maas ••... -------· 

o The depth l::I channel way V&rlea between 6, md Bi fathoms. 
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APPENDIX No. 18-0ontinued. 

I 
\LEAST WATER IN CHANNEL WAY. 

1-
, Mean. \ Spring tides. 

Limits between which depths are I I 

given. ,-~ . i 1· ~ I 1 --
i" I ff i i" I :; ' .s !:Ii ' .s i !:Ii 

Pia.cc. Authorities. 

I --1 Fm. : Fut. i Fed. ! Feet. 
Salem, Mass_------------' Inside of Salem Neck _____________ 19 28. 2 I 18. 3 [ 28. 9 i 1850 a.nd '51. 
Boston, Ma.ss-------------i' liain ship channel, between Lovel's i 1 and Gallop's island ____________ , 28. 5 38. 5 1 27. 8 1 39. 1 'j 

I Broad sound, south channel------- 19. 5 29. 5 I 18. 8 : 30. 1 
President's Roads, anchorage ______ :H.5 41.5 '30.8: 42.l '(1846,'47, '48,and'53. 

/ Main ship channel, between Govern- I I 
. or's island and Castle islarnL ____ 18 28 17. 3 I 28. 6 J 

Narragansett bay to Pru- 1 Entering with Boston Neck on port '1 

dence island. I hand. Beavertail and Dutch island 
11 

I 
lights on starboard hand, passing 

1 
betwe'."n Canonicut Point and I I 
Ilope island·--------------·---- 25 28.9 24.6 i 29.2' Com. Wadsworth, 1832. 

I 
Entering with Beavertail light on I 

the port, and Castle Hill on star- ) 
board hand, up to Goat island.- - - 60 63. 9 59. 6 64. 2 I 

I Anchorage, southward and west- I 
! wardofGoatisland ____________ 33 36.9 32.6\)37.2 

Abreast of wharves, inside of Goat 

Fr~:i;e-.;p~;t-h~;b~;;;;,~ld; ~f G~ll- 21 24. 9 20. 6 I 25. 2 

Rocks, to Prudence isla.nd. _ - _ _ _ _ _ 31 34-. 9 30. 6 I 35. 2 
ToMountHopebay _______________ 42 45.9 41.6'46.2 
To Mount Hope bay, with Cormorant 

Rock, Sachuest Point on port, and 
Saughkonnet Point on starboard 
hand---------------·---------- 20 

New York ______________ -1· Gedney's chann<:J __ -- - -- ----- --- - - 24 
North channel.------------------ 22 
South channel-----------·-·----- 22.5 

I 
Main ship channel, passing Sandy 

23.9 
28. 8 I 

26. 8 . 
27.3 

19.6 
23.6 
21. 6 
22. 1 

24.2 
29.l 
27. 1 
27.6 

Ilook to S.W. Spit buoy _________ 31 B5.8 30.6 36. l 
Main ship channel, afterpassingS. W. 

mile up the bay for New York ___ 22 26.8 21. 6 27.1 I 
Spit buoy on N.E. course, one 

Delaware bay -------·----10Main ship channel, passing Delaware 

Delaware river. _______ _ 

break wa.ter _. _________________ • 61 
Off Brandywine light-house ________ 43 
Main ship channel, passing False 

Liston's tree, to abreast of Bom-

64.6 
46.6 

60.4 
42.4 

64.9 
46.9 

bay HooklighL----------·---- 27.5 ~4 27.3 34..2 
Bin.kc's channel, along Flogger 

shoaL-----·------------·----- 13.5 19.4 13.3 20.2 
Blake's channel, passing llihon 

river light--·----------·-·--·-- 13.5 19.4 13.3 20.2 
Main ship channel, approaching Lis-

ton's Point -- -- - --- - - -- --- •• -- - 20 
Main ship channel, up to Reedy 

iRland.---------------··------- 20 
Main ship channel, opposite Reedy 

island light-house--------·----- 24.5 
Opposite Delaware city ___ , __ ••• _ - • 30 
Up to Christiana Creek light _______ 20.5. 
Up to Marcus Hook--------------- 20.5 
Opposite Chester--------·---···- 24. 5 
Bar off Hog island---------------- 18.5 
Between Greenwich Point and Glou-

25.9 

26 

30.5 
36 
27 
27 
30.7 
24..7 

19. B 

19. 6 

24.l 
29.6 
20.3 
20.3 
24.4. 
18.4' 

26.7 

26.3 

30.8 
36.3 
27.2 
27.2 
81. 2 
25.2 

cester Point .• - - - - - -- - - - -- - - - • - - 31.5 37.5 lll.4. 38.2 
From Greenwi<'h Point up to Phila.-

delphia. - - -- - - -- • - - - -- - • -- - --- • 2L5 27.5 21.4. 28.2 

• Soundings varying between 10 and 11Hathomt. 

1848. 

l . > F~om 1835 to 1853, mclu-
1 SIVC. 

J 

'\ 

I 
l 

l. Fro.m IMO to 18!4, inclu-
1 81Ve. 
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Limits between which depths a.re 
given. 

i 
LEAST WATER JX C'llANNEI, WAY.,i 

. i 
i I 

1'11ean. I Spring tides. \ 

~ ~ ~ I t I 
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Au tboritics. 

; i i I ; 1 i I 
-------1-------·---·_::_1_:_\_ ...... _1-~-l------

I Feet. I Fed. I Feet. ' Feet. I 

Chesapea.ke bay __ • _ _ _ _ _ _ _ From capes a.t en tra.nce to Rampton I I ( I I 
.l<'rom Hampton Roads to Sewall's I 

Roads-.------------------------ 3o 32.s I 29. s 1 32. s 'l 
Anchorage in Hampton Roads______ 59 

1

1 61. 5 

1 

58. 8 · 61. 8 ; 

So:~~n~f-Se-;~1-1;;-P~i~-t:-(~;~-~ii;- 25 I 27. 5 ( 24. 8 27. 81 ~ 1852, '53. and '54. 

~andahalf.)-------------------- 21 ! 23.~ \ 20.8 23.8: l 
'Cp to Norfolk-------------------· 23 I 25. t> I 2~. 8 25. 8 [ 

Elizabeth river, Va _______ Between Norfolk and navy yard ____ 25. 5 : 28 i 2;,. 3 28. 3 : 
Hatteras inlet, N. o _______ Over northern bar---------------- 12. 5 I 14. 5112. 4 14. 6 : 1850. 

Over southern bar---------------- 12.5 i 14.5 12.4 14.6 1850. 
Over northern bar---------------- 12 [ 14 \ 11. 9 14. 1 18.52. 
Over southern bar ________________ 14 , 16 . 13. 9 16. 1 185:l. 

Ocracoke inlet----------- Over bar------------------------ 10. 7 j 13.1 
1
1l?·5 13. 3 1852. 

Beaufort, N. C----------- EntrancetochanneJ. _____________ 15.5 i 18.3 lu.3 18.6 1854. 

CapeFea.r. ______________ 0~:~~~~~~~~~;1:-c~p;F~~-;i~~;: ~ /g:~

1
1 t~ }; } I85l,'liZ,nnd'53. 

Western riP·-----------·--·------ 8 ! 12. 5 7. 5 13 } 1856. 
Western bat-------·-----------~- 10 14.5 9.5 15 

1 Georgetown, s. c _________ Entrance toWinyah bay, Ea.st and I I 
Southeast Pass --- __ ---- ---- ---- 7 10. 8 6. 7 11. 3 I: } 

Anchorage inside of North isle.nd ___ 27 30. 8 26. 7 31. 3 1851, '52, and '53. 
UptoGeorgetown ________________ 9 12.6 8.7 13.1 

Charleston, S. C---------- Main bar·----·------------------ 11 16.3 I Hl.B 17.1 } 
North channel------------------- lO 15. 3 i 9. B 16. 1 1850. 
Jifa~tt:schanneL.--------------- 7 12.3 j 6.8 13.1 
Maffitt s channel.---------------- 11. 5 16. 8 11. 3 17. 6 1855. 

NorthEdisto ____________ Overbaratentrance ______________ 13 18.8 U.5 19.4 1856. 
Port Royal-------------- Channel up to Northeast br&nch ____ 19 26 18. 5 26. 5 Des Barres, 1777. 

South channel------------------- 19 26 18. 5 26. 5 11\55. 
Southeast channeL-----------·--- 20 27 19. 5 27. 5 1856. 
EAAt channel_ ____________________ 17 24 16. a 24. 5 1851>. 

Tybee entrance.---------- Bar near Tybee island ••• ____ : _____ 19 26 118. 4 26. 5 l 
1851 

&nd •
52

. 
'l'yhee Roads _____________________ 31 38 30. 4 38. 5 r 

Savannah--------------- Channel up to city, (Wrecks and l Captain Gilmer, US. En-
Ga.rden Bank.)----------------- 11 17. 5 10. 6 18. 2 I gmrnrs -1856. 

Entrance to sound---------------- 38 44.1 37.5 44. 8 1855 and '56. 
St. Simon's-------------- Over bar at entrance ______________ 17 23.1 

1 
16.5 23. 8 } 

Turtle river, up to Blythe island ____ 21 27. 1 , 20. 5 27. 8 
DOOoyba.randinlet _______ Entranceeverbar ________________ 15.5 22.11 U.7 22.5 l 

1855
. 

Anchor&geinsound _______________ 24 30.6 :&3.2 31 I 
St. Mary's river •• - ·--. -- _ On bar _________ • _____________ .__ 14 19. 9 13. 5 20. 2 } Captain Mackay, U. S. 

Top. Engrs. and Coast 
Channel up to St. Mary's •••••• c ••• 19 24. 9 Survey.-1856. 

St. John's river, Fla ______ Over bar at entrance·-------·----- 7 11. 6 } 
18.5 25. 2 
6.5 12 

Chnnnel passing up towards Jack- 1856. 
sonville----------------------- 23 25. l 

Key West_: _____________ Main ship channel to middle buoy 

on shoals---------------------- 27 
From shoals to anchorage__________ 30 
East channel, entering ____________ 30 
On course N.N.W. l W., (lig'\it on 

O'Hara's observatory,) and pass-
ing between shoals .••••••• ------ 28 

From H feet shoals to anchorage. __ • 30 
At anchorage _________________ . _ _ 27 
Rock Key channe] __ - __ - ____ •• ---- 20 
Sand Key channel------·--------- 27 
West channeL------------------- 30 
Northwest channel, up to abreast 

28.{ 
31.4 
31.4 

29.4 
31.4 
28.4 
21.4 
28.4 
31.4 

N.W. light. ____________________ 15 16. 4 

o Suhje<'t to frequent ~han~. 

22.5 25. 5 

26.7 29 
29. 7 I 32 
29.7 32 

27.7 30 
29.7 32 
26.7 29 
19.7 22 
26. 7 29 
29.7 32 

14. 7 17 
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APPENDIX No. 18-Continued. 

Limits between which depths are 
given. 

LEAST WATER IN CHANNEL WAY. 

Mean. Spring tides. 
1------1--------

~ j 
1 ~ 

..s i:!l 

Authorities. 

I 
I!= -§, 

___________ ! _______________ --- --- ------1-----------
Fat. Fed. Fed. Fttt. 

Key West_--------------' O'" thwest channel bar ________ 11 12. 4 10. 7 13 
Tortugas----------------J Northwest channel--------------- 45 46. 2 44.8 46. 4 

Southwest channel..______________ 54 55. 2 53. 8 55. 4 

Cedar keys_. ___ •• _____ _ 

St. Mark's---------------

Apalachicolat-- -- - --- ---
Pensacolat ----------- . -

East channel_ __ -- ---- ---- --- ____ _ 
Anchorage at Garden key ________ _ 
Channel ___________________ ---- _ 

Over bar------------------------
Channel at middle buoy __________ _ 
Up to Fort St. Mark's------------
Channel •• ________________ ------
Over bar, channel. ______________ _ 
From bar to navy yard. ________ • __ 
From navy yard to city-----------

000 wharf at Pensacola. __________ _ 

45 46.2 44.8 46.4 
30 31. 2 29. 8 31. 4 
10 12. 5 9. 7 12. 6 
11 13. 2 10. 6 13. 5 
12 14. 2 11. 6 14. 5 

7 9. 2 6. 6 9. 5 
12.5 13.6 1L2 14 
21.5 22.5 22.2 22.7 
28 29 27.7 29.2 
31 32 30. 7 32. 2 
20 21 19. 7 21. 2 

Mobile bay and rivert----- Over outer bar------------------- 21 22 2L7 22.2 

Ship Island harbort ------

Cat Wand harbort --·----

Mississippi delt&t--------

Northeast Passt---------· 

Southeast Passt---------
South Pasat ------------
Southwest Pa.est---------
Barataria bayt -----------

Derniere or Last isla.ndt - __ 

SabiM Pa11st------------
Galveston bayt. __ .•• _ •••• 
Aransas P-t-----------
Rio Grandet-------------

Main ship channel to F<'rt Morgan •• 
To the upper fteet ----------------
Channel ______ ------------------
Northwest channel--------------
Anchorage, Man-of-war harbor----·-
Ship channel ______ --------------' 
South Pass----------------------
Shell Bank channeL-------------
Pass a Loutre, north channel------
South channel -------------------
Over bar, north entrance. __ • _____ _ 
Over bar, south entrance. --- ____ •• 
Entering----- --- ________ .. __ • __ _ 

Channel-------------------------Cha.nneL .... ___ .•.. _ .. ____ . ____ _ 
Over bar, outside of Grand Pass ___ _ 
Grand passage, to, Independence 

36 37 35. 7 37. 2 
12 13 11. 7 13. 2 
19 20. 31· 18. 7 20. 6 
19. 5 20. 8 19. 2 21. 1 
18 19. 3 17. 7 19. 6 
16 17. 3 15. 7 17. 6 
14 15. 3 13. 7 15. 6 
15. 2 16. 5 14. 9 16. 8 

9. 5 10. 6 9. 3 10. 7 
l~ 13. 1 11. 8 13. 2 
9. 5 10. 6 9. 3 10. 7 
9 10. 1 8. 8 10. 2 

10 11. 1 9. 8 11. 2 
8 9.1 7. 8 9. 2 

13 14. 1 12. 8 14. 2 
7.1> 8. 7 7. 2 8.' 

island. ____ •• _. __ • _. _. __ •• ___ • _ 15 16. 2 14. 7 16. 4 

28. 4 26. 7 28. 8 
Channel inside and north of Ship 

Is\a.nd shoal light-ship. __ ._. __ .__ 27 
Channel north of Ship shoal, one 

mile from beach of Derniere 

island ------·-----------------
Across the bar ------------------
Galveston bay-------------------
Ara.nsa.8 Pass .. -- _ ..... -- -- .•. ---
Rio Grande----------·-··-··-----

14 
7.1> 

12 
9 

' 

11>. 4 
9 

13. l 
10. 1 
,_ 9 

13. 7 
7. 2 

11. 7 
8.7 
3. 8 

15. 8 
9. 3 

13.3 
l\l.5 

5 

•Varying between 20 and 24 feet water. 

t 1850 and' 51. 

) 
1854. 
1854. 

} 1852. 

l Col. Kearney, U. 8. topo
~ graphical engineers. 
J 1822. 

} 
Fr~m 1847 to '52, inclu 

Blve. 

} 1848. 

} 1848. 

} 1851. 

1851. 
1851. 
181>1. 
1852. 
1852. 

~ 1852. 

} 1853. 

1853. 
1853. 
1853. 
1853. 

t The highest tidea occur at the moon's greatest declination, and are applied in the column headed '• Spring tid~." 
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APPENDIX No. 18-Continued. 

-----~- --~------ -----------,---------------------;----
LEAST WATER IN CHANNELi WAY. I 

Places. Limits between which depths 
are given. 

San Diego bay • ------ Entrance ____ --· ••••• _. __ . _. 
Monterey harbor_____ Near shore. ________ --· ___ ---
San Francisco harbor._ On t.he bar. ___ - • -- _. _____ ·- •

1 
At best wharves •••• -- • ____ --

Humboldt bay·--·--· Maia channel ••••• ----------
Columbia river. ______ North channel to Baker's bay •• 

IOEntrance into south channel _. 
Shoa.J.watcrbay ------ North channel-------------

South channel---------------
False Dungeness ----- Harbor anchorage ___________ _ 

Bellinglaam bay •••••• ----------------------------

Mean, lowest of Spring tides, low- Spring tides, low- J 

day. est of day. est of da.y. 
1 

...: ...: 
"' "' .. _.., 
"' "' ~ i::: 

II-' ..:::: 
bD .s ~ 

Fttt. Feet. 
27.4 31. 5 
30 33. 9 
33 37 
20 24 
20 24. 7 
24 30.5 
19 25.5 
22.5 29 
25 31. 5 
54 60 
60 67 

!dean. :M:oon's greatest i 
declination. Date. 

!I I : ~-!~ 
i:i2 .... E:l 

::i~s :~i 1

1

1 

:;,~3 :i~{ 1851. 
29.5 34.2 28.9 33.8 1852. 
32. 6 37.4 111. 9 36. 7 l 
19. 6 24. 4 18. 9 23. 7 f 1855· 
19. 3 25. s I 1s.1 25. 1 1851. 
23. 4 30. fl 22. 7 30. 6 ' i 

i 18. 4 I 20. 9 \ 17. 7 25. 6 i f 1852
• 

' 21. 6 29. 5 20. 9 29 l 1353 
24. l , 32 23.4 31.5 I · 

;--------!--------·-------- -------· 18511. 
:--------~--------1-------- -------- 1855. 
I - I 

o Twenty-one feet may be carried in at mean low water, by keeping a little northward and westward, nearer the breakers 
of the midd/.e ~. and, at the tum, hauling up for Cape Disappointment. 

APPENDIX No. 19. 
REPORTS OF THE CHIEFS OF DIVISIONS TO CAPTAIN H. W. BENHAM, CORPS OF ENGINEERS, ASSISTANT 

IN CHARGE OF THE OFFICE, SHOWING THE DETAILS OF WORK EXECUTED IN EACH DIVISION. 

Report of .As8istant Oharks A. Schott, in charge of the Oomputing JJi'IJ'ision. 

COAST SURVEY OFFICE, October 1, 1856. 
In conformity with th@ regulations of the Survey, I herewith respectfully subTuit the annual 

report on the result of the labors of the several computers for the year ending October 1, 1856. 
The charge of the division has continued as heretofore, Assistant J. E. Hilgard acting only 

for a few weeks, while I was engaged on field duty. During the first half of the year the num
ber of computers was the same as in the year previous, but was afterwards diminished by the 
transfer of Mr. Toomer to a field party. The force employed proved sufficient, although to one 
branch of discussions a greater expanse has been given than was at first thought necessary. 

The general organization in regard to the distribution of the work remains the same as in 
former yea.rs, the system at present in use having continu~d to be as efficient as it is economical. 
The work for the publication of records and results h&11 been assisted, as far as could be done, 
by this division, and the general directions have been followed as close a.a circumstances would 
permit. 
. The nature and amount of work done will be seen by referring to the following detailed state

ment of the occupation of each computer : 
Besides conducting the operations of the division for nearly the whole of the year, I was 

engaged on field duty for :five weeks, determining the three magnetic elements at 11 stations 
in Section III; in which operations I was aided by Mr. J. L. Tilghman. Instrumental eon
ata.nts were determined at Washington before taking the field in Anguat, and reeumed, 

18 08 
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in September, after my return. The principal reports and special discussions made by myself 
are as follows: 

A discussion, supplementary to my former paper, on the secular change of magnetic decli
nation on the Atlantic Coast, including the results of last year's magnetic observations; a 
report on the geodetic connection of Sections III and IV; a paper on the eastwardly tendency of 
the Gulf Stream; a collection of least square formulce, as applied to geodesy; a collection of all 
the magnetic term-day observations of the survey; a discussion of the station error in latitudes, 
as resulting from a comparison of the astronomical and geodetic latitudes, in Sections I, II, and 
III; a report on the chronometric longitude of Deer and Hurricane islands ; a. discussion of the 
secular variation of the magnetic inclination in the Northeastern States, and a similar discussion 
for the Western Coast; also, a discussion of the secular change of the declination for the same 
coast ; reports on certain astronomical azimuths in Sections I and III ; on the chronometric 
longitude of Allston, S. O.; and a discussion of the position error of the 24-inch theodolite, with 
special reference to azimuth observations. The Coast Survey Scientific bibliographical Index 
was increased by 90'7 extracts and translations of titles, selected from 364 volumes. 

Mr. Eugene Nulty completed the reduction of the latitude of Yard station, Section II, 1854; 
made a second reduction of the magnetic declination dip and intensity of the sixteen stations occu
pied last year, in Sections I, II, and III; completed the computation of the azimuth and lati
tude of Mount Harris, Section I, 1855; reduced the azimuth of Santa Cruz, Section X, 1854; 
completed the reduction of the East Base azimuth, Section IX, 1853; and the reduction of 
Mount Ragged azimuth, Section I, 1854. Mr. Nulty also deduced the results of the latitude of 
Fernandina Station, Section VI, and of Montgomery, Section VIII. Mount Harris (1855) must 
be considered as a triple station, and Ragged Mount (1854) as a double station, Mr. Nulty deter
mining the astronomical latitude as resulting from each instrument and observer. The above 
computations generally include the reductions of the corresponding observations for time. 

Assistant Theodore W. Werner completed the reduction of Assistant Gilbert's triangulation 
in Texas, 1855, and of Lieutenant Totten's and Sub-Assistant Rockwell's on Florida keys, 
1855. Mr. Werner computed the latitude, longitude, and azimuth of the geodetic stations on 
Rappahannock river, including triangle side reductions, and made out a least square abstract of 
horizontal angles at Hill, 1850, and Mount Harris, 1855; solving the normal equations and 
bringing out final results; reduced the Admiralty Inlet triangulation, Section XI, 1855 ; recom
puted the Canal de Haro and Rosario Strait triangulation, and computed the additional part of 
1854. He also established and solved the normal equations of horizontal angles at Ragged 
Mount, 1854 ; extended the projection tables for special use for Assistant Hilgard; assisted the 
trigonometrical operations near New York by computing the L, M, Z, of positions determined 
by Assistant Blunt; reduced the triangulation near the mouth of York river, Section III, 1865; 
and nearly oompleted the second reduction of the astronomical latitude of Humboldt, Section X., 
1B54, inclusive of the transit observations. 

Mr. J11,mes :Main completed the reduction of the ma~netic intensity at the stations occupied 
in 1855 ; assisted Mr. Hilgard, by preparing forms, and otherwise, for the publict!otion of results; 
revised the astronomical azimuths of the stations Agamenticus, Sebatti11, Mount Harris, Marrit'ltt, 
Webb, Cape Florida, Sand key, and Breach inlet; oomputed the azimuth of CalU!ten, Section. 
III; revised the first and second reduction of my magnetic results of 1855, in Seetions I, II, 
and III ; ma.de a second computation of the chronometric longitude of Deer and Hurrie&Jle 
islands; a second reduction of the magnetic observations at Mount Barris, Ragged )fount, 
Camden, Ya.rd, Savannah, Tybee, and Noo-a.h bay, a.nd con1pl~ted the geQera.l :revision of mag
netic results at all the Coast Survey stations. He also revised Profesaor Locke's a.nd Professor 
Ben wick's magnetic intensities, under Assistant Hilgard' s spooial direction; made _good progress 
in puttin,g some astronomical formulm in proper shape for the Superintendent's t.ablej and per
f<;>!!!li:d ~lll~ ~soollaneous oomputa.tion1. 
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Mr. G. Rumpf was engaged on the revision of the reduction of triangulations, and inserting the 
results in the proper registers; principally supplied the information asked for by the office or field 
parties; and prepared the annual geodetic statistics and tables of geographical positions. He 
completed the reduction of vertical angles about Casco bay, Section I, 1850-' 52-' 54, and the 
abstract of angles of the primary stations near the mouth of Chesapeake bay; computed a second 
set of rectangular co-ordinates for the mouth of the Rio Grande; computed in part the reduction of 
some vertical angles in Section I ; determined the elevations of stations between San Francisco and 
Monterey bay, (occupied by Assistant Cutts in 1852-'54-'55 ;) assisted in the discussion of the 
position error of the twenty-four inch theodolite; reduced the horizontal angles at Webb, Soper, 
and Hill stations, 1850; and completed the reduction of the St. Andrew's bay triangulation, 
begun by Mr. Toomer. Mr. Rumpf also reduced the Romerly Marshes triangulation, and 
Assistant Farley's triangulation on James river, as far as practicable; computed Sub-Assistant 
:McCorkle's triangulations of St. Mark's and Apalachicola, Section VII; assisted Mr. Hilgard 
in the reduction of his triangulation, Section VIII ; made a second computation of the Deer 
island azimuth; performed some miscellaneous computations, and instructed, for some time, in 
office methods, Messrs. Gillis and Hough, temporarily attached to the division. 

Mr. John Wiessner reduced the transits observed at Deer and Hurricane islands, and deter
mined the longitude of the same, (1854 and 1855 ;) assisted Mr. Hilgard in the reduction of his 
triangulation in Section VIII, 1855 ; aided in the computation for the secular change of the 
magnetic declination; prepared some tables for the General Land Office, relative to the Florida 
keys; made a second reduction of the Currituck Sound triangulation, (joining Sections III and 
IV;) deduced the chronometric longitude of Allston, S. C., including the transit observations at 
Charleston; made a reduction of the horizontal angles at Webb and Soper stations (1850) by the 
method of least squares, with special reference to the publication of results ; made the check 
computation of the latitudes of Cape Disappointment and Point Pinos, and nearly completed the 
latitude reduction of Ewing harbor. He performed, besides, some miscellaneous calculations. 

Mr. J. H. Toomer completed the first reduction of the triangulation of the Rappahannock 
river, a.nd assisted in the preparation of the list of geographical positions for the report of 
1855; computed the geographical positions of Assistant Gilbert's triangulation in Section IX; 
reduced tqe triangles joining James and Appomattox :rivers, Section III; reduced the triangu
lation of the Santa Barbara channel, Section X, and computed rectangular co-ordinates for the 
&a.me; reduced the Ballenas bay (tertiary) triangulation, Section X ; made the second reduction 
of the Cha.ndeleur island triangulation, 1855, S-ection VIII ; and had made satisfactory progress 
with tire :reduction of the St. Andrew's triangulation, Section VII, 1854 and 1855, when he was 
detached from the divisioB. for field duty. His services had been very oocertable in the 
'1.ivision. · 

Mr. J.E. Blankenship assisted Mr. Hilgard in the discussion of magnetic declinations and 
isogonic lines; aided in the preparation of the magnetic term-day observations for publication; 
and also in the list of geographical positions for the report of 1855. He extended the projection 
tables n.nd.er Mr. Hilgard's direction, and assisted me on the computations for the secular change 
of the magnetic dip. He reduced mean to apparent places of stars, preparatory to the second 
reduction of the latitudea on the Western Coast, for statioll8 Cape Disappointment and Presidio; 
and 11inoo May last, assisted Mr. Hilgard on the reduction of magnetic data relating to the 
isogonic, isoolina.I, and isodyna.mical lines. 

Mr. John T. HooTer performed the clerical duties of the division with the same attention as 
in former Jears, and rendered mU-Oh assistance in the preparation of copies of matheinatieal 
}lapel"s for·the Superintendent's report of 1855. He has completed a. duplicate of my last year1s 
:ma.gnetic ·~; assisted also in the computation of geographical positions near New York; 
prepared iMr copies of various papers oontaining formulre, methods, and examples; and cou
stmct.ed IJQme large wall diagrams relating to latitude and magnetic discussions. His services 
at the ~c observatory ia the SmithPOnian grounds are noticed elsewhere. 
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Mr. Samuel )Valker was assigned for temporary duty to the computing division, October 18; 
and made some comparisons and conversions of measures, assisted in proof-reading, and reduced 
mean to apparent places of stars, preparatory to the second reduction of the Western Coast lati
tude, completing for that purpose the stations Point Conception and I'oint Pinos. He was 
transferred to Sub-Assistant Mitchell's party on the 12th of December. 

Mr. J. L. Tilghman reported on the 23d of October for temporary duty, and had made some 
progress in the study of office methods when he was assigned to field duty. He rejoined the 
division June 9, and served in my magnetic party as aid, in August. He assisted also in copy
ing some magnetic papers. 

Mr. S. J. Hough reported for temporary duty, June 20, and reduced the observations of Sub
Assistants Rockwell and Sullivan on the Florida reef triangulation, 1855 and 1856. After 
duplicating the record of this triangulation, he was detached, about the last of' July. 

The observations on magnetic ierm-days, from November to May, inclusive, were attended to 
by Messrs. Hoover, Main, Rumpf, Blankenship, and Wiessner. Additional copying required 
for field parties was done by R. Freeman. The current computations at the office relative to 
geodetic, magnetic, and astronomical work have thus been kept up with the field operations, 
and the magnetic discussions especially have been as far advanced as the observations permitted. 
All calls on the division have met with prompt attention. 

Report of .Assistant L. F. Pourtales, in charge of the Tidal Division. 

Co.AST SURVEY OFFICE, October 1, 1856. 
I submit herewith my report on the occupation of the computers in this division during the 

past year, being a recapitulation of the reports addressed to you monthly. 
Mr. R. S. Avery has made a discussion of the tides of Boston, and deduced from it tables for 

the prediction of tides. He has also devoted some time to attempts at simplification of the 
formulre used, and of the method of solving them. 

Mr. J. Kincheloe discussed the daily inequality of the Boston tides. He also made similar 
computations for San Diego, after having previously revised the reductions of the whole series. 
He computed the daily inequality for several stations on the Western Coast; decomposed the 
tides of Fort Steilacoom, Washington Territory; discussed the tides of St. John's river, Florida; 
and made various other minor computations. 

Mr. C. Fendall reduced the series of simultaneous tides observed on the Western Coast in 1855; 
decomposed their curves of observations, and compared the resulting diurnal and semi-diurnal 
tides. He made a graphical decomposition of the curve of observation for a. whole year at Sa.n 
Francisco, and assisted in the discussion of the results. He also decomposed the observations a.t 
.several of the stations in the Gulf of Mexico, to be used by the Superintendent in the preparation 
of a paper on the co-tidal lines of that sea. The diagrams for that paper and various tables 
relating to it were prepared by Mr. Fendall. Various minor computations and plottings were 
also made by him in the course of the year. 

Mr. J. Downes joined the division in December; and, after having made himself familiar 
with the ordinary modes of reduction, he computed the theoretical lunitida.l intervals of the 
diurnal tides of San Francisco by Airy's formulre. He then made computations for the po.per 
on the co-tidal lines of the Gulf of Mexioo, prepared by the Superintendent, and read before 
the American Association for the Advancement of Science. Mr. Downes is now engaged, under 
Mr. Hilgard' s directions, in the preparation of records for publication. 

Mr. G. C. Blanche.rd made the ordinary first and seoond reductions of the current tidal obser
vations ; and also oopiefl of sailing directions for the office. After Mr. Evans' departure for 
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the field, he read off the records of the self-registering tide-gauges, and has continued the usual 
copying of correspondence, reports, &c., for the division. 

Mr. R. E. Evans read off and reduced the tidal observations from self-registering tide-gauges 
until May 30, when he was detached, and reported to Assistant G. W. Dean for field duty. 

Mr. R. T. Bassett was attached to the division from the 6th of November to the 1st of June, 
and made ordinary first and second retluctions-chiefly of Western Coast tides. He prepared 
tables of transit of the moon, and duplicated some records of observations. 

Occasional help was also rendered, chiefly in the way of plottings and graphical decomposi
tions by Messrs. S. Walker and W. G. Williams, attached to Sub-Assistant Mitchell's party. 

The meteorological observations made at the permanent stations on the Western Coast were 
reduced and tabulated by Mr. Thomas. 

Report of Lieut. J. C. Tidball, U. S. A., in. charge of the Drawing Divisi.on. 

COAST SURVEY OFFICE, November 1, 1856. 
Since the date of last report, this division has remained under my charge, in the duties. of 

which I have been assisted by Mr. G. A. Porterfield. 
Such changes as have taken place in the organization of the division will appear in the details 

of this report, and I respectfully refer to the '' List of maps and sketches completed or in 
progress," for the yearly advancement. 

The following is a statement of the work executed by draughtsmen: 
Assistant W. M. 0. Fairfax has been engaged upon the reduction of topography of San Fran

cisco entrance, nrho; Patapsco river, lflfi-DT; Cape Cod bay, n-ho; the topography and hydrog
raphy of Eastern series No. 3, ~; projections for fine reductions; projections on copper; 
verifications and examinations. 

Assistant M. J. McClery made additions to the Congress map, TToto-o-o; a sketch of Boston 
harbor, ~"; completed the topography of Biloxi bay, 4 ot00 ; and has been engaged upon 
the topography of the general coast-chart, from Cape Ann to Point Judith, mo(lO; and coast
chart from Portsmouth to Cape Ann, soho· 

Mr. Joseph Welch has continued reducing the topography of Massachusetts bay, sotoo; and 
made additions to the topography of Boston ha1bor, 4 ot00. 

Mr. J. J. Ricketts has completed the reduction of hydrography from the lower sheet of Cape 
Fear river,~; San Francisco entrance, rotroIT; and has been employed upon thf> hydrography 
of Savannah river, 4 oho; general coast-chart from Cape Ann to Point Judith, ,o-o3000 ; and 
verifications of hydrographic reductions. 

Mr. A. Boschke has been employed upon the maps of New York bay and harbor, for the 
Commissioners, and on projects. During the greater part of tlie year he has been detached 
from the office on that special duty. 

Mr. L. D. Williams has been engaged upon the reduction of topography of Plymouth harbor, 
n-ho; additions to the Congress map, n-0 ~ 000 ; topography ef Chesapeake bay, No. 2, sotn; 
topography and hydrography of Romerly marshes, Too 0 0 ; sea-coast of Virginia, n-o1ooo ; 
additions to the cha.rt of the Gulf Stream, 6 o-oho0 ; Charleston bar, comparative chart, roho; 
additions to Georgetown harbor and Winyah bay, nhoi compilation of the map of Central 
America, 240 3@ 00 , for the Committee on Foreign Relations, United St.ates Senate; and on mis
cellaneous drawings, projections and verifications. 

Mr. A. Ba.lbaoh w&B on duty in the office from the 8th of February till the 25th of Jlune, 
when he rejoined the party of Lieut. Comg. Craven. During that time he was employed on the 
reduction of hydrography of Florida reefs, n-ioTlf and nhir; awl on miscellaneoUB hydro
graphic work, vermQB.tions and examinations. 
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Mr. A. Lindenkohl completed the topography of Savannah river, -i-ot00 ; and has drawn maps 
of magnetic declinations, Nos. 1 and 2, -.-oo ~ 000 ; isogonic lines, n-cnto 0 0 0 ; additions to the 
Congress map, Tsohoo; diagram map of the United States, ~o; sketch of Port Ludlow, 

2 0 300 ; map of Anacapa and east end of Santa Cruz island, 30m; comparative cha.rt of.Hudson 
river, between Albany and New Baltimore, ntoo; verifications ; additions to progress sketches ; 
projections on copper; projections for field parties; and projections for the Light-House map, , 

1 nroooo· 
Mr. J. R. Key has bee~ employed upon the map of New York bay n.nd harbor, for Commis-

sioners, Tlfh-0 ; Cape Fear river, lower sheet,~; coast of Massachusetts, No. i, 200\ 00 ; 

Hudson river, lower sheet, ooho; Annis Squam and Ipswich har hors, roioo; and miscellanoous 
drawings. 

Mr. W. T. Martin has completed the topography of St. Andrew's bay, TI""ho; sketch of 
Legare anchorage, 20-hu; and has been employed upon the upper sheet of James river, ,o!oo; 
Rappahannock river, Nos. 3 and 4, 20 i 0 0 ; and on progress sketches. 

Mr. W. P. Schultz has reduced the lower sheet of St. John's river, n!oo; sketch of Port 
Gamble, 2 0 i 00 ; New Dungeness, 40ho; and has been employed upon the Light-House map, 

80.f"000 ; shore-line measurements, progress sketches, projections, and miscellaneous work. 
Mr. A. E. Hartman joined the office on the 2d of June, and has been engaged upon projects. 
Mr. P. Witzel joined the office on the 14th of August, and has been employed upon the Light

House map and progress sketches. 
Mr. F. Fairfax has reduced the topography of Cape Fear river, upper sheet, -soioo; drawn 

maps illustrating physical geography of the Western Coast, and has boon engaged upon the sheet 
of Romerly marshes, 1 ~ho ; and the topography of the two upper sheets of Rappahannock 
river, zo1nro. 

Mr. W. Fairfax entered the office upon trial on the 22d of October, 1855, and continued 
until the 1st of January, when he was permanently engaged. He has been employed upon 
Sandy Hook changes, ni--o-o ; Tampa bay, 12-to-00 ; Romerly marshes, 1 ot00 ; and shore-line 
measurements ; and has reduced Port Royal entrance and Beaufort river, n+.nr. 

Mr. F. D. Stuart, on contract, has been engaged on the hydrography of Mississippi sound, 
No. 2, m;.,; Muskeget channel, -n-!-lllf; and has completed the hydrography of St. Andrew's 
bay, 40·~Ci0' and Cape Fear river, upper sheet, 3 ot1nr• 

Mr. F. Stout was temporarily employed in the division, from the 8th of December until the 
1st of July, during which time he was engaged upon Albemarle sound, n-hoo; Maffitt's 
channel, ~mi Gulf of Mexico, 2-;rohon-i Galveston bay, ·~-11-fno) Shoalwater bay, mni 
and Bellingham bay, -, oho· 

Mr. A. Schoepf, on contract, has redured the !!ea.coast of Alabama and Mississippi, 2 0 ; 0 0 0 ; 

sea.coast of Virginia., south of Cape Henry, moo-o; and made additions to Galveston bay,~· 
Mr. L. Da.ser, on contract, has ma.de projections for field parties, and verified and oorreeted 

seacoast of Alabama. and Mississippi, 2 0 lo 0 0 • 

Mr. R. L. Eastman was temporarily employed in the office, from the 11th of December until 
the 10th of May, principally upon progress sketches. 

Arti:ficer J. A. Campbell has been continued upon tra.cinge, and in charge of the miscellanooue 
maps. 

Messrs. B. Hooe, H. McCormick, and S. B. Linton, have been employed on tracings. 
The following papers prepared in this division for the Superintendent's report of 1856, '&re 

respectfully submitted herewith : 
A. Li.st of maps and sketches completed, or in progress, duriil'g the year ending November 1, 

1856. 
B. List of information furnished b;y the Ooast Survey, under authority ef the Treasury 

Department. (Appendix No. o.) 
C. List of capes, headlands, islands, harbors, and anchoragee eurveyed on the Weatem 

<Joa.st. (Appendix No. 6.) 
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:List of maps and sketches wmpleted, <Yr in progres8, during the year ending Novem:b&r 1, 1856, 
arranged in order of sectiO'!Ul, 

Name. 

&cnox 1.--ll><ut of Maim, New Hamplhire, .Mauadiu
Mlf.t•, and Rlwde I•U.ml. 

ProgreBB sketch A.--·----- -- --· -- --- -------- -- •• 
ProgreBB sketch A, 1>il--·------·---------------·-
Portland he.tbor, Maine_. ____ • __ ·-_--· -- _. __ --- •• 
Seacoast from Portsmouth to C&pe Ann, New Hamp-

shire a.nd MBl!Sachusetts ..... ---·. -- ·-- ••• __ •••• 
Annis Squam and Ipswich h&rbors, Me.ssachusetts ••• 
General coast ch&rt from C&pe Ann to Point Judith, 

MMSa.Cbnsetts and Rhode Island •• -- •• ------ •••• 
M:&BSaChusetts b&Y------------------------------
lloston harbor, (&dditions,) :Massachusetts •••••••••• 

Do __ • ___ Massachusetts ____ -- __ --- ________ _ 
Seacoast of :Massachusetts, No. 1, including Cape 

Cod and Buzmrd's bays ••• ------- -- -- -~- -- •••• _ 
Plymouth harbor, Massachusetts •••••••••••••••••• 
Cape Cod bay, Mass&chusettil ••••••••••• -·--·-··· 
E&stern series, No. 3, Massachusetts ..•••••••••••.. 
&ss River harbor, Massachusetts ••••••••••••••••• 
Musk.eget channel, (additions,) Massa.chusetts ------

SEcnoN II.-CWat of Confl«tirut,, New York, New Jer«:y, 
Pmmylvania, and Delaware-north of <Jape Henlopen. 

Progress sketch B.----------------------------·-
New York bay and harbor .••.••••••••••••••••••. 

Do ••••••• do ••••• ------------------------
Sandy Hook, New Jersey •••••••••••••••••••••••• 

Hudson river, from enirance to Sing Sing, N. York. 
Hudson river, between Albany and New Baltimore, 

New York------------------------------·-··· 

SJi:crION III.-Coaat o/ Dtlaware, im.ah qf Cape~. 
Maryland, and Virginia-north of O..pe Henry. 

Progrees sketch C. --- -- •• - - - --- --·--···- ---· ••• -
l"atapsoo river, (additions,) Maryland •••••••••••••• 
Chesape&ke bay, No. 2, Maryland .••• -----------·· 
Rappahannock river, from Fredericksburg to near 

Moss' Neck, Virginia.----· •• - ••• ----- •• --- •••• 
R&ppa.hannock river, from MoBB' Neck to Port 

Boyal, Virginia.--· •• --- ·-··· --··· •• -- . --·· ••• 
Ba.pp&hannock river, from near Port· Bpyal to 

Saunders' wha.rf, Virginie.----. -- "---- -· - ••• ---
'.Bap~ock riv~r,. ~m Saunders' wharf to Occu-

pe.tion creek, V1rgm1.a. ·-·--···--·--------·-··· 
James river, from Richmond to City Point, Virgini&. 

BJior1-0w rv. -l\iaC tf Vff'Qinia, IJUld;h qf OJ>e Henry, am 
N<K'IA Carolina-7IO'l1J. of Car Acw. 

Progress of sketch D------------------------ ----
Eleacoaei of Virginia., south of Cape Henry. - - •••••• 
Albemarle sound, North Carolina. ••••• -----------
Ca.pe Fea.rriver, from entrance to Federal Point, N. C. 
Cape Fear rive_r, from near Federal Point to WU-

. G~~~~~-~::::::::::::::::::::::::::::::: 
BBoTimr V.~(ff 8""11. Carolina-toutA of~ lilar, 

&w1a· Oworiu; ... a-,ta. 

Program sketch E-----·······--------·········· 
GeorJetown harbor and Win_y&h bay, (additions,) 8. C. 

Scale. 

1-600,000 
1-400,000 
1-10,000 

1-80,000 
1-20,000 

1-400,000 
1-80,000 
l-40,000 

1-200,000 

1-200,000 
1-20,000 
1-80,000 
1-80,000 
1-40,000 
1-60,000 

1-800,000 
1--10, 000 

1-20,000 
1-40,000 

1-60,000 

1-10,000 

1-400,000 
l-'60, 000 
1-80,000 

1-20,000 

l-l!0,000 

1-20,000 

1-;o,ooo 
1-40, 000 

1-400, 000 
1-200,000 
1-300,000 
lSl0,000 

l-S0,000 
1-6,000,000 

1:-400,000 
. 1""'°, 000 

Description. Remarks. 

-- ---·-- ••••• --- -- ----- ••• Completed. 
-----···-··-·-··-·······-· Do. 
Ch11rtshowing city wharf-line! Do. 

Finished IDllP------··--··· In progreBB. 
• •.••. do-----·-·--·----·-· Do. 

Finished chart-----------· Do. 
Finished map ••••••••••••• J Do. 

1 
..• -·.do._ ••..•••. ----- -··I Completed. 
, Sketch·--··--------------1 Do. 

1'.e~iminary chart._ •••••• _· j In progress. 
Fimshed maP-----·-·-·-·-> Completed. 

···-- do ••• ----·--·····---j In progress. . •..•. do __________________ . Do. 
----_.do •••••••• -- ••••• ·- .J Completed. 
Finished chart •••• -------· Do. 

-c~;;;~ti;;~'h~~i:i836k."\ comJ~~ted. 
1854, for Co1Dm1ssioners I 
on Harbor Encroachments.: 

Finished map for same ...... 1

1 

Do. 
Sketch showing changes, Do. 

1779 to 1855. • 
Finished m&p ••••••••••••• In progress. 

! 

C.m,...t' oo- 18" U>' "I ComploW 

.. _. ---- ..... __ .. -· ·--· ... J Complet~. 
Finished map •••• ---------1 Do. 

•••••• do ••• _ ••••••• -- • _ ••• I In progress. 

...... d0.-----------------1 Do. 

••.••• do •• ·--·--·----~---- Do. 

.••••• do ••• --------------- Do. 

...... do.................. Do. 

. ..... do.................. Do. 

Preliminary chart. ......... . 
...... do ..........•.....•. 
Finished m~P·••··-····-:·· 

___ .,. __ do __ ........ _____ .............. _ ... .. 

Cllart ...... - -.-- ------· --.oi---

Preliminary chart ••••• -• - •• 

Cqmpleted. 
Do. 
Do. 
Do. 

Do. 
Do. 
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List of maps and sketches, &:c.-Continued. 

Name. \ Scale. I Description. Remarks. 

SECTION V--Oontinued. 
--11--11----

Maftitt's chfinnel, Charleston harbor, S. C--- --· ____ ] 1-5, 000 I Comparat'e chart, 1852 to '56 Completed. 
Charleston bar, S. C----------------------------! l-10,000 i'-----.-d.o .•••••••• 1850to'65 Do. 
Seacoast of South Carolina, from Charleston to Ty- i 

bee light. -- - - -- . -- - - -- - --- - - -- -- . - - -- --- • ___ : 1-200, 000 : Prehmmary chart.._ --- • _ _ _ In progress.. 
PortRoyalentranceandBeaufort river, S. 0-------1 l-60,000 i Sketch.·------------------ Completed. 
Savannah river to head of Argyle island, Gr ... __ • _ _ _ _ l-40, 000 j Finished map _ _ _ _ _ _ _ _ _ _ _ _ _ Do. 

Romerly marshes, Georgia-----------------------1· 1-10, 000 I Sketch ······-·····-······11 Do. 

SllC'l'loN VI.-Cbast of F'lmida, from St. Ma,y'& river to 
St. Jooeph' s bay, induding .F lmida rt,tfs and keys. I 

Progress sketch F. -- ------- ----- -- --- .... - ______ ! 1-1, 200, 000 1---- ..... --- ______________ ! Completed. 
Progress sketch F, No. 2, (Florida reefs, and Key Bia- j I I 

St. John's river, from entrance to Brown's creek, I -----------------------·-· 
Do. 

Do. 

cayne and Cape Sable bases)--------------------1 1-4'00, 000 11 

Fl~;i~~dr~·ef;: fro~-C~p~ -Fl°"arld~ -~-th~ -T~;t~g~~ -is:· I 1-25, 000 Finished map. - •• - - - - - - - •• 

lands, inclusive - •• ----- -------. --- . -- . ------ -! 1-200, 000 
1

, Preliminary chart ••• ·-·---- In progrel!ll. 
Florida reefa, from Key Biscayne to Carysfort reef I 

light. - • -- - • --- • -- - - -- . ---- - - ---- - - - . -- - • - - • i 1-80, 000 j Finished chart •.• _____ • -- -
Legare anchorage, Florida •• -- __ .•• __ •••.. _. _ ••• _ 1

1 

1-20, 000 Sketch .••••• __ •• _____ • __ . 
Tampa bay, l<'lorida .•••••••••••••••••••••••••••• , 1-120, 000 ..•• dO------·-------------

SECTION VII.-Coast ef ~we,st qf St. Joseph's bay, 1

1 
and Alabama-east of Mobile bay. 

Progrc8s sketch G _. -- ---- --- _. _. _ --- • -- • ___ •••• ! 
Cedar keys, (adtlitions,) Florida ••. -·-----------i' 
St. Andrew's bay, Florida.------------------·----

SECTION VIII.-Coast qf .Alabama-mm of Mobik bay, 
MU<msippi, and Lotd3iana-ea&t of Vermilion bay. I 

1-600,000 
1-60,000 
1--40,000 

Progress sketch H. ---------·-·--·-----····----·I 1-600, 000 
Gulf of Mexico from Key West to mouth of Rio Grande 1-2, 400, 000 

Do _____________ do ••••.••••••• do ••••••••• -1 1-10,000,000 

MiRSissippi !!Ound from Round island to Gra.nd island, 

Finished chart ___________ _ 

Finished Inap.----------·-

Sketch for profiles of deep- · 
sea soundings .•••••••••• 

Sketch for co-tidal lines •••• 
Preliminary chart •••••••• -

Do. 
Completed. 

Do. 

Completed. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. SeacoMt of Alabama and Mississippi __ . ___ .------ •

1 

1-200, 000 

Miss----·-··------------------------------- 1-Stl, 000 Finished map ••. _ - - - - • - - • - In progress . 
Biloxi bay, MiBB. _. _ •••• -- •• - _. - •• -- --- • --· ___ •• 1-40, 000 • __ ••• do. -- • _ --- -- - --- - - - - Completed. 
Mississippi delta, Ls---------------------------- 1-200, 000 Reconnaissance ••••• - ••• - - • Do. 

SECTION IX.-Cbast of I~wat of Vermilion bay . 
and coast of Texa8. 

Progress sketch I. __ . ___ - . - -- __ - - . - . - _ .. - - ... __ _ 
Galveston bay, (additions,) Texas.----------··---
Seacoast of Texas from Galveston southward ••••••• 

SECTIONS x AND XI.-Cbast o/ (Jo,lifarnia and of Oregon 
and W 11.8hington Territuries. 

Progress sketches J and K----------------------
Anacapa and part of Santa Cruz island, Cal.-------1 
San Francisco eD.trance, Cal---------------------
Shoalwater bay, (exiension,) Washington Territory •• 
New D~eness harbor, Washington Territory----
Port Ludlow, Washington Territory ••••••••••••••• 
Port Gamble, Washington Teriitory -------------
Olympia harbor, Washington Territory •••••••••••• 
Steilaooom harbor, Washington Territory •••••••••• 
Blakely,harbor, Washington Territory------·----
Bellingham bay, Washington Territory •••••••••••• 
Light-house map •• _ ••• __ ••• _ ----. __ • - --- --· •• -· 
Map of central America.··--------------·-------

Map of !lla.gn&tic declinations, No. 1 •••••••••••••• 
Do •. --- ••• _.do •••••• No. 2 •••••••••• ----

1-600,000 -------------------------- Do. 
1-200, 000 Preliminary cha.rt _____ --- Do. 
1-200, 000 •••••• do ••••••• ·--------·-- In progress. 

1-600,000 ------------·-------------
1-30, 000 Preliminary cha.rt_. ____ - _ -
1-60, 000 Finished map ••••••••••••• 
1-80, 000 I Sketch ••••••••••••••••••• 
1--iO, 000 

1 
•••• d0--------------------

1-20, 000 l----d0--------------------1-20,000 ____ do ___________________ _ 

1-20, 000 •••. do. __________________ _ 

1-30, 000 •••• d0--------------------
1-10, 000 •••• d0--------------------
1--40,000 •••. d0--------------------

1-600,000 --------------------------
1-2, 500, 000 Map for U. 8. Senate Com-

Completed. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

In progress. 

mittee on Foreign Relations. Completed. 
1-5,000,000 
1-5,000,000 

Do. 
Do. 
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List of maps and sketches, &c.-Continued. 

Name. Scale. Description. Remarks. 

SECTIONS X and XI-Continued. 
i i I 

Map of magnetic declinations __ . --- ___ . --- • --- ---' 1-15, 000, 000 ! . __ . _ --- ------- - --- _______ Completed. 
Diagram map of United States ___________________ I 1-2,500,000 1-------·------------------i Do. 
Diagrams of magnetic declinations ___ --- --·---· ---1- ... __ --· __ ••. 1-------_ ... _ ---- _. --- . ____ : Do. 
Sketch °.f United States for magnetic l~ne~- --- - - -- -i 1-20, 000, 000 i. ______ . -. ----- -· .. -- -----i Do. 
Boutelle s appar&tus for me:isurmg preltmmary bases.· - - -- - - - - --- - - . • .. -- - - -- . - - - - -- . - - - - - - - - - - .

1

. Do. 
Boutelle's scaffold for stations and Farley's signal. •• '---- ____ --- .•. :. ______ . __ -- __ . ___ . __ _ __ __ Do. 
1tlap of Point Reyes and Yicinity, Cal ••••••. ------'-·--·---·-----; To accompany a report on; 

i ~ physical geography and '. 
i '1 geology----------------! · Do. 

Map of the vicinity of the GD!den Gate, San Fran- I i 
cisco bay, CaL. --- --- ---- --- ________________ _: _______ ---- __ ·I· ____ .do ____ --- ___ ----- ___ , Do. 

Map of the vicinity of Monterey bay, CaL _________ ; _____________ ·1------<lo .................. i Do. 
Map of the country between San Diego and the Col- ' , 

orado riYer, Cal --- --- • ----------. ----- ______ -~---- __ --- ----. 1- ---- .dO------------ ____ .. : Do. 
Deep-sea sounding ap~aratus.~- ____ •. ______ • __ ••• 

1

• _ •• _________ • i Diagram _____ . _. _. __ . -- • ·i Do. 
Bil.ttery- cups for vol ta1c expenment •• _______ • _. __ ., _______ • ___ ._+ ____ .do. __ • ______________ , Do. 
Diagrams showing effect of wind on height of water 1 i · 

in Albemarle 2ound ... -- -- --- ------- ---- -- . -- -1---- ------- -- ·!-------- · --- -- ---- ---· -- --i 
Diagrams of secular variation of magnetic dip and ! 1 

intensity_ ••• --- •••••• --- -- ••• -- _ ••••••• ____ -1-- __ . ___ ••• __ .I Made in computing division. 1 

Diagrams of cotidal lines, Gulf of Me.xico - --- - - -- -i-- -- -------- --i-- --- --- ---- --- -- ---- --- -·. 
Type curves, (tides, Gulf of Mexico) ••• _____ • _____ , ___ . _____ ._._. r Made in tidal division •• ___ -'. 
Wind curves, Cat island ••••• __ .----. __ -- __ .• ____ ; __ -- ----- -- . - . !'. -. -- . -- . --- .. --- ----- -- --i 
Wind curves, Gulf of Mexico - -· ---- - - - ---- --- ---:---- -- --- -- -- - . -- - -- --- -- -- ----- -- -- - --- ·1 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Report of Lieutenant Rufus Saxton, 4th artillery, in charge of the Engraving Division. 
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COAST SURVEY OFFICE, 

Washington, D. 0., November l, 185£. 

From the date of the last annual report, this division continued under the able direction of 
Lieutenant J.C. Clark, 4th artillery, until June 1, 1856, when he was relieved from duty in the 
office, and I was placed in charge, and so continued until the 25th of July. From that time 
until the 3d of September, during my illness, the duties of the division devolved upon Mr. Ed
ward WhaTton, and since the last mentioned date, the division has remained under my charge. 

I have been assisted in my duties by Mr. Wharton, whose valuable services I take this 
opportunity to acknowledge. 

The engraving of several important finished charts has been completed during the past year, 
viz: Gloucester harbor, Boston harbor, Bass River harbor, and Mobile bay. 

The northern sheet of Alden's reconnaissance, which partakes of the character of a finished 
chart, has also been completed. 

The important first class charts of Plymouth harbor, Muskeget channel, Monomoy shoals, 
Eastern series, No. 1, Albemarle sound, No. 2, Beaufort harbor, N. C., and San Franci8co 
entrance, have been well advanced, and will be completed during the ensuing year. 

Considerable progress has been made with the engraving of the first class chartB of Portland. 
harbor, Ea.stern series, No. 2, south side Long Island, Nos. 2 and 3, and Chesapeake bay, Nos. 
1 and 2. 

The following preliminary charts and sketches have been wholly engraved during the year, 
viz: Portland harbor, Commissioners' line; Boston bay; Stellwagen's bank, 2d edition; 
Hudson river (lower sheet;) James river, Virginia., (upper sheet;) Cape Fear river, No. I; 
Gulf Stream explorations, 1855 ; diagram showing the e:fl'ect of the wind in raising or 
depressing the water in Albemarle sound ; Romerly marshes ; Savannah river ; Legare 
anchorage ; . Tampa bay ; St. Andrew's bay ; Biloxi bay ; deep-sea soundings Gulf of Mexico ; 
AtUifll,Pa iSli.ii:id.; geoltigioal rilaps of San Diego, Monterey, San Franeisoo, and Point Reyes; 

19 cs 
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cotidal lines of the Pacific coast ; lines of equal magnetic declination on the coast of the 
United States; earthquake waves, Western Coast; Boutelle's scaffold for stations and Farley's 
signal; Boutelle's apparatus for measuring preliminary bases ; Sands' gas-pipe tripod; Sande' 
specimen box for deep-sea soundings and revolving heliotrope. 

The following plates previously commenced have been completed during the year, viz: 
Annis Squam and Ipswich harbors; seacoast, Virginia, No. 2; Delaware and Chesapeake bays; , 
Albemarle sound; \Vinyah bay and Georgetown harbor; Maffitt's channel (sections;) beacons 
on Florida reefs; Cedar keys; Galveston bay and South Farallon island. 

The engraving of tl-.e following charts, &c., has been commenced during the year, and is 
now in progress, viz: Eastern series, No. 2; Rappahannock river, Nos. 3 and 4; Cape Fear 
river, No. 2; lines of equal magnetic declination on the Atlantic coast; Port.Royal entrance; 
Mississippi sound:, No. 2; cotidal lines Gulf of Mexico; Port Ludlow; Bellingham bay; 
Steilacoom harbor; Port Gamble and lines of equal magnetic declination Pacific Coast. 

Additional charts and additions to those previously published, showing the progress of the 
survey in the different section8, have been engraved. 

Engravers Messrs. G. McCoy, F. Dankworth, A. Rolle, J. Y. N. Throop, G. B. ::Metzeroth, 
A. l\Iaedel, J. C. Kondrup, A. Petersen, and J. J. Knight, have 1leen employed during the 
entire year on views, topography, and hydrography. 

Apprentices S. W. Bradley, .R. F. Bartle, F. W. Benner, and W. A. Thompson have been 
employed the entire year upon preliminary charts, sketches, miscellaneous work, and in practice. 

Engravers Messrs. A. Blondeau, A. Sengteller, H. S. Barnard, R. T. Knight, W. Langran, 
and W. Ogilvie have been employed for a portion of the year on topography and hydrography ; 
and Apprentice Rose upon preliminary charts, progress sketches, and in practice. 

I respectfully submit the following general statement of the work executed by the different 
engravers, viz: Mr. McCoy (chief engraver) has retouched the views on the plates of Long 
Island sound No. 1, and of Alden's reconnaissance, Western Coast, northern sheet, and has 
engraved a portion of the topography upon Eastern series, Nos. 1 and 2; Chesapeake bay, 
No. 2 ; and outlines of San Francisco entrance. 

Mr. Dankworth has engraved a portion of the topography of Mobile bay, a portion of the 
topography and outlines of Chesapeake bay Nos. 1 and 2, and sanding on Mobile bay and 
Beaufort harbor, N. C. 
· Mr. J. Knight has completed the title, sailing directions, and general lettering of Boston 

harbor, Charleston harbor, a portion of Mobile bay, and a pa.rt of the general lettering of south 
side Long Island, Nos. 2 and 3, San Francisco bay entrance, and other lettering and 
miscellaneous work, upon important charte. 

Mr. Rolle has completed the topography of Boston harbor, and engraved a portion of tM 
outlines and topography of south side Long Island, Nos. 2 and 3, and additional outlines and 
topography on Pata.psco river, and retouched the topography on Mobile bay. 

Mr. :Blondeau was employed for a time after he joined the division upon practice plates, in 
order to acquire the style of engraving which has been adopted in this office. He has also 
engraved the outlines and topography of Anacapa island, and a. portion of the topography on 
the entrance to San Francisco harbor. 

Mr. Sengteller has also been employed for a portion of his time upon practice plates, for the 
same reason as in the case of Mr. Blondeau. He ha!'! engre.Ted the outlines and topography 
of Port Ludlow, and all the outlines and a. portion of the topography of Plymouth harbor. 

Mr. Metzeroth has engraved the sanding and topography of Gloucester harbor; retouched 
the views on Long Island sound, No. 2; engraved a portion of the sand on Albemarle sound~ 
No. 2; the outlines of the city of Savannah, on Savannah river; the topography on Beaufort 
harbor, N. C.; the views on South Farallon island, the shadins of Sands' speci~en bl)X for 
d~ep-sea soundings, and other miscellaneous work. 

?tlr, Thr~p has engraved the title, notes, soundings, and general lettering <Jf )I~1',l'Wef~'-
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11oundings, notes, sailing directions, a.nil general lettering of Chesapeake bay, To~o; not.es 
and sailing directions of Mobile bay; soundings, sailing directions, title, and notes of Alden's 
reconnaissance Wes tern Coast; titles of Winyah bay and Georgetown harbor; Biloxi bay, and 
other miscellaneous work. 

Mr. Maedel has engraved the outlines and a portion of the sand on Annis Squam and Ipswich 
harbors; additional topography on Muskeget channel and Savannah river; a portion of the 
topography of Albemarle sound, No. 2; and the outlinei:i and topography on Cape Fear river. 

Mr. Barnard has engraved a small portion of the sanding on 1\Iuskeget channel; and also a 
portion of the sand on !louth side Long Island, No. 2; seacoast of Virginia, No. 2; James 
river, Va., and Chesapeake bay, rrrrhnra· 

Mr. Kondrup has engraved the entire sketch of Boston bay: the outlines of Delaware and 
Chesapeake bays, and Albemarle sound, the soundings of St. Andrew's bay and the soundings, 
title, and notes of Savannah river. 

Mr. R. T. Knight has engraved the outlines, soundings, and sand of Bilox; l:Jay; soundings, 
title, and notes of Legare anchorage; title, notes, and general lettering of Tampa bay; general 
lettering of geological map of San Diego; lines of equal magnetic declination, Atlantic Coast; 
a.nd title and general lettering of the lines of equal magnetic declination. 

Mr. Langran has engraved the title and general lettering of James river; the soundings on 
Port Ludlow, Steilacoom harbor, and Mississippi sound, No. 2. 

Mr. Ogilvie has engraved the title, notes, soundings and general lettering of Portland harbor, 
Commissioners' line; additional soundings on Muskeget channel and Rappahannock river, 
No. 3 ; title and notes of Romerly marshes ; title, notes, and general lettering of Gulf Stream 
explorations, 1855 ; and general lettering, on lines of equal magnetic declination Pacific coast. 

Mr. Petersen has engraved soundings, title, and general lettering of Annis Squam and Ipswich 
harbors; additional soundings and notes on Winyah bay and Georgetown harbor; soundings 
a.nd general lettering of seacoast of Virginia, No. 2 ; title and notes on beacons of Florida 
reefs; additional soundings, sailing directions, and general lettering on Cedar keys; and title 
a.nd general lettering of South Farallon island. 

Mr. J. J. Knight has engraved the outlines and a small portion of the topograpl1y of Bass 
River harbor; all the sanding, topography, and general lettering of St. Andrew's bay; sound
ings of Romerly marshes ; all the general lettering of geological map of Point Reyes ; sanding 
of beacons on Florida reefs ; general lettering of diagram to illustrate secular variation in 
magnetic declination; Sands' gas-pipe tripod, and Boutelle's apparatus for measuring prelimi
nary bases. 

Apprentice Bradley has engraved additional soundings on Stellwagen's Bank; all the topog
raphy on Cedar Keys; sailing directions on Galveston bay ; general lettering and title of deep
sea soundings of Gulf of Mexico ; general lettering on the diagram to show the effect of the 
wind in elevating and depres&ing the water in Albemarle sound; general lettering and title of 
geological maps of San Francisco·and Monterey, and other miscellaneous work. 

Apprentice Bartle has engraved the marsh and shore-line of seacoast of Virginia, No. 2 ; all 
the topography of Romerly marshes and Tampa bay ; sanding and topography of Bellingham 
bay; the shading of Boutelle's scaffold for stations, and other miscellaneous work . 

.Apprentice Benner has engraved the outlines of Portland harbor, Commissioners' line, shore
lines and profiles of deep-sea soundings Gulf of Mexico; shore-line of Gulf Stream explora
tions of 1855; James river, Va.; sections of Maffitt's channel; outlines and signs on geological 
map of Point Reyes; outlines and topography of Steilacoom harbor, and other miscellaneous 

·work . 
.Apprentices Thompson and Rose have been employed principally upon miscellaneous work, 

as diagrams, borders, curves, progress sketches, &c., when not engaged upon practice plates. 
Apprentice Rose has ettgraved the sanding and topography of Port Gamble. 
I t!e¥~y ~ll a.~tion to the ~a'nyirrg li)>t of maps and charts engrave"d., prelimi

ury charts &nd sketches engraved, mid maps a.rid charts engraving. 
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LfRt of (/oaat Survey map8, preliminary cliarttJ, and slfetch~ engraved-goographically axrQ.nged. 

1. LIST OF MAPS AND CnAl\TS ENGRAVED. 

No. 1. 
2. 
8. 
4. 
5. 
6. 
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. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
~8. 

Richmond's Island, Maine ............................................................. . 
Newburyport harbor, Massachusetts ................................................. .. 
Gloucester harbor ............ do ........................................................... . 
Salem harbor .................. do .......................................................... . 
Boston harbor ................ do .......................................................... .. 
Bass river ...................... do ........................................................... . 
Wellfleet harbor .............. do ........................................................... . 
Nantucket harbor ............ do ........................................................... . 
Hyannis harbor ............... do .................................................. .-....... . 
Harbor of Edgartown ....... do ........................................................... .. 
Harbors of Holmes' Hole and Tarpaulin cove, Massachusetts ................ .. 
Harbor of Kew Bedford, Massachusetts ................................................ . 
General chart nf coast from Gay Head to Cape Henlopen ....................... . 
Fisher's Island sound, Connecticut ................................................... . 
Harbor of New London ...... do ..... : .................................................... . 

TOii~ 
Toloo 

1 
TTOOO. 

1 non 
10-lroo 

I ioooT 
1 

TooO<f 

rotoo 
n·~n 
nho 
nri'oo 
nm 

Tou
1
ooo 

n-iolf 
ni-oo 

1\Iouth of Connecticut river, do ............................... · · · ........... · ... ·· · · ·· ·.. nto& 
Harbor of New Haven-new edition, 1852........................................... To6 
Harbors of Black Rock and Bridgeport, Connecticut-new edition, 1852.... nho 
Harbors of Sheffield and Cawkin's Island, Conn.-new edition, 1852......... ninro 
Huntington bay, New York............................................................. Toisoo 
Oyster bay or Syosset harbor, New York ............................................ ~ 110~00 
Harbors of Captain's Islands, East and 'Vest, New York........................ roiroo 
Hart and City islands, and Sachem's Head harbor, New York .............. TO'ho, 20 i 1ro-
Hell Gate, New Yo1·k...................................................................... Ttto·o 
Long Island sound-east.. . . . .. .. .. .... .. ... . ........ .... .. ... . . . . .. . . .. .. . .. . .. ...... ... iro·!.nr 

Do ......... do ..... middle. .......... ........ .................. ............... ......... niroo 
Do ......... do ..... west ............................................................... . 

New York bay and harbor and the environs, New York-sheet 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 part of south coast of Long Island, New York ........................ . 
Little Egg harbor, New Jersey ........................................................ . 
Delaware bay and river, sheet No. 1, Delaware .................................... . 

Do ............ do ......... do. No. 2, New Jersey and Pennsylvania ....... .. 
Do ............ do ......... do. No. 3 .................................................. . 

Harbor of Annapolis and Severn river, Maryland ................................ . 
Mouth of Chester river, Maryland ...................................................... · 
Pasquotank river, North Carolina .............................................. .' ... ~···· 
Charleston harbor, South Carolina ..................................................... . 
Key West harbor and its approaches, Florida ..................................... . 
Mobile bay and entrance, Alabama ................................................... . 
Mobile bay, Alabama ..................................................................... . 
Cat and Ship Islands harbort>, :Mist>issippi. ........................................... . 

Galveston bay enU~noe, Tex.a~ . .•.••. ••··•··~··•!••!:•············~····~···-:·····-··~···· 

1 soooo 
Totoo 
Toho 

1 TooTo 
1 soollil 

BTho 
nboo 

1 
~-0-0110 

TI~H 
nh11 
so~TI 

1 
8~ 

nlroo 
nhir 
nhir 
n-ifoo 
nho 
6ii-ho 

nho 
ntn 
nhir 
~lf 
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2. LIST OF PRELIMINARY CHARTS AND SKETCHES ENGRAVED. 

No. 1. Alden's rock, Maine ................... , .................................. ··................ Ti1Jlf 

2. Eggemoggin reach, 1\iiaine ............................. ,..... ................. ............ 10-lroo 

3. Portland harbor, 11aine ..................................................... ,............. ~ 
4. Portland harbor, (Commissioners' line,) Maine..................................... nrhro 
5. York River harbor, Maine................................................................ 21d>oo 
6. Portsmouth harbor, New Hampshire................................................... ~o 
7. Annis Squam and Ipswich harbors, Massachusetts................................. ·nrioo 
8. Stellwagen's bank, 2d edition, Massachusetts........................................ ·ro1h·oo 
9. Boston bay, ~lassachnsetts .............................................. ··· ....... · · · · ··.. TT51.nnr 

10. Current chart, Boston harbor, Massachusetts.................. ..................... roo'ooo 
11. Minot's ledge, }fassachusetts......... ............ ... ........................ ............ Toho 
12. Plymouth harbor, Massachusetts....................................................... -:ro-!-cro 
13. }fonomoy shoalR, Massachusetts......................................................... ~otoo 
14. Nantucket shoals, Massachusetts-new edition....... .............................. no-10-00 
15. Tidal currents, Nantucket shoals, Massachusetts................................... To-o1ooo 
16. Muskeget channel, Massachusetts ........................... ,.......................... ·n ho 
17. Sow and Pigs reef, Mas1mchusetts ...................................................... rh-, n-ho 
18. Tidal currents, Long Island sound, Massachusetts................................. ni?m 
19. Pot rock and Way's reef, New York .................................................. . 
20. Hudson river, lower sheet ..... do ....................................................... ·· 1nYlo·o 
21. Buttermilk channel. ............ do .................................................... · .. ·· 5i?oo 
22. Beacon ranges, New York harbor...................................................... Toloo 
23. Romer shoal and Flynn'-s knoll, New York......................................... To-t·a·o 
24. Changes in Sandy Hook, New Jersey ............................ -................. Tohi-o, nh·o 
25. Seacoast of Delaware, Maryland, and part of Virginia........................... 2-001aoo 
26. Delaware and Chesapeake bays......................................................... Too1ooo 

27. Chincoteague inlet, Virginia ... :......................................................... Totoo 
28. Seacoast of Virginia and entrance to Chesapeake bar, Virginia ......... T"Q1h1;nr, Too1

000 . ( h ) ,,. . . 1 29. James nver, uppers eet, irg1nm ......... .. ............ .. ......................... -.roooo 
30. Wachapreague, Machipongo, and Metomkin inlets, Virginia................... ~oho 

31. Ship and Sand Shoal inlets, Virginia.................................................. nhro 
32. Entrance to Chesapeake bay ..... do..... ......... ............ ........................... riro'oou 
33. Cape Charles and vicinity ........ do................................................. .... nho-
34. Cherrystone inlet ................... do...................................................... Totoo 
35. Pungoteague creek ................. do .................................... · ........... ·..... ntnnr 
36. Fishing or Donoho's battery, Maryland.............................................. ntn 
37 . .Albemarle sound ..................................... ··.· ..... ························ .. ···· 211i?1nro 
38. Diagrams showing the effect of the wind in elevating or depressing the 

water in Albemarle sound ............................................................ . 
S9. Hatteras shoals, North Carolina........................................................ nhnr 
40. Cape Hatteras ........... do ...................................................... ············ ni-oo 
41. Hatteras inlet ........... do ............ fourth edition .................. ·· ......... · ·.... -zoho 
42. Ocracoke inlet ........... do ..................................... ····......................... t:oiroo 
43. Wimble shoals ......... do ....................................... ··· ···,. ··· .. ·· .... ...... moo 
44. Beaufort harbor ......... do............................................. .................... nm 
45. Do ................. do ............ on steel. ............... ··· ...... ·· ............. -flr-ln101 ~ 
46. New river and bar ...... do ..................... ...... ............................. ......... !Ti-oo 
4'1. Frying-pan ehoals ...... do ................................................... ;.............. Tdetnr 
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48. Cape Fear river and New inlet, North Carolina .................................•.. 
49. Do ......................... do ............. do ............ No. 1 .......................... . 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 

78-84. 

Gulf Stream explorations, 1853 ........................................••................ 
Diagrams, Gulf Stream explorations, 1853 ......................................... . 
Gulf Stream explorations, 1854.... ... .. ... . . . .. . . . . . .. .... .. ... .. .. ..... .. ....... ...... Too~ o o o 
Diagrams, Gulf Stream explorations, 1854 ......................................... . 
Gulf Stream explorations, 1855......................................................... T-uohiiv 
Co tidal lines, Atlantic coast ........................................... ··.... mioooe, Tnrtfoooir 
Cape Roman shoals, South Carolina................................................... Tlfi-o-oir 
'Vinyah bay and Cape Roman shoals, South Carolina............................ no'-m 
Winyah bay and Georgetown harbor ......... do ................... ·········:··...... nloo 
Bull's bay ............................................ do...................................... ifoirir 
Comparative chart, Maffitt's channel.. ....... do.. ........................ ........... inliro 
Maffitt' s channel-sections ........................ do...................................... T·.-100 

North Edisto river, (new edition) .............. do.. ............................. ...... nloo 
Romerly marshes .................................. do.............. . .... ... .. .. .. . .. .. .... moo 
Savannah river entrance, Georgia..................... ... .. ............•........ .. .... Trtoo 
Savannah city-Front and Back rivers, Georgia................................... To·ho 
Savannah river, Georgia.................................................................. n-3-oo 
Do boy bar and inlet, Georgia............................................................ TOtoo 
St. Andrew's shoals ...... do........................... .................................... 1r0i-oo 
St. John's river entrance, Florida ......... ,,........................................... nm 
1\fosq uito inlet ................... do ..................... ·· .......... ······ ......... ·· ..... ·· ntiro 
Cape Canaveral. ... ~ ............ do........................... ... ...•.•. .. . . . .. .. .. . .. .. .. .. &rtoo 
Turtle harbor, Florida reefs .. do ....................................... ·················· nho 
Beacons on Florida reefs ...... do ........................................................ . 
Coffin's Patches .................. do......................................................... T-oto--o 
Key Biscayne, Cape Sable, and bases ....................................•............ ""i"h, ooi'ooo 
Legare anchorage, Florida................................................................ 20-b-oo 
Key West harbor ...... do ... second edition............................................. ro--iooo 
Key "\Vest tidal diagrams, Florida ..................................................... . 
Rebecca shoal. .................. do ........................................................ . 
Reconnaissance vicinity of Cedar keys, Florida ...................•....•............ 
Channel No. 4, Cedar keys, Florida .................................................. . 
Cedar keys and approaches ...•.. do ..................................................... . 
Ocilla river .......................... do ..................................................... . 
St. Mark's bar and channel. .... do ......................•.....•..............•.•........ 
Middle or main and westerU: entrance15, St. George's sound, Florida ......... . 
St. Andrew's bay, Florida .............................................................. . 

1r0h1i-o 
Too1aTo 

aot-.ro 
nho 
mn 
Toiinr 
soioo 

85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97". 
98. 

E"ntrance to Mobile bay, Alabama ..................................................... . 

99-108. 
109. 
110. 
111. 
112. 
1is. 

Mobile bay, (2d edition,) ..... do ......................................................... . 
Horn Island pass and Grand bay, Mississippi ...................................... . 

Do .....................•................... do ......... new edition ..................... . 
Pascagoula river ............................. do ............................................ . 
Biloxi bay ................................... do .......................................... .. 
Cat Island tidal diagrams ................ do ............................................ . 
Pass Christian ............................... do ............................................ . 
Delta of Mississippi, Louisiana ........................................................ . 
Deep-sea soundings, Gulf of Mexico .................................................. . 
Bara.taria bay entrance, Louisiana ...................................................... . 
Pas-s FourChon . ............... do ..................•..... . · ..... ,.,. .•...••• . ............•.•.• 

Toiooli 
m 1ooo 
-nm 
moo 
.o-t-n-

rnh·-rr 
nho 
-~ .. 
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114. Timballier bay entrance, Louisiana................ . . . .. . .. ........ .. . . . . . . . . . . . . .. . .. . .oho 
115. Isle Derniere or Ship Island shoals ................................. ···· .. ··...........• sob-00 
116. Entrances to Vermilion bay and Calcasieu river ................................. n-ho, ,otoo 
117. Sabine Pass, Texas......................................................................... nioo 
118. Entrance to Galveston bay, Texas...................................................... Toiioo 
119. Galveston bay-4th edition ... do......................................................... 21!0\ioo 
120. San Luis Pass .................... do......................................................... Tiioo 
121. Aransas Pass-2d edition .... do......................................................... TOtoo 
122. Entrance to Rio Grande ....... do......................................................... ~ 
123. Alden's reconnaissance Western Coast, lower sheet, San Francisco to San 

Diego-new edition-California...................................................... i 2 o icrn 
124. Cortez bank ............................................................................ 10ioo' 120:-iaoo 
125. San Diego entrance, (new edition,) California .................................... rd00, :roioo 
126. Geological map of San Diego ............ do............................................. TTohrs 
127. Catalina harbor............................................. ................................ nt1nr 
128. San Pedro anchorage and vicinity of Santa Barbara, California ............. 2 tio-11 , 40 i, 110 

129. Anacapa island, (sketch) .......................................... do .................... . 
130. Do .................................... : ......................... do .................... . 
131. Prisoner's harbor, Cuyler's harbor, and northwest anchorage San Clemente 

island, California ....................................................................... . 
132. Santa Barbara, California ............................................. · .................. . 
133. San Simeon, Santa Cruz, San Luis Obispo, and Coxo harbors ................ 201~00, nitoo 
134. Point Conception........................................................................... rotoo 
135. Point Pinos .................................................. ,................................ Totro· 
136. Monterey harbor, California ........... ;.................................................. 70 ~00 
137. Geological map of Monterey, California.............................................. rsion 
138. Santa Cruz and Ano Nuevo harbors ............................................. ntoo, mhw 
139. San Pedro harbor, California............................................................ 211h 0 
140. San Francisco bay entrance, California................................................ 700\ 00 
141. San Francisco city-3d edition ... do.................................................... Toioo 
142. Geological map San Francisco .... do.................................................... rn1orr 
143. South Farallon island ............... do ................................................... . 
144. Tidal diagrams, Rincon Point .... <lo ................................................... . 
145. Pulgas base ............................ do ............................................... miro, To-lo07J 
146. Mare Island straits .................. do.................................................... 

1
irho 

147. Alden's reconnaissance Western Coast, middle sheet, San Francisco to 
Umpquah river, California and Oregon .......................................... .. 

148. McArthur's reconnaissance Western Coast, from Monterey to mouth of 
Columbia river, sheet No. l-3d edition ........................................ .. 

149. McArthur's reconnaissance Western Coast, from Monterey to mouth. of 
Columbia river, sheet No. 2-3d edition ......................................... . 

150. McArthur's reconnaissance Western Coast, from Monterey to mouth of 
Columbia river, sheet No. 3-3d edition ........................................ .. 

151. Alden's reconnaissance Western Coast, northern sheet .......................... .. 
152. Point Reyes and Drake's bay, California ........................................... .. 
153. Geological map Point Reyes ....... do .... .-............................................. . 
154. Humboldt bay ......................... do .................................................. . 
155. Trinidad bay ........................... do .................................................. . 
156. Shelter cove, Mendocino City, and Crescent City harbors, and Port Orford 

lliwiiig harbor, California and Oregon ............................................. . 
15'1. Umpquah river, Oregon ..... .' ............................................................ . 
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158. :Mouth of Columbia river-2d edition-Oregon'···· ............................... . 
159. Do ............ do ................................. do ................... ·············· ... .- .. 
160. Entrance to Columbia river ..................... d.o ...................................... . 
161. Tidal diagrams Rincon Point, San Diego, and Astoria, California and 

Oregon ................................................................................... .. 
162. Cotidal lines of the Pacific Coast ...................................................... . 
163. Cape Disappointment, Washington Territory .................................... .. 
164. Shoal water bay ..................... do .................................................... .. 
165. Alden's reconnaissance ·vvestern Coast, from Gray's harbor to Admiralty 

inlet, Washington Territory ......................................................... . 
166. Grenville harbor, Washington Territory ............................................. . 
167. Cape Flattery and Nee-ah harbor, Washington Territory ...................... .. 
168. False Dungeness harbor ................................................................ ··· 
169. Canal de Haro and Strait of Rosario and approaches, Washington Terri~ 

tory .................................................................................... 2ohoo1 ~iYD' 
170. Washington Sound, Washington Territory.......................................... 'i'oo

1Tio 
171. Port Townshend ............ do ............ do............................................... nm 
172. Duwamish bay and Seattle harbor, Washington Territory...................... rttoO" 
173. Smith's or Blunt's island .................... do ............ do ..................... ······ ritn· 
174. Base apparatus ......................................................... .-................. .-•. 
175. Self-registering tide-gauge ............................................................... . 
176. Craven' s current-indicator .......................................................... : ... . 
17'7. Craven's specimen box for deep-sea s<mndings ...................................... . 
1 '78. Mitchell's seacoast tide-gauge . .. .. .. . . . . .............................................. . 
179. Figures to illustrate Appendix No. 33, 1854 ....................................... . 
180. Diagrams of secular variation in magnetic declination, 1855 .................. .. 
181. Diagrams illustrating earthquake waves at San Diego and San. Francisco .. 
182. Diagrams of·secular variation in magnetic declination, 1856 ................... . 
183. Lines of equal magnetic declination ...... .... .. ... .. . . ... . . .. . ........ ............. ... u o loon 
184. Boutelle' s scaffold for stations and Farley's signal. .............................. . 
185. Boutelle's apparatus for measuring preliminary bases ............................ . 
186. Sands' gas-pipe tripod .................................................................... . 
187. Sands' specimen box for deep-sea. soundings and revolving heliotrope ....... . 

188-213. Progress sketches ........................................................................ .. 

List of maps, preUminary charts, and tJketchet, engraved or engraving during the year ending 
N01Jember 1, 1856-arranged in order of section$'. 

Name. 

------------------------------
S:EC'l'ION I. 

ProgreBI! sketch A ••••••••• -- . -- .•• ·- ------ •• ___ ••••••• 
Do .•.•• A bi.I •••••••• -----------··--·--------·

Portl&nd harbor •••••••••••••••• - ••••••• - - ••• __ ••••••• 
Portland harbor, Commissioners' line •••••••••••••.•••••• 
Ipswich and Annis Squiun harbors •••••••••••••••••••••• 
Gloucester harbor •••. ___ ··- •••••••••••••••••••• ___ ••• 

:::~: ::.~~~:: :: ::::: ::::: :::: :::::::::: ::::: ::: ::: ] 
Stellwagen's bank, 2d edition ··-···-----···-•····--·-··I 
l'lyinouth harbor ••••••••••••••••••••••••••••••••••••• , 
JIQllODloy ahoala ••••••••••• -•••••••• --········-··-···· 

Sea.le. Description. Remarks. 

l-600,000 ······-··-··--····-· Engraved. 
1-400,000 ·-----·-·--·--·--··-· Do. 

1-20, 000 Finiabed chart ••.••. Engravi~. 
1-10,000 Sket.ch -··- --·-·--· Engraved~ 
1-20, 000 Preliminary chart.... Do. 
1-20,000 Finisbedchnrt...... Do. 

1-175, 00-0 Sketch............. Do. 
l-40, 000 Finished chart ••• ••• 1 Do. 

1-400, ooo Pr1<limin1try'chart.... Do. 
1:-ZO, 000 Finilllic chart·-~--- lkigtal'~. 
1-40, 00-0 •••••• do--.--·-------· no.· 
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IA.st of maps, prelimin.arg charts, dX.-Oontinued. 

Name. Scale. Description. Remark.a. 

SECTION I-Continued. 

Bass river h1.rbor ••••••••••••.••.•.•..•.•• _________ • __ 
Muskeget channel. •.•••••••••••••••••••••••••••••••• _! 
Eastern series, No.!. ••••••••••••••••••••••••••••••••• 

1-40,000 
1 ~o.ooo 
1-80,000 
1-80,000 

Finished chart ______ 
1

1 Engraved. 
•••••• do •••••••••••• , Engraving. 
•.•••• do............ Do. 

Do ••••• No. 2 ••••• __ ••••••••••••••••••••••••••• •••••• do............ Do. 

BB<lTION II. 

Progress skctt:h B ••••••••••..••.•••..•••••••••••.••••• 
Progress Hudson river triangulation •••••.••••. _ ••• __ • _ •• 
South side Long Island, No. 3 •• _ ---- __ ••••••• - •••• ·----1 

Do •••••••• do ••.• No. 2 •••••••••••••••••••••••••• 
Hudlion river, lower sheet-···········-······-·-······· 

Slx:m:ON Ill. 

Progress sketch C ••.••••••• - ••••••••••.••••••••••••••• 

Sea.coal!t Virginia, and entrance to Chesapeake bay •••••••• { 

Delaware and Chesapeake bays ••• _. __ ••.•••• _ •••••••••• 
Chesapeake bay, No. 1. ••••....•••••••.•••••.••••.•••• 

Do •••••• No. 2 •••••••••••••••••••• -----·· •••• _ 
l'ata)J6COriver •••••••••••••••••••••••••••••••••••••••• 
Rappahannock river, No. 3 •••••••• -··-···-····------·-

Do ••••••.•• No. -l •••••••• -·······-----······· 
Jalllee river, upper sheet---------·--·-······~········· 

SaorlOl!I IV. 

1-800,000 
1-400,000 
1-80,000 
1-80, 000 
l-60, 000 

--~-----------·-----Finished chart •••••• 
•••••• do ••••••.••••• 
Preliminary ohart ••• 

l--4o00,000 )·------·-···----·---1-100, 000 p li . h • 
l-ZOO 000 re mmaryc ar ••••• 

1-,oo:ooo / ...... do •••••••••••• 
1-80, 000 lifaished chart •••••• 
l-S0,000 •••••• do •••••••••••• 
l-60, 000 ••••• • do ••• ··-- •••• _ 
l-2tl, 000 Preliminary chart •••. 
1-Ztl,OOO •••••• do •••••••••••• 
140, 000 •••• •• do ••• _ •••••••• 

Progress sketch D •••• ·····-······-----············-·- 1-400,000 ------·············· 
Cape Fear river, lower-············-··········-~---··· 1-30, 000 Preliminary char~--

J)Q •••••• upper • • • ••••• •• •• • •• •• • •• • • • •••• •• • • • 1-30, 000 •••••• do •••••••• _.''... 
Albema.rle si:iund •••••••••••••••••••••.•••••• --- • • • • . • 1-200, 000 •••••• do •••••••••••• 

Do ••••••• No. ~L·-"··· ---·-·······-··········· 1-80,000 Finished cha.rt •••••• 
Beaufort harbor, N. 0................................. 1-20, 000 ...... do •••••••••••• 
Gulf st.cam explorations, 1855.......................... 1-5,000, ooo Sketch ••••••••••.• 
Isogonio lines east COIV!t. • ••••••••••• •••. •.. • •• •• ••. . • • 1-5, 000, 000 •••••• do •••..•..•••. 
Diagrams showing the eft'ect of the wind ill. raWng or ••••• - .••• _. _ _ Diagram ••••••••••• 

depreeeing the water in Albemarle &ound. 

Smcn:Olll v. 

ProgTess sketeh E •.•••• ·-·····-····--·-········----·- 1,400,000 ·················--· 
Winy&h bay and Georgetown harbor.................... l--4o0, 000 Prellmlnarycbart •••• 
Matfttt's channel, BOOtions ••••••••••••••••••••••••••••••••••••••••••• Diagram ••••••••••• 
Port Royal ontnmce •••••••••••••••••••••••••••••••••• 1-60, 000 Preliminary chart •••• 
Romerly marshes..................................... 1-10, 000 •••••• do •••••••••••• 
Savann&h river--·----····-··········--·-······------ 1-40,000 •••••• do •••••••••••• 

Srono.11 VI. 

Engraved. 
Do. 

Engi:aving. 
Do. 

Engraved. 

Do. 

Do. 

Do. 
Engraving. 

Do. 
Do. 
Do. 
Do. 

Engraved. 

Do. 
Do. 

Engraving. 
Engraved. 
Engraving. 

Do. 
Engraved. 
Engraving. 
Engraved. 

DQ. 
Do. 
Do. 

Engraving. 
Engraved. 

Do. 

Progt'<ll!S 0."6toll 'J!' ··········--········--·-······--·-·· 1-1,200,000 •••••••••••••••••••• Do. 
Progress Florida reefs.·······-----···················· 1--400,000 •••••••••••••••••••• Do. 
Progress St • .lobn'a river triangulation.................. 1-200, 00() ............... ••••• Do. 

K ,..__ { l-60,0()() 
ey ,.._)'IM!andCa.peBal>lo bues...................... 1~00,000 -----------·-···---- Do. 

Beaoor111 on Florida reela ••••••••••••••••••••••••••••••••••••••• ----.. Sketch.-·.......... Do. 
Legard anchorage·····················-····,:.····-·--· 1--20,000 Reconnai81!81lce...... Do. 
Tam.pa bay.......................................... l-U0,000 •••••• do............ Do. 

&onoN vn. 
ProgresssketchG ··················-·······-···------
Cedar keys andapp~hee ••••••••••••. ---------- .••••• 
St. Andrew'!! bay .................................... . 

20 cs 

l,61t0,000 I ••••••••••••••••••• 

1-60, 000 j Preliminary chart .••• 
l-40,000 •••••• do •••••••••••• 

Do, 
DQ. 
Do. 

153 
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LiBt of maps, preUminarg chartB, &e.-Continued. 

Na.me. Scale. D!l!!cription. R<imarks. 

8ECTIOli VIII. 

Progress sketch H •••.•••••••••• _. ·-·- --- •• __ ••• __ •• __ I 1-600,000 --·-------·---·-·--· Engraved. 
Mobile bay •••••• _. _ •••• _ - • __ ••••• _ ••• _ •••• _ •••• _ •• _. 1-80, 000 Finished chart·----· Do. 
Mississippi sound, No. l_ ----·· ____ ---- ·-- -- -- • ··-· •• -· 1, 80, 000 _____ _do ____ --··---· Engraving. 
Seaooast of part of Alabama and Mississippi---·---·--··· 1, 200, ()00 PrP.liminary chart____ Do. 
Biloxi bay-·--- - -· •..•••.•• -- -- .. --· - .• --- -- . - --- - ·-· 1-40, 000 Preliminary chart--_. Engraved, 
Deep-sea soundings, Gulf of Mexico-------------------
Oo-tida.l linet1, Gulf of Mexico •• - - •• --· ••••. --- - - •• - -- --i 

1-2,400, 000 

1

. l:iketch ---- -------- Do. 
1-10, 000 _ ••• -do---··-···---_ Engraving. 

i 

Sror1olli IX. i - I 
Progress sketch I-----·- ------·-------·-·---····-··--·1' 1-600,0001----~----··---------I Engraved. 
Galveston ba.y --------------------------------------- 1-200,000 Preliminary chart____ Do. 

8Eal'Iol!18 X & XI. I 
Progre8'1 sketch J ••••••••••••••. -~- _. _____ . - . - - . . . ••• . 1-400, 000 / __ .•••• ---- ---· -- • --

Do ______ K ·-·-- ·---. _ --- _ -----·- ------ --· ··--· 1-7, 000, 000 1------ ·--- ----. -- -- -
Progress San Pedro and vicinity. -- -- • _ •••• -- •• - - -·. - -- . 1-1, 200, 000 -- -· -· .• -- ·- -- •• - - •• 
Progress ~ashington sound.·-_ --- -- • __ ••• _ -- - • _ - •• _ •. - I 1-400, 000 _. -- -- .• _ •. ---- _ -- . _ 
Anacapa island_ ••• --- • _ -- ••• - -- • -- __ • _ .• --- • -· ••• - • • . 1-30, 000 

1 

Sketch. - - • -- - . - -- •. 
San Francisco entrance __ ·-_ •.• _____ ••••••. __ . - •••• -·-. 1-50, 000 Finished chart _ ••• _. 
South Farallon island---····-···-·······--···-·-·······=········-··· Sketch·--···-·-···· 
Alden's reconnaissance, west coast, northern sheet._______ 1-1, 200,000 1 Reconnaissance _____ • 
Por~ Lu<llow.·-·······-·--············· ···-······-···i 1-20,000 •••••• do ••• _ •••••••• 
Bellingham bay_. __ -------.--· .•• _.---·._ ••• - -- •• - - • ·1 1-40, 000 ---- - _do_.---- --- • - -
Steilacoom harbor·-------··--··---------------------- 1-30, 000 ------dO---------·--
Port Gamble.- ••••••• ---- •••• ___ ••• -··· ___ -· --- •• _ -·. 1-20, 000 •• _ .-.dO-- ____ -·· ·- _ 
Geological map, Point Re:!'.es •• _. ___ -· -· •••••••• -- ••••• ·1 1-150, 000 Sketch - - - ••• -· ••••• 

Do_ ••••• Sa.n Franc1soo •••••••••••••• _........... 1-150, 000 ____ •• do •••• ·-·--·--
Do.- ..•• Monterey _. _____________ •••••••••• _... 1-150,000 ______ do •• _________ _ 

Do------Sa.n Diego---·------·-····-···--······· l-1, 608, 22.8 _ ••••. do ••• _ •••••••• 
Co-tidal lines, Pacific coast •• __ ••• __________ -- . ----·- - . _ 1-10, 000, 000 ---- •. do_-----·-- •• _ 
Earthquake waves, Pacific coast·-·-----·········-···-·-··········---·- Dia.gram ••••••••••• 
Boutelle's scaffold for stations and Farley's l!ignaL. _ -·--. _ • -·-----. --- __ Sketch. __ • --- . _ - _ •• 
Boutelle's apparatus for measuring preliminary bases •••••• ---·· _ ••••••• _ • __ •• _do •• ·---. --- . _ 
Sand's gas-pipe tripod .• ·--·-----------------------·--·--···-·······- _____ .do ••• ---·····-
Sand's spedmeu-box for deep-sea 110undings, and revolving ·······-·-·--- _ ••••• dO----········ 

heliotrope. 

Do. 
Do. 
Do. 
Do. 

Engraving. 
Do. 

Engraved. 
Do. 

Engraving. 
Do. 
Do. 
Do. 

Engraved. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Isogonic lines, west con.st .••• ___________________________ 1-6,000,000 ··-·--do •• __________ Engraving. 
Isogonic lines--.--· •• ____ ----.-·._ .•••••••.• ___ .--·.. 1~15, 000, 000 •••• __ do ••••• - •••• - • Engraved. 

Report of Mr. George Mathwt, in charge of the Elecl,rotype IJiviBion. 

UNITED STATES CoAST SURVEY OFFICE, Novtmiber, 1856. 
Since the date of my last annual report, (November 1, 1855,) the work of the electrotype 

division has greatly increased; the product for this year being much above that of any former 
one. The number of electrotypes made amounts to nearly one hundred. Of this number 
thirty-seven altos and thirty-two bassos, or sixty-nine in all, were available for perpetuating the 
engraved plates, ana for furnishing printed charts. The residue were used in experiments for 
ascertaining the practicability of printing from thin electrotypes, in the combining of engraved 
plates, and in researches on photo-electric engraving. Appended is e. table of the charts 
electrotyped. 

Important additions have been made to the apparatus of the electrotype laboratory ; the 
voltaic batteries have been increased in number ; an additional cell for decompositions has been 
provided, and an apparatus for purifying the solutions of sulphate of copper. This consists of 
a large evaporating pan surrounded with a jacket for hot water, which connects with a helical 
bath-heater similar in constl'uction to that used for heating the electrolytes. The helical bath-
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heater is described in the Ooast Survey Report for 1850. The accumulation of apparatus in the 
laboratory has proceeded as far as the size of the room will possibly admit. No further 
additions can be made, for very great inconvenience is already frequently felt from the want of 
space for the necessary manipulations. On this account the making of thin printing plates will 
have to be discontinued in the cold seasons, unless an addition is made to the building, or a 
larger one obtained, to admit of the use of apparatus for heating the electrolytes while the 
plates are in a vertical position. 

The work of joining engraved plates has been applied to five charts of the survey. The views 
of Charleston harbor were inserted in the plate of the chart of Charleston harbor. Four views 
from the plate of the "reconnaissance from Grey's harbor to Admiralty Inlet" were transferred 
t.o "sheet No. 3 of Alden's West Coast reconnaissance." The views were inserted in "sheet No. 
1 of Long Island sound." The plate of "Shoal water bay" was extended. The plate of 
Boston harbor was enlarged, and tho views set in it. 

Assistance has been rendered to other portions of the Survey by gold plating fifteen deep-sea 
thermomet~rs, and by arranging, constructing, and repairing the magnetic and voltaic apparatus 
of the parties for determining longitudes by means of the electric telegraph. 

I have lately made experiments for ascertaining the ~racticability of printing from thin 
electrotypes merely folded over the edges of a stout plate of rough metal. The result has 
been to demonstrate that printing plates can be thus furnished for about one third of the 
cost of plates made of the usual thickness, and that they are in every respect equal to them for 
printing. I have already furnished for the printer such electrotypes from some of the most valu
able charts of the Survey, as will appear by the accompanying table of thin plates. Though 
tlre advantage of the thin plates has been fully demonstrated, it will not be practicable to 
uniformly furnish them, on account of the want of suitable apparatus; when this is obtained, I 
will present a detailed report on the mode of producing these plates. 

Somewhat has been done in the matter of actino engraving, though by no means so much as 
I desired. I had hopes of being able to send with this report a chart printed from an actino
engraved plate. In this I have been hindered only by the want of time, occasioned by the 
great press of electrotype work and the experiments on thin printing plates. For making 
a trial of the photo-electric process, I have constructed daguerreotype apparatus to execute a 
plate 13 by 13-! inches. The difficulty and labor of this have been very great, as such large 
apparatus not being in market as a regular manufacture, I had to obtain the material from 
various sources, and execute most of the work of construction with my own hands; even the 
large daguerreotype plates I have had to make, the manufacturers of plates offering nothing of 
the size or quality required. 

I have made a number of experiments on engraving small portions of charts, and have 
obtained specimens exhibiting very decided progress beyond forme:i- results. The last specimens 
indicate that a little further improvement will enable the photo-electric prooose to commence 
a rivalry with the lithograph, and ev.en to contend wiih hand engraving; .. 
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LISl' OP CHARTS ELECTROTYPED IN ALTO. 

PLATllll. 

Meuth of Columbia river ·-···················-·-----·l 
Charleston harbor ··-·--·-··-··----------------··----2 
Long JBland sound (east) ••••••.••••••••••••••••••••••• 3 
Alden's reconnaissance Western Coast (northern sheet) •••. 2 
Alden's reconnaillSllllce Western Coast, from Gray's harbor 

to Admiralty inlet •••••••••• ------ --- •••••••••••••• 2 
Gloucesterharbor ____________________________________ l 

Diagrams of magnetic variation. -- ••••••• --- --- •••••••• 1 
Ban Simeon, Santa Cruz, San Luis Obispo, &c •••••••••••• 1 
lllare Island straits. -- •••••••••••••••••••••••••••••••• 1 
Canal de Haro and Strait of Rosario and approaches •••••• 1 
Nantucket shoals __ ••••••••••• --------- --- --- ------- .2 
York River harbor ••••••••••••••••••••••••••••••••••• ! 
Horn Iel&nd :pa1111 •••••••••••••••••••••••••••••••••••• ! 
Humboldt ba7 •••••••••••••••••••••••••••••••••••••• } 
:Moblleb&y •••••••••••••••••••••••••••••••••••••••••• l 

PLArM. 

Portland harbor ••.••.•..••••..•.••.•..••• - - •••• - •.•. 1 
Cedar keys and approaches_ •••.••• -- •••••••••••••••••• 1 
Patapsco river ••••••••••••••••••••••••••••••••••••••• 1 
Chincoteague inlet .•••••••••.••.•. __ •••...• ----- •••..• 1 
James river ••••.••••••••••••••••••• -- ••••••• --- ••••. 1 
Gulf Stream sketch, 1855 ••••••••••••••••••••••• -- •••• 1 

Sboalwater bay.----------------------····-··-·····--1 
Minot's Ledge •••••••. _ •• _ ••••••••••••••••••••••••• - .1 
Cape Fear river and New inleL ••••.•.•••••••••••.••.•• 1 

Port Townshend---·-·····-·--·-··-·····-··-------··-1 
Boston harbor •• ---·········-··-·····--·-·····-------1 
Albemarle sound -- . _____ ----- ___ • __ • __ . __ ••• __ •••• •• 1 

Galveston bay·-·····-·······-··-·-·······--··-------1 
Muske get channel •••••••.••••• -···-·-· ••••••••• -- ••• 1 
Seacoast of Virginia, No. 2 •••••••••••••••••••••••••••• 1 
Hudson river. B No. 2 ••••••••••••.••••••••••••••••••• 1 

LIST Oli' CH.ARTS ELECTROTYPED IN BASSO. 

nATll!I. 

Charleston hsrbor •••••••••••••••••••••••••••••••••••• l 
Harbors of Black Rock and Bridgeport •••••••••••••••••• I 
Santa. Cruz and Aflo Nuevo harbora--············-···---1 
General chart of the coast from Gay Head to Cape Henlopen. I 

Long Island llOund (east)------------------------------3 
Nantucket harbor ••••••••••• --- •••••••••••••••••••••• 1 
Alden's reoonn.aissa.nce Western Coast (northern sheet) •••• l 
.Alden's reoonnaissa.noe Western Coast, from Gray's harbor 

to Admiralty Inlet •••••• _ ••••• _ •••• _ ••••• _ ••••••••• 1 
Gloucester harbor •••••••••••••• --· ••••• --· ••• --· ••••• 1 
Newburyport harbor_ ••••••• __ •••• -~-- ••••••••••••••• 1 
M:ar-0 Island straits •••• --·----------· ••••••••••••••••• 1 
Canal da Haro &nd Strait of llo,sa.rlo and &pproachea •••••• 1 

PL.l.TICS. 

Nantuckei shoals ••••••••••••••• _ •••••• ---- •••••••••• 1 

York river harbor •·······-·····----·-··--•······-·--1 
Horn Island pass •••••••• ·-------------------·-··----1 
Alden's reconnaissance West em Coast (middle sheet) ••••• • 1 
Portland bar bor ••••••• _ •••••••• _ ••••••.•••• _ ••••••• • 1 
Cedar keys aud approaches •••••••••••••••••••••••••••• 1 
Paiapsco river •••• --·· •••••••••••••••••••••••••••••• r 
Catalina harbor ------ ••• --- ------ •••••• --· --- ••• •••• 1 
Minot's Ledge •••••••••••••••••• -- ••••••••• -- • -----· .1 
Port Townshend------------------·-·----------------1 
Boston harbor •• -------------------------------------2 
Shoolwakr bay (exMllded) •••••••••••• -- ••••••• --- ••• _ l 

LIBT OF CHARTS EXTENDED OR ALTERliID BY THE BLEc'l'ROTYPE PROCI&. 

CharlestOn harbor. 
Alden's reconDa.Uisance Western Cou• (north&m sheet.) 
Shoolwatcr bay. 1

1.oDg Ieland sound (eaat.) 
&.too harbor. 

LIBT Oi' THIN PLATES FURNISHED FOR PRINTING. 

Hom Island pass. 
Cedar key• and approaches. 
Portland :harbor. 
Nantucket shoals. 

Minot's Ledge. 
Port Townshend. 
Boston harbor. 
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Report of .Mr. S. IJ. O' Brwn on the printing of Coast Survey maps, chartB, and s~. 

Since the first of November, 1855, there have been printed from the following plateH: 

SECTION I. 

Sketch A ................................................................................................... . 
Sketch A, bis ............................................................................................. . 
Portland harbor ......................................................................................... . 
Portland harbor, (Commissioners' line) ........................................................... . 
York River harbor ..................................................................................... . 
Gloucester harbor ..................................................................... , ................. . 
Eggemoggin reach ..... _ ................................................................................. . 
Salem bar bor ............................................................................................. . 
Newburyport harbor ............................................................................... , .... . 
Wellfleet harbor ........................................................................................ .. 
Minot's ledge .. . .... .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
Nantucket harbor ...................................................................................... . 
Nantucket shoals ....................................................................................... .. 
Muskeget channel. ...................................................................................... . 
Harbor of Edgartown .................................................................................. . 
Hyannis harbor .......................................................................................... . 
Harbors of Holm.Ell!!' Hole and Tarpaulin cove ................................................... . 
Harbor of New Bedford ............................................................................... . 
Ipswich and Annis Squam haroors ................................................................ .. 
Stellwagen'"s bank ...................................................................................... . 

SECTION II. 

Sketch B ........................................................................................ , ......... . 
Hudson river triangulation ..................................................... ; ..................... . 
General chart of the coast, from Gay head to Cape Henlopen ............................... . 
Long Island sound, No. ! ............................................................................. . 
Long Island sound, No. 2 ............................................................................. . 
Long Island sollJld, No. 3 .............................................................................. . 
Fisher's Island sound .................................................................................. . 
Mouth of Oonnectiout river., ............................................................................ . 
Harbor of New &ven ....................................................... ............................ . 
Hunting-ton bay ............................................... · .. ·. ·· · · · · · · · · · · · · · · · · • · · · ·· · · · · · · ·. · · · · · · 
Harbors of Black R<>ck and Bridgeport ........................................................... . 
Oaptain'e island, ea.st and west ....................................................................... . 
Hart and City island, and Sa.chem's Head harbors ............................................. . 
Hell Gate ................................................................................................. .. 
New York bay and harbor ........ -.................................................... · ..... · ..... · ... . 
Hudson river (lower part) ............................................................................. . 
Ch.angee in Sandy H~ ................................................................................. . 

. Romer shoal and Flynn's knoll ..................................................................... . 
Litt-le Egg har'bor .......... , ...................................... , .......... , ........ , ..................... .. 

No. of 
Impressions. 

20 
20 

250 
20 

1,312 
1,012 

100 
1,667 
1,250 

400 
134 
395 
320 
30 

400 
400 
100 
506 
20 
20 

20 
20 

300 
827 

1,01 '1 
'120 
250 
250 
650 
235 
400 
400 
400 
5-10 
640 

25 
100 
100 
400 
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SEcnoN III. 

Sketch 0 .................................................................................................. .. 
Seacoast of Virginia., No. 2 ..... - .................................................................... . 
Mouth of 'Chester river .......................................................... , ..................... . 
Pungoteague Creek ..................................................................................... . 
W a.chapreague inlet .................................................................. , ................. . 

SECTIO~ IV. 

No. of 
impressions. 

20 
30 

400 
100 ' 
100 

Sketch D .......................................................................................... :........ 20 
New river and bar....................................................................................... 400 
Albemarle sound......................................................................................... 20 
Cape Fear river .......................................................................................... ". 20 
Wimble shoals............................................................................................ 100 
Gulf Stream explorations.............................................................................. 46 
Gulf Stream sketch...................................................................................... 45 

SECTION v. 
Sketch E ................................. ;-............................................................... .. 
Charleston harbor ...................................................................................... . 
Maffi.tt's channel (sections) .......................................................................... .. 
Winyab. bay ............................................................................................ .. 
Bull's bay ................................................................................................. . 
Romerly marshes ........................................................... ........................... . 
Doboy inlet ............................................................................................... . 

SECTION VI. 

Sketch F .................................................................................................. . 
Sketch F, No. 2 ........................ , ............................................. · .................... . 
Key West harbor ...................................................................................... .. 
Beacons on Florida reefs . . . . . .. . . . .. . .. ............................... , ....... , ..................... .. 
Coffin's patches ........................................................................................ .. 
Entrance to St. George's sound ........................... : ......................................... . 
Legare anchorage ................................................................................ : . .... .. 
Tampa bay ................................................................................................ . 
Cape Sable and Key Biscayne bases ............................................................... . 
Si. Jcilin'e river tria.ngnlation ...................................................................... .. 

SECTION VII. 

20 
1,142 

20 
100 
100 

20 
20 

20 
20 

1,370 
20 

100 
20 
20 
20 
20 
10 

Sketch G .......................................... - ................................................ ...... 20 
Rooonnaissance, in vicinity of Cedar Keys.................. ...................................... 100 

<Jedar Keys .. ............................... · · · · · · · · · · · · · · · · ·· . · · · · · · · · · • · · · · · · • · · · · · · · · · · · · · .. · · .. ·. ·..... 145 
St. Andrew's shoal...................................................................................... 100 
Ocilla river ........................ •..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . • • . .• . 20 
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SOO'r.IoN VIII. No. of 
impressions. 

Sketch H................................................................................................... 20 
Mobile bay, 10.fooo-·· ............... ...................................................... ............... 400 
Mobile bay, nm .. . .. . .. . . .. . .. .. . . .. . .. .. .. .. . .. .. . . .. . .. .. . .. .. . .. .. .. . .. .. .. .. . . . . ... ... . .. . . . . . . . .. 12 
Biloxi ba.y.......................... ................................................ ..... ............ ...... 20 
Pascagoula river.......................................................................................... 100 
Ship Island shoal................................................. . ... . . .. . . . . .. .. .. . .. . .. . .... .. ... .. . 20 
Deep-sea soundings, Gulf of l\'Iexico .. . . .. . .. . .. . ... ....... .. .. . .. .. .. ..... .. . .. .... . ... .. ... .. .. .. 20 
Horn Island pass......................................................................................... 402 
Delta of Mississippi ....... , .. . .. ... . .. . .. .... . . . .. .. .. . . . .. .. .. ... .. .. .. . .. .. ... .. . .. . . .. .. .. ... .. .... .. 200 

SECTION IX. 

Skotoh I.................................................................................................... 20 
Galveston bay............................................................................................. 420 
Entrance to Galveston bay . .. . .. .. .. . .. ... .. .. .. ... .. .. .. .. . .. .. .. .. ... .. .. ... ... . . .. .. ... ... . .. ... . .. 980 
Vermilion bay................................. .. .. .. .. . .. .. .. .. . .. .. . .. . . . . .. .. . . . .. . . .. . .. . .. . . . . .. .. .. . . 20 
Entrance to Rio Grande river......................................................................... 20 

SECTIONS x, XI. 

Sketch J............................................................. ...................................... 20 
Sketch J, No. 2....... ..... .... .. . ... .. .. .. ....... ... .. .. .. ... ... . .. .............. ... .. . . .. ... . .. ... ...... 20 
Sketch J, No. 3................... ........................................................................ 20 
Reconnaissance from San Francisco to San Diego ............................... ,................. 600 
Reconnaissance from San Francisco to Umpquah river.......................................... 600 
Reconnaissance from Umpquah river to the boundary.......................................... 455 
San Diego bay............................................................................................. 700 
Monterey harbor......................................................................................... 400 
Humboldt bay ................... ; .......................................... ,.............................. 400 
Santa Barbara .............. .-.;............................................................................ 15 
San Simeon, Santa Oruz, San Luis Obispo, and Coxo harbors........................ . .. . .. . 400 
Santa Cruz and Ano Nuevo........... .... ............................. ................................ 350 
San Francisco city ........... :........................................................................... 100 
Entrance to Umpquah river........................................................................... 300 
Shoal water bay........................ .. . . . . . . .. . .. .. . . . .. .. .. . . . . . .. . .. . . ... . .. . ... .. . . . .. .. .. .. .. ... . . 700 
Reconnaissance from G-ray's harbor to Admiralty inlet, W. T.............................. 350 
Cape Flattery............................................................................................. 300 
Port Townshend ......................................... ,............................. .................. 250 
San Pedro.................... ... . . . . ... . . .. .. . .. .. . . . .. . .. . .. ... . .. . .. . . . .. . . .. . .. .. . . . . . . . ... . . . .. .. .. ... 4QO. 
Point Pinoa....................................... ...... ......... .......................................... 150 
Point Conception .. ;...................................................................................... 100 
Mare Island straits....................................................................................... 500 
Cape Hanoock....... ... .. .. . .. .. . . . . . . . . .. .. .. .. .. . . .. .. . . . . . .. .. . . . . . .. . . . . . . . . .. . . . . .. . . . . .. . . . . . . .. .. . 100 
· Gren ville ha.rbor.. .. . . . • . . . . . . . . . . .. . . . . .. . . • . . .. .. . . . . . . . • • . . • .. . . .. . . . . . .. .. . .. . . .. .. . . . . . . . . . . . . . . . . . . 100 
Duwamish bay........................................................................................... 100 
Canal de Haro............................................................................................. 695 
San Pedro and Santa Barbara. anchorages......................................................... 20 
&nth Farrallon island.......... . . •. . . .. . . . .. .. . . . . . . .. . .. . . . . . . . .• . .. .. . .. . . .. . .. . . . . . . .. . .. .. .. . .. . . . 20 
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No. of 
impressions. 

Point Reyes................................................................................................ 20 
Co-tidal lines, Pacific coast................... .. .. . .. .... .. ....... ... .... .. ... .... .. .. . .. .. . . .. . .. .. .. 20 
San Diego bay triangulation.......................................................................... 30 
Columbia river triangulation......................... . .... .. .. ... . .. .. .... ... .. ... ... .. .... .. ... . ... 30 
Earthquake waves, Pacific coast...................................................................... 20 
Magnetic declinations................................. .. .. .. .. .. . . .... .. .. . .. .. .. .. . .. . . .. . .. .. . .... .. 20 
Isogonic lines . . .. . . . .. ... . . .. .. .... .. ... .. .. .. .. .. .. .. .. .. .. .. .. . . .. . . . . . . .. . . . . .. . .. . . . . . . . .. . . . .. . . . .. . . 40 
Geological map Point Reyes.......................................................................... 120 
Geological map San Francisco bay . . . . .. .. .. . .. .. .. . . .. .. . .. .. . .. .. . .. . . .. . . .. .. .. .. . .. . . .. . .. .. .. . 20 
Geological map Monterey bay ............................................................... :........ 20 
Geological map San Diego.............................................................................. 120 

MISCELLANEOUS. 

Proofs of :finished and unfinished plates .......................................................... , • 
Circular protractors .................................................................................... . 
Current diagrams ....................................................................................... . 
Tidal diagrams ......................................................................................... .. 
Spe<Jimen box for deep-sea soundings ............................................................... . 
Gas-pipe tripod .......................................................................................... . 
Boutelle' a base apparatus ......................................................................... : .. .. 
Boutelle's scaffold ...................................................................................... .. 
Map of Washington city ............................................................................. .. 

Report of Mr. V. E. King on the di8tribution and Bale of maps. 

1,737 
54 

150 
942 

28 
20 
20 
30 
67 

34,695 
------

A.t the date of my last report, October 1, 1855, fifty-seven sheets of Coast Survey maps had 
been published. Since then the following charts have been added, which will Il}ake the number 
now publiahed sixty-three ; viz : 

York river harbor. 
Gloucester harbor. 
Bass River harbor. 
Boston harbor. 
Mobile bay, nho· 
Reconnaissance of the Western Coast, from Umpquah river tD the boundary. 
The following preliminary charts have also been added to the published tnatter during the 

year; viz: 
Minot' a ledge. 
Cape Fear river and New inlet. 
Ship Island shoal. 
Santa Crnz and Aiio Nuevo. 
Port Orford, Shelter cove, Mendocino City and Crescent City harbor. 
Port Townshend. 
Canal de Haro. 
The list of sketches for gratuitous distribution has been increased by the following ; vfa: 
Eggemoggin Reach. 



 

THE UNITED STATES COAST Sl.'ll.VEY. 

Sow and Pigs reef. 
Romer shoal and Flynn's knoll. 
Wachapreague, Machipongo, and Metomkin inlets. 
Ship and Sand-shoal inlets. 
Cape Charles and vicinity. 
Cherrystone inlet. 
Pungoteague creek. 
Wimble shoals. 
Winyah bay and Cape Roman shoals. 
Turtle harbor. 
Coffin's Patches. 
Entrance to St. George's sound. 
Entrance to Pascagoula river. 

, Entrance to Barataria bay. 
Pass Fourchon. 
Entrance to Timballier bay. 
Sabine Pass. 
Entrance to Rio Grande river. 
Grenville harbor. 
Duwamish bay and Seattle harbor. 

161 

A second edition of the volume of bound maps, mentioned in my report of November I, 
1854, is now nearly completed. The number of volumes will be 400, which will be distributed 
principally as those published in 1854. 

There is also in progress the printing of 250 portfolios of maps, embracing the general chart 
of the Bay of the five States, with those that are published of Section II : New York bay and 
harbor, recently re-surveyed; and the harbors of Long Island sound. These will be distributed 
to Coast Survey agents for sale. 

List of Coast Survey maps distributed during the year, for sale, use of ojfice, and gratuitously. 

Names of Charts. 

Richmond's Island harbor. --- • - • - -- •• ---- __ • -- • __ • --- __ . __ -- • -- -
YorkBiver harbor.------------------------------·-------------
Newburyport h1ubor. ____ • -- - -- - - -- -- ---- - --- -- - - - -- • --- - -- ----
Gloucester harbor._ -- • _ •• ----. --- - - - . - -- - - - . -- -- - -- -- -- - - - -- -- -
Salem harbor.----- -- __ • ---- - -- ----. - - --- - - - - -- - - - -- - - --- -- -- • -
Wellll.eet harbor. ---- --- __ - - -- - -- - ---- __ - - -- - - - -- -- - --- - -- - - -
Nantucket harbor ..••••••• -- - -- - --- - -- -- -- - -- -- - - --- - --- ------ -
Harbor of Edgartown. --- ---- - - - - - - - - -- - --- ·-- ---- - -- - - - • - -- - - - -
Hyannis harbor ... - -----------· ---- ---------- ---- --- --- ---- ----
Harbors of Holmes' Hole and Tarpaulin Cove----------------------
Harbor of New Bedford. -- ---- •• - -- • - -- -- • - - - - - --- - -- • - - ---- - - - -General coast chart from Gay Head to Cape Henlopen _____________ _ 
Long Island sound. ____ ----- -- -- ---- -- __ . ---- - .. - --- - - - - --- - - - -
Fisher's Ialand SO\md. __ --- - --- - ••• -- --- - - - ---- - · - - -- - - - - --- • - -· 
Harbor of New London. __ • -- -- • - •••• - ---- - - - - - - - - --- - - -- --- -- -
Mouth of Connecticut river .• --- -- --- ---- --- ---- ---- -- - - - ---- - - -
Harbor of New Haven------------------------·-----------------
Haroors of Black Rock and Bridgeport ______ • --- _____ -- • -- • - -- -----
Huntington be.Y·-----------~-----------------------------------
Harbors of Sheffield and Cawkin's Island ____ - ----. ----- •• - - - -- ----
Harbors of Captains' illland, 1l4St and west.--·---- --- --- • ------ - --
Harbor of Oyster bay, or ByOSl!et harbor. __ • __ -- -- • -··--. -··-- - - --- • ::n and City island, and Sachem's Head harbor .•••• _. - •••• - - •••• -

Jf llG&tec---------•·---·----------·----------------·---------OW YGrk bay and b&rbor, and the environs, inrh,:r ___ --- • - --- -- -- -

21 cs 

Turned over 
for sale. 

10 
8 

24 
11 
87 

7 
15 
18 
13 
U! 
13 
55 

163 
28 
23 

5 
23 
23 
23 
13 
13 
18 
8 
8 
s 

I I 

For Uile of Gratuitously\ Total. 
office. distributed. 1 

I 
i 

2 82 I 97 
I 31 40 
8 265 297 
5 58 7f 
7 812 406 
4 123 134 
3 72 90 
3 !17 83 
5 68 86 
5 65 83 
7 127 147 
5 97 157 
2 69 234, 
3 48 79 
6 76 105 
4 124 133 
4 70 97 
4 65 92 
4 64 91 
4 65 82 
4 65 87 
3 60 81 
4 66 78 
5 84. 97 
2 9 19 
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List of Coast Survey maps distributed, &c.-Coutinued. 

Names of Charts. : Turned over 
1

• For use of! Gratuitously Total. 
\ for sale. \ office. distributed. 

~--------------; '1 l----1---
NcwYorkbayandharbor,11ndthccnvirons,TirnTrn----------------! 150 I 10 1 109 269. 
Western part of south coast of Long Island. ___ --- --- ·-----------·- 8 3 69 80' 
Little Egg Harbor. __ •.• _._ •• _ •• ___ ._ ••• _ --- --- • -------- -------- 8 3 77 88 
Delaware bay and river.·--------------------------------------- 10 7 105 122 
Seacoast of Delaware, Maryland, and part of Virginia.------------·- ______ 

8
~--

1
1 4 86 90 

Mouth ofChe.,ter river---------------------------------------·- " 2 6\l 79 
Harbor of Annapolis and Severn river ____________ ._ ••..••.. _. ___ - 3 133 144 
Pasquotank river ___ •••.• ______ •• _ •. __ . ____ .• __ • __ •••••• _ •• _... 8 r 3 70 81 

Charleston harbor·-------------------·------------------------- 194 j 16 198 408 
Cat and Ship Island harbors .•• __ -----. --- _________ •••. ___ . ___ • -- · 8 · 3 65 76 
Mobile bay, entrance·--·--------------------------------------- 18 I 17 71 106 
Galveston entrance._ --- -- ---- ------ - - - - --- ------- ------ ---- ---- ---- 2-~-, 90

-- •

1 

13~ 1 

123 HO 
Key West harbor, and approa.c11es .................... ------------ _" v 187 405 
West Coast reeonnaisMnce, from Srm Diego to San Frnncil'co......... 140 213 
West Coast reconnaissance, from San :Francisco to Umpquah river.___ 63 3 88 153 
West Coast reconnaissance, from Umpquah river to the boundary. 5 i··--------, 40 46 
SanDiegobay,andapproaches.-----------······---·------------ 58 I 2) 73 133 
Trinidad bay _____ ••.• _______ ._. __ •••• __ •• _ •••• _ •• ___ ••• - • _. _.. f,8 3 · 70 131 
Humboldtbay .•••••••••• ___________________ ·---·--·-·--------- b8 ' a 72 133 

Monterey harbor .•. -----·-------------·--·--·------------------ b8 3 70 131 
Entrance to Columbia river •... -----------·-··-·------·----·---- b8 3 134 195 
Sketchesof-Minot'sledgc .••••.•... ____________________________ 8 :--------·· 12 17 

Nantucketshoals .•••••••••• --.---·--··------·------ 10 i 2 74 86 
Chincoteague inlet. ___ • __ • __ • __________ .•• _. __ ••••• ·····--- ----' 2 64 66 

Ocracoke inlet. ... ------------------·------- ------ -·----------·. 3 74 77 P>eanfort harbor, N. c .. _____________________________ 8 I : 60 70 

E'rying-Panshoals.--------------·----·-·----·-·--·- 8 .,, I 61 73 
New river and bar·-·----------·-----·------·------- 8" '. 2 61 71 
Cape Fear river 11.Ild New inlet •••••••.••• ------------ 5 /.......... 12 17 
North Edisto ...... -----------·------·------------·- 8 2 67 77 
Entrance to Savannah river.......................... 8 3 61 72 
Savannah city, Front and Ba.ck rivers--·-----------··- 8 I 3 59 'iO 
Mobile bar------------------·----------------·---· ZO 3 75 98 
Western coast of l<'lorida .... _ .•• _ ••• _ •• __ •• __ •• __ • _ _ _ 7 2 37 46 
St. Mark's bar and channeL--------·----·--···-·---- 8 1· 4 7Z 84 
Entrance to St John's river •• ---·----·-------·-····· 5 I, 3 126 134 
Delta of the Missi8SippL ..•••••.••••.. ···----·-··-·· 9 3 64 76 
Ship IslandshoaJ .•••••• ------------··-···--·----:-- 5 1--·-· 12 17 
Galveston hay ••• ·-·------··--------·-···--·--··--- 9 3 62 74 
San Luis Pass. ___ ••• ---------· ••• _·---- ••.•• __ ••••• 7 J 2 125 133 
Catalina harbor ••• --------·----··-····-·------····· 39 2 66 107 
Prisoner's, Ouyler's, and San Clemente harbors......... 59 2 6f'> 126 
Santa Barbara .••• ----·---··------------·---·-·-···- 56 2 198 256 
San Simeon, Santa Cruz, &c·------·-·---·······--·--· 51 3 1\5 119 
Santa Cruz and Afio Nuevo, .••••• _ ••• _ •• -·- ••••• •• • • • 51 2 44 97 
San Pedro harbor.---------------·-·-·--·---·----··· 59 2 92 lli3 
San Francisco citr-------------------·--··--------·· 21 4 82 l<l7 
Port Orford, Shelter Cove, &c •••••••••••• ----·-----·· •••••••••••••••••••••••••••••••••••••••••••• 
Entrance to Umpquah river·--·--···---·-··-··------· 56 3 196 255 
~hoalm•ter bar-----------------------·----·-----·· 56 3 171 260 
Reoonnai~sance from Gray's harbor to Admiralty inlet... 56 2 202 260 
Cape Flattery and Nee-ah harbor------·--······---··· 56 2 202 260 
]'alsc Dungeness harbor ••••• -----·---··-···--··---·- 56 3 182 241 
Port Townshend·---------·-----------------·----·· -·--------·· --····--·· 12 12 
Cana.I de Haro--·--·····--·------·-----------·--··· 50 •••••••••• 35 85 
Eggemoggin Reach---···------------··--·······---- ----··-----· •••••••••• 27 27 
Current chart, Boston harbor ••.. ---------··-·-·----· 18 2 48 68 
Sow a.ad Pigs reef. .................................. -·-······---.......... 27 27 
ll.omer and Flynn·s shoal•--------··---·-··---------···--··--------·--·--·- 27 27 
Changes in Sandy Hook ••••••.• -------·-·-···------- 8 2 49 59 
Wachapreague, Machipongo, &c.---·-------·---·----- ------------ -----·--·- 28 2Z 
Ship and Sand Shoal inlets.·-·-----------------·--·--··------------·-·---· 28 28 
Entrance to Ch€Sapeake bay ••. ·-------------------·· 14 2 42 58 
Cape Charles and vicinity·-------···----··-------·--······-·--·----·---·-- 27 27 
Oherrystone inlet ......... _ ••• __ •••••• __ ••••• _ •• _... • • _ •• _ •.• __ • _ ••• _. __ • _ 28 28 
Pungoreague creek •••••••. ----·-··---····---·---------------------------- 28 28 
Fishing or •l)(moho's battery •••••••••••• __ ••• __ .----- 8 2 34 U 
liatteras shoals ___ ._ ••••• --- ••••••••• ___ •••• --·-. •• 8 2 S7 47 
IIattera11 inlet.--.------------·-···-----·--·-------- 8 2 411 · " 
Wimble shoo.It........................................................... 27 27 
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List ef Coast Survey maps distributed, &c.-Continued. 

Niimes of Cht1rts. Turned over For use Gratuitous]\· Total. 
for sale. of offic~. distributed~ 

Sketches of-Winyah ba.y and Cape Roman shoals __________________ ; ____________ :----------: 
Bull's baY-------------------------------· --------- 8 2 

27 27 
35 45 

St. Andrew's shooL-------------------------------- 9 2 
Mosquito inlet_ ___ - - - - - - - • - - ______ - _______ - - - - _____ ! 9 2 

Cape Caiiavera.1.- - --- - - - -- - - - -- - -- - - - - - - - - - -- - - - - -- - 9 2 

33 44 
45 56 
33 44 

Rebecca shoal. - - - - - - - - - - - - - - - _ - _ - - - - - - - - - - - - - - - - - __ ' 9 2 4n 57 
'Jurtle harbor ____ -- - --- ----- --- --- - -- -- - -- - -- -- - --- i- --- ----- __ . ·- ________ _ 27 27 
Coffin'R patches __ --- --- ---- - _____ - ___ ----- _ - - -- ---- [ _________ --···- ----- ___ _ 28 28 
Reconnaissance in the vicinity of Cedar Keys._ - - - ______ : 9 2 48 59 
Channel No. 4, Cedar Keys--------------------------' 9 2 47 58 
Entrance to Ht. George's sound. ______________________ '------------' I 
Horn Island Pass, Grand bay. - ____ • - - _____ - - - - _______ : 9 2 

~=~n~~s~a!~~~~~~~ _r!~~~: === :: = = == :: : =: = =: :: : :: : , --- --- --- 9--. --- ----2- _i 

28 29 
4R 59 
26 26 
38 49 

Entrance to Barataria b"Y----- ·--------------------- !--------- ---:---------- 28 28 Pass Fonrchon _________ --- ---- _____________________ 
1 
_____________________ _ 

29 29 
Entrance to'fimballier bar-----------·--------------------·--------------- 28 28 
Aransas Pass. _____________ . ________________________ : 9 2 47 58 
Sabine Pass. - - --- ------ -- --- ___ --- ----- --- _ - ------- :. --- _________________ _ 28 28 
Entrance to Rio Grande river ________________________ '.------------.---------- 29 29 
Mare Island straits ____ • ____________________________ ' 34 2 51 87 
Point Conception- --- --- -- - • - -- •••• -- _ _ _ _ __ _ _ _ _ _ _ _ _ _ 54 2 39 95 
Point Pinos .• - --- --- --· ---- - -- - --- --- -- ------. - - --- 1 59 2 51 112 
Cape Disappointment..-------------------··-------- i 34 2 
Grenville harbor •••• --- -- -- - --- ·----- _____ ·-- --- --- ! 20 ------ ___ -· 

51 87 
29 49 

Duwa.mish bay and Seattle harbor.-------------------1 50 ---------- 29 
'.!----·-----·-----

79 

Tota.1---------------------------------------· i 2,898 , 330 
! 

8,528 I 11, 756 

------ ----- - -------

APPENDIX No. 20. 
Report of Dr. B . .A. Gou/,d, Jr., assistant in charge of telegraph operations for determining differ

ence of wngitude between Wilmington, N. 0., and Montgomery, .Ala. 

CAMBRIDGE, November 11, 1856. 
DEAR Srn: The report submitted to you upon the telegraphic operations for longitudes, during 

the year ending October, 1855, was written upon the eve of my departure for Europe, for the 
purpose of making the requisite arrangements for the construction of a heliometer, meridian 
circle, and normal clock, contributed by the citizens of Albany, towards the equipment of the 
Dudley observatory of that city, and primarily to be used in measurement of the Pleiades, and 
for providing a new and larger transit instrument for the Coast Survey. The duration of my 
absence was but three months, during which period the chief workshops for astronomical 
instruments upon the Eastern continent were visited, as well as the chief observatories of the 
continent and England. The results, as already reported in detail, have, I trust, been found 
satisfactory; and information has already been received of the completion and packing of the 
transit instrument, which will, I am confident, be found to have no superior. It has been made 
by Messrs. Pistor and Martins, of Berlin-has an object-glass of six French inches aperture and 
eight English feet focal length, and is provided with all the auxiliaries which the progress of 
instrumental art and astronomical requirement seemed to indicate as chiefly desirable. The 
other instruments, with the exception of the heliometer, were also contracted for, and full reports 
have already been presented. The heliometer-the means for which had been provided in con
sequence of your a.dvice, and for the sake of the observations of the Pleiades needed by the 
Coast Survey-was not ordered in Europe ; but after very mature reflection and conference, its 
construction ha.s, with the entire approval of the trustees of the observatory, been in trusted to 
Mr. Spencer, of Canastota, N. Y., who has at present made considerable progress in the prep~ 
ration of the plans. 
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The Hardy clock had been entirely refitted during the yell.I by l\Ir. Saxton, and rendered 
much less difficult of management than formerly; and the reversal of transit instrument No. 
6 had been much facilitated by the addition of an apparatus for lifting the axis from the y' s 
through the agency of an eccentric cam. This, although attended with the serious inconveni
ence of requiring a semi-cylindrical cavity to be cut in the stone for receiving the cam, is found 
to be in other respects a material advantage, and is preferred by the observers to the arrange
ment with a levelled wheel and screw as in transit No. 8, the former requiring less time by half. 

The new portable clock ordered in June, 1855, of Mr. Krille, of Altona, had not been 
received, nor has it arrived even at the present time, to the serious disadvantage of the work, 
although it was promised for November of last year. Its arrival would have enabled the longi
tude partie~ to dispense with the Hardy clock, the length of which, as well as its mercurial 
pendulum, are but ill suited for constant transportation. I am unable to assign any t-alid 
reason for this extraordinary delay. The telegraphic campaign between Wilmington and 
Columbia, recommended in my last report, was entered upon at your direction by Messrs. Dean 
and Goodfellow, immediately on the completion of their summer labors with you, and observa
tions commenced with the month of December. The ordinary delays, obstacles, and embar
rassments were encountered, and the unaccustomed intensity of the cold introduced a new source 

. of annoyance, in the freezing of the ink in the chronograph pens, an occurrence not anticipated 
in that latitude. It is not probable that this will in any manner impede the operations of the 
coming season, all of which are to be in latitudes south of 32° 23'; but aproper regard for the 
future extension of operations demands some means of escaping this difficulty in subsequent 
years, and my friend, Professor Horsford, of this city, has devoted considerable thought and 
experiment to the discovery of an ink adapted to the wants of chronographic registration and free 
from the danger of freezing at ordinary atmospheric temperatures. His results promise success 
at no distant date, if indeed they may not be considered as entirely satisfactory at present ; but 
some further experiments appear desirable before any full expression of opinion. The import
ance of the problem is extreme, and not less so for fixed observatories throughout the zones in 
which those of the northern hemisphere are situated than for the temporary longitude stations 
of the Coast Survey. 

Immediately upon my return to America, I hastened southward, visiting the stations at 
Wilmington and Columbia, and passing on to Mobile and New Orleans, in both of which latter 
cities careful examination was made before deciding upon sites for the stations of the following 
winter. The alluvial character of the soil will render especial precautions and devices necessary 
in New Orleans, which have been given in detail in my special report upon the sites selected. 

Mr. McDonnell had in t1ie interval refitted the .Macon observatory and built a new station at 
Montgomery in the grounds of the State-house, and within a few yards east of that building. 

The Wilmington-Columbia campaign was concluded during the last week of Febr"Uary, and 
Messrs. Dean and Goodfellow passed on to the next link of the westward chain, the stations 
Macon and Montgomery. By the skill and untiring energy of these gentlemen, this campaign 
was rendered the shortest upon record, and entirely the most successful as regards the prompt
ness and completeness with which the prescribed number of star exchanges and of night's work 
in each position of observers was attained; these exchanges having been made on eight nights, 
beginning March 23, and ending April 24, and all observations of every kind being included 
between the dates March 8 and April 26. This was the more striking since, during a considera
ble portion .of the time, Mr. Dean was seriously ill, and moreover abandoned in the midst of 
work by the a.id upon whom he was almost entirely dependent for assistance. 

During the progress of the Macon-Montgomery campaign, the Mobile station was constructing 
by Mr. McDonnell in the public square, which appeared the most satisfactory of all the avail~ 
ble sites. It differs from the more northern ones only in being lower at the eaves, to perm.it of 
observations of the inferior transits of circumpolar stars. The roof boards were strongly brace<!· 
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by transverse boards to prevent warping during the summer, under the powerful influence of 
the almost zenithal sun. 

Returning north at the close of March, I visited Mr. Dean in Montgomery and Mr. Good
fellow in Macon, at the completion of star exchanges in the first position of observers, making 
ol1servations with Mr. Dean for personal equation. 

During this interval of six months, the reductions could, of course, make but small progress. 
The simple though laborious reading of registers went on in duplicate with regularity, but, 
beyond this, little advance was made; and circumstances which prevented me from receiving 
until long after midsummer sufficient force for pressing forward the reductions with the desired 
rapidity, have acted, together with the material impairment of my health and the heavy 
responsibility of additional duties, to render the progress of this work less satisfactory than I 
could have wished. The force is now sufficient to justify the expectation that before the time 
for my next annual report, no back work whatsoever will remain unreduced. 

It has seemed but proper, while carrying on the reductions, to put them in such a form as to 
be readily available for the volume of results of the telegraphic operations, for which you have 
directed me to prepare the materials. No exertions have been spared to hasten thi11 desirable 
end; and recent publications of European astronomers, who adopt and give, as new, the 
identical methods used by the Coast Survey eight or nine years since, and only abandoned after 
superior means had been devised for the attainment of the same end, indicate the importance to 
astronomy of publications which shall give in a connected and digested form those results, 
experiences, and methods, which have been thoroughly elaborated by the Coast Survey, but are 
only accessible to foreign scientists through oral communication and the collation of the succes
sive annual reports. 
· In my last report were contained the catalogues of circumpolar and time-stars prepared and 

adopted for the use of the telegraph parties. The former was based entirely upon Struve, but 
owing to my absence and consequent inability to bestow proper revision, some errors have crept 
into the printed table. During the present year eight other stars have been incorporated into 
the circumpolar catalogue and especial ca.re devoted to its revision. I therefore take the liberty 
of appending it here a.lso, and suggesting that it be printed with your annual report. 

I remain, dear sir, very respectfully and faithfully yours, 
B. A. GOULD, Jr. 

Prof. A. D. BAcnE, 
Svperi'fli.ende,nt U. S. Coast Survey. 



 

LIST OF CIRCUMPOLAR STARS FOH LONGITUDE-OPERATIONS-1856.0. 

No./ 
------------~ --- -----~--------

Names. a c p ---- ------
h. m. 8, '· '· I 21 Cassiopeire -- -- - - -1 0 36 9.09 + 3. 8138 + 0.0791 

2 Polaris----.------. -1 I 6 30.33 18.0464 6.0205 
3 A. C8llt!iopeire - - _ •• _-I 1 20 30.78 4.3035 O. OiOi 
4 50 Ca.sl!iopeire - _____ -1 1 51 8. 66 4.9583 0.0923 
5 1 Ca.ssiopeire . - - - ___ •• 2 17 10. 68 4.8251 0.0651 
6 48 (Hev.) CepheL ____ 3 2 5. 43 7. 2695 o. 1751 
7 "Camelopardi ·------ 4 39 39.66 5.9042 0.0353 
8 Groomb. 966 ··-·--·· 5 20 22.03 7.9661 + o. 0410 
9 22 (Hev.) Camelopardi. 6 2 51. 75 6. 6217 - 0. 0015 

10 51 (Rev. } Cephei.. ___ 6 31 5.91 30.6746 0.8044 
11 P. VII, 67 ---------· 7 15 45.24 6.3247 0.0406 
12 3 (llev.) Ursre Majoris. 7 58 19.83 6.0844 0.0591 
13 .~ Ursre Ma.joris ••••• _ 8 57 34.28 5.4035 0.0670 
14 1 (Hev ) Draconls ____ 9 16 2.31 9.2816 0.4061 
15 24 Ursre Majorls. --- . 9 21 35.07 5. 4739 o. 0859 
16 32 Ursre Majorls ____ . 10 7 26.99 4.4768 0.0582 
17 9 (Hev.) Dmcouis .••. 

1

10 22 38. 64 5. 3597 o. 1426 
18 i\ Draconls --··-----· 11 22 44. 74 3. 6706 0.0569 
19 4 (Hev.) Draconis •••• 12 5 21. 40 2. 9194 0.0645 
20 • DtaC'onis ----------f 12 27 16.12 2. 6215 - 0.0279 
21 32 (Hev.)Camelop. fol.112 48 7. 10 / 0. 3279 + 0. 1160 
22 aDraconis.---···••· 14 027,90 -f-1.6286 o.oou 
23 5 Urlll!J Miooris. _____ , 14 27 53. 20 I- O. 2370 0.0615 
24 P Ursoo llliooris •.••• .114 51 10. 50 O. 2595 0. 05HI 
25 , y 2 Ursre Mi nods •••• _ 15 20 59. 46 0. 1589 0.0380 
26 ~ Urt<re Minoris - • _ •• _ 15 49 19. 99 - 2. 3340 0. 1026 
27 Groomb. 23ZO ••• _ ••• 16 5 56. 64 + o. 1356 0.0206 
28 15 Draconis ••• - •. ___ 16 28 17.33 - 0. 1498 0.0207 
29 • U l'l!lll Minoris _. _ • __ 17 0 59.21 6.4519 0.1503 
30 "'Draconis ------ ••• - 17 37 48.30 o. 3634 I o. 0069 
lll tfi Draconis, (pr.) _____ 17 44 31. 45 1. 0878 + 0. 0077 
112 • Ursai Minoris. - •• _ •• 18 19 7.09 19.3529 - 0. 2796 
33 50 Draconis. - -- . __ • - 18 51 1. 48 - 1. 8846 0.0273 
34 o Draconis ------ ·--- 19 12 30. 65 + 0.0182 0. 0113 
35 r Draconis ---------- 19 18 18.97 - 1. 0704 o. 0281 
36 t Draconis --·---··-- 19 48 85.56 o. 1786 0.0218 
37 i\ Ursro Minoris ··--·- 20 8 30.89 54.6215 14. 7860 
38 • Cephei. ···-·----· 20 13 40. 98 1.8691 0. 0817 
39 Groomb. 3241 .• _____ 20 30 35.82 0.1941 0.0332 
40 T. Y. 1879 ----···--- 20 54 1. 33 - 2.4316 o. 1518 
41 {lCephei .•• ------··- 21 26 46.36 + 0.8040 0.0170 
42 11 Cephei. _. - -- ••••• 21 39 47. 02 o. 8859 0.0164 
43 79 Draconis _ ····--·- 21 51 4.00 0.7370 0.0230 
44 Cephei, 226 Bode • ___ 22 29 42.64 1. 0902 - 0. 0164 
45 • Ceph£i - _. - • - - - __ . _ 22 41 ill: 67 2. 1257 + o. 0110 
46 • CepheL-----------123 12 41. 54 2. 4161 o. 0198 
47 y CepheL •••. ·-·--·- 23 33 25. 95 2. 4113 0. 0365 
48 _§-oomb. 4163 -···--- 23 47 49. 62 + 2. 8307 I+ o. 0434 

·----~,-. ----,--------,---------~-1~--

q µ a b c d 8 

+ 0. 000026 - 0. 015 9. ~83:1+ 1.!31 8. 5849- 1. O 0. 5814+ I. 71 9. 3666+ I. 4 t 74011 1 

O. 0211(18 · + 0. 079 O. 3981+ 14. 31 9. 8733+35. 3 t 1. 2564+29. 6 t 0. 3980+ 14. 3 t 88 32 
a. 11 '· j I 

O. OOOOlfi '1· + 0. 024 9. 2525+ 0. 6 t 8. 8166+ 4. 8 t 0. 6338+ 1. 4 tJ 9. 2242+ 0. 7 t 69 30 
0. 000019 -- 0. 010 !1.2742+ 0. 3 I 8. 9959+ 4. 11 0. 6951!+ 1. 6 t 9. 2517+ O. 4 t 71 42 
O. 000008 - 0. 008 9. 1446+ O. 2 t B. 9784+ 3. 0 t 0. 6831;+ 1. 2 t 9. 1078- O. 1 t 66 44 

+ 0.000021 + 0.008 9.3237-· ].01 9.3317+ 3.5t 0.8615+ 2.lt 9.3128- 1.01, 77 11 
- 0.000011 - 0.010 8.7519- 4.Bt 9.1889-f- I.Ot 0.77lz+ 0.5t 8.7129- 4.7f 66 5 

o. 000043 + 0. 009 8. 6449- 14. 4 ti 9. 4026+ 0. 7 t 0. 9012+ 0. 5 t, 8. 6297-- 14. 4 t' 74 56 
0. 000022 + 0. 005 n7. 3772+137. 7 t 9. 2768- 0. 1 t 0. 8210- 0. 1 ti n7. 3444-f-141. 7 t 69 21 
0. 004131 - O. 111 n9. 2744+ 64. 2 t 0. 1392- 2. 7 t 1. 4868- 2. 5 ti n9. 2739+ 64. 2 t, 87 15 
0. 000015 + 0. 013 n8. 7760+ 5. 41 9. 2406- 1.1 t 0. 8010- O. 5 ti n8. 7455+ 5. :1 t, 68 45 
O. 000007 + 0. 011 n8. 9609+ 2. 8 'I 9. 2069- 1. 7 t 0. 7842- O. 8 ti n8. 9308+ 2. 7 t 68 53 
0. 000003 I - 0. 002 n9. 0899+ 1. 0 t 9. 0991- 2. 41 0. 7327- I. 1 t. n9. 0562+ O. 9 1: 67 43 

+ 0. 006135 • - 0. 004 n9. 5561- 0. 8 t 9. 4951- 6. 6 t O. 9676- 3. 8 ti n9. 5518+ o. 2 1: 81 57 
O. 000010 1_ - O. 007 n9. 1864- 0. 5 t 9. 1041- 3. 0 t O. 7383- 1. 4 ti n9. 1606+ O. 4 I 70 27 
0. 000009 - 0. 015 n9. 1571- O. 11 8. 8853- 3. 5 t 0. 6510-- 1. 2 t n9. 1172- O. 2 i: 65 49 
O. 0000461 + O. 000 n9. 4140- O. 9 t 9. 0694- 5. 3 t 0. 7291- 2. 3 t n9. 4017- O. 9 1: 76 27 
0. 000016 - 0. 008 n9. 2868- 0. 9 t 8. 5017- 8. 3 t 0. 5647- I. 3 t/ n9. 2602- 1. l ti 70 7 
O. 000032 I+ 0. 007 n9. 5212- 2. 0 t n7. 8898-f-35. 6 t 0. 4654- 2. 01

1 
n9. 5123- 2. 111 78 25 

+ 0. 000009 ' -- O. 013 n9. 2992- 1. 3 t n8. 3768-f- 5. it 0. 4185- 0. 9 II 119. 2737- 1. 31! 70 35 
07 000108 I -- 0. 021 n9. 8098- 4. 11 n9. 1384-f- 3. 6 t 9. 511i8+29. 2 t 119. 8076- 4. 2 ti 84 12 
O. 000000 - O. 008 119. 1361- 1. It n8. 8996-f- O. 1 t 0. 2118+ 0. It n9. 0936- l. 2 1; 65 4 
O. 000019 , + 0. 003 n9. 3532- 1. 3 t n9. 2299-- 1. 5 t 119. 37 48--22. 9 t n9. 3408-- 1. 4 t,

1

'1 76 20 
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APPENDIX No. 21. 
Report to tlie Superintendent by Assistant George W. Dean on details of the metlwd adopted for 

teleg1·aphic operati&nS to determine d~fference of wngitude, with descriptions of the instruments 
and means empwyed. 

MACON, GEORGIA, April, 1856. 
DEAR Sm: In accordance with your request I respectfully submit the following report upon 

the method of determining differences of longitude by means of the electro-magnetic telegraph 
as at present pursued in the United States Coast Survey operations. 

To make the subject more easily understood ~y those who have not seen these experiments, it 
may be well first to present a general recapitulation of the instruments and equipments required 
by each field party, and afterwards a detailed description of such of them as will make it intel
ligible to all. 

Each party is furnished with a forty-six inch transit, an astronomical clock, a sidereal chro
nometer, a Morse telegraph register, a chronographic register, a Grove's battery of forty-five cups, 
and a self-sustaining battery, either Mathiot's, Smee's, or Daniel's, which is used in the local 
circuit. 

The stations are generally selected from two to six hundred miles apart, as circumstances may 
require, though experiments have been successfully made between stations a thousand miles 
distant from each other. Temporary :field observatories are built in the most isimple style, 
affording the greatest convenience and best protection to the instruments at least expense ; the 
cost varying from fifty to one hundred dollars, according to the locality. The sites for the 
observatories are selected with special reference to the greatest stability of the instruments when 
once adjusted, and a clear sweep of the heavens from north to south. The transit instrument is 
always adjusted upon a granite or marble block, about five feet in length, three in width, and 
one foot in thickness. This block is sunk into sand about two and a half feet, and when neces
sary (as in a clay soil) it is protected from lateral pressure by a curb or box, a foot greater in 
both dimensions, placed around it. In case the location is wet or marshy, a grillagc, from 
twelve to fifteen feet square, is made of six-inch planks, arranged transversely a.nd strongly 
spiked together. This is 11laced from two to three feet below the ground surface, and upon it 
the stone piers are adjusted, the whole being enclosed in a strong crib, flush with the ground, 
and filled with sand, leaving a ditch around to prevent, as far as possible, any movement of 
the foundation. Figure 1, Sketch No. 66, is intended to represent a transit pier adjusted in the 
field. 

The astronomical clock is fastened to a granite or marble pier, of suitable size, when one' 
can conveniently be obtained; but this is not absolutely necessary, as well-seasoned, hard, or 
white pine timber has been found to answer every purpose, when properly secured in the ground. 

The observatory being ready for occupation, a single day is sufficient for the practised observer 
to set up his transit and clock, and one clear night will enable him to adjust his transit in the 
meridian, and obtain a reliable clock correction. 

It sometimes happens that neither the approximate latitude nor longitude is known before 
reaching the station; but this is of little consequence to the practical astronomer, as he can 
soon determine the approximate latitude sufficiently near for his immediate purposes by meMur
ing the zenith distance of a few of the principal stars which pass near his zenith, by means of 
the "finders" upon his telescope. An approximate latitude being thus determined, (within a 

· minut.e or two of arc,) he is prepared to determine an approximate clock correction, by observing 
stars as near to the zenith as practicable, both north and south. This done, he is ready to place 
the t.elescope in the meridian, by directing it upon any of the circumpolar stars the time of cul
mination of which may be most convenient. After the instrument is adjusted in the meridian, 
the cast-iron frame, or stand which supports the telescope, is fir~y secured to the top of the 
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stone pier with plaster of Paris prepared with water in the form of thick cream, and poured into 
the holes made in the base of the stand for this purpose. 

Transit Instrument.-The transits used by the Coast Survey parties were made in the most 
approved manner by Troughton & Simms, of London ; the focal length of each is forty-!!ix 
inches, with an aperture of two and three-quarter inches. Their magnifying power in use is 
about one hundred. 

Before commencing the observations, the riding level is carefully adjusted. The telescope is 
then set to a stellar focus by directing it upon a planet or star, or any distant terrestrial object. 
The parallax of the eye-piece, the verticality of the threads, and the collimation, a.re carefully 
examined and adjustment made, if necessary. The manner of making these adjustments is 
supposed to be already familiar, and need not be repeated here. 

For telegraphic purposes, the diaphragm is composed of twenty-five threads, arranged in five 
groups, as in Figure 2, Sketch No. 66, which represents the :field of the telescope. The equa
torial intervals between the threads, which form a group or tally, as it is called; or, in other 
words, the time required by a star upon the equator to pass from one thread to another, is about 
two and a half seconds of time. The intervals between the tallies are twice as large as the 
intervals between the threads forming a tally. This brief description of the transit instrument 
will perhaps suffice for present purposes, as the reader is supposed to be already familiar with 
its construction. 

A.Btronomical Olock.-The value of the astronomical clock is determined by the amount of the 
variation in its daily rate, after having been once adjusted and regulated with great care. It 
differs from the common clock chiefly in the comitruction of its escapement wheel and the 
pallets that check the movement of the wheel, in connection with the compeBsating pendulum, 
by which the centre of oscillation, or centre of gravity, is kept at the same distance from the 
point of suspension under all temperatures. The escapement most generally used in astro
nomical clocks is known as the "dead beat" escapement, from its peculiar motion, which allows 
the second hand to move forward by jerks. These occur at the extremes of the arc of the 
pendulum vibration. The compensating pendulums ti.re generally known as the" mercurial" 
and the "gridirtm.'' The former is constructed of a flat steel rod about half an inch wide, one 
eighth of an inch in thickness, and between thirty-iive and thirty-six inches in length. Upon 
the bottom of this slides a steel stirrup, of sufficient dimensions to sustain a glass or iron 
m&co.rial jar, two inches in diameter and eight inches in height. Figure 3, Sketch No. 
56, is intended to represent the form of the mercurial pendulum; and also the ingenious 
contrivance for conducting the galvanic circuit through the clock, as devised and made by 
Joseph Saxton, Esq., assistant in charge of the Office of Weights and Measures of the United 
States. P represents the steel pendulum rod ; S is the steel stirrup which slides freely upon 
the bottom of the pendulum rod, to be elevated or depressed at pleasure by turning the milled 
bead screw a, and M reprel'!ents the iron mercurial jar, which rests in the stirrup. Glass 
jars have heretofore been used for the purpose, but in a field instrument, where much risk must 
a.lways attend its tranaportation, the observers had often felt the want of something more safe 
and convenient for transporting so large a quantity of mercury than a glass jar or bottle. 
Accordingly Mr. Saxton (at my request) last year made an iron jar of the same capacity as the 
glass one heretofore used. Its dimensions are about one and a half inch in diameter, and 
seven and a half inches in height. It is closed at the top by a small screw, which secures the 
mercury in transportation. In this form of pendulum, the principle of compensation consists 
in having a column of mercury just sufficient to counteract the changes in the length of the 
~el rod, arising from variation in the temperature. On referring to the drawing, it will be 

. readily understood that a rising temperature will lengthen the steel rod P, and cause the centre 
of oscillation to fall lower from the point of suspension ; the mercury in the jar M, on the 
oontra.ry, will, from the same cause, expand upwards, thereby ditninishing the distance between 
the centre of oscillation and 'Point of suspension. The dact quantity of mercury~ 



 

THE UNITED 8TAT.ltS COAST SURVEY. 169 

for adjusting the compensation can only be ascertained by experiment. As a general rule, 
however, a column of mercury between six and seven inches in height will b@ found nearly 
correct. 

Perhaps a clear idea of Mr. Saxton's ingenious contrivance for connecting the galvanic 
circuit through the Hardy clock will be more readily obtained from the drawing B. Figure 3, 
Sketch No. 66, is a brass plate, fourteen inches in length, and one and a half in width, and one 
fourth of an inch in thickness. This is suspended -0n the back of the clock case by mean a of 
two steel rods B, If, of the same dimensions as the pendulum rod before described, and from 
points in a horizontal plane passing through the point of suspension of the pendulum. Plate 
Bis kept in position in the clock case by the screws band b', which are so adjusted as to allow 
the plate to move freely in a vertical plane, whenever a change of temperature may contract or 
exiland the steel rods s, ti. The object of this compensating arrangement is to keep the little 
platinum tilt-hammer (to be presently described) at a proportional distance from the point of 
suspension of the pendulum at all temperatures. I in the :figure represents an ivory plate fixeci 
upon the brass arm A, projecting at a right angle from the plate B. The ivory insulateA tlw 
galvanic circuit from the brass work of the clock, and on this plate the platinum tilt-hammer iH 
delicatoly adjusted in a little silver frame. By means of the screw x, represented in the figure 
as passing through the lower part of the frame, and pressing against the end of the ivory plate, 
the tilt-hammer may be adjusted in a horizontal position, so as to make the higheRt point fall 
directly below the centre of the metallic pin, which projects from the small ivory slide c, 
attached to the pendulum rod. The opposite end of the tilt-hammer rests upon a small brass 
standard, plated with platinum, and connected with the brass arm A. This platinum plate 
being insulated from the frame which supports the tilt-hammer, the galvanic circuit through 
the clock is completed only when the end of the tilt-hammer is in contact with the brass 
standard. 

The ivory plate c, upon the pendulum rod, is adjustible in a vertical plane, and after the 
clock has been firmly secured upon its pier, the metallic pin upon the ivory plate is adjusted so 
as to press upon the apex of the tilt-hammer just sufficient to break the contact formed by the 
<lpposite end. of the hammer resting upon the brass standard. The copper wires w and v/ form 
a part of the galvanio circuit. When w is connected with the framework which supports the 
tilt-hammer, and tJI with the brass plate B, and the end of the tilt-hammer rests upon the 
brass standard, the circuit is closed, and the galvanic circuit passes freely from w to vi. This 
is the m.se at all times when the battery is in action, except the instant that the pendulum 
reaches the centre of its oscillation, when the metallic pin on the rod touches the apex of the 
hammer, and breaks the cont.a.ct by lifting the opposite end of the hammer. Platinum being 
one of the best conduotore for the galvanic current, the slightest contact between two pieces of 
this metal forms a very perfect oonnection Df the circuit ; henoo the simple pressure of the end 
of the little tilt-hammer upon e. platinum plate is sufficient to close a galvanic circuit of many 
hundred miles in length. Experiments were ma.de by the lat.e Professor Sears 0. Walker upon 
a eirouit of more than two thousand. miles in length. 

Almost immediately after the circuit is broken by the clock, the end of the tilt-hammer falls 
upon the p-latinnm plate, and the circuit remains closed until the pendulum reaches the centre 
of the next oscillation, when it is again broken. From this brief description, the mechanical 
arrangetnent by which the elock is made t.o reoord its own time upon the common telegraphic 
register, er, in a. m~ue perfect and beautiful manner, upon a chronographic register, designed 
expressly for this purpose, may perhaps be understood. Before proceeding to describe the 
l'eCOrding apJ>aratus, I must refer to Figure 6, (sketch No. 66,) which is drawn from a epecimen 
,of the Ohronographic recording in :&nd's Ohronographic Register. It will be observed, that at 
the beginning of eaeh minute the second mark is omitted upon the sheet, or, in other words, 
the circiuit ia not bro:bn by the clook. It will further be notiood, that at the beginning of each 
nve minutes ttl}() eeoond marks are omitted. This is designed for the purpose of checking the 
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time, as noted by the recorder in the observatory, and for facilitating the reading of the sheera 
when posting the observations in a book prepared for that purpose. 

The simple and beautiful contrivance for obtaining this result was designed and made by Mr. 
Saxton. Figure 4 is intended to represent the manner of completing the galvanic circuit 
through the clock at the beginning of each minute. B and B' are brass plates, which are insu
lated from the brass-work of the clock by intervening thin plates of ivory (not represented in 
the figure.) The wires d and d' connect the plates Band B1 with the brass plate B, shown in' 
Figure 3; a and a' are platinum pins, which project about a quarter of an inch from plate B; 
l and l' are light platinum bars, turning freely upon platinum. axes at b and b'. On the bar l', 
the platinum pin c' rests upon the periphery of a light brass wheel, which is firmly :fixed upon 
the shaft of the second hand. The little notch on the circumference of the wheel is coincident 
with the p.osition of the second hand when indicating sixty seconds upon the· face of the clock. 
In the figure the second hand is supposed to indicate :fifty-nine seconds upon the clock ; at the 
next vibration of the pendulum, it moves forward to sixty seconds, the projecting pin on 
the bar °I! slips into the notch upon the circumference of the wheel A', and the end of the bar 
falls upon the platinum projection a', when the galvanic current will pass through the clock., {LR 

indicated by the arrows eel. At the next vibration of the pendulum, the wheel A' moves 
forward in the direction indicated by the arrows, throwing the small pin out of the notch in the 
periphery of the wheel, and thereby breaking the circuit at a'. The wheel A is of the same 
diameter as A', and is fixed upon the shaft of the minute hand. It has twelve notches equidis
tant upon its circumference, one of which is coincident with the position of the minute hand 
when indicating an even five minutes on the face of the clock. The bar l is similar to l!, and 
operates in the same manner. At every five minute mark, indicated by the hand upon the dial, 
the pin con bar l slips into one of the notches, thus allowing the eU:d of bar l to touch the 
platinum projection on the plate B. The notches upon this wheel are so formed as to allow the 
pendulum to make two vibrations before the pin 0 is again thrown upon the circumference of the 
wheel, which breaks the circuit at a. It will be perceived from the drawing that the galvanic 
circuit is connected through the clock whenever either of the bars l or l' is allowed to touch the 
platinum projections a or a1

, although the circuit through the tilt-hammer continues to be raised 
at each vibration of the pendulum. 

Clironographio regiaters.-The register invented and made by Messrs. Bond, of Boston, has a 
cylinder eleven and a half inches in length, and nineteen inches in circumference. Its motion 
iR regulated by a centrifugal fly-regulator, similar to those used upon equatorial instrumentB, 
in connection with a pendulum adjusted to vibrate half seconds, and which allows the cylinder 
to revolve uniformly once a minute. The paper is conveniently secured upon the cylinder by 
spring clamps attached for that purpose. The cylinder is of such size as will admit of recording 
the observations made in two hours without raising the pen from the pa.per. Figure 6 (sketch 
No. 66) is a specimen of chronographic recording on Bond's Register. Figure 7 is & specimen 
of chronographic recording on Saxton's Register, the cylinder of which is eight inches in 
length and fifteen inches in circumference, adjusted to revplve twice a minute. Its motion is 
regulated by a combination of the crank with the vibration of two pendulums. It is hardly 
necessary here to give a detailed description of these instruments, M both may be easily under
stood from a slight inspection. 

Batteri.es.-Tha Grove's battery, used in the main circuit in the Coast Survey experiments 
for determining differences of longitude, is the same e.s that generally employed in telegraph 
offices. 

The Mathiot self-smtaining battery, which is sometimes used in the local circuit, has been 
found very convenient. .An elaborate description of this battery, written byMr. :Mathiot, ma.y 
be found in the Coast Survey Report for 1854. .Appendix No. 66, page 193. 

The improved Daniel's ba.ttery is of more reoent date than either Groves-' or Mathiot' 11, and a 
brief description of it here may be of interest. 
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Figure 5 (sketch No. 66) repreRents two jars of the Daniel's battery. CC are made of copper 
plate, about one-sixteenth of an inch in thickness, eight inches in depth, three and a half inches 
in diameter at the bottom and four at the top. PP are cylindrical porous jars, one-eighth of an 
inch in thickne.<is, F!even and a half inches in depth, and two inches in diamet€r. Z Z are zinc 
plates, which are suspended in water in the porous jars. To set the battery in action, the space 
between the porous and copper jar is filled with sulphate of copper, (blue vitriol,) and the i>orous 
jar is filled with fresh water. 'l'he zinc plates require no amalgamation, (but would thereby be 
more serviceable ;) and as soon as the water :filters through the porous jars sufficiently to satu.,. 
rate thoroughly the sulphate of copper, the galvanic action between tho metals will take place 
when the poles of the battery are connected. It requires from one to two days for the sulphate 
of copper to become sufficiently saturated to produce a strong current; but a few drO})S of sul
phuric acid, mixed with the water in each por01rn cup, will greatly facilitate its action. The 
fJorons cups are kept filled with imre water, and the copper jars are supplied with blue vitriol, 
from time to time, as circumstances may require. 

When in good working condition, the intensity of the current from two jars of this battery is 
equal to the intensity of one cup of Groves'. The chief recommendation for this battery in 
field purposes consists in its portability, small original cost, and the economy in keeping it 
in action. During the three weeks which it has been used in the past season in the longitude 
experiments, its performance has been highlJ' satisfact.ory, and on one occasion it continued to 
give a strong current for more than a month, requiring now and then the addition of a little 
water and sulphate of copper. 

Having described the astronomical instruments and telegraph apparatus in as brief a manner 
as possible, I will endeavor to give a general description of the mode adopted in the Coast Survey 
for determining differences of longitude by means of the Electro Magnetic Telegraph. On 
reaching the stations, the difference of longitude of which is to be ascertained, each observor 
determines his local time as soon as practicable. This, we have before stated, can be easily 

• accomplished in a single clear night. The local time being determined, the observers take their 
chronometers to their respective telegraph offices (when the approximate difference of longitude 
is not 11.lready known) a.nd determine an approximate difference of longitude in the following 
manner. The observer at one office makes a single tap upon the operator's signal key at every 
ten seconds, as indicated by his chronometer, while the observer at the other office notes the 
tixne of the tap by his chronometer, in the same manner as if he were observing the transit of a. 
sta.:r. Si1 or seven taps are sufficient to give a good approximate dHference of longitude. After 
the signals &f'.e oomplet-Od, each observer informs the other how much his chronume~r is fast or 
s)ow of the true time, and from this da.ta. the difference of longitude is a.t once obtained. This 
determination 8€ld-0m requires more than ten -Or nfteen minutes. It is proper here to remark, 
tha.t the offieefa conn~cttld with the telegr.aph linoo upon which these experiments b11-ve bee~ 
~ade by the Ooast Survey have always eheerfully extended every facility within their power. 

As soon &s Jl.n 11.pproxima.te difference of longitude is obtained, .a. set of stars is selected wit}j 
much ca.re from the British Association Gt.talogue, and arranged in such n. manner that whil~ 
one a.stroQomer hi observing IJ. sta.r, the other may be engaged in adjusting hili instruments or 
looking after other matters in his observatory that may require attention. The following 
®PY of a portion of the longitude star list, which was used in the Macon and Montgomery 
~legraph. ea.mpaign of this season, will, perhaps, be sufficient to conve,r a clear ide4 of this pa.rt 
of tJw progra.mme1 without further expl~p.a,tion, 
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COAST SURVEY ASTRONOMICAL STATION AT MA.CON, GEORGIA. 

List of stars arramged from the B.A.C.for determining the difference of longitude bei,ween Macon, 
Georgia, and .Montgamery, Alabama, March, 1856. 

Approxima.te latitude of station= 320 50' . 
.At!Sumed di1ference of longitude between Macon and Montgomery, lOm. 4:Js. 
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For determining the azimuth and collimation of the transit, and also the clock correction each 
night, those stars only, whose places have been most accurately determined, are used. For 
greater convenience to the observer, manuscript catalogues of the principal circumpolar and 
zenith stars have, with much care, been compiled from several of the most reliable authorities. 
(See Appendix No. 46, page 287, Coast Survey Report, 1855, and page 166 of this report.) ..A.t 
least six or eight zenith stars, with lamp east and west, in connection with at least two 
reversals of the telescope, upon two circumpolar stars, are carefully observed each night before 
commencing the exchange of star signals for differences of longitude. The reversal of the 
telescope upon the circumpolar stars is for the purpose of determining the collimation of the 
threads. Tho telescope is ra.ised and lowered in its Y's, without risk of jar to the instrument, 
by means of a reversing apparatus attached for that purpose. 

The telegraph lines are usually available for making these experiments after the regular 
business of the telegraph company is completed. The time varies from ten p. m. to two a. m., 
when the operators in their respective offices connect the main telegraph wire with the wires 
extending to the respective Coast Survey stations, thus placing only the Coast Survey apparatus 
in the galvanic circuit. As a general rule, on connecting the stations by telegraph, the platinum 
or negative pole of the battery at the eastern station is connected with the ground plate, and 
the zinc or positive pole is connected with the ground at the western station. 

The ground plate con11ists of a copper plate, from twelve to sixteen inches square, to which a 
No. 10 or 12 copper wire is well soldered. This plate is buried from four to five feet below the 
surface of the ground, the copper wire being of sufficient length to connect with the battery. 
It is desirable that this plate should be sufficiently below the surface so as to be constantly kept 
in contact with moist earth, since the ground forms one half of the galvanic circuit in all tele
graph operations. It is immaterial which pole of the battery connects with the ground, so long 
as the opposite pole of the second battery is also connected with it. 

As soon as the galvanic circuit on the main line is completed, the astronomer at the eastern 
station connects his clock with the circuit, and at once prepares for exchanging star signals. 
When a star enters the field of his telescope, he makes it known to the observer at the western 
station by rapidly breaking the circuit, thus producing a rattle. Figure 2 (Sketch No. 66) rep
resents the diaphragm of the field of the telescope. The instant that a star is bisected by one 
of the vertical threads, the observer breaks the circuit by a tap upon the key k, seen in Figure 
No. 1, (K.) In clear weather, ea.ch star is observed only upon the three middle tallies or fifteen 
threads. In cloudy weather, it is observed on any threads which may be practicable. 

The discussion of the results from former experiments seem to indicate that it is better to 
observe the star only upon :fifteen threads than upon the twenty-five, since the eye of the observer 
becomes rapidly fatigued by observing the smaller stars upon so many threads. Most of the 
stars which can -be conveniently arranged for telegraphic signals are unfortunately of the smaller 
ma.g-aitudes. 

As iroou 8.s th~ signal is given for observing, the l\foree register at each station is set in 
motion, and the record of the observation is obtained on fom different registers. We may here 
incidentally remark, that the time recorded upon the registers most distant from the station 
where the observation is made is not strictly identical with the time reoorded at the station of 
observation. This we shall notice more particularly hereafter. 

Upon the completion of an observation~ the observer signifies it by a signal similar t.o the one 
made at the commencement. 

Immediately after the observation upon the star Yi completed, the riding level is placed upon 
· the pivots of the transit, and allowed to remain a sufficient time to obtain a correct reading; it 

is then ~versed, and again adjusted upon the pivots, and a second reading taken. The inclina
tion of the axis of the telescope is indicated by one-fourth of the difference between the sums of 
the east and west ends of the le~l readings. The object in reversing the level upon the transit 
axis is to eliminate, as far as possible, the errors a.rising from its own imperfect adjustment. As 
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soon as the level readings are completed, the observer is prepared for a second star, due notice 
of which is given by a signal to the second station. ·On completing t.he observation upon the 
second star, the telescope is carefully reversed in its Y's, and adjusted for observing the two 
stars upon the longitude list which will next pass the meridian. By this time the star which 
was first observed at the eastern station will be near the meridian of the western ; and as soon as 
it may be necessary, the astronomer at that station informs the other that an observation is to , 
be made, by a succession of rapid ta11s upon his break-circuit key. While the observer at the 
western station is employed in reading the transit level, after his first observation, the astronomer 
at the eastern Rtation may transmit the signals upon a third star; after which he will read 
his transit level, and the astronomer at the western station will observe a second star. In this 
manner the star .!!ignals are exchanged and recorded upon the two registers , at each station, 
until ten or twelve stars have been satisfactorily observed by each observer, with the eastern 
clock in the circuit. This clock is then disconnected from the galvanic circuit, and the western 
clock substituted in its place; after which the star signals are continued (when practicable) until 
an equal number of stars have been satisfactorily observed on. 

It will be understood from the foregoing that the observations made at each station are recorded 
by the same clock, and hence the resulting difference of longitude is entirely free from errors 
which may exist in the assumed places of the stars. I have before stated that a signal made at 
one station is not recorded upon the registers at both stations at the same instant of time. This 
arises from several causes, amongst which arc the resiBtance to the galvanic current in passing from 
one station to the other, and the difference in the adjustment of the different magnets in connec
tion with the defects in their construction. This part of the subject cannot well be explained 
without extending the report to a much greater length than desirable. In pa!!sing, however, I 
would remark that this difference of time is accurately determined from the experiments of each 
telegraphic campaign, and is applied as a correction to the observed difference of longitude. The 
late eminent American astronomer, Professor Sears C. Walker, who, from the commencement, 
conducted these experiments, and continued in charge of this department of the Coa.st Survey 
until his decease, designated this correction as "wave time." From this digression we return 
to complete our description of a night's operations for determining the differenoo of longitude. 

After signals have been satisfactorily exchanged, by observing from twenty to twenty~4ve 
!'!tars, (an equal number with each clock,) which usually requires from two to throo hours, the 
telegraph operators are relieved from duty, and the night's work at each station is completed by 
observing the se.me number of zenith and oiroU,mpolar stars, and in the Btlme ma.nner a,s beforQ 
commencing the exchange of star aignalii. 

A faithful record of the observations, and all remarks pertaining to them, is kept by the 
recorder in the observatory. He also informs the observer what star is next to be observed, its 
position, a.nd the time it will pass the meridian. To faoilitatE\ this, a oonvenient programme is 
arranged for the recorder; but to guard against mistakes, it demands his most promp~ a.nd strict 
attention. The following abstract, taken from one of the :lleld records, will best show the form 
of the journal kept in the observatory : 

MACON, GA., .April 18, 1856, 
Exchange of star signals for difference of longitude. Ea.stern clock put in circuit, 

Barometer reads 29.110 in. 
Int. Temp. 61°.2. 
Ext. Temp. 59°.0. 

(W.) * 4290. My. reced. min. aft. rat. 50; min. bef. rat. 60, [Obs'n bad on Morse.] 
Chronogra.phic Reg. not stopped. 

(W.) * 4351. Mc. Lp. E. min. aft. rat. ,52; min. bef. rat. 52. [3 m. Ts.] 
Chronographic Reg. not stopped. 
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(W.) * 4304. "l\fy. reced. min. aft. rat. 53; min. bef. rat. 54. 
Level Lamp E. at 12h. 55m. 

W. 54.0 E. 41.8 
w. 39.8 E. 56.0 

(W.) * 4384. Mc. Lp. E. min. aft. rat. 59; min. bef. rat. 59. E3 m. Ts.] 
Reversed inst. to Lp. 'Vest. 

* 4351. l\Iy. reced. min aft. rat. 03; min. lief. rat. 04. [First two tallies lost.] 
Chronographic Reg. not stopped. 

(W.) * 4421. l\Ic. Lp. W. min. aft. rat. 0.5; min. bef. rat. 0.5. [3 m. Ts.] 
Chronogra1)hic Reg. not stopped. 

(W.) * 4433. life. Lp. W. min. aft. rat. 07; min. bef. rat. 07. [3 m. Ts.1 
Chronographic Reg. not stopped 

(W.) * 4384. l\fy. reced. min. aft. rat. 10; min. bef. rat. 10. 
Level lamp W. at 13h,. 10m. 

\V. 38.2 E. 58.0 
W. 53.5 E. 43. 7 

Reversed instrument to Lp. Ea~t. 
Level lamp east at 13h. 13m. 

W. 53.8 E. 43.1 
w. 40.3 E. 5fi.6 

(W.) * 4421. My. rece<l. min. aft. rat. 16; min. bef. rat. 16. 
Chronographic Reg. not stopped. 

(W.) * 4433. My. reced. min. aft. rat. 18; min. bef. rat. 18. 
(W.) * 4499. Mc. Lp. E. min. aft. rat. 21; min. bef. rat. 21. [3 m. Ts.] 

Chronographic Reg. not stopped. 
(Lost.) * 4513. Mc. Lp. E. Star not seen. 

Reversed to lamp W. 
(W.) * 4536. Me. Lp. W. min. aft. rat. 28; min. bef. rat. 29. [3 m. Ts.] 
(W.) * 4552. Mc. Lp. W. min. aft. rat. 31; min. hef. rat. 31. [3 m. Ts.] 

Chronographic Register not stopped. 
(W.) * 4499. My. reced. min• aft. rat. 32; min. bef. rat. 32. [Obs'n bad on l\forse.l 

I,evel Lp. W. at 34m. 
W. 39.0 E. 58.8 ~ Barometer= 29.69 
W. 53.'T E. 44.0 ~Int. Temp.= 60.8 

ReverAed instrument to I.p. East. 
(Lost.) * 4513. My. Star not received. 
(W.) * 4536. My. reced. min. aft. rat. 39; min. bef. rat. 39. 

Chronographic Reg. not stopped. 
* 4597. Mc. Lp. E. min. aft. rat. 40; min. bef. rat. 40. [3 m. Ts.] 

175 

Note.-The station where the observation is made, together with the position of the lamp, a.re 
both marked on the Morse fillet, as well as in the record. Therefore the abbreviation " Mc." 
and "My." before a star denotes respectively }!aeon and Montgomery. "W.," on the margin, 
signifies that tl,.e observation was well recorded in the registers. " Lp. E." and " W." 
signifies the position of the illuminated end of instrument, whetii.er east or west. The charac
ters "min. aft. ra.t." and " min. bef. rat." signify the minute by the clock lifter and before the 
rattle -0f the break-circuit key, at the beginning and end of ea.ch observation. 

In order to guard against mistake, and to distinguish, in reducing the work, all the observa
tions made for determining the instrumental or personal corrections are recorded in red ink, 
while the star signals fo:r determining the differenoe of longitude are recorded in black upon the 
ohronographic sheets. 
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Reading off the Ohronographic Sheets.-As soon as practicable after the observations have been 
made, the chronographic sheets are carefully read off, by means of glass scales constructed for 
this purpose, and the readings posted in a book arranged in the following form: 

I I 
Dato ••• - - - April lith. Mea.n of · April 8th. Mean of April 8th. Mean of 

I tallies. tallies. tallies. 

Lamp .•.•• : We5t. 
j 

West. West. r·--------
_ _,., ___ .. _ .... ----------

I-- ·----
I e Urs. Maj. • L<'Onis. Regulus. Star .•••••• I 1--- ............... ...................... -........ -- ---.. 

r r 9 22 07. 55) 9 36 54. 78[ 9 59 59. 511 
l!. 80 I I I 57.90 10 00 02. 20 
16. 20 r. I 00.80 04.91 
20. 78 J I I 03. 79 08. oo I 
25.22 I I 06. 90) 10. 40 J 

i 

• 22 34. 211 \ I 9 37 12. 80' 10 00 15. 95) 
38. 55 I I ls. 02 I 18. 99 I 
43. 49 r I I 18. 91 r 21. so ... 47.4a 21. 69 J 24.30 

·~ 51. 64 J I 
24.59 27.09 

" ) ,_ ... i . " "·'"} I 
• 37 ''""'} 

10 .. , .... } ._ 
0 05.13 33.51 35.55 
~ 09.62 I 36.82 38.43 
El 14.49 39.94 41. 3-0 

!==< 18.77 l 43.09 43.96 

9 " 27.60} • "48.10} 10 00 "·"'} 31. 94 I 51. 62 52.38 
36. 54, 54.50 . 54.95 
41. 10 I 67.88 53. 00 
45.62 

I 
00.89 00.81 

9 23 53. 90 l 9" .... ,} 1-0 01 06. 21 l 
58.50 I 09.50 08.44 
03.20 

I 
12.54 12.00 

01. 79 1 1!>.60 14. 60 J 
11. 92 J lS.70 • 17. 50 l 

Figures 9 and 10 (Sketch No. 66) are intended to represent the full size and exact form in 
which these glass scales are made. The :fine lines upon the glass are produced by the action of 
fluospathic acid, (the particular process of which it is unnecessary here to describe,) and after
wards made to show more distinctly by means of printers' ink or other black compound. Both 
the convergent and parallel scales are used ; each having it.e advantages, depending upon the 
kind of chronogra.phic work to be read o:ff. The scale with parallel lines is best adapted for 
reading off chronographic records when the second is represented by a line from three-fourths t.o 
an inch in length, as in the Saxton Regieter and Morse fillet ; but when the second is repre
sented by a line only half an inch or lees, as is the e&ae upon the gpring-governoT, the scale 
with convergent lines is preferable. One precaution is n600ff8&'Y to be carefully observed in 
using this scale, namely, to keep the lines which are marked upon the scale, exactly parallel 
with the lines upon the pa.pet, otherwise erroneous readings are obtained, by uot uaing pl'opor
tional parts of the S<l&le. These renmrke will be understood 'by & reference fu Figure 1(), witOOu.t 
further explanation. No wch precaution is ttooefl!ltmry in using the scale with the parallel lines, 
which give it a decided advantage 6Ver the oonvergent '8Cale. , 

The breaking of the ga.lvanic circuit by the clook, or the obeer'V'er, ae indicated by the dire
. oographic method, is ealled the ~' and the elOffing of the eirmrit is ealled the ~· 

In reading off, therefore, the electronieft onl,y aTe used, since they indicate the n:aet i6M:ant 
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that the circuit was broken by the clock or observer. In Figure 6, {Sketch No. 66,) a and a' are 
the electronics of the clock breaks, and b is the electronic of the observer's break, or the instant 
at which an observation was made. Placing the glass scale upon the paper with the parallel 
lines upon it, coincident or parallel with the line a a', and with the extreme convergent lines 
falling upon a and a', thus dividing it into ten equal parts, the proportional part of the line 
from a to b is at once obtained, by inspection, to the nearest hundredth of a second, and marked 
upon the sheet. In this manner all of the chronographic sheets are read off, the process being 
so simple as to require no further explanation. 

For the purpose of obtaining, approximately, the transit and clock corrections, after each 
night's observations, the middle tally, upon which a few of the stamlard stars were observed, is 
read off to the nearest tenth of a second, by estimation, without using the glass scale. Six or 
seven stars are found to give results sufficiently accurate for executing all the .field operations. 

The following simple formulru are used in the field reductions for obtaining the local time : 
'P =approximate latitude of the station. 
/J = declination of star. 
a = right ascension of star. 
m =mean of the threads. 

A = sil1· __ ('t'_-:;_ ?2 = star constant for azimuth correction. 
cos. 0 

B = co\~-:--a ~) = do level Jo 
C = sec. iJ do collimation do 
A is positive except for stars lrntween the zenith and pole. 
B do do at lower culmination. 
C do do do 

180° - lJ is used instead of iJ when the star is below the pole. 
a = azimuth correction in time. 
b = level do do 
c = collimation do do = observed time of transit corrected for level. 
w = approximate clock correction. 
w. = do do corrected for collimation. 
'1t = do do corrected for collimation and azimul Ii. 

The approximate clock and azimuth corrections are then computed as follows : 
Assume an approximate clock correction 0 and putting A tJ = dt - 0 we lia>c 

I d (} + 1: A. a= }..' w1
0 

I .A. ,J tJ + I A. 2 a= 2.' .Aw'. 
from which a. ,J (} and ,J t are deduced. 

23 cs 
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The accompanying example, taken from one of the volumes of the original field records, will 
serve to illustrate the method and form of the reductions : 

Coast Survey, .Astronomical Station, city of Macon, Georgia, March 15, 1856. 

{JGem. q,Gem. 

lrunP----i East. i E. j W. W. W. ! E. 

Star -----1~·~1 <l Gem. I a2 Gem. I a Can. Min. 

O"°"'"'--: E Goodfellow .. I l,i ---II 
1

1------i-------i------
Mode. __ •• I Chronographic. 
___ I I II I 

I I I I 

Levelling/ :.· :~:; I ;· :~:~ J ~\~~:~ /:::::::::::::::: ~'\~~:~ I :.-~~~:* 

I 
4.0 ! 2.4 1. 6.4 :---------------- 6.8 ! 0.3 

,, ~. \ ,, s. ,, B. I ,, '· ,,. '· ! II 3. 

1=-l.00=-0.07,=+0.60 =+0.04 ,=-1.60 =-O.lli=-1.60 =-0.11-+l.57 =-0.10 ,.......0,07 =-,0.10 

: : I I : 
1 h, m, $, I 

---1 I I I I------
a i 7 2 32. 80 7 11 32. 08 : 7 25 25. 45 7 31 46. 49 7 36 30. 99 7 44 U. 82 

___ : ; l 11-------·1------ ------
1 1 '1 I I 7 2 26. 5 7 11 26. 2 7 25 19. 5 ' 

Middletal-
1 

30. o : 29. 5 
1 

22. s I 
ly. I 33. 0 ,I 32. 5 : 26. 2 I 

! 36. 0 35. 6 29. 2 

7 31 41. 8 
44.5 
47.o 
50. 0 
53.0 

---,1 .,_, i 38.. r ... ·1' 
M .. ______ 7 2 32. 94 I 7 11 32. 44 7 25 26.14 7 31 47. 26 

7 36 25.6 
28.6 
:n. 6 
34. 7 
38.4 

7 36 31. 78 

! I I --1 I 1-----l------J-----
~::::::::i t ~:~~ I +t ~:~~ 

1

1 

+ 0.01 + 0.46 + 0.09 
+ 1.18 + 0.89 + 1. 13 

c. -------1 + 1. 11 I 1. 08 + 1. 18 + 1. 00 + I. 14 
! 1---1---1-----1---1---1 

Bb.. ••••• j - 0. 04 + 0. 04 
t ____ ----1 7 2 32. 90 7 11 32.48 
Cc + 0.21 I + 0.20 

-------------l------1-------!1-------1 
., __________ -__ o._1_0_

1 

__ -__ o_. 4_o_/ _____ _ 

I I 
........... 

1 
- o. 81 I - o. so I 

- 0.13 - 0.10 - o. 12 
7 25 26.0l 7 31 47.16 7 36 31. 66 

+ 0.22 + 0.19 + 0.22 

- 0.56 - 0. 67 - 0.67 

- o. 3'1 I - 0.48 - 0.45 

7 44 35.6 
39.2 
42.2 
45.3 
48.6 

7 44 42. 16 

+ 0.11 
+ 1. 12 
+ 1.12 

0.0B 
7 44 42.16 

+ 0.21 

- 0.34 

- 6.56 
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March 15, 1856. 

--~ -c~~-------~--~-----\ 

-1 

W. E. i 
---·------------/ FfJr Collimation. 

E.G. I .. Cephei, L. C.=Cc=-0.858. C=-4.54 c=+0.19•. 
----

Clock and azimuth ccrrtt:tion. 
\ 

W. Hll. 5 W. 105. 6 i Let e = - 0.40•. 
E. 109. 3 E. 107. 2 l "'o 

( J Canis Majoris, E -0. 31 
1.8 1.6 I 

-------
1 

: J Gemin. --·--- E. -0. 60 
& i & ! 

=- l".95=-0.13[=-0'1.40=- 0.03
1 

a 2 Gemin. --·-- W.-0. 34 

F5 8 
4 
3 
2 
1 

E5 
4 
3 
2 

! a Canis Minoris, W.-0. 48 
I h. m. '· 8 l:J 34.50 

---
i .a Gemin ...••••• W.-0. 45 

------1 
11) 41. 4 

52.6 
-11 5. 3 

18. 5 
31. 4 

11 55. 5 
12 5. 7 

19.5 
31. 1 

El 8 
2 
3 
4 
5 

F 1 
2 
3 
4 

14 23. 7 
36. 7 
47.7 

15 1.1 
14.2 

i <f> Gemin ...••••• E. -0. 55 
I 

"Cephei .•••• W.E. +o. 35 

.A. w'o .A.2 
+o.95 +0.09 0.90 

+0.20 -0.20 0.04 

+0.01 +o.o& o.oo 

+o.46 -0.08 o. 21 

+o.o!l -0.05 o. 01 

+0.11 -0.15 0. 01 

+4-.26 +o.75 18.15 
-----

+6.08 -f-0.42 -f-19.32 

1 45.0 

D3 13 33.l 

/j 

15 36.5' 
49.5 

16 3.2 
15.3 
26. 7 

7 a. e + 6. 08 a = + 0. 42 

I 6. 08 D.6 + 19. 32 a=+ 3.18 

h. m. 1. 

8 Hi 25. 46 

+ 0.01\ 
8 15 25.51 

8 13 34. 15 

+ ---------·---! 
+ 0.35 

O.U5098 o. 783904 

9.938806 

0. 722710 

9. 623249 

9.562055 

.A,.,'o Aa a.t 
+0.09+o.19 -o.5o 

-0.04 +0.04 -0.64 

0.00 +0.02 --0.36 

-0.04 +o. 09 -o.57 

0.00 +0.02 -0.47 

-·O. 02 +o. 02 -0. 57 

-f-3. 19 +o.ss -0.50 

-f-3.18 -0.51 

7 ,i. 9 = O. 42 - 6. 08 a 

=-0.80 

'1 O=- 0.11 

a.t=-0.51 

While the observations at the stations are in progress, each observer determines the equatorial 
intervals of the threads in his transit by making at least thirty observations up'.)n six or seven 
of the principal circumpolar stars. The inequalities of the transit pivots are also carefully 
determined by at least three series of levellings with the riding level. 

This is done by noting the level when the illuminated end of the transit is towards the east, 
an~ then reversing the telescope to the west, and again noting the level, with the telescope 
adjusted at the same altitude in the opposite direction. The following copy of a aeries will 
better illustrate this: 
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CO.AST SURVEY STATION DE ROSSET, CITY OF WILMINGTON, N. C., JANUARY 23, 1856. 

Observations for determining the inequality of the pivot8 of Coast Survey transit No. 8; weallter 
cool and pleasant, wind light from tlie northwest. Observer, George W. Dean. 

LAMP EAST, OBSERVER SOt:TlI OF INSTRt:MENT. LAMr WEST, OBSERVER NORTH OF INSTRUMENT. 

Level. ' ' 
Ti IT I 

A. M. 1 

I 
..... <5 1~=~ O·.:.'"g.S ci 0 0. Level. 

0 ..... ~!ZI 
0 "::1..C:"> = s "' -.. 

Time !Temp. 0 <.> .~::§ ~·~=6 I re ~ 
A. M. ' "'- ' ..., " 

I "::: c.: 
I~;~~ 
~ e.c ..... me '. emp.

1

' 

I 
! I 

_l_1 _m ___ t_o_i---=o-

I~~~ 11·:;§ ~~ 
i 

I 
:;:: .. West. East. «I ·-d 

~~~~~ - " "'>< <.> -< '5 ;:::: a: "' 
1-0- 1--- :;,.) 

h. m. 0 

88. o I 

___ ,I ___ .: ~ ~ 
West. /-Ea-" _st_. __ ~-~--~---~-----

lO. 05 29. 5 · 

10. 12 32. 0 

10.17 32.0 

10.30 33.5 

10.35 34.0 

10.45 34.5 

10.50 35.0 

i 

11. 00 35.5 

I 

i 
11.03 36.0 

11.a 36. 0 

j 

11.17 36. 5 • 
' 

I 
11. 28 37. o I 

--1 

34. 3 i 

55 

50 

92. 21 + 89. 9 

182. 1 I 

75.3 
7i. 5 

152. 8 

89. 91==7=3.=5=1 
87. o I 75. 9 j 

.176.9/ 149. 4 i 
45 ; 86. 9 : 75. 31 

I 89. 0 I 72. 6 
,---,---, 

175. 9 ! 147. 9 

40 88. 9 

1
~ 69. 2 1 

83. 0 74. 2 i 
I , 

171. 9 i 143. 411 
I :=== 

35 i 83. o I 7 4. o 
I 87. 5 i 68. 8 II 

!11~!428 
30 87. 3 ! 66. 0 

80. 5 i 72.4 

I 167. 8 : 138. 4-

I 
I 

74. 5 25 80. 0 i 

86. 0 ! 66. 0 , ___ : ___ 
I 166. 0 I 140. 5 

; i 
20 I 86.0 I 64. 0 

~~I 71. 4 

I 164. 5 i 135. 4 
I l 

15 i 78. 3 I 71. 0 

I 
85. 0 l 64.0 

i 
163. 3 I 135.0 

10 84.0 i 63. 0 
77. o I 69. 0 

i 
161. o I 132. 0 

76. 51 5 69.5 
63. 0 83. o I 

132. 5 159. 6 I 
I 

0 82. o I 62.0 
75.3 68.0 

157. 3 / 130. 0 

7.32 

6.90 

7.00 

7. 12 

6 9:.t. 

7.35 

6.90 

7.27 

7.07 

7.25 

ti. 75 

6.82 

10.07 29.5 55 

10.09 30.5 50 

I 
I 

10.23 32. 5 : 45 

10. 26 32. 5 40 

10. 40 34. 0 35 

: 10.43 34.5 30 

: 

' 10.53 35.0 25 
: 
i 

10.57 35.0 20 

11.06 36.0 15 

I 11.10 36.0 10 

II 
I 
I 11.20 37.0 5 
I 

I 
I 
I 

I I 
I 11.25 : 37. 0 0 
I ~ I 
i i 34.1 

78. 41 ss. o I 78. 0 

176. 0 I 156. 4 I 4.90 + 0.60 
! 

87. 4 I 78. o , 
87.o 11.li I 

174 4 I 155 5 I i 4.72 + 0.54 

83. 9 i 77.0 
87. 4 i 72.8 

5.37 + 0.41 ' 171. 3 i 149. 8 

87. 3 i 72. 3 
82. 3 I 76. 5 

I ' 169. 6 : 

81. o I 
85. 9 ! 

Hs s I o. 20 

74.5 

+ 0.48 

69.5 
---1 

16s 9 I 144 0 5 72 + 0.30 

I 85. 2 I 69. o I 80. 5 74. o 

1
165. 1 \143."o. 5.6 7 + 0.42 

I 79. o I 73.5 
85.0 66. 5 ! 

! 
164. o I 140. 0 i 6. 0 0 + 0. 22 

84.o IJIT] 
78.0 73.0 

162.o) 139. 1 5.5 7 + 0.42 

77.0 71.5 
83.0 64. 6 

160.0 136. 1 Ii. 9 8 + 0.27 

83. o I 64. 5 B 71.0 ---
135.5 5. 8 7 + 0.34 

75. o I 70.2 
81. 0 63. 8 

156. o I 134.0 5. 6 o + o. :n 

80. 81 64-.0 
74.3 70. 2 

155.1 j 134. 2 5. 2 2 + o . .o 

12) .t.71 

The correction. t.o the illuml.uating end of the u:ls is equal to.--·---·--···-···· .•......••.. ~-·o•.• ·~·- . +~: 392 
8cale division, O. 392 X 0".99 =+ 0''.888 =+ 01.026. 
Level marked "A," belonging to transit No. 8, wu uaed In mak.lna these obllerva.tiOllll. 
VaJ~ of OJl.e division of Bg&le, = 0".99. 
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Personal equation.-It is a well established fact, that two observers are seldom found who 
observe the transit of a heavenly body at the same instant of time. This may arise from a 
single cause, or several causes combined; namely, difference in the sight or in the judgment, or 
that referable to the condition of the nervous system, or other peculiarities of the observers 
themselves, which makes it a changing and an uncertain element. 

To ascertain this difference of time which may exist between the observers, from forty to fifty 
stars are observed upon alternate tallies by each observer, and the difference between the means 
of the observed times shows the magnitude of the personal equation. In order to eliminate this 
personal equation as far as practicable, in the final result for difference of longitude, the observers 
change places as soon as each campaign is half completed. 

One hundred stars well exchanged are found to give a result for the difference of longitude, 
the probable error of which is less than the hundredth part of a second of time. 

During the progress of the operations, experiments are made for determining the velocity of 
the galvanic current by using batteries of different powers, varying from ten to forty Grove's 
cups. 

The latitude of each station is accurately determined by observations with the zenith tele
scope, at such times as the telegraph line may not be available for latitude observations. 

The declination, dip of the needle, and other magnetic elements, are also determined at each 
station. 

Very respectfully, your obedient servant, 
GEO. W. DEAN, Assistant. 

Prof. A. D. BACHE, Superintendent U.S. Coast Survey. 

APPENDIX No. 22. 
Extract/ram the report of Professor W. 0. Bond, on moon culminations, observed/or Coast Survey 

purposes, and relative to results of the chronometer expeditions betwemi Cambridge and Liverpool, 
for difference of longitude. 

CAMBRIDGE, SeptemlJer HJ, 1856. 

DEAR Srn: Since the 15th of September, 1855, I have obtained three occultations of stars, and 
one of the planet Jupiter by the moon, and forty-seven transits of the moon's limb with the 
requisite culminating stars, and a considerable number of transits of bright points on the moon's 
surface with the limb, for the purpose of further testing the relative value of the two methods 
of observation. 

By the electric method we find no difficulty in obtaining several observations of bright points 
during the moon's passage, each more accurately than it is possible to observe the limb; some 
of these observations of bright points were made in correspondence with Dr. C.H. F. Peters, 
who operated in this vicinity a.t the "Clover Den" observatory; but not being provided with 
a suitable apparatus, or spring-governor, he was obliged to connne himself to a single point on 
the moon's surface, namely, Messier I-. These corresponding observations have been reduced 
by Dr. Peters, and afford additional evidence of the superior accuracy of this method over tha.t 
of observing the moon's limb-a fa.ct which I would again present to your consideration. 

The transportation of chronometers, for the purpose of determining the difference of longitude 
between Liverpool and Cambridge, commenced on the sailing of the steamer Americ.a, June 5, 

.1855, and closed with the arrival of the steamer Africa, October 26, of the same year. 
The previous trial of the chronometers, used for this expedition, commenced early in January, 

1855, a.nd the subsequent trials continued through the following winter. * * * 
I remain, dear sir, yours faithfully 1 

W. C. BOND. 
Prof. A. D. B.&.cru:, Superintendent U.S. Ooaat Survey. 
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APPENDIX No. 23. 
Letter to the Superintendent, transmitting report of G. P. Bond, Esq., on the results of the chrcmo

metric expedition of 1855,for difference of longitud~ between Cambridge, Mass., and Liverpool. 

CAMBRIDGE, May 12, 1856. 
DEAR Sm: I forward with this my report on the computation of the results of the chronometric 

expedition of 1855. 
Respectfully and truly yours, 

G. P. BOND. 
Dr. A. D. BACHE, 

Super,intendent United States Coast Survey. 

Report on the computation of the results of the chronometric expedition of 1855, between Cambridge 
and Liverpool. 

The observations included in the discussion of the results of the chronometric expedition of 
1855, between Cambridge and Liverpool, are characterized by several features in which they 
differ from those previously undertaken for the same object. 

1. The observations of transits for clock error, and the comparisons of the chronometers 
employed in the reductions, have been made exclusively by the electro-magnetic method. 

2. Appropriate means were employed to secure an entire elimination of personal equation. 
3. In the general conduct of the expedition, attention has been specially directed to the effect 

upon the resulting longitudes of the temperature exposures to which the chronometers have been 
subjected. 

The number of passages made across the Atlantic was six; and the total number of individual 
chronometers sent on the voyages, fifty-two. 

As the methods of computation have been for the most part the same with those employed for 
the expeditions of 1849-'50-'51, and arc fully explained in my :final report upon the latter, it 
will be necessary to· dwell only on those particulars in which the expedition of 1855 has differed 
from the preceding ones; these relate principally to the elimination of the effects of temperature. 

The adoption of the electro-magnetic methods of observation and of comparison has contributed 
materially to the convenience both of the observer and of the computer. Besides this, it has 
furnished us with data for the errors on local time at both stations, and for the chronometric 
comparisons, by processes altogether independent of those before used. 

All doubt respecting the possible influence of the personal equation of the observers upon the 
clock errors has been effectually removed by employing exclusively, for the epochs of the com
mencement. and termination of each voyage, and for the determination of the shore rates, applied 
directly to the computation of longitudes, star transits taken at both stations by the same 
observer. The completeness of the series has allowed of the application of this principle to all 
the voyages. 

The data for the discussion of the effects of temperature are as follows: 
a. A record of the temperature exposure of the chronometers, from March to Deoomber, 1855, 

by the ordinary thermometers. 
b. Comparisons of the chronometer, (Z,} from March to December, for determining the mean 

temperature of exposure of all the chronometers. 
c. Trials of the thermometric chronometer (Z) in various exposures, hi March, April, May, 

and December. 
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d. Experiments for aseertaining the time required for heafr1g or cooling the balance of a 
chronometer when the temperature is changed. 

e. Trial of all the chronometers in high, low, and meo:um temperatures, in April, May, 
November, and December. 

The thermometric chronometer (Z) was made expressly for the expedition, and resembled in 
every respect an ordinary chronometer, excepting in the material of the arm and rim of the balance, 
which were of brass and uncompensated. The form, weight, and dimensions of the ordinary 
balance were purposely retained, in order that it might be subjected as nearly as possible to the 
same conditions for being affected by changes of temperature, resistance of the air, &c., with 
those of the usual construction. 

Its indications of the mean temperature of exposure have proved incomparably more reliable 
than those obtained from the thermometers. The latter have, however, been constantly employed 
as checks upon the adopted temperatures, and to show the exposure of the other chronometers 
relatively to Z. 

Experiments at exposures varying from 35° to 87°, showed for a range of nearly 20° above 
and below 60°, that the rate of Z altered un~formly with the temperature. 

If 0° represents the mean temperature of exposure, and t the number of days from the epoch, 
March 25, 1855, the following expression gives the change of rate of Zin 24h. m. s. t. 

Change of rate of Z= 6".512 (69°. 75- 0°) + o•.019 t. 

The last term is a correction for the acceleration of rate. A careful examination of the rate 
of Z during the continuance and at the close of the voyages, gives sufficient evidence of its 
regular performance during that interval, and that its indications of the mean temperature are 
entitled to entire confidence. 

It was a matter of considerable importance to know how rapidly chronometers of the construc
tion used upon the expedition, when submitted to a change of temperature, would acquire the 
rates appropriate to the new exposure. This is far too complicated a problem to be treated suc
cessfully in any other way than by direct experiment. 

]'rom its sensitiveness to the effects of these changes, the chronometer Z was very well suited 
to the trial. A representation of the rate at which the temperature of the balance accommo
dated itself to that of the surrounding air, when the exposure was changed suddenly from 40° to 
75°, has been derived from a curve projected from comparisons made at intervals of :fi vc minutes 
for twelve consecutive hours, during which the chronometer, previously cooled to a temperature 
of 40°, was exposed at a uniform temperature of 75°. Other trials in smaller ra11ges of temper
ature gave similar results. 

The curve thus pr~jected indicates that a sensible equalization of temperatures is attained at 
the expiration of from :five to six hours; more than one-half of the change being effected within 
the first two hours. The process of assimilation is dependent upon so great a variety of dis
turbing influences that it is not possible> in all cases, to determine with the requisite precision 
the temperature affecting the balance of the chronometer from that of the surrounding air, as 
given by ordinary thermometers, when the instruments are subject to the changes to which they 
must be peculiarly liable in their transportation between distant stations. 

The results of the trials in different exposures to which the chronometers have been subjected 
during several months, have fully confirmed the generality of the law of variation of the rates by 
the disturbing influence of temperature adopted in my report on the expeditions of 1849-' 50-' 51. 
It has been applied to the correction of the longitudes in the following manner: . 

Employing the notation of my report of February 28, 1854, we have the express10n-

(l) ~ ~ =a,@ t- ~ ( 8 - 80 y 
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To represent the ra.te of a chl'onometer exposed at a temperature of d, o. being the temperature 
for which its balance has been compensated, and k being nearly constant when the range of tem
perature changes is small, a more comprehensive expression of this law may be deduced from 
the experiments made, but the above f1rm is sufficiently accurate for all the purposes to which 
it has been applied. 

If, moreover, we make 

[
h h" 

H = - h! + i t-+ fl J t' for the voyage from Liverpool to Cambridge-

H = h' - ! [; + ;;' J t1 for the voynge from Cambridge to Liverpool

The temperature correction of the resulting longitude will be-
k 

~e),= 2H. 

The difficulties of the discussion consist in finding, first, the constants k and 8
0 

peculiar to 
each chronometer, and secondly, the temperature exposures at sea and on shore, so as to afford the 
means of computing the numerical values of H. k and 8

0 
have been ascertained by direct expe

riment. To obtain H, in default of any mathematical theory by which (} can be represented as 
a function oft, it will generally be necessary to resort to the method of quadratures. 

The following is a convenient form for re1>resenting H in circumstances similar to the present: 
Let Ou 8/, Oi" be the mean value of 8 for the interval t, t' and t'' . 

C = the mean temperature on shore 
C' = the mean temperature on the voyage 
C" = the mean of the sea and the shore temperatures 

tJ+O" "'+"'' C = _1~ __ 1 , C' = fJ'., C" = _,, __ '-_. 
2 2 

y = the probable value of (8 - 81 ) for the interval t 
y' = the probable value of (0' - Oi') for the interval t' 
y" = the probable value of (8" - on for the interval t'' 

We shall then have 

~~= 2 (C- C') (C" -80 ) + 1.10 (y2- 2 y'2 + '!/'2) + t (01 - 011
1) 2 

iJ
0 

.A= ; H. 

The attention which has been devoted to the care of the chronometers, in securing them from 
injurious exposures to changes of temperature, will best appear from the following numbers 
showing the-values of(, C', r:", y, '!/,and'!/', for the chronometer Z, but representing very nearly 
the condition of all the chronometers. 

Voyage 01 '= 63°.4 ,, = 59°.4 t:' = 61°.4 y = ± 1°.2 11' = ± 0°.9 y'' = ± 2°.1 
Voyage L 1 '= 66°.7 ,, = 66°.4 t:' = 66°.6 y = ± 1°.2 11' = ± 2°.5 'II'=± 0°.6 

Voyage 02 '== 66°.2 ,, = 67°.3 r:" = 66°.s 11 == ± oo.6 y'= ± 2°.0 y" = ± 1°.1 
Voyage L 2 '= 65°.1 t: = 64°.7 ,,, = 64°.9 y = ± 1°.1 y'=±2°.3 y'' = ± 1°.'T 

Voyage C3 '= 61°.3 t: = 61°.3 (' = 61°.3 y:::±l0 .7 y'= ± 1°.2 y'' = ± 0°.8 
Voyage L 3 '= 58°.4 r:' = 6()0 .s (' = 59°.6 y= ± 0°.8 1/=±2°.3 y'' = ± 2°.a 

By the voyages Cu C,, &c., are represented the first, second, &c., voyages from Cambridge, 
and by Li; L 2, &c., those from Liverpool. 
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Small corrections have been applied to these values of c;, (!, &c., to obtain those appropriate to 
each chronometer. The temperature corrections oflongitude have then been computed and applied 
agreeably to the above formula. Notwithstanding the remarkable uniformity of exposure on 
most of the voyages, the effect of temperature has still been sensible. The largest correction 
that has been applied is 8'.82; the average correction, independent of signs, is 0'.93, the mean 
correction for all the chronometers and voyages, having regard both to signs and weights, 
is= - 0'.17, with a probable error of ± 0'.07. The smallness of this value is owing to the 
very favorable circumstances, as regards exposure, under which the voyages have been made. 

From the character of the data, there is reason to believe that the uncertainty of the tempera
ture corrections depends chiefly on the two terms (C'-C'') and (01- O/') used in computing H. 

The effect of introducing corrections 

a (!:-t:') and a (01-fli') 

to be applied to the values actually used has been investigated with the following results : 

&. 3. 

For the voyage C1 correction of the adopted longitude = - 0.52 a (C-C') + 0.15 a (01-0i") 
For the voyage C2 correction of the adopted longitude = - 0.18 a (C-C') + 0.01 a (01-0t) 
For the voyage C3 correction of the adopted longitude = - 0.50 a ((-(') + 0.10 a (01- Ot) 

For the voyage L 1 correction of the adopted longitude=+ 0.19 a ((-C'') - 0.03 a (0-0i") 
For the voyage L 2 correction of the adopted longitude=+ 0.27 a (C-C')- 0.01 a (0-01'

1
) 

For the voyage L 3 correction of the adopted longitude=+ O.'Tl a (C-C') - 0.01 iJ (8-0i') 
C and 0 being expressed in degrees of Fahrenheit's scale. 

The final longitude from the voyages of 1855, is as follows: 

Voyages from Liverpool to Cambridge .......................... . 
Voyages from Cambridge to Liverpool .......................... . 

Mean .......•............•........................... 

Liverpool west of Greenwich ....................................... + 
Personal equation ..................................................... . 

Resulting longitude ........................... . 

h. m. s. s. 
4 32 31.92 ± 0.183 
4 32 31.75 ± 0.188 

4 32 31.84 ± 0.186* 

12 00.05 ± 0.04 
0.00 ± O.OOt 

4 44 31.89 ± 0.19 

The accompanying tables contain the individual results. The letters Lv 01, &c., are used to 
indicate the voyages from Liverpool and Cambridge respectively; 'It' is the index of the irregu
larity of each chronometer ; f! the length of the voyage in days ; t the probable error arising 
from errors in the local time; i' is the probable error dependent on /(' and f! ; H and k are the 
coefficients employed in determining the values of the temperature corrections /J 0 l. 

The experiments made to ascertain the effect of changes of atmospheric pressure, go to prove 
that their influence has not been sensible. 

Respectfully submitted. 
G. P. BOND. 

Dr . .A. D. BACHE, Superintmdent U. S. Coast Survey. 

0 This probable error rest.s upon the 8118U1Dpti<>n that there still remains a constant difference between the east and west 
voyages. 

t Suppoaing 1he pe1110ual equation of the obterver to have remained constant. 

24 c ~ 
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Longitudes by voyages of 1855. 

No. of V i 
Chron. oyage. :>. ± o :>.. Prob. lweighf 

error. \ 
k" t' ,. 11~ i ':_ ! () e ). -I Resu~t. 

I , \ Lon,,,. 
! 

~----,---\-----
, _____ , __ , ___ , __ _ 
l i 1-1-1-

" 2a 

2h 

4 

6 

7 

ll 

--~--

i i s. I s. i 
6 1± 0:.21 13. 3 !± 0. 16 1± 2. 79 - 0. 10 i- 0. 39 + o. 52 28. 12 
5 14. 2 . 11 2. 98 '_ 0. 40 i- 0. 39 :+ 2. 21 29. 97 
9 11. 4 ; . ll 2. 39 : o. 00 '1- o. 39 ! u. 00 22. 16 
9 11.2 .11 2.35 :+ 0.29 ]-0.39 i- 1.27 29.01 
6 13. 4 . 21 . 2. ill !- <I. 08 :- o. 39 I+ o. 42 38. 95 

: .j, 32 27. 60 ,± 2. 41 i 
.· 4 32 27.76 I 2.64: 
; 4 a2 22. 16 1 I. 97 · 
; 4 32 30. ~8 i 1. 97 
' 4 32 38. 53 . 2. 41 
. 4 32 29. 93 !± 2. 08 ! 8 12. 1 . 12 ; 2. 54 1- 0. 01 1- 0. 39 i+ 0. 05 29. 98 

4 32 49. 19 !± o. oo o ± L 11 13. 2 !± o. 16 :± 14. 65 I+ o. lo !--- o. 05 )·- o. o7 49. 12 
: 4 :~2 39. 71 0. 00 . 0 1. 11 I 14. 2 I • 11 : 15. 76 1- o. 78 I- 0. 05 1+ o. 55 40. 26 

: !:~~: ~i~ ~~ ::~: ~j~ :I : : :i:: : :: g:: ~~ :·,: ~~~~-' ~ii 1
::: ~:: !; :'~: ~::~i ::~: g:: g~:/~:~~ ~~l: :~~:: i: 

' i I I 
:::::::::::: ::::::::i::·_-_::~-~~~~-1::::::!± 0: i~ [--------,---- ----i-------- -------- -------

-· 2: 05 ·:.--.=-2.-14 ·: ~0.-076 -i:1-=-i: 85-
1

-- · 29: c;1 4 32 27. 22 :± 1. 70 i 12 
4 32 34. 64 1. 78 11 
4 3231.16 2.08 8 
4 32 33. 24 ± 1. 87 10 

4 32 47. 00 :± 3. 40 
4 32 31.21 4. 17 
4 32 38.45 3.40 
4 32 30. 85 ! 2. 94 
4 32 34. ~5 I 3. 40 
4 32 32. o5 :± 3. 40 

4 32 s1. 45 I± 2. M 

! ;~ ;;: ~~ : i: ;~ I 

4 32 29. 75 I 2. 22 
1 i 4 32 36. 15 j 2. 61 I 

! 4 32 31. 14 i± 2. 41 
i 

4 32 26. 54 I± 1. 97 
4 32 34. 21 \ 2. 22 
4 s2 29. 69 I 1. 10 
4 32 31. 52 I 1. 10 
I 32 39.31, 2.08 
4 32 37.57 \± 1.78 

; 4 32 30. 32 i± 1. 70 
4 32 38. 71 ' 1. 78 

: 4 32 31. 62 I I. 43 
4 32 28.39 1.43 
4 32 33. 42 ! 1. 70 
1 s2 32. oa I± i. 52 

3 
2 
3 
4 
3 
3 

5 
4 
7 
7 
5 
6 

9 
7 

12 
12 

8 
11 

12 
11 
17 
17 
12 
15 

0. 18 

± o. 33 

i " 
i± o. 24 

" 
I± o. ls 

I 
I 

'

± 0.15 

" 

I 
" 

I 

i 4 32 43. 21 !± 2. 64 
i 4 32 30. 14 ! 2. 94 

5 /± 0. 25 
4 I " 

4 32 36. 59 : 2. 41 
4 32 30. 61 i 2. 41 I 4 32 32. 51 I 2. 64 
4 32 30. 74 :± 2. 64 

i 
4 32 33. 65 

1± 1. 70 
i 4 32 29.01 1.78 ! 

4 32 32. 36 1. 43 ' 
: 4 s2 32. 32 I. 43 I 
l 4 32 30. 40 1. 70 
·, 3z si.60 I± 1.52 I 

fl I H 

6 
5 
5 

12 
11 
17 
17 
12 
Hi 

" 

± 0.15 

" 

11.4[ .12 
11.7: .15 2. 11 :- o_ 53 1-0. 076 1+ o. 47 35. 11 

2. u '+ 3. 35 1-o. 016 1- 3. 42 21. 74 
2. 16 i+ 0. 45 1-0. 076 1- 0. 41 32. 83 

' I 

rn. 4 I . 21 
12. 0 ' . 12 

I 
4. 36 + o. 06 i ("} 11- 0. 34 
4. G9 - 0. '14 ! (") + 2. 06 
3.76 + 0.17 (") !- 1.63 
3. 70 '+ 0. 06 1"> i- 0. 29 

13. 2 i± 0.16 
14. 2 i . 11 
ll.41 .11 
11.21 .11 
13. 4 1' . 27 
11. 9 . 12 

~· 42 ,- o. 20 (") + 1. 15 
3. 93 :·- 0. 08 (") + o. 41 

I 

13.21± 0.16 3.17 + 0.06 (") + 0.48 
14. 2 i . 11 3. 4-0 - 0. 34 (0) 1-- 2. 91 
11. 4 I .11 2. 74 1+ o. 17 (") + 1. 20 
11. 21 . 11 2. 69 '+ 0. 06 (") + 0. 42 
13. 4 . 21 3. 22 I - o. 19 <"l - i. 5s 
11.9 .12 2.861- 0.081--------- 0.59 

13. 2 'I± 0. 16 ± 2. 38 I- o. 32 \_ o. 20 + 0. 84 
14. 2 , . 11 2. 56 \+ i. 11 I- o. 20 _ 3. 12 
11. 4 I . 11 2. 05 - o. 58 ·- o. 20 + 1. 32 
11.21 .11 2.02j-o.06l-o.20+0.13 
13. 4 • 27 2. 41 1+ o. i6 1- o. 20 1- 2. 04 
11. 9 o. 12 2. 14 1+ o. 31 1- o. 20 - o. 74 

13. 2 ± 0.16 ± 1. 98 i- o. 27 1- o. 21 + o. 75 
14. 2 . .11 i 2. 13 f+ 0. 92 

1
- O. 21 - 2. 74 

11. 4 I . ll I I. 71 ~- o. 48 - o. 21 + I. 15 
11. 2 • 11 . 1. 68 1- o. 03 - o. 21 + o. 01 
13. 4 . 27 2. 01 1+ o. 64 1- o. 21 -- 1. 80 
1i. 9 .12 i. 78 I+ o. 2a 1- o. 21 - o. o7 

13. 2 ± o. 16 ± 3. so 
1
1_ o. os ._1- o. 38 + o. 15 

14. 1 • 11 3. 52 - o. 52 1- 0. 38 + 2. 79 
11.4 .11 2.85 \+ 0.211-0.38 1- 0.91 
ll. 2 .11 2. 80 + o. H I'- 0. 38 - 0. 60 
13. 4 • 27 3. 351'- 0. 18 - 0. 38 + 0. 92 
11.91 .12 2.97 - 0.1.5 i- 0.38 + 0.68 

13. 3 ± o. 16 ± 1. 99 I- 0. 04 I- o. 25 + o. 13 
u. 2 • 11 2. ls 1- o. 42 I- o. 25 I+ "· 19 
11. 4 .11 1. 71 + 0. 21 - 0. 25 - 0. 60 
11. .s • 11 1. 691+ (}, 12 i- 0. 25 - 0. 34 
13. 4 . 27 2. 01 - o. 10 i- 0. 25 + o. 3g 
11. 9 I . 12 1. 1s - o. 11 \- o. 25 + o. ss 

46. 66 
33.27 
36.82 
30.56 
35. 40 
32. 96 

37.93 
29.77 
36.69 
30. 17 
34.57 
30.55 

27.38 
31. 09 
31. 01 
31. 65 
37. 27 
36.83 

31. 07 
35.97 
32.77 
28. 46 
31.62 
31. 49 

13.36 
32.93 
35.68 
30. 01 
33.43 
31.42 

33. 78 
so. 5() 

31. 76 
31. 98 
S0.73 
31. 93 

0 The error of 2a was, by some accident, altered by several minutes at Liverpool between the voyages C1 and L 1• The 
reeu1ta for these Toyages supJ>Ot!e the seconds of its error not to have been affected. The results ILU&t, howe~, be rejected. 
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Longitudes by voyages of 1855-Continued. 

Prob. 
error. Weight k" ,'' 

H 

t' 
0 ). 

e 

187 

Result. 
Long. 

-------------------

9 

10 

11 

12 

13 

15 

16 

17 

18 

L, 
c, 
L• 
c. 
L3 
c, 

l 4 32 36. 73 ± 
I 4 32 32. 34 
I 4 : 2 32. 63 

l. 97 
2. 22 
1. 70 
J. 70 
2.08 
l. 78 

i 4 32 33. 17 
I 4 32 34. 66 

4 32 3L 39 ± 

4 32 64. 66 
4 32 28. 70 
4 32 36.42 
4 32 40. 15 
4 32 34.59 
43227.92 

4 32 76. 84 
4 32 26. 15 
4 32 38. 02 
4 32 38. 49 
4 32 36.48 
4 32 28.23 

± o. 00' 
0. 00 : 
0. 00 ' 
0.00 
2. 22 

± 2.08 

± o. 00 

g: ~g : 
0. 00 
2. 64 

± 2. 41 

4 32 59. 94 ± 0. 00 
4 ,")2 31. 04 o. 00 : 
4 32 32. 04 o. 00 ; 
.. 32 36. 39 0. 00 ' 
4 32 33. 49 I. 70 ' 
4 32 29. 34 

1
± 1. 70 I 

I , 
4 32 36. 86 1± 2. 94 : 
4 32 31. 65 I 2. 94 ! 
4 32 34. 96 i 2. 41 ; 
4 32 24. 8.~ I 2. 41 
4 32 35. 84 ! 2. 94 
4 32 28. 40 [± 2. 64 l 
4 32 28. 81 i± 1. 70 . 
4 32 33. 841 I. 97 
4 32 28.59 1.52 
4 32 33.23 1.70 
4 32 28. 43 I 1. 78 
4 32 31. 85 j± 1. 58 

I 
4 32 33. 54 [± 2. 08 
4 32 32. 12 I 2. 22 
4 32 31. 68 1. 87 
4 32 32. 46 I 2. 08 
4 32 27. 28 ' 2. 08 

I 4 32 36. 47 [± 1. 97 

I 4 32 31. 22 I± J. 70 
4 32 31. 00 1· 1. 78 
4 32 31. 13 1. 43 
4 32 31. 31 1. 6! 
4 32 29.31 1. 70 
4 32 28. 95 ± 1. 52 

4 32 34. 57 ± 2. 41 
4 32 30.55 2.64 
4 32 29.05 2.08 
4 32 38. 86 2. 41 
4 32 35.62 2.41 
4 32 33. 10 ± 2. 22 

' 32 41. 781± 5. 90 
' 32 28. 89 ! 5. 90 
4 32 41.90 4. 17 
4 32 19. 34 l 6. 90 
4 32 36.30 5.90 
4, 82 36. 89 :%: 4. 17 

s. 
~ 

7 
12 
12 

I 

± 0.18: 13. 2 
14. 2 
l l. 4- ' 
11. 2 
l:l. 4-

± 0.16 ;± 
. 11 

.. 
2.38 
2 •• >6 
2. 05 
2.02 
2. 41 
2. 14 

- 0.06 
- o. 23 

- 0. 38 + o. 30 
- 0. 38 + l. 24 I 

8 ' 
ll 

0 ± 
{) ' 

() 

0 
7 

. l l 

. 11 

. 27 
1 l. 9 . 12 

1. 13 i 13. 2 :± o. l (j 
1. 13 I 14. 2 ' . 11 
1.13 11.4 i .21 
1. lil : 11. 2 ' . 11 
0. 20 13. 4 . 27 
o. 20 11. 9 . 88 

± o. 16 
. ll 
. 21 
.11 

I 

+ 0. 07 
+ 0.10 + 0. 05 
·- 0. 06 

- 0. 38 - 0. 30 
- o. 38 - o. 4:l 
- 0. :1g :_ o. 20 
- o. 38 + o. 27 

1±14. 92 - 0. 07 - o. 30 
: Hi. 05 - o. 19 - o. ;{o 
I 12. 88 + o. 11 - 0. 3fJ 

+ o. 28 
+ 0.81 
- o.:i~ 

12. 66 + 0. 09 - 0. 3(} 
2. 68 + 0. ll - 0. 30 
2. 38 

1
- 0. 05 i - 0. BO 

- 0. 30 I 

- 0.44' 
+ 0.18 

I 
,±19. 28 - 0. 10 )- 0. 20 + 0. 26 
' 20. 59 + 0. 3.5 - 0. 20 - 0. 9!1 

16. 53 - 0. 62 :_ 0. 21} + 1. 41 
16. :Ji' - 0. OG :- 0. 20 + O. 13 

0 
0 
0 
0 
5 
6 

± 1.45 
I. 45 
1. 45 
1. 4.5 
0.23 
o. 23 . 

1:3. ;i 
14. 2 
11. 4 
11. 3 
13. 4 
ll. 9 

. 27 3. 08 + o. 48 ·_ o. 20 - l. 2!1 
0. 88 I 2. 74 '+ O. 01 0. 20 - O. 02 

0 
0 
() 

() ' 

12 
12 

4 
4 
6 
6 
4 
5 

l. 4:> i 13. 3 ± 0. 16 
1. 45 : 14. 2 . 11 
1. 45 , l l. 4 . 21 
I. 45 11. 3 . ll 
~ l~ la4 .27 
o. 15 11. ~ . 88 

± o. 26 13. 3 ,± 0. 16 
14. 2 . 11 
11.4 .11 
11.:l .11 
13. 4 . 27 
11.9 .12 

12 1± o. 16 I 13. 3 
9 ! " . I 14. 2 

'± 0.16 
. 11 
. 13 
• 16 
. 27 
. 12 

15 11. 4 
12 13. 0 
11 : l~-1.4 
14 1 u. n 

I 
8 !± 0.19 

l~ i 
1± 0.16 

. 11 
13.3 
14.2 
11. 4 ' 
13. 0 
13.4 
11. 9 

8 
8 
9 

l 
I 

12 I± o. 15 

11 I ,", 
17 
13 
12 
15 

± 0.22 

" 

13.3 
14. 2 
11. 4 i 
13. 0 
13.4 
u. 9 

. 13 
• 16 
• 27 
. 12 

± 0. 16 
.11 
. 13 
. 16 
. 27 
. 12 

13.3 
14. 2 
11. 4 

,± 0.16 
.11 
.13 
• 16 

6 
[> 

8 
6 
6 
7 0. 22 

1 1± o. 45 
1 

13. 0 i 

13. 4 I 
11. 9 ' 

I 

13. 3 i± 
• 27 

0.12 

0.16 
.11 
.13 
.16 

2 
1 

i±l9. 28 - 0. 06 - 0. 21 + o. 17 ! 
I 20. b9 - o. 22 - o. 21 + o. 66 I 

: Hi. 53 + o. 21 - 0. 21 - o. 50 
I 16. 38 .+ 0. 08 '.- 0. 21 - 0. 19 
! 2. 01 + 0. 05 - 0. 21 - 0. 14 
I I. 78 ,- o. OG ;- o. 21 ;_ 0. 15 : 

:± :i. 46 - o. 08 - o. rn + o. 20 
3. 69 + 0. 20 - o. 19 - 0. 5-! 
2. 96 - 0. 18 - 0. 19 + 0. 39 
2. 94 - 0. 01 1

- 0. 19 !+ 0. Ot 
3. 48 + 0. 27 :- 0. l!J I- 0. 6!> 
3. 09 ,+ o. 02 '_ o. 19 :- 0. 05 i 

2. 13 
2. 27 
1. 82 
2.08 
2. 14 
1. 90 

- 0. 04 - 0. 45 + o. 21 
- o. 34 - o. 45 :+ 2. 17 

t g:~~ = ~:!~ '= ~:~~' 
- 0. 04 - 0. 45 '+ o. 2! 
- o. 08 - 0. 45 i+ 0. 43 

:± 2.53 + 0.01 i- 0.36 - 0.05. 
2. 70 - 0. 71 - 0. 36 + 3. 63 : 
2. li + o. 35 \- o. 36 - 1. 44 : 

2. 47 .+ 0. 2311- 0. 36 i.- 1. 08 
2. 55 :- o. 28 - o. 36 :+ 1. 35 
2. 26 i- o. 18 - o. 36 + o. 77 : 

. I 
1. 99 - 0. 05 '1- 0. 45 i+ 0. 30 ' 
2. 13 ,_ 0. 21 - 0. 45 1+ 1. 34 ' 
1. 71 + o. 06 :- o. 45 1- o. 31 
1. 95 ;+ o. 13 1- 0. 45 i- 0. 76 
2. 01 ~+ 0. 03 1- o. 45 ._ 0. 18 
1. 78 \- 0. 05 \- o. 45 :+ o. 22 

2. 93 \- 0.16 \_ 0. 22 1+ 0.47 
3. 12 ;+ 0. 75 1'- 0. 22 :- 2. 34 
2. 5 l I- 0. 53 ,- O. 22 + 1. 33 
2.861'- 0.07 :- 0.22 + 0.20 
2. 95 :+ 0. 65 :_ o. 22 1,- 1. 92 
2. 62 :+ o. 20 1 - o. 22 :- 0. 52 

j i I 

] .. 
2 

14. 3 I 
11. 4 I 
13. o I 
13. 4 r 
11. 9 / 

:1:: 5. 98 I_ 0. 07 :- 0. 30 1+ 0. 28 
6. 43 :- o. 03 !- o. ~o i+ o. 13 
5. 13 :- 0. 05 \- o. 30 1+ o. 17 
f>. 85 + \). 10 ':- o. 30 1- o. 39 
6. 03 i+ o. 14 1- o. ao - o. 56 
5. 35 I- o. 02 - 0. 80 + o. 07 

• ?7 \ 
.12 I 

37.03 
33. 58 
32. :13 
32. 74 
34.46 
31. 66 

64. 94 
29.51 
36. 04 
3H.85 
.H. 15 
28. HJ 

7i. 10 
25. 16 
3H. 43 
:is. 1;2 
35. l~ 
28. 21 

60. l l 
34. 7{) 
3 l. 54 
36. 20 
33. 35 
29. 19 

37.0G 
31. ll 
35. 35 
24. H7 
3,;, 15 
28. :;:; 

29. 05 
2G. 01 
28. 3R 
32. 18 
28. 67 
32. 28 

3~. 49 
35. 75 
30. 24 
3 l. 38 
28. 63 
37.2t 

31. 52 
32. 34 
30. 82 
30. 55 
29. 13 
29. 17 

35.04 
28.21 
30.38 
39. 06 
33. 70 
32 58 

42.06 
29.02 
42.07 
18. 95 
3t>. 74 
26.91 
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Longitudes by royages of 1855-Continued. 
~~~-~~~~~~~~~ 

Pro~ iwei ht!--: .. No. oi 
chron. Voyage. 

20 L 1 ,, 
~, 

L• c, 
La 
C3 

21 L, 
c, 
L, 
c, 
L" c. 

22 L 1 
c, 
L, 
c, 
La 
c. 

23 L 1 c, 
L, 
c. 
La 
c. 

25 L1 c, 
L, 
c. 
La 
('• 

i 

error. \ g I •' c" 
II 
? 

k 
ii 

i 8. 1 8. 

I o .A. 
fJ 

4 32 33. 30 I± 3. 40 
4 32 39. 87 i 3. 40 
4 32 26. 08 I 2. 64 
4 32 33. 46 I 2. 94 
4 32 32. 55 ' 3. 40 
4 32 27. 91 i± 2. 94 

4 32 21. 77 I± 2. 94 
4 32 29.91 i 3.40 
4 32 33. 12 i 2. 64 
4 s2 22. 97 I 2. 64 
4 32 32. oa I 2. 94 
4 32 2!). 23 i± 2. 64 

4 32 30.53 !± 1. 97 
4 32 34. 13 2. 22 
4 32 24. 09 i I. 70 
4 32 21. 60 

1

. 1. 10 
4 32 37.16 2.08 
4 32 30. 04 \± 1. 78 

4 32 31. 46 1± 1. 97 ! 

4 32 36. 40 I 2. 22 
4 32 34.64 1.70 
4 32 31. 26 1. 70 
4 32 28. 98 \ 2. 08 
4 32 34. 24 ± 1. 78 

4 32 29. 54 I± 2. os 
'32 27.52 i 2.22 
4 32 21.30 I 1.87 
4 32 35. 46 I 1. 78 
4 32 30. 20 I 2. 08 
4 32 30. 73 1± I. 87 

4 32 32. 03 1± 1. 97 
4 32 34. 93 '1' 2. 08 
4 32 33. 98 I 1. 70 
4 32 33.50 i 1. 70 
4 32 33. 89 ' 2. 08 
4 32 32. 30 I± i. 1~ 

4 32 211. 99 I± i. 10 
4 32 37. 70 .

1

1 1. 78 
4 32 26. 70 1. 43 
4 32 31 95 i 1. 43 
4 32 31. 25 : 1. 70 
4 32 s2. 20 I± 1. 52 

I 4 32 27. 30 :± 3. 40 
4 32 35. 24 ; 3. 40 
4 32 so. oo I 2. 94 
4 32 35. 23 1· 2. 94 
4 32 33. 87 3. 40 
4 31 12. 66 :± 0. 00 

I 
4 32 so. 76 I± 1. 10 
4 32 32.88 I 1.78 
4 32 30. 12 1. 43 
4 32 31. 34 ! 1. 43 
4 s2 s3. 86 / i. 10 
4 32 32. 02 ·± 1. 62 

4 32 30. 661± 2. 94 
4 32 39.84 2.94 
4 32 31. 88 2. 41 
4 32 34. 23 2. 41 
4 32 34. 77 2. 94 
4 32 34. 72 ± 2. 64 

3 ± O. 29 13. 3 \± 0. 16 ± 3. SS - O. 06 :_ O. 34 
3 " 14. 3 . 11 I 4. 15 

1
- o. 52 i- o. 34 

5 " 11. 4 . 13 I 3. s1 1+ o. 24 :- o. 34 
4 .. 13. o I . l~ 3. 77 1+ o. 21 i.- o. 34 

+ 0.27 + 2. 51 
- 0.93 
- 0.93 

3 .. 13. 3 . 2. 3. 86 - o. 17 ,_ o. 34 + 0.77 + 0.57 4 • • u. 9 I . 12 3. 45 - o. 14 
1
_ o. 34 

4 .± o. 27 \ 13. 3 ± o. 16 ± 3. 59 - o. 07 :_ o. 46 + 0.43 + 1.83 
- 0.73 

3 " I 14. 3 . ll , 3. 86 - o. 28 ,- o. 46 
5 " ' 11. 4 • 11 3. 08 + o. 14 :- o. 46 
5 .. 11. 2 • 11 3. 02 + o. 11 1- o. 46 
4 .. 13. 4 • 27 3. 62 - o. 02 1- o. 46 

- 0.57 
+ 0.12 + 0.44 5 .. 11. 9 I . 12 3. 21 _ o. 08 _ o. 46 

9 f± 0. 18 13. 3 ± o. 16 ± 2. 39 - o. 09 i- 0. 32 
7 .. a. 3 . 11 2. 57 1.+ o. 49 1

1

_ o. 32 
12 " 11. 4 . 11 2. 05 !- o. 38 - 0. 32 

+ 0.38 
- 3.70 
+ 1. 39 
- 0.11 12 " 11. 2 . 11 I 2. 02 I+ o. 03 I- 0. 32 

8 " 13. 4 . 27 2. 41 !+ o. 28 1- 0. 32 - 0.20 
11 " 11. 9 . 12 2. H + O. 06 \- o. 32 

I 
- 0.23 

9 ± 0.18 
7 

12 '1 

12 
8 

11 

8 ± 0.19 
7 

10 
11 

8 
10 0.19 

9 1± 0.18 
8 

12 
12 

8 
11 

" 

13.3 
14.3 
11. 4 
11.2 
13.4 
11. 9 

± 0. 16 
. 11 
. 11 
. 11 
. 27 
.12 

13. 3 !± 0. 16 
14. 3 ' . 11 
11. 4 .11 
11.2 .11 
13. 4 . 27 
11. 9 0. 12 

13.3 
14. 3 
11. 4 
11. 2 
13.4 
11. 9 

± 0.16 
• 11 
• 11 
.u 
• 27 
. 12 

12 ± o. 15 I ls. s I± o. 16 

g :: ~~:! ll :~~ 
17 .. 11. 2 • 11 
12 " 13. 4 • 27 
15 " 12. 0 • 12 

I 
3 ± 0. 31 13. 3 ± 0. 16 
3 " 14. 3 • 13 
4 ,, 11.5 .11 
4 '' 11.3 .11 
3 '' 13.4 .27 
0 ,, 11. 9 • 12 

12 
11 

± 0.15 

17 J. 

17 
12 
15 

.. 
4 ± 0. 26 
4 
6 
6 
4 
5 

.. 
" .. 

13. 3 
14. 3 
11.4 
11. 3 
13. 4 
11. 9 

13.3 
14. 3 
11.5 
11. 3 
Ul.4 
11. 9 

± 0.16 
.11 
.11 
.11 
• 27 
.12 

± 0.16 
.11 
.11 
.11 
• 27 
.12 

± 2. 39 - o. 08 1- 0. 38 
2. 57 + 0. 03 .- o. 38 
2. 05 - o. 07 '- o. 38 
2. 02 + o. 08 '1- o. 38 
2. 41 + o. 10 1- 0. 38 
2. 14 - o. 02 1- 0. 38 

' I 

+ 0.40 
- 0. 16 
+ 0.30 
- 0.34 
- 0.51 
+ 0.09 

± 2. 53 - o. 06 i_ 0. 33 i+ o. 26 
2. 72 - 0. 54 - 0. 33 + 4. 31 
2 17 + o. 31 - o. 33 - 1. 17 
2. 13 + o. 13 -· o. 33 -- o. 48 
2. 55 ~ o. 13 !_ o. 33 + 0. 57 
2. 26 - o. 12 - o. 33 + o. 47 

I I ± 2. 39 - 0. 06 '- 0. 2.'5 1+ 0. 20 
2. 57 - o. 41 1- o. 25 + 1. 46 
2. 05 + o. 22 1- o. 25 - o. 6s 
2. 02 + o. 12 1- o. 25 - o. 34 
2. 41 - o. 08 1- o. 20 + o. 21 
2. 14 - 0. 09 1_ o. 25 \+ o. 27 

± 1. 99 - 0. 12 \._ 0. 24 ,+ o. 38 
2. 14 + 1. 23 - o. 24 r- 4. 19 
1. 71 - O. 88 - O. 24 ['+ 2. H 
1. 68 + o. 01 - o. 24 ,- 6. 03 
2. 01 + 0. 58 - o. 24 i-- 1. 87 
1. 80 + o. 19 - o. 24 1- o. 55 

± 4. 12 - 0. 22 - 0. 050+ 0.15 
4. 43 + 5. 56 - o. 050- 3. 95 
3.56 - I.88 - o.oao+ 1.07 
3.50 - 0.61 - O.Mo+ 0.34 
4 15 + 2. 76 - o. 050.- 1. 85 
3. 69 + 0. 81 - 0. 050- o. 48 

I 
± 1. 99 - 0. 05 - o. 16 :+ 0. 11 

2. 14 + o. 49 - 0.16 1- 1. 11 
1. 71 - 0. 52 - o. 16 1+ 0. 95 
1. 69 - o. 18 - o. 16 

1
+ o. S2 

2. 01 + 1. 03 - o. 16 ,- 2. 21 
1. 78 -- 0. 06 - 0. 16 1+ 0. 11 

± 3. 32 + 0.02 - 0.106·- 0.03 
3. 57 + 1. 68 - 0. 1061

- 2. 53 
2. 87 - 1. 48 - o. 106+ 1. 79 
2. 82 - o. 72 E o. 106.+ o. 85 
3.35 + 2.73 - 0.106- 3.88 
2. 97 - o. 06 o. 106'.+ 0. 76 

Result. 
Long. 

33.57 
42. 38 
25. 15 
32.5l! 
33.32 
28. 48 

22.20 
31. 74 
32.39 
22.40 
32. 15 
29.67 

30.91 
30.43 
25.48 
27.49 
35.96 
29.81 

31. 86 
36.24 
M.94 
30.92 
28.47 
.34. 33 

29.80 
31. 83 
20. l!l 
34.98 
30.77 
31. 20 

32.23 
36.39 
33.35 
33. IG 
34. 16 
32.57 

30.37 
33.51 
29.11 
31. 92 
29.38 
31.65 

27.45 
31.29 
31. 07 
35. 57 
32.02 
12. 18 

30. 87 
31.77 
31. 07 
31. 66 
31. 65 
32.13 

30.63 
37.31 
33.67 
35.08 
30.89 
36.48 

0 0n September 26 No. 26 reaiived a blow which altered ita error by lm. 20.; the longitude by the voyage c,. bu been 
on account rejected. 



 

No. of Voyage. 
chron. 

THE UNITED STATES COAST SURVEY. 

Longitude.8 by voyages ef 1855-Continued. 

Prob. Weight! 
error. 

t' " 
, .. H 

7 
k lJ J.. 

B 

1----1--------- ---1---1 

I 

29 

30 

31 

32 

33 

34 

4 32 38. !16 1± 2. 94 
4 32 36. 16 I 3. 40 
4 32 37. 33 ' 2. 64 
4 32 30.82 2. 64 
4 32 33. 19 2. 94 
4 32 31. 85 ± 2. 64 

4 32 33.77 
4 32 45.02 
4 32 30.72 
4 32 25.84 
4 32 31.49 
4 32 26.53 

4 32 36.31 
f 32 33.52 
4 32 34.97 
4 32 22.83 
4 32 38.72 
4 32 19.14 

4 32 33.76 
4 32 37.94 
43231.30 
4 32 29.58 
4 32 36.46 
4 32 33.00 

4 32 47.08 
4 32 26.03 
4 32 41. 38 
4 32 31. 60 
4 32 31.11 
4 32 29.67 

4 32 23.17 
4 32 28. 84 
4 32 27.55 
4 32 42. 12 
4 32 35.27 
4 32 21>.90 

4 32 31.11 
4 32 35.57 
4 32 31. 60 
4 32 30.(9 
4 32 30.61 
4 32 32.59 

± 2. 94 
3.40 
2. 64 
2.64 
2.94 

± 2.64 

± 4.17 
4. 17 
4. 17 
3.40 
4. 17 

± 4.17 

± 1.70 
1. 78 
1.43 
I. 43 
I. 70 

± 1.52 

± 4.17 
4. 17 
3.40 
3.40 
4. 17 

± 4.17 

± 4. 17 
4. 17 
3.40 
3.40 
4. 17 

± 3.40 

± I. 70 
1. 78 
1. 43 
1. 43 
I. 70 

± 1.52 

4 32 22.76 ± 2.94 
4 32 35.00' 2.94 
4 32 25.48 2.41 
4 32 30.61 2.41 
4 32 :n.42 2. 64 
4 32 28. 87 ± 2. 41 

4 32 26. 10 ± 1. 97 

4 32 30. 06 1. 64 
4 32 34.39 1.58 
4 32 34.02 1.87 
4 32 33. 92 ± L 70 

4 8Z 31. 82 ± 1. 78 

4 32 28. '19 1. 43 
4 32 35.82 1.43 
4 32 31.53 1.70 
4 SS !3. 19 1. 62 

4 i± o. 27 
3 

~ I 
4 I 
s I 
4 I± 0.21 
3 
5 
5 
4 
Ii 

I3. 3 :± o. 16 
I4. 3 I • 11 
11.4 .11 
Il.3 .11 
I3. 4 • 27 
11. 9 0. 12 

I t, !, :± 3. 59 - o. 11 + o. 11 ·- 0. 16 
3. 86 ;_ o. 99 + 0. 11 :- 1. 55 
3. 08 :- o. 08 + 0. 11 - 0. 10 
3. 05 :+ o. 32 + 0. 11 + 0. 39 
3. 62 ;_ o. 53 + o. 11 - 0. 78 
3. 21 i- o. 06 .+ 0. 11 1- 0. 08 

I 

13. 3 i± 0. 16 i± 3. 59 I_ o. 08 - 0. 19 + O. 20 
14. 2 : • 11 3. 83 + 1. 61 ,_ 0. 19 - 4. 34 
II. 4 • 11 3. 08 i- O. 20 - 0. l9 + O. 04 
II. 3 • 11 3. 05 '- O. 18 - 0. 19 + o. 38 
13.4 .27 3. 62 + 0.83 :- 0.19 - 2.11 
l:!. 0 • 12 3. 24 1+ o. 35 1- o. 19 :- o. 80 

2 .:± 0. 40 13. 3 0. 16 :± 5. 32 :+ o. 68 :+ 0. 047 + 0. 43 
2 14. 2 • 11 5. 68 ,_ 3. 72 + o. 047 - 2. 4i 
2 11. 3 .11 4. 52 i+ 1. 50 + 0. 04-7+ o. 80 
3 II. 2 ' • 11 4. 48 + O. 90 + 0. 047 + o. 48 

~ 1· " i~:~ J :i; ~:~~I=~: i~ :t ~:~!~:=~:~ii 
I · i 

12 1± 0. 15 13. 3 : ±0. 16 :± I. 99 - o. 08 - 0. 27 + 0. 29 
11 I 14. 2 : • 11 2 rn + 1. 77 - o. 21 - 6. 79 
17 I 11.4 I .ll 1 I.71 - 0.70 ·- 0.27 + 2.15 

1
11

2 
I u.s: .11 1.69 - 0.26 :·_ 0.21 + o.79 

13. 4 i • 27 2. 01 + 1. 05 i- 0. 27 - 3. 80 
15 II. 9 I • I2 : 1. 78 - o. 01 ·- o. 27 :+ o. 03 

I ! , 
2 
2 
3 
3 
2 
2 

2 
2 
3 
3 
2 
3 

12 
11 
17 
17 
12 
16 

4 
4 
6 
6 
6 
6 

9 

13 
14 
10 
12 

11 

± 0. 39 13, 3 1± 0, 16 !± fl, 19 - 0. 08 •- 0. 25 + 0. 26 I 

14. 2 ' • 11 ' 5. 54 - o. 01 '- o. 25 + o. 04 ! 
11. 4 .11 4. 45 1- 0. 05 ,- O. 25 + O. H [ 
II. 3 .11 4. 41 1+ 0. IO ;_ 0. 25 - 0. 28 
13. 4 • 27 5. 23 + o. 12 J- 0. 25 - 0. 40 
11. 9 • 12 ! 4. 64 ~- 0. 06 [- o. 25 :+ o. 18 

± o. 37 1 I3. 3 o. 16 1± 4. 92 - (). 09 - o. 62 + o. H , 
14. 2 .11 I 5. 25 ,_ 0. 45 ,_ o. 62 + 3. 96 I 
11.4 . Il 4. 22 :+ 0. 19 :- (). 62 

1
- I. 34 

11. 3 , , 11 I 4. 18 :+ 0. 16 ;- 0. 62 1
- l. 11 

1 13. 4 i • 27 \ 4. 96 ,_ 0. IO ·- o. 62 :+ 0. 83 
11. 9 : .12 4. 40 - 0. 09 l- o. 62 i+ 0. 66 

± 0. 15 13. 3 i± 0. 16 i± 1. 99 
1 

0. 00 0 I 0. 00 
14. 2 1 • 11 I 2. I3 - o. s1 • 1_ 6. 56 
ll. 4 I . 11 I I. 71 + o. 20 0 \+ 3. 40 
11. 3 .11 ' 1. 69 + 0. 06 e + 1. 00 
13. 4 • 21 2. 01 :_ o. 16 • 1- 3. is 

0. 15 11. 9 o. 12 1. 78 I- 0. 05 • 1- 0. 89 

± 0. 25 13. 3 ± o. 16 3. 32 ,_ o. 09 o. 48 !+ o. 57 
14. 2 • 11 3. 55 I- 0. 26 I- o. 48 :+ 1. 77 
11. 4 i • 11 2. 85 1+ 0. 06 ,- o. 48 ,_ 0. 33 
11. 3 I .11 2. 82 I+ o. 12 1- o. 48 ;_ o. 65 
I3. 4 I • 27 i 3. 36 : o. oo ,_ o. 48 :- o. oo 
II. 9 I . I2 2. 97 I- 0. 06 I- o. 48 :+ 0. 34 

' l I 
± o. 11 13. 3 i± o. 66 ± 2. 26 + o. 14 :- o. 102 - o. 19 

I .11 I ' 
0. 11 11. 4 . 11 I. 94 - 1. 60 - O. 102:+ O. 70 

11. 3 • 11 I. 92 - o. 25 1- o. 102+ o. 29 
13. 4 • 27 2. 28 '+ I. 40 ,_ o. 102 - I. 91 
Il. 9 • lZ 2. 00 \+ O. 29 - O. 1021

1

_ 0. 35 

" 

± o. 15 13. 3 ± 0: ~~ ± 1. 99 1- 0. 12 - o. 321+ 0. 61 

17 o. 15 11. 4 . 11 1. 71 Ii+ o. 02 _ o. 32 _ o. 07 
17 11. 3 .11 I. 69 + 0. It - O. 32 - O. 36 
12 " 13. 4 . 27 2. 111 + O. 02 - O. 32 - 0. 09 
Iii I 11. 9 . 12 1. 78 1- o. 06 I·- o. 32 !+ 0. 23 
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Result. 
Long. 

38.80 
34.6I 
37.23 
31. 2I 
32.41 
31. 77 

33.97 
40.68 
30.76 
26.22 
29.38 
26.73 

36.74 
31. 05 
35.77 
23. 31 
37.38 
I9.05 

34.05 
31. 15 
3:1. 45 
30.37 
32.66 
33.03 

47. 34 
26.07 
41. 52 
31. .~2 
30.71 
29.86 

23. 91 
:12. 80 
26. 21 
41. 01 
36. 10 
26.56 

31. 11 
%9.01 
35. 00 
31. 49 
27.42 
3I. 70 

23.33 
36. 77 
25. 15 
29.96 
31. 42 
29. 21 

25. 91 

30.76 
34. 68 
32. 11 
33.57 

32.33 

28. 72 
34. 96 
31.44 
33. 4,2 
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LongitudeB by voyages of 1855-Continued. 

No. of i V Prob. I 
chron. ' oyage., >. ± o >. . error. :Weight; k'" 

i~ ---~-~--~-----~-1

1
· ~-;,T

1 
Rcs:;t-.-· 

' ' ti -:; B Long. 

40 

41 

42 

43 

45 

A. 

D. 

u. 

I 

l
·---l------'---1 

. ' ( 

13. 3 
1± o. 66 

1
± 2.1·3 /+ o. 01 

1

:_ o. ~·62'- o. 15 

---i-----'---i--i---

L, 
c, 
L, 
c, 
L, 
c, 

4 32 32. 51 •± I. 87 

4 32 33. 24 ' 1. 52 
4 32 29. 7 6 ' 1. 52 
4 32 37. 40 : 1. 78 . 
4 32 28. 40 i± 1. 58 ' 

4 32 33. 96 :± 1. 97 

4 32 34. 70 2. 22 . 
4 32 so. 27 .:±: I. 97 

I 

I 4 32 35. 91 i± i. 97 

4 32 34. 29 2. 22 
4 32 31. 31) i± 1. 97 

4 32 38. 06 i± 1. 97 
i 

4 32 32. 30 l 2. 22 
4 32 31. 31 ,± 1. 97 

4 32 32. 4B :± 1. 97 

4 :12 3:l. 53 2. 22 : 
4 32 33. 32 ± 1. 97 ' 

4 32 24. 57 1.± 2. 64, 

' 4 32 33. 92 ! 2. 94 
4 32 36. 83 :± 2. 64 

i 
4 32 32.24 i± 

4 32 31. 97 I 
4 32 32.18 1± 

' 
! 

1. 97 

2. 22 
1. 97 

4 32 38. 19 ± 3. 40 
4 32 25. 03 4. 17 
4 32 33. 38 3. 40 
4 32 35. 95 3. 40 
43234.811 4.17 
4 32 29. 68 /± 3. 40 

4 32 26. 16 I± 2. 64 
4 32 35. 12 I 2. 94 
4 32 32. 58 2. 22 
4 32 24. 29 2. 22 
4 32 36. 31 2. 64 
4 32 30. 26 I± 2. 41 

4 32 33. 35 
1
± 2. 94 

4 32 41. 00 I 2. 94 
43236.93 2.41 
4 32 33.46 2.41 
4 32 29. 70 2. 94 
4 32 35. 47 I± 2. 6,i 

1 

IO i± O. 16 

ID• I 1 I o. 6 
15 ! 
11 I 
14 '1 

I 

'± o. 21 
i 

9 I o. 20 

7 
9 

o. 20 

i • 11 I i ! 
11.4 i. .11 

1 
1.82 1

1
- 0.59 1- 0.162+ 1.09 

11. 2 i . 11 : I. 79 "- o. 38 1- 0. 162+ o. 69 
13. 4 1 • 27 ~ 2. 14 + 1. 191- 0. Hi2•- 2. 58 
11. 9 I . 12 I I. 90 + o. 26 - o. 162 - o. 50 

1± 0.16 I 1 

I . 11 J I·· 
11. 4 1 . 30 1± 2. 28 I+ o. 02 )- o. 21 i- o. 06 

13. 4 r : !~ I 2. 68
1
+ o. 64 _ o. 27 1_ 2. 32 

11. 9 i • 12 2. 38 + 0. 09 ,- 0. 27 i- o. 29 I l . . 
1± 0.16 I I • 

9 J± o. 20 .·• u. 4 /, : ;~ !± 2. 28 I+ o. 01 1_ o. 27 _ o. 03 
I • 11 : ' 

7 0. 20 I 13. 4 . 40 2. 681+ 0. 59 1- 0. 27 - 2. 1? 
9 o. 20 12. O I O. 12 2. 40 + 0. 08 

1
- o. 27 :- O. 26 

!I i± o. 20 
I 

: I rn 
9 t± o. 20 

: I ,_,. 

5 \± o. 27 

: I ,_,, 
9 I± o. 20 

~ I o. 20 

l 1± '·" 

~ I 
5 i± o. 24 
4 I 

7 
7 
5 
6 o. 24 

4 ± o. 25 
4 
6 
6 
4 
5 

i i !± 0.16 
I . 11 1 

11. 4 I . 30 ± 2. 2s - o. 03 - o. 21 + o. 09 
. 11 

13. 4 i . 40 2. 68 + o. 32 - 0. 27 -
2. 38 + o. 01 - o. 27 

1. 16 
o. 03 11. 9 ; . 12 

i 
i± 0.16 
I .11 

11. 4 I . 30 ± 2. 2s - o. 05 1- o. 21 o. 15 

·1 ·11 13.4 .40 2.68 + 0.12 
1
- 0.27 - 0.43 

11. 9 . 12 I 2. 38 - o. 04 j- o. 27 :+ o. 13 

± 0.16 ! ! 

11.4 

13.4 
11. 9 

.11 i 

. 30 
1
± 3. 08 - o. 05 1- o. 27 /+ o. 15 

. 11 I I I 

. 40 : 3. 62 1+ 0. 72 - 0. 27 1·- 2. 60 

. 12 I 3. 21 + o. 06 - o. 21 - o. 19 

± 0.161 
.11 

11. 4 . 30 ± 2. 28 
. 11 ! 

- 0. 05 0. 16 + o. 09 

I+ o. zs - o. 16 - o. 49 
1+ 0. 02 - 0. 16 - 0. 04 
I 

13.4 
11.9 

13.3 
14.2 
11. 41 
11. 2 
13.4 
12.0 

13. 3 
H.2 
11.4 
11. 2 
13.4 
12. 0 

13. 4 
14. 3 
11. 5 
11. 3 
13. 5 
U.1 

. 27 i 2. 68 
. 12 i 2. 38 

± 0.16 i± 4.52 :+ 0.17 - 0.12 - 0.20 
. 11 \ 4. 83 '+ 2. 28 - o. 12 - 3. 90 
. 11 1' 3. 88 ,_ 0. 9 - 0. 12 + 1. 19 
. 11 3. sn 1- o. 93 - o. 12 + 1. 12 
. 21 I 4. 56 '1+ 1. 72 - 0. 12 - 2. 30 
. 12 i 4. 08 1+ 0. 59 - 0. 12 - o. 86 

± o. 16 i± 3. 19 i_ o. 05 '_ 0. 22 /+ o. 15 
. 11 l 3. 41 + o. 36 - 0. 22 - 1. 12 
• 11 1· 2. 74 0. 21i - o. 22 + o. 65 
. 11 2. 69 0. 10 - 0. 22 + o. 25 
• 271' 3. 22 + 0. 48 - o. 22 - 1. 42 
• 12 2. 88 o. 12 - o. 22 - o. 32 

± 0.16 ·± 3 35 0.02 0 + 0.54 
. 11 3. 57 - 0. 31 0 - s. 82 
• 11 2. 87 + 0. 13 0 + 2. 98 
• 11 2. 82 + 0. 07 0 + o. 79 
. 21 a. a7 - o. 08 o - 1. 60 
. 22 , 3. 02 o; os o - I." 

32. 36 

34.33 
30. 45 
34.82 
27.90 

33. 90 

32. 38 
29.98 

35.88 

32. 16 
31. 10 

38. 15 

31. 14 
31. 28 

32.63 

33. 10 
33.45 

24.72 

31.32 
36.64 

32 33 

31. 48 
32.14 

37.99 
21.13 
34.57 
37.07 
32.51 
28.82 

26. 31 
34.00 
33.23 
24.54 
84.89 
29.94 

83.89 
32.18 
89.91 
84.25 
28.10 
·u.os 
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Longitude b-y voyages of 1855-Continued. 

Proh. i.Weightll 
error. k" t 

H 
" 

t' 
k c1 fJ 2 i 

I ' -----!-----___ , 
1------: 

4 32 38. 52 ,± 2. 94 ' 

4 32 36. 03 : 2. 41 I 

4 32 29. 88 2. 41 ! 

4 32 28. M 2. 64 : 
4 32 31. 36 ± 2. 64 ' 

I 
! 

4 32 33. 90 ± 3. 40 ! 
4 32 32. 65 4. 17 ; 
4 32 43. 03 ± 4. l i ' 

' I 
4 ± 0. 25 l l.~. 4 .± 0. 16 

' ' . 11 
6 I ii. s . 11 
6 I 11.3 .11 
5 I 13. 5 • 21 
5 : 12. 1 . 12 

± 0. 16 
[ • 11 

3 ± 0.38 11. 5 . ll 
. 11 

2 0. 38 i 13.5 . 2i 
2 0.38 12. 1 0. 12 

.. 
± 3.35 

2. 87 
2. 82 
3.37 
3.02 

± 4.37 

5. 13 
4. 6(1 

I 
0. 01 

I ·-!+ 1- o. 19 - 0.03 i 

!- 0.69 0. 19 + 1. 51 
I 

1-
- 0.23 i- o. 19 .+ 0.49 
1+ 0.43 

I o. 19 1. ll 1-
+ 0.28 1- o. 19 0.64 

I i ; 
0. 62 ,_ 0. lil + l. 28 I 

!- 0. 25 1- 0. 18 i 
.+ 0. 60 1- 0. 18 - 0.15 

I 

+ 0.25 - o. 18 -- 0. 54 
, I 
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Result. 
Long. 

38. 49 

37.54 
30.3i 
27. 43 
30. i2 

35. 18 

32.50 
42. 49 

--- ----------------- L _______________________ ---- ----------' ----------------' ---- --

o For No. 3, k 1 = - 0. 43•.; No. 4 k 1 = + 0. 62s.; No. 35 k 1 = + I. 49 A ; U k 1 = + 1. 99 = 

ArPENDIX No. 24. 
Report on fhf'. method of determini11g longitudes by occultations of the Pleiades . 

.BY PROFESSOR BENJAMIN PEIRCE, LL.D., OF HARVARD. 

1. The determination of longitudes by occultations of the stars appears to be the most 
accurate of all astronomical methods for such determinations, and deserves, therefore, a very 
careful examination in order to ascertain the greatest degree of accuracy of which it is 
susceptible, and the surest method of securing such accuracy. The sources of error are partly 
those of observation, and partly of theory. The errors arising from observation are of two 
classes: first, there are those which are special to the observations of the occultations; and 
secondly, there are those which are general, and which, from their nature, cannot he 
discriminated from the theoretical defects. 

2. The probable error of the direct observation of an occultation has been investigated hr 
Commander C. H. Davis, from simultaneous observations made by different observers at the 
same place. From his researches it appears that this 1nobable error is about a fifth of a second 
of time, so that the ultimate probable error of the mean of this class of observations cannot 
exceed a twentieth of a second of time. If, therefore, the theoretical defects can be eliminated 
by proper precautions and a sufficient accumulation of observations, longitudes may be 
obtained by this method, of which the probable error shall be decidedly inferior to a tenth of a 
second of time. 

3. It is obvious that, with the present uncertainty of the lunar theory, isolated occnltations 
cannot approach this degree of accuracy in the determination of longitudes ; but well deter
mined groups of stars are essential to correct the lunar elements, and rectify the places of the 
stars themselves. The present plan is to carry out the investigations of Walker, published in 
the Report of 1851, by combining all the known observations of occultations of the Pleiades, and 
using them for correcting the lunar semi-diameter, the mutual positions and changes of 
position of the stars of this group, for testing and correcting the formulre of lunar parallax, for 
determining the irregularities of the moon's limb, and finally, for correcting the longitudes of 
the places of observation. 

4-. Of the various forms of computation which might be adopted, I have selected that which 
is derived from the stereographic projection of the sphere, in which the sta.r ALCYONE iR the. pole 
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of prqfection. The advantage of the stereographic projection consists in the circularity of the 
projections of all the spherical circles, so that the moon is represented by a circle on the plane 
of projection. The advantage of .placing the pole of projection at the star ALCYONE is, that the 
distances and relative positions of the projected places of the stars are only affected by the 
differences of their proper motions and the small differential effects of aberration. There may 
be a doubt whether the s_omewhat greater simplicity of the formulre in the case in which the ·, 
pole of projection coincides with that of the celestial equator, should not cause this form of 
projection to be preferred; and it may be advisable, in order to secure accuracy, to conduct the 
computations independently by each method. 

5. As the basis of computation, the places of tl,ie stars have been taken from BE3SEL's inves
tigations, which are contained in the fourth volume of his "AsrnoNOMISCHE UNTEltSUCHUNGEN," 
in the article entitled "Beobachtungen verschiedener Sterne der Plejaden." The places of the 
moon are taken from the Nautical Almanac, and the moon's parallax and semi-diameter from 
the '' Tables of the Mo ,n's Parallax constructed from Walker" s and .Adams' F<Yrm:lilre'' for the 
use of the ".American Ephemeris and Nautical Almanac." 

6. The following are the formulre for the computation of the stereographic projections : Let 
a = the right ascension of Alcyone. 
fJ = the declination of Alcyone. 
o! = the right ascension of another star or of the moon's centre. 
fl= the declination of the second star or of the moon's centre . 
.ll a= d-a. 
/;. f3 = fl-(3. 

The axes of x and y have their origin at Alcyone ; the axis of y is directed to the north, and 
that of x to the east. The co-ordinates of the star are given by the formulre, 

A= l-sin 2 i /;. fJ- sin 2 ! A a cos {1 cos ff, 
B sin 111 =sin A a cos {11

, 

C sin 111 =sin A /1 + 2 sin2 ! .ll a sin ft cos fl, 
B 

x= A.' 
0 

Y=A_· 

The radius of the circle, which represents the moon, is given by the formula, 
I 2 = [l + t (~ + ?/) sin2 1'1] 2 1 

in which 2 1 is the augmented semi-diameter of the moon. 
The computation of A, C, and 2 2 should be performed with the aid of the Gaussian logarithms. 
'1. The formulre for the correction of latitude for the earth's ellipticity are those used in the 

Coast Survey derived from BESSEL, and are-
'f' = the geographical latitude of the place, 

loge = 8. 9122052, 
log (1 - &) = 9.99'70916, 

sin ¢ = e sin <(>, 

Ii = sec ¢ cos tp, 

k = (1 - e2) sec 4' sin 'P· 
8. The parallax of the moon in right ascension 1\nd declination, and its auginented semi-

diameter, are obtained by the formulre of 0LBEBS, which are 
tr: = the moon's equatorial horizontal parallax, 
B = the sidereal time at the place of observation, a.= the moon's tabular right &200nsion, 

{1. =the moon's tabular declination, 
4,.a :::: ri - a. = the pa.rallax in right asoon«ion, 
11 .. p = fl - ~. = tbe pa.r•llu in ~lination. 
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P sin 111 = h sin ;.: ~cc f1
0

., 

tan 11,,. a __ -~in 111 -~i~_(s - ao) 
· - 1 - P sin 111 cos (s-0

0
)' 

k~ Cl IS i 110- fl 
tan r; = ~--:---~--- · --- ----

h COH (8 - 0
0 

- ~ Arr a) 

Q 
. 111 _ k sin ;. 

8111 - - .-- -· 
Siil "fj 

tan 11- ,1 - Q sin!"_~in ~,1,,-:-....JL 
· - 1 - Q sin 1" co~ Cj

0 
- r;) 

log a= 9.435000. 
~ _ _sin (;3' - r,) 

""""I - 0. ,, -- _", ___ ---· 
:-;in (1'30 - 7i) 

9. In order to determine the erpmtions of condition for correcting the lunar elements of the 
places of the stars, and of the longitude of the plare, let 

xm, y111 denote the co-ordinates of the moon',: place affected with parallax, 
x., y. those of the star's }Jlac.:e, 
p the distance of the star from the centre of the moon for the recorded instant of the 

I} 

0' 

v 
af m, Y'm 
i'J xm 
a fdm 
i'J x. 
a fi. 

ihr 
aa 

observed immersion or emersion, 
the angle which p makes with the axis of x, 
the angle which the moon's apparent path, affected by parallax, makes with the axis 

of x, 
the velocity of the moon for a second of time, estimated in seconds of space, 
the change in the values of xm and y

111 
for a second of time, 

the correction of the moon's co-onlinatt~ in right ascension for the instant denoted by r-, 
the correction of the moon's declination for the instant ', 
the correction of the star"R co-ordinat(o in right ascension for the year 1840, 
the correction of the star's declination for the year 1840, 
the correction of the moon's hourly change of xm, 

the correction of the moon's hourl,v motion in declination, 
the correction of the star's annual chan~c of x,, 
the correction of the sta,r's annual motion in declination, 
the correction of the moon "s horizontal parallax, 
the co1Tcction of the constant ratio (a) of the moon's semi-diameter to its horizontal 

parallax, 
a b the correction of the moon's semi-diameter for irregularity of outline, 
a A. the correction of the western longitude of the i1Iace in seconds of time, 
at the correction of seconds of the local time ofobserniJion for tho night's work, 

t the time expressed in l10urs and decimals of au hour, 
tY the time in years from 1840. 

The subsidiary formulro for the determination of p, v, 0 and 0' arc 
]J cos 0 = x,- xm, 
]J sin ff= y,- Ym, 
V COS IJ'= x' m> 

'I.~ sin 8'= y' m' 
and the equation of condition is 

.cos(} [ax.- i'J xm + ty i'J x'.- (t- r) r1 x'm] +sin I} [a /1,-r1 fdw + t, r7 ;1'.-(t-•) 0 f3'm J 
[ 

6 .. a cos {1 {) c,." [j ] [ !> " ] ~, - --11:--•cos + --;r--sin 0 +a iJ;;: - :r lJ a -o b-v cos (IJ' - 0) u ). + u t = .:... 2-p . 

• 10. In computing xm and Ym by the formulre of § 6, the apparent right ascension and declina~ 
tion of .Alcyone must be taken for the time from the Nautical Almanac. 

25 cs 
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The values of x. and Y. must be corrected for proper motion, and also for change in the direc· 
ti on of the axis of x, arising from precession and aberration. The formulre for the computation 
of these changes are given in the following paper, with their investigations by Dr. Peters. 

Formulce /or the correction of tlie co-ordinates of the stars. 

Let the accented letters refer to the apparent position, the unaccented letters to the mean 
place of 1840.0, and the index s to the star, and we have 

Ax.= sin (a,- a) cos fl. 
Ax.= sin (d.- d) cos ff. 
A y, =sin (/3.- /3) + 2 sin2 i (a.- a) sin [3 cos ig. 
A y',= sin@.- ff) + 2 sin2 ~ (o!.- d) sin (i' cos ff. 

Hence, by neglecting the terms of the higher orders, the corrections of the co-ordinates are 
x,- x,= (a'.- a.- a'+ a) cos p - (a.- a) (fJ'- /3) sin /3 
y',-y.= fJ'.- {3,- ff+ p. 

If, then, Bessel's notation is adopted for A, B, C, and D, and if only the principal terms are 
retained, so that 

A= tY- 0.34238 sin ~ 
B = - 911 .2235 cos S( 

c = - 2011 .4451 cos (l) cos 0 
D = - 2011 .4451 sin 0 
~ = 339° 351 44".7- ty (19° 20' 2911 .53) 

= 339° 351 44" .1 - (ty ± 18Y. Gl i) 19° 20' 29" .53, 
in which i is any integer; the formulm are--

For Alcyone d - a = A a + B b + C c + D d, 
ff - p = A a 1 + B b1 + C c1 + D d1• 

For the other stars the formulre are the same with the index s annexed. The substitution of 
these equations gives 

x.-x.= A (a,-a) cos /3 + B (b.-b) cos p + C (c.-c) cos f3 + D(d,-d) cos f3 
- (a,- a) sin (3 (A a1 + B b1 + C c1 + D d1) 

y'. - Y. =A (a, - a)1 + B (b. - b)1 + C (c. - c)1 + D (d. - d)1 

But the values of a, b, c, &c., are 
a = m + n tan (3 sin a, whence a, - a= n tan f3 cos a (a.- a)+ n sec2 (3 sin a (ft, -{1), 
b = tan f3 cos a, b0 - b = - tan p sin a (a. - a) + sec~ p cos a (f:J. - fa), 
c =sec fJ cos a, c. - c = - sec (1 sin a (a. - a) +sec~ f3 sin fJ cos a (ft.- {1), 
d =sec fJ sin a, d. - d =sec f3 cos a (a, - a)+ sec2 f3 sin p sin a (/3,- p), 
a1 = n cos a, (a,- a)1 = - n sin a (a.- a), 
b1 = - sin a, (b,-b)1 = - cos a (a,-a), 
c1 =tan w cos f:J-sin /3 sin a, (c, - c)1 =-sin p cos a (a.-a)-(tan w sin f3+ cos /3 sin a)(f3,-f1), 
d1 =sin p cos a, (d,-d)1 = - sin ;1 sin a (a,-a) +cos f3 cos a (ft,-(3). 

The substitution of these values gives 
x.'-x,= (An sec f3 sin a+ B sec f3 cos a+ C tan f3 cos a+ D tan f3 sin a)y. 

- (0 tan w sin f:J + 0 cos f3 sin a-D cos ficos a) x., 
y,'-y.=- (An sec p sec a+ B sec (3 cos a+ C tan (3 cos a+ D tan /3 sin a) x. 

- (C tan w sin f3+ C cos p sin a-D cos f3 cos a) y,. 
In these formulre the following are the numerical values of the various quantities : 

U>g. tan w U>g. e03 w U>g. 11 U>g. 3in " U>g. COii a kg. sin {J log. e03 {J 

For 1840; 9.637'47 9.96253 1.30224 9.91246 9.76043 9.60252 9.96205 
1'140; 9.63769 9.96250 1.30245 9.90437 9.77587 9.59679 9.96313 

l,og. Mn {J 

9.64047 
9.63367 
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If then (the numerical coefficients being replaced by their logarithms) the notation is adopted: 
For 1840: E=5.9382 tY-5.Gl18 sin [336° 59'+(ty±l8Y.61) 19° 20' .5]+5.6248 sin (212° 53'+0) 

1740: E=5.9293 tY-5.6140 sin [336° 30'+(ty±18Y.61) 19° 20'.5]+5.6172 sin (214°18'+0) 
Forl840: F=5.9951 sin (121° 56'+0) 

1'140: F=5.9952 sin (122° 20'+0) 
the values of the corrections of the co-ordinates become 

x.'-x,= E Y.+ F x. 
y,'-y.=-E x.+ F y, 

'rhe maximum of the co-ordinates does not amount to 2800", so that the maxima of the 
corrections are easily derived from the following forms : 

For 1840: 2800" E = 0".2428 ly + 0''.115 sin [3360 59' + (ty ± i l8Y61) 198 20'.5] + 0'1.118 sin (2120 53·+ 0) 
1740: 2800" E = 0".2379 iy + 0".115 sin [3360 30' + (ty ± i 18Y.61) 190 20'.5J + 0".116 sin (214,0 18'+ 0) 

For 1840: 2800" F = 0".277 sin (121° 56' + 0) 
1740: 2800" F = 0".277 sin (1220 20' + 0) 

Relative to the term 0" .115 sin [336° 59' + (t ± i 18Y. 61) 19° 20'.5] it is to be remarked, that 
the year 1840, from which t is reckoned, is about in the middle of that part of the draconistic 
period when occultations of the Pleiades possibly can take place. And as this part does not 
extend over much more than four years, t ± i 18Y.61 will always be between the limits ± 2 
years; consequently the angle under the sine between 298° 181 and 375° 40', that is to say, the 
term depending on the moon's node, cannot exceed 0".11, and will be in most of the cases nearer 
to 0.00, as shown here below: 

! I I! 
II I 

I I , ± i 181.61 I F. I F. F. y F. I F. 
I 

y 

I! 
'!! y 

! I 

1i 
I I 1- ;.03 

I 
I 

'!! 
,, 

I ,, 
I 

,. 
j1 

j, 

,. 
- 2.5 - 0.12 

I 
- 1.5 - 0.10 I - 0.5 - o. 07 1i + 0.5 + 1. 5 + 0. 01 

2.4 0. 12 1. 4 0.09 

11 

0.4 0.06 
i/ 

0. 6 i o. 02 1. 6 I 0. 02 
2.3 o. 11 1. 8 0.09 0.3 0.06 0.7 

I 
0.02 1. i I 0. 02 

'1 

I 
I 

2. 2 0.11 I 1. 2 0.09 0.2 0. 06 0.8 0.02 1. 8 I 0.02 

I 
ii 2. 1 0.11 1. 1 0 09 - o. 1 o. 05 ,, 0.9 I O. Ol 1. 9 

J 

0. 03 
I I ,1 1. 0 O. Ol 2.0 0. 03 2.0 0.11 1. 0 0.08 1! 0.0 0,{)5 ,I l. 9 0.11 

I 
0. 9 0.08 1: + 0.1 U.04 11 1. 1 I o.oo \, 2. 1 

I 

0. 04 

I 1: ii i' 1.8 0.10 o. 8 0.08 
,! 

0.2 0. 04 
1i 

1. 2 + o.oo 2.2 0.04 I I 

/! 
I' 

1. 7 1, 0.10 0. 7 0.07 0.3 0. 04 1. 3 0.00 2.3 0. 04 
1. 6 I 0.10 I 0. 6 0.07 0.4 0.03 ii 1. 4 0. 01 2.4 0.05 

- 1. 5 ! - 0.10 I - 0.5 - 0.07 + 0.5 - 0.03 
i\ 

+ 1. 5 + 0. 01 + 2.f> + 0.05 
I 1' 1 I ii I 

where F = 3000'' (5.6129) sin. [336° 151 + (t ± i 18Y.6]) rn° 20'.5,] so that by taking F from 
this table, the correction of the co-ordinate x, or y

1 
depending on thi8 term is equal to 

__}b_F or - 3-. F. 
3000 ' 3000 

For the other terms, depending on the ~mu's longitude, similar small tables may be con
structed, having the day of the year as argument, so that it may be seen immediately whether 
the correction is at all sensible or not in the tenth of the second. Also those stars, of which 
one or both of the co-ordinates are so small, that the correction remains always under the 
assumed limit of accuracy, may be marked with an asterisk. 

11. The co-ordinates of the Pleiades have been computed for the year 1840 by myself, and 
also by Mr. Webber. My computations are made by the formula of § 6, and are contained in 
the accompanying paper (A.) Mr. Webber's computations have been made by a slightly dif-
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ferent formula, which I had given him. I have examined and corrected them, and they are 
contained in the two sheets markell (A1).* 

The following are the places of the stars, with their co-ordinates for 1840: 

lu ·t a i Proper motion. 
Name of Star. I /]I "• / agn1 ·U e. ! a Ys 

! ! In"• In Y, 

-~-----1 ! 
0 ' " i 16 g Cclamo -------------- 1 5. 6 : 53 49 33.G4 23 46 49. 58 - 2208. 22 637.85 . 027 - . 010 17 b Electra __ .. -_______ . -i 4.5 50 4.7. 59 36 16. 21 - 2143.4'.J 

! 
4.19 

! 
• 006 • 006 18 171 _____________________ 1 7 54 25.52 24 19 52. il6 - 1932.88 2619.52 - . 023 

1!1 e 'J'aygeta ..•....•...... / 5 55 26.47 23 57 34. 12 - 1882.75 1281. 01 - .005 . 010 
Anonyma L .. --- -- -----·I 8 59 14.52 3I 42. 30 - 1679.88 - 2il. G3 

;::::::::::::::! 8.9 : 54 0 55.25 57 25. 09 - 158Z.33 

J 

1270. 86 
9 I 30.8I 34 36. 65 - 155-t.35 - 97. 70 4. _____________ . 8 I i:i2. 66 49 45. 23 - 1531. 36 810. 82 

5--------------1 9 2 11. 22 24 7 lG. H - 1510. 98 1861. fi9 
fj ________ .,_.,. ___ ! 9 2 49.03 23 4G 57. 30 - 1480. 33 i 642. 72 

20 c Jlfoja ----------------! 5 4 46. 31 ' 51 43. 12 - Vl72. 17 I 928. 22 • 010 • 006 A. 7_ _____________ , 8 5 35.15 32 00.41 - 1330.84 - 254. 63 
21 k Astcrope ............. 7. 8 5 48.99 24 2 56.40 - 1312. 95 i 1601. 34 . 027 . 011 
22 

l _____________________ 
i. 8 7 56. 3[) 1 21. 97 - 1196. 91 1506. 60 - .009 . 014 

A. 
s ______________ 

8.9 10 56.98 23 41 2G. 35 - 1034.54 310.58 
9--------------i 8. 9 11 31. 24 41 07. 91 100.3. 20 292. 07 

23 d M erope ... _ .. ________ ; 5 12 37.28 26 39. 23 944.46 - 576. 74 .045 . 008 A. IQ ______________ \ 
8 14 15.83 45 04.35 852.05 528.2I 

i~==============i 8. 9 17 24.71 36 00. 60 679.95 15.82 
7.8 22 01. 14 24 1 04. 70 425. 27 1488.00 13 ______________ 1 

8.9 23 41. 65 23 29 37. 12 334. 81 - 399. 67 14 ______________ ] 
9 25 11. 96 15 52.45 252. 42 - 1224. 39 15 ______________ : 
8.9 26 39. 14 ar 37.49 171. 85 80. 61 16 ______________ 1 
9. 10 26 58. 66 18 58.24 154.34 - 1038. 64 

Ii ••• ----------- 8 27 18.67 13 29.57 136. 05 - 1367.33 
18 ... -----------1 8 27 20.05 38 16.98 134. 3(i 120.09 

24 p. - - - - - - - - - - - - - - - - - - - -1 7.8 27 46.26 36 55. 12 110. 37 38.22 - .009 A. 19 ______________ 
8 28 01. 82 18 09. 11 96. 34 - 1087. 79 

20.----------·--: 8 28 05.46 24 5 15.46 92.44 1738.56 
21.-------------1 8.9 28 41. 90 9 22.06 59. 14 1985. 17 22._: ___________ j 

8 28 47.57 23 24 50. 13 54. 28 686.78 2.'L _____________ ; 8.9 29 36. 40 10 40. 14 9. 49 - 1536. 78 24 ______________ 1 
8 29 42.52 47 lG.49 3. 84 659.58 

25 n Alcyoi;e ----------·-·! 3 4 29 46.72 36 16.91 0 0 

A.~~==============: 
8 9 32 05.30 6 35.59 + 127.46 - 1781. 31 
9 33 36.76 2 35.89 211. 69 - 2020.99 

~~:::::: = =======I 
8.9 40 39.14 49 12. 64- 596. 85 776. 11 
7 43 17. 17 : 22 55 25.93 746.47 - 2450.43 - .022 • 007 29 ______________ ] 
8 44 45.04 

! 
23 50 53.36 821. 63 877. 16 0 

26 ··---··----------------\ 7.8 51 48.27 21 43.53 1213. 22 871. 83 - .017 
27 f Atlas ................ ! 4. 5 54 53.68 33 30.41 1381. 36 - 164.48 - .007 - .009 28 h Plcjonc ______________ : 5. 6 55 10. 82 38 30.60 1396. 18 

I 
135.75 - .013 - .017 

A. 30 - - - - - - - - - - - - - - i 8. 9 55 39.24 23 31. 50 1424. 93 - 763.27 

~~:====::::::::=i 
8 56 20. 32 54 04. 70 1456.96 1070.06 
8 57 35. 11 53 11. 52 1525.50 I 1017.09 33 ______________ \ 
8. 9 i 58 45.54 45 12. 36 1591. 531 538. 13 

34--------------i 7. 8 i 55 3 36. 72 Vl 07.69 1865. 61 - 1385.57 
35_ -- - -- - -- - - -- · 1 9 

I 
3 47.46 45 02.15 1867. 91 I 528.94 36 ______________ 

9 5 59. 14 43 26.57 1988.85 433.86 37 ______________ 
8 6 17. 63 51 22. 51 2003.75 909.88 38 ______________ 
8 7 06.69 21 22.86 2056. 441- 889.60 

I 

39 ______________ 
8 

I 
13 58.00 : 24 00 13.63 2422.04 1443.00 A.. 40 ______________ 7. 8 20 31.97 i 23 28 18.94 2793. 30 1- 469.74 

12. The values of h and k for the principal observatories have been computed by me, and tne 
oomputations are contained in the accompanying paper (B,) which also contains a general table 
for sec. <f1.* The values of li and k have also been computed by Mr. Webber, and his computa
tations, corrected by me, are contained in (B1). * The data for this computation are taken from 

"Omitted. 
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the list of latitudes and longitudes furnished by Dr. Gonn to the American Ephemeris and 
Nautical Almanac of 1856. 

The following are the values of h and k for these o bscrvatories: 

Name of observatory. 

i 
Abo ___________________________ -! 
Altona .. _________ -- ---- __________ : 

fil;?'.:-;-;-;~~-;-:-:-::: ~: ~::: ~ ~:~~~~~I 
Jkeslau. ___________________ . __ . __ : 
Brussels ______ -- _____ --- _ -- . __ • __ ; 
Cambridge, (England). _________ - _ -! 
Camlnidge, (Massachusetts) ______ • _' 
l 'apc of Good Hope .• ---- __ • ___ ••• ! 
Christiania --- __ ----. -- - - - - --- -- -1 
Cindnnati. - - - - - - - - - - - - - - - - - - - - - -i Copenhagen _____________________ : 
Cracow ____________ • ______ • _____ ' 
DorpaL ___________ .. ____________ ~ 

Dublin. - - - - -- - __ - - - - - - - -- - - -- - - i Dur ham __________ - _____________ : 
Edinburgh. _________________ ... ___ : 
.Florence. __ . _____________________ ' 
Geneva. ______ ---- __ • ______ . ____ .! 

I c:~or?etown, D. C. __________ • ____ .; 
Gottrngcn ..• _. ____ . ______ • _______ : 

Gotha. - - - - - - - •• - __ - - ___ . _ - - - - • - - · Greenwich _____________________ _ 

~~!~1~L~::~~--_::::E :-1 

Leipsic._ -- ______ - ______________ _! 

Leyden •. ------------------------! Liverpool _________________ • ____ -! 
Lendon-------------------------: 1\ladras __________________________ i 
Mannheim -- -- - - - - -- -- -- - -- -- - --J 
Markrce ---- --------------------! 
1\far8eilles. --- ---- --- --- ---- ••. __ , 
Milan •• ___ ••• __ • _________ • ______ i 
Modena ..• _ •• _________________ •• _: 
Moscow _______ - •• - - - - - . - • - • - - • - - i 
Muni ch ______ • ________ • _________ ~ 

~:~:; ::: ::: :: : : :: : ::: ====:::::I 
Oxford •••• ___ ---- ______________ .i 
Padua. ______ • __ - _. - - - - • - - - - . - - - - i 
Palermo. -- • -- ---- --- --- • - -- -- - --1 
Paramatta •. ___________ . ______ .. -J 
Paris. _____ • - • - - - - ••• - - . - • - - - - ••• 
St. Peters burgh ___ - - - - - - - - - - - - .• -i 
Philadelphia. ________________ ----: 

Prague_ .. _ ..... ----_---- -- _ ...................... : 

~~!!~~~ = = = = = = = = = = = = = = = = = = = = = = = = j San Fernando.-------------------! 
Santiago __ ·------ _______________ ! 
Senftenberg .. --- _____ ----. -- --- --l 
Vienna----- __ --- ___ --- _ --- ••• __ 

1 

Washington, D. C .•• - • -- -- - -- - -- --
Wilna.---- --- --- ---- --- ---- _ -- --

log. 7t. 

9. 6U411 fl7 
9. 774856R 
n. 897241i2 
9.7853155 
9. 7!Ji8101 
!I. 8026252 
!l. 7!18GG8l 
9. 801118:1 
!l. 7881613 
!l. 86912HI 
!i. 9193626 
!I. 7012096 
H. 8D0·17 ;lf> 
!). 752111!1 
9.8083436 
!J. 720622i 
II. 7764794 
9. 7620565 
9. 7490484 
!J. 85924 7!1 
9. 840954!! 
9. 8(116436 
9.7947543 
9.8003573 
9. 7952551 
9. 7747!151 
9. 87671'84 
9. 7509089 
9. 7626391 
9.8258374 
9. 7965643 
9. 7887124 
9. 77U2ll5 
9.7948021 
9. 9886767 
9. 8134!199 
9.7683373 
9.862i005 
9.8466551 
9.8258539 
9.7512895 
9.8250859 
9.R79302l 
9.8125472 
9. 7925577 
9. 8471626 
9.8964192 
9.8199721 
9.8191R33 
9.7008247 
9.8851G72 
9. 808121:) 
9. i030364 
9.8724136 
9.9059015 
9.9218469 
9.8081426 
9.8245451 
9. 8917229 
9.7629694 

log. k. 

9.9~76798 
9.903477i 
9. ikG7235 
9. 8!l7.'>0U7 
~). 8897522 
9. 8868042 i 

!J. ssnnz 
!I. 8'757:!2 
9. 895.~05!1 
9.826451() 
!J. 744:J749 11 

!I. H353351 
!l. i!l74GD7 
!I. 915(1283 
!l. 8~2Gl54 
9. !l2l'CIG12 
9. 9025810 
9. 91{)2012 
!l. 9104;i07 
9.8378187 
9.85()2485 
9. i9;)67 65 
9. 8917171 
9. 8880/Dl 
9.i-<913980 
9. 91135115 
9.8165040 
9.9155904 
9. !10911083 
9. 86!13645 
9.8!!05587 
9.8954718 
9. 90272!17 
!l.8916867 
9.3515303 
!l. 8iB911lk 
9.90677i6 
9. 83:!%90 
!l. 85083411 
9. 8446192 
9.9154129 
9. 86!1973fi 
9.8134579 
9.8795!!99 
9.8931\126 
9. 850:)388 
9.7880831 
!I. 7430133 n ' 
9.8746266 
9.9354650 
9.8053345 
9. 88277Hl 
9. !1347141 
9.8224026 
9.7716li4 
!l. 7387465 n 
9. 8827:)il 
9.8704094 
9.7955541 
9.9097416 
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APJ>ENDIX No. 25. 
Report to the Superintendent of the Coast Survey, by lJr. 0. H. F. Peters, on the method of 

::mbstituting a lunar spot instead of the moon's lirnb, in tran8its for determining the dijference of 
longitude. 

DUDLEY OBSERVATORY, Albany, November 28, 1856. 
DEAR Srn: I have the honor to submit to you t1te fo11owing re1)ort respecting some trials 

undertaken by your order, with the view of ascertaining the practicability and the advantage of 
using a lunar s_lJot in transit observations for the determination of longitude. 

Among the astronomical methods for determining differences of longitude, that by moon
culminating stars recommends itself to the observer by its speediness and simplicity. It was 
recognized as such by the principal astronomers, at the time when Schumacher began to publish 
his valuable "Astronomiscl1e N[l,chrichten," and was introduced at once into practice at nearly 
all the Euro1Jean observatories. As it promised the great aclvantages of avoiding the trouble
some parallax and the uncerfain refraction, of eliminating the errors of star positions, and of 
not requiring the absolute right ascension of the moon, but her motion only-the attention paid 
to this method for more than thirty years past, both by the editors of E11hemerides and by 
observers, seemed completely justified. But as soon as American observatories also entered the 
field, and a~ the United States Coast Survey demanded longitudes not inferior in accuracy to 
those of established observatories, that which for the range of Europe has been but one method 
amongst many for determining the difference of longitude, became very valuable and almost 
indispensable for linking the establishments in countries on either side of the ocean. Dis
crepancies in the results, however, now came to light, and inconveniences in the method, which, 
within the meridian limits of Europe, might be considered insensible or of no consequence. 
With the distance increasecl the uncertainty of obtaining corresponding observations ; the 
tangent point of the lunar disk observed in transiting, falling upon regions too distant, brings 
in the full weight of the irregularities of shape, which our satellite is known to possess in 
considernble degree; and the moon's motion, the only theoretical element entering into the 
problem, can no longer be considered as exactly ascertained, when the question concerns wide 
geographical limits. Professor Peirce has shown (U. S. Coast Survey Report, 1854) how to 
lessen the. influence of this element, by correcting the lunar ephemeris from a series of 
culminations obi;ervcd at the standard meridians, at the same time rendering available all the 
obAervcd transits, instead of the strictly corresponding ones alone. But even with this 
improvement, he has fouml discrepancies in the results greater than - those affecting the 
telegra1>hic and other determinations of difference of longitude. These are attributable to the 
method itself, and to the probable error of the observations which form the foundation of it. 
As bearing directly on this point, the remark, pronounced by the same learned authority, viz: 
that any number, however great, of observations, cannot diminish the probable error of the 
mean beyond a certain limit,* seems to leave no hope of obtaining the desired accuracy but by 
changing the mode of observation itself. 

The principal cause of error lies in the observation of the transit of the moon. This is 
deduced from the transit of a limb, subject, as is well known, to two errors-a probable error, 
considerably larger than in the transit of a star ; and a constant error, depending on the 
apparent semi-diameter. Even if the outline of the lunar disk did not present irregularities, 
already referred to, it is still not so easy to bring the wire tangent to a circle as to pass it over 
a luminous -point; and, moreover, the effect of the brightness of the disk on the retina, united 
with the agitation of the atmosphere, produces a swelling undulation in the apparent limb. 

• •· Tli .. 1 P iR in .. very RpecieR of ohservation n.n ultimate limit of f>CC-ur.-.cy. beyond whkh uo mas~ of accumulat('<\ 
,1\1t-c1\1ltin1.1:-.1.:~Ln ~·n'"r VH""f'>lri\t(~."-- fha.:5t 81rrt't!f Repori~ 18f•4, p. "109. 
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The irradiation, also, whether in the telescope or in the eye of tbe observer, the personal 
judgment in regard to the division between dark and light, and the particular state of the 
atmosphere, combine to introduce an error, which is, to a certain extent, constant. To eliminate 
this, it has been the custom to take the mean between results from observations of the first and 
second limbs, whereby, however, the labor is at least doubled, and the chance of obtaining 
corresponding observations of course diminished in pTOportion. Besides, a supposition is 
involved which seems not justifiable, viz : that the constant error is really the same in amount, 
only contrary in sign, for the :first and second 1imbl'I of the moon; and, not to speak of other 
objections, it certainly seems reasonable to suppose the judgment in respect to contacttlt:o be 
influenced differently according as the dark or the light part of the field is JJrece<ling. 
Sometimes, also, it has been the practice to determine beforehand the particular correction to he 
applied, or the apparent diameter of the moon belonging to a given telescope, by observations 
at a station of known longitude. But this mode-the only one suitable, for example, for 
travellers who seldom remain at one and the same place during an entire lunation-even if we 
admit the correction to be constant, requires a series of i)reparatory observations not always 
feasible. 

It appears from the foregoing, that, if the method of using moon-culminating stars be at all 
smiceptible of sufficient improvement to satisfy the claims made now-a-clays for more accurate 
geographical longitudes, and if perfection is sought for in the mode of observation, the first. step 
ought to be to abandon the system of observing the moon's limb. Twenty-five years ago, 
Mredler* proposed to substitute, in transits, a lunar spot instead of the moon's limb, and even 
indicated several spot!'! which seemed the most suitable for the purpose. This idea, however, 
ha<l. never been carried into practice, until you, upon the suggestion of Profossor Peirce, who, 
with his usual sagacity, fully recognised its utility, directed some trials to be made at the Clover
den Observatory, the general results of which I have here the honor to submit, together with 
!!ome remarks in regard to the manner both of observation and of computation. Professor Bond 
had the kindness to make some correspon<l.ing observations at Harvard Observatory. 

The selection of the spots to be observed is necessarily regulated hy the size and magnif."·ing 
power of the instrument. Their apparent area should not he too large, (which might give rise 
to constant error;) and, on the other hand, they ought to be clear and distinct enough to be 
followed easily with the eye. Too great a difference between the telescopeis, (as, for example, 
between the large transits of the observatories and the telel'!cope of a theodolite,) therefore, 
would not he admissible. From actual experiments made at Cloverden, I am induced to con

clude that 6 ~ 0 seconds is nearly the upper limit of extension of a spot to be selreted for a teles
cope of magnifying ·power m. The white and small star-like craters are the most convenient, 
being less subject to change of apparent form and illumination by the age of the moon. Those 
situated in a plain, (mare,) isolated from surrounding mountains, are best suite<l. to the purpose, 
especially if easily recognizable by some peculiarity. Otherwise, the eye, removed from the 
telescope between each pair of wires for the instant requisite to note the time, loses its steadiness 
by searching for the right spot. These conditions are admirably combined in the spot JJ[e.~sier; 
the comet's tail, which stretches from it to the borders of the Mare F<Ecunditatis, affording an 
excellent characteristic. It has the advantage of being visible from the 4th to the 17th day of the 
moon; appearing in the Cloverdcn transit (U.S. C. S. No. 4) like a small planetary disk, white 
on dark ground: it has been the principal ohject of observation. 

The researches undertaken, I supposed, should resolve these two (1uestions: 
1. What is the proboh'le error in the transit of a spot, properly selected in relation to the 

telescope? 
2. Do the transits of spots give rise to con.~tant errors in the longitudeR deduced therefrom? 
In regard to the first question, the result is perfectly satisfactorr. From a great numb~r of 

•In an article entitled, "On the general use of the lunar map," in Schumacher' A Ast. Na.ch., No. 337. 
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observations made on several spots, I deduce the probable error of a lunar spot transit over one 
wire in the Cloverden instrument to be 0'.073, whilst I find for a star, situated within the limits 
of the zodiac, a probable error of 0'.080. Whence we may infer, that the transit of a well-con
ditioned spot is at least as accurate as that of a fixed star. Indeed, the spot is seen gliding 
over the wire with a pleasing steadiness, so that its position at the cloch;-beat can be seized with 
much greater precision than the transit of the undulating limb of the moon. I should remark 
that these values have been derived from the deviations of the single wires from the mean of 
seven. And this is, in fact, the complete value of the error, no other sources entering, provided 
that !he moon-culminating stars be treated as originally designed ; that is to say, if the differ
ences only of the moon from stars identical at both stations be considered, and computed by 
means of the moon's motion, without involving absolute right ascensions. The mean of seven 
wires will have tlrn probable error of 0'.029, both for moon and star, and the difference of right 
ascension thus determined is 0'.041. Supposing, then, the observations at both stations to be 
equally accurate, 0".038 will be the probable error of the element, which, in the computation of 
the longitude, iR contributed by observation, if the result given by one star is compared with 
that deduced from tho transit of a spot. This ;vill JJrodm:e, with the moon's mean motion, an 
error of 1s_57 in geographical longitude. As the accuracy is increased by taking, as usual, several 
comparison stars, so the use of the chronograph, instead of the ear and eye, might be of par
ticular advantage in olJSerYing these transits, by permitting several spots to be observed during 
the same transit of the moon. 

The actual determination of a known difference of longitude offers certainly the best trial of 
the method by lunar spots, since, by a series of such determinations, we may ascertain directly itM 
reliableness, in regard lioth to probable and to constant error, though the clue to the sources of 
these, and consequently to an improvement of the method itself, is to be sought for in investiga
tions upon.the elemenfa proper, which concur to the result. The best thanks, therefore, are due 
to the estimable Director of Harvard Observatory, who, notwithstanding his occupation in the 
duties of the Observatory, at my request, kindly undertook to observe corresponding transits of 
the spot Messier with the Harvard meridian circle. In the ex1)ectation of a more extended series 
of trials, (to be entered upon as soon as the arrangements at the Dudley Observatory are com
pleted,) I deem it sufficient to transcribe here only the results, which the few corresponding 
observations between Cloverden and Harvard Observatories have furnished for the difference of 
longitude, by rneam of the spot above named. They are the following: 

1855-Junc 27 ••• 
Nov. 20 ••• 
Dec. 17. •• 

1856-May 14 .•. · 
June 16 ..• 
July 15 ___ , 

West longitude. Numlior of eom-
H.--C. parison stars. 

8. 

+ 1. 30 
5.47 
3. 64 
3. 56 
3.52 
3. 71 

1 
3 
4 
2 
4 
3 

---- -----·---- - -·-- ---·-----'---------

These, on the whole, agree very well together, considering that on June 27, only one com
parison star was observed, identical at both stations. The mean is + 3".54, Harvard Observa
tory west of Clovcrden. According to a communication from Dr. B. A. Gould, jr., the true 
difference of longitude between the two observatories, as resulting from an exact geodetic survey, 
is only + 1'.65. The difference of nearly two seconds, which is here found by the lunar spot 
culminations, shows clearly a startling constant error. What may be the cause of this, cannot 
well be decided, except by a longer series and a more systematic arrangement of the correspond
ing observations. Although, at Harvard Observatory, Professor Bond observed by the electric 
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method, and I, at ()loverden Observatory, only with the ear and eye, it seems hardly possihle 
that any personal equation shoultl have remained, as this must have been eliminated in the 
right ascension al difference of star and spot. Neither does it seem probable, that in a spot so 
neatly round and circular as ~Messier, the observers, on account of the great diversity of the two 
telescopes, should have judged the preci8e point of observation different br the amount of l".05, 
the whole diameter of the crater of Messier being no more than 8''. Still, this may, perhaps, be 
a question to be settled only by corresponding obsen'ations upon spots of various sizes. In a case 
like the present, where the two stations arc so near together, the computation of longitude from 
transits of spots is extremely simple, since, for so short an interval of time as passes between the 
transits at the two meridians, the motion in right ascension of the spot is sensibly equal to that 
of the moon's centre. But, as the method of spot transits may yet be found to be superior fo 
that of transits of the limb, and eventuaUy supen:;ede it, permit me to develop the formulro 
required additional to the usual ones employed, and adarted to any distance of the meridians. 

The computation of lunar-spot culminating stars differs from that of moon culminating stars 
evidently only in that, whilst in the latter the point of contact observed is connected with the 
centre of the moon' ii disk in a very simple and, as the tangent to a sphere, constant way ; in 
the former, the same has a variable relation, because of the libration and of the parallactic dis
placement of the spot. Nothing is required, therefore, but the expre;;sions for the differences 
of the spherical co-ordinates (right ascension and declination, or azimuth and zenith distance) 
of spot and moon's centre for any given moment, or, properly, nothing but the hourly motion of 
these differences. 

The position of a spot upon the moon is given by its selenographical longitude l' and latitude 
b', the former counted from the first 1 unar meridian, being positive to the west. By the term 
first is understood that meridian which passes through the lunar radius, directed towards the 
earth's centre at the moment when the line of the node of the lunar equator upon the ecliptic 
coincides both with that radius and with the mean longitude of the moon. In order to find 
the position of the spot relative to the earth at any given time, it is necessary to know what 
point on the moon's surface, at that time, is directed towards the earth, or, in other words, the 
libration of the moon's centre-that is, the selenographical longitude l and latitude b of the 
point mentioned. .As to principal terms, these arc expressed as follows: 

l = l - l
0 
+ 34".4 sin 2 (J. - ~) + b cos (,\ - ~) sin I 

b=B-p 
where tan B = - sin (A - ~) tan I and .A, [1 the geocentric longitude and latitude of the 
moon's centre, l. the mean longitude <>f the moon, ~ the longitude of the ascending node of the 
moon's orbit upon the ecliptic, (always coinciuent with the descending node of the moon's 
equator upon the ecliptic,) 1 the inclination of the moon's €<]_Uator to the ecliptic, (= 1° 28' 47" 
according to Niootlet and Bouvard, 1° 32' 09" according to Wickmatin's recent determination 
with the Konigsberg Heliometer.) For the terms containing trigonometrical functions, Encke 
has given tables (Berliner .Astr. Jahrb. 1843) by means of which the quantities l and b are 
obtained with great ease. 

These formulre hold for any point upon the earth, if we substitute in them, for ). and /i, the 
longitude and la.titude of the moon's centre as seen from the same point. I shall show how 
lihration and parallax may very conveniently be taken into account conjointly. Bessel uses, in 
his method for the reduction of lunar distances, a process, for including the parallax, which 
seems at once the most simple and the moist complete, viz: liy referring the co-ordinates of the 
moon to tha.t point of the earth's axis where this is intersected by the prolongation of the line 
of direction. of gravity at the place of observation. If 7l be t.he distance of the point of inter
seetion (which, for brevity sake, I shall call the nadir point) from the earth's centre, readily 
computed by the formula-

26 cs 
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or by sin ¢ = e sin 'f and 7J = e tan 9, e being the eccentricity of the terrestrial meridians, 
cp and 'P' the astronomical and geocentric latitudes, and p the earth's radius for the place; if, 
moreover, a, (}be the moon's geocentric right ascension and declination for the given instant, 
11: her equatorial horizontal parallax, then the declination at the nadir point will be 

;y = () + 7j r:: cos (}, 
while the right ascension remains unchanged. The dil'!tance of the moon's centre from the -, 
nadir point r is expressed by 

log r = M 7l sin 11: sin iJ 
M being the modulus of the Brigg. logarithms. Now, by converting the right ascension and 
declination (a and (}1) into longitude and latitude ;., {3 (which, with sufficient accuracy, may be 
done by means of auxiliary tables found in several books,) and computing l a:ud b, we have the 
libration a11periaining to the point M upon the moon's surface, in the line drawn from the 
moon's centre to the nadir point; and, from the relations in the spherical triangle at the moon's 
centre between the point M, the lunar north pole and the spot, results : 

cos m = sin b sin b' + cos b cos b' cos (l' - l) 
sin m cos M = cos b sin b' - sin b cos b' cos (l' - l) 
sin m sin M = coR b' sin (7! - l). 

Whence we derive M the solid angle formed by the planes passing through the nadir point, 
lunar centre and lunar pole, and through the nadir point, lunar centre and spot, and m the 
angle at the centre of the moon between the nadir point and spot. The rectilinear triangle 
formed by the nadir point, spot and lunar centre, gives also, the angle at the nadir point being 
denoted by n, the distance of the nadir point from the spot by r', and the ratio of the moon's 
radius to the earth's by k (= 0.2725): 

r' sin n = k sin 7r sin m 
r' cos n = r - k sin 11: cos m. 

It remains to refer the position of the lunar north pole, from which the angle Mis reckoned, 
to some known circle. For this, we find in the astronomical ephemerides the quantities: 

i =the inclination of the moon's equator to the earth's equator. 
t.. =the angle in the moon's equator, counted from the ascending node upon the earth's 

equator to the ascending node upon the ecliptic. 
52 1 =the ascending node of the moon's equator upon the earth's equator. 
'fhe angle C, intercepted by the lunar meridian passing through M and the hour circle is 

immediately obtained from either of the following equations: 
. c . . cos (l + l - ~ + 4) 

Sln = SID t -- 0 
JI/ 

cos (J 

= - sin i co~ __ ((l - ~) 
cos b 

The angle C is considered positive, if the northern part of the hour circle, in looking towards 
the moon, appears to the west of said lunar meridian; aud, as it is always < 90°, there cannot be 
any ambiguity on account of the determination by the sine. From this we have now the angle 
of position of the spot 

N=M-C, 
whence, in combination with the angular distance from the moon's centre n and the linear 
distance r', the position of the spot relative to the nadir point becomes completely known. 

So far the formulre are common to every kind of transits of lunar spots, and are applicable as 
well to observations of right ascension and declination as to measures in any azimuth and 
zenith distance. For the application to transits at the meridian, we have the relations 

sin ~1 = sin i3' cos n + cos lJ' sin n cos N 
cos 8 1 cos (a - a')= cos H cos n - sin (JI sin n cos N 
cos '11 sin (a - a!)= sin n sin N 

of which we need only the combination of the last two, viz; 
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ta ( d) J' tan lJ' tan n sin N 
n a - = cosec 1 - tan r'J' tan n cos N 

from which d or the right ascension of the spot relative t.o the nadir point is found. But, since 
in the meridian the parallax in right ascension is zero, a' is, at the same time, the apparent right 
ascension of the spot, which is the element required for computing the longitude from spot 
transits. 

The further development, which the above formulre need for their practical application, as 
well as the simplification of them by developing in series, I reserve for the report on the trials 
next to be undertaken at distant meridians. If these trials succeed in re-establishing the credit 
of the method of moon-culminating stars, the complexity of the computations will be fully 
compensated by the exactness of the results in the determination of the longitudes of many 
places between the Atlantic and the Pacific, yet beyond the reach of the magnetic telegraph. 

All of which I submit. 
Very respectfully, 

C. H. F. PE'l'ERS. 
Prof. A. D. BACHE, LL. D., 

Superintendent U. S. Ooast Survey. 

APPENDIX No. 26. 
Report of Assistant George Davidson upon observed occultations of a Scorpii and <{f the 

planet Mars, at Point Hudson, Port Townshend, Washington Territory, in April and May, 
1856. 

UNITED STATES BRIG R.H. FAUNTLEROY, 

Admiralty Inlet, Washington Territury, JJ-fay 17, 1856. 
DEAR Sm: Enclosed please find copies of the observations relating to the occultation of a 

Scorpii, April 22, and of Mars, May 14. 

* * * * * * * * * 
Astronomical station at Point Hurlson, Port Townshend, TVashington Territory, April 22, 1856. 

Observations for error of sidereal chronometer Hutton 231, and for instrumental errors. 
Portable transit No. 7, by Wtirdemann. 
Value of one division of the level scale= 0.0955 seconds. 
The following observations were made in connection with the o~serva.tion of the occultation of 

a Scorpii. On account of the very cloudy weather, the transit instrument had not been rut in 
the meridian. 

To-night several stars culminating near the zenith were sought for, but not seen on account 
of clouds. With the instrument near the meridian by estimation, the transit of B. A. C. 3981= 
G. 0. 969, very near the zenith, was at last observed for the approximate error of the 
chronometer, and gave it slow lli. 05m. 45.4s. I then reduced the A. R. of B. A. 0. 4050, 4070, 
and 4150= 1004 G. C., (having small N. P. D.'s,) to date, and with the above error of the 
chrqnometer obtained their times of culmination. The first was not seen on account of clouds; 
second was seen faintly ; at the computed time of culmination of the third the star was bisected 
by the middle wire of the transit ; axis nearly level ; little or no error of collimation. Then 
~mme~ced observing for time, &c., clouds gradually breaking away, and wind (from S.S.E.) 
increa.smg. 



 

Astronmnical station at Point Hudson, Port Townshend, W. 1'., April, 1856. 

Tute ____ -=-1 22d. zi. 22. 22. --T-;--J=-22.- --r ~-2. --1 -,------ - -· ----~·'- ·--~----r---··----

Object; .. 7 •••. ( 969 G. C. {J Corvi y Virginis 12 Can. Ven.11049 G. C. 
De.scr1ption. -~~~ m-st. I. unst. I m-unst. 

Illumination. 
Chronometer. 
Observer •••. 

Eaet. 
231 
D. 

E. W. 

East. 
231 
D. 

East. 
231 
D. 

F,ast. 
231 
D. 

West. 
231 
D. 

a Virginis 
l. m-un~t. 

West. 
231 
D. 

1077 G. C. 
Ul·Rt. 

West. 
231 
D. 

22. 

ry Ur. Maj. 
m-st. 

West. 
231 
D. 

I 
Level. .•••••. ll3, 4 26.05l 2T.•2 12. 91-·······-··-118. 2 21.05126.0l 14. 7[ 17.

0
6 25. 7126. 0

1 

" •...... 20.06 19. 2 ls. s 21.•2 .••.•••••••• a5,02 12. 9.17. o 25.01 26. 2 17."B .19. o 

18. 5:19. 0 

25. "5125. 02 

--1----i--

25. 05 

17. 8 

h. m. 3. 
Wires ••••••• I 3107.6! 19 57.B 

31 39.l 20 20.7 
32 10.7 l!O 43. 5 

10 32 42. 6 11 21 06.2 
33 14.7 21 28.9 
33 45.6 2151.2 

(a) 34 17 6 22 14. 1 

-I 
Sll.ll'IB ••• ••• - • 

____ .. ____ ,. __ 42 13. 1 
............. -.......... 42 40. 1 

28 17. 3 43 07.5 
11 28 38. 5 11 43 34. 6 

28 59. 2 44 01. 6 
29 19. 8 44 27. 6 
29 41.3 44 55.3 

55 42.8 
56 04.2 
56 25.0 

11 56 45. 8 
57 06.8 
57 28. 1 
57 49. 2 

10 48.7 
11 10. 4 
11 31. 3 

12 11 52. 5 
12 13. 9 
12 35.3 
12 56. 6 

2113.6 
21 46.6 
22 18. 6 

122251.l 
23 23.2 
23 55.6 
24 28.5 

34 31. 5 
3.5 03. 9 
35 :!6. 4 

12 36 08.7 
36 41. 3 
37 14. 2 
37 47.0 

Mom.------1 I ~=i I I -, 
I I 

22. 

,.0 

~ 
~ 
:§ 
" :5 
'd 
;::l 

:a 
15 
:;::l 

E' 
~ 
" 
~~ 
8 c--1 
,::o s . 
ce ~ 
<>0 
P.'*' 
"" -~~ 'd ...... 

"'"" ..cl~ 
+' -
"cJ § 
~ 0 

~ ~ 
,Q ..cl 
0., .... 

0 

I 
22. 

I 
22. 

a Cor. Bor. I a Serpentis 
th-clds. th-clds. 

I 
West. 

I 231 
D. 

I -----1 

29.4 17.0 

21. 2 25. 0 

21 40. 7 
2Z 04. 6 
22 28.0 

14 22 51. 7 
23 1.5. 0 
23 38. 8 
24 02. 2 

I 

West. 
231 
D. 

30 23.2 
30 44.6 

-----_ .... -
14 31 26.3 

31 47.2 
32 08.6 
32 29. 7 

-----~-i------

(a) Instrument levelled after this obsermtion and moved in azimuth, with tangent screw to follow the close circumpolar stars. 

~ 
~ 

lrl 
to:! 
"d 
0 

~ 
0 
11:1 

"3 = l"l 

O' 
c:l 
'C 
l.!l!J 
):I 
..... 
21 
i-3 
l'1 
Ill 

" Pl z 
i-3 

0 
'wj 
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.Astronomi"cal station, Point Hudson, Port Townshend, TVashington Territory, April 22, 1856. 

Remarks upon occultation of a Scorpii. 
·wind S.S.E. moderately fresh, but telescope much sheltered by the observatory. 
With C. S. Recon. Tel. No. 18, and astronomical eye-piece with an estimated power of about 

70, observed the disappearance of a Scorpii behind the bright limb of the moon at 
13h. 40m. 02.3s., by Sid. Chro. 231. 

For error of chronometer see previous observations. 
This time denotes the instant of the disappearance of the star after it had been projected upon 

the body of the moon for about 2! seconds, certainly not less. The ruddy color of the star 
showed distinctly upon the body of the moon, and the instant of its disappearance was as 
accurately noted as if it had disappeared behind the dark limb.* 

It was hoped to obtain the reappearance and also the transit of the moon, star, and 
culminating stars, but the wind, which had been increasing, brought up dense clouds and a 
S.S.E. squall and rain . 

.Astronomical station at Point Hudson, Port Townshend, Washington Territory, JJfay, 1856. 

Observations for error of sidereal chronometer 231, and for instrumental error. 
Portable transit No. 7, by Wiirdemann. 
Value of one division of the level scale= 0.0955 seconds. 
The following observations were made in connection with the observation of the occultation of 

Mars. 
May 13. Error of chronometer brought up by last determined rate. Set for and observed 

transit of 3812 B. A. C. and a Leonis, and found rate of chronometer changed and instrument 
much out of the meridian, but the first star being near the zenith assumed error of chronometer 
=lh. 06m. 55s. slow. Computed culmination of B. A. C. 3953 and 3981-the one north and 
the other south of the zenith about ! 0-and observed their transits. The former gave error of 
chronometer= -lh. 06m. 54.2s., and the latter -lh. 06m. 54.4s., both uncorrected for 
inclination of transit axis, which was not quite in adjustment. With this error of chronometer 
computed the culmination of 4050, and bisected the star with the middle wire at instant of 
culmination. Tho star wa11 very faint; tried to see 4070 and 4150 but could not, as the clouds 
were too thick and increasing ; assumed the instrument in the meridian and commenced 
observing standard stars. 

It will be found that the chronometer has gone back to its old stationary rate, which was 
3.30s., losing daily. 

• Having once before observed this same appearance, I was fully prepared foy it.---G. D. 



 

Date.---·--·---· 

Object-~-------·/ /1 
Description •••••• , m-st.t 

Illumination. - -- -
Chronometer - •. _ 
Observer----·-·· 

Level •••• _. ____ _ 

" 

Wires. -- •••••••• 

S•1lll8 -·-------·-

Means •••••• --- -

2Z.4 
20.0 

h 

11 

Aslrorwmical station at Point Hudson, Port Townshend, Washington Territory, May, 1856. 
------ ----- r------ ---·----

13. 13. 13. 13. 13. 13. 13. 

Corvi. r Virginia. 12 Can. Ven. 1049-4401. a Virginia. 1077--4538. ~ Ursre Majoris. 
b..thk-clds. d. m-st. th-hz. d. st. th. thk-bz. r-ft. th-hz. I. <lif. m-unst. I m-d. m-st. I. d. m-st. 

West. West. West. 

I 
East. East. East. Ei\st. 

231 231 231 231 I 231 231 231 
D. I D. D. D. D. D. D. 

---------------------- -------

2Z. 8 21.6 N.O 23.9 :n.s 22. 0 u.o 26. 6 19. 6 27.0l 18.4 21. 7 25.08 
25.5 23. 'I' 21. 8 20.7 24.8 26.6 19.6 22.7 23. 3 25. 2 21. 6 25.08 21. 3 

---- ------
m. s. 
18 49.7 26 27.2 41 04.4 too ft. 9 40. 6 %0 0.5.9 33 22.5 
19 12.6 26 48.3 4;1 31. 7 ................................... 10 01. 9 20 38.0 33 54.8 
19 34.8 27 09.0 41 58. 2 55 16. 7 10 23.2 n 10.0 34 27. 5 
19 57.6 11 27 29. 7 11 42 25. 4 11 55 37. 5 12 10 44. 5 12 21 42.7 12 35 00.2 
20 20.6 27 50.7 42 52.4 55 58.7 11 05. 7 too ft. 35 33. 1 
20 43.2 28 11. 8 43 19.5 56 19. 5 11 27.1 ll2 47.3 36 0.5. 2 
21 6.1 28 32.8 43 4,6, 6 56 40.7 11 48. 6 23 19.9 36 38. 1 

- ------ ------------
------ -

14. 

The thick clouds ob-
scuring the sky prevented 
any attempt to get the in-
strument nearer the plane 
of the meridian than by 
last night's observations. 
'l'he azimuth screw moves 
so unevenly that no reli. 
ance can be placed upon it-

I 

g 

II' 
l.'!l .,,, 
o, 
~ 
~ 

0 
llf' 

lof' 
~' 
l"J" 
~ :a 
tsi 
~· ... 
!;it, 

L:'. 
!ill. 

~ 
~ 
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Date •••.•••. 14. 

Object------ a Ursro Majoris. 
Deacription .• v·ft. th-clds. 

Illumination . East. 
Chronometer. 231 
Observer •••• D. 

LeveL •..• _. 17. 7 22.os 

" .............. .......... ................... 

h. m. 1. 

Wires ..•.. - ................. 
46 22.5 
47 08.3 

9 47 53.6 
48 39.2 
49 23.5 
50 09.9 

Sums.------

Means --·---1 

.i!l.slron<Jmical 6tati<m at Point Hudson, Port T<Jwnshend, Washington Territ<Jry, May, 1856. 

14. 14. 14. i 14. 

1-----
~ Leotds. T Le<nis. yUrsreMajoris. I !Moon. 

m-d. m-st. ft. m-st. ft. th-clds. iv.ft.th thk.clds 
I 

----1----
I 

I 
East. East. East. i East. 

231 
D. D. D. 

14. I H. H 14. 

---------1--------· 

fMars 
moon 

•., hy 

1 134-5. , Ur. Min 

i 
East. Eas 

231 23 
D D 

oris.I Star having an 
alt. of 670 34'. 

~--
I 

Ea.st. 
231 
D. 

I 
I 14. 

1526 

East. 
231 
D. ~ "' '"' I 

------1 --------· 

---------·-- 26.0116. 1 20. 4 22.05 ! 2s.oo 16. s 
25.06 15. 9 19. 5 22.os 21.00 16. 2 ! 19. 4 24.08 

I ___ , 
I 

58 23.6 12 33. 4 --------1 .. --.... -..... 
58 46.5 12 54. 5 I 3807.6: -------· 
59 09. 1 13 15. 6 I ------·-· ----.. -- -

9 59 31. 4 10 13 :rn. 5 10 ---·--· ! 10 58 44. 6 
59 54. 1 13 57.6 39 56. I i 59 06.0 
60 16.2 14 18 3 40 31. 9 . 59 26.8 
60 38.9 14 39.4 l . -- . : o9 48.6 

I i 

I I ~--1 

d limb 
klimb 
• 18m. 
ometer 

l limb 
moon's 

chr<.l
h, 24m. 

22. o 24. 4 I 22. 4 
30. 4 16. 0 30. 5 

2 44.Z 
3 o~. 3 I 
3 2h. 3 I 51 

15 03 4 7. 2 I 15 54 
4 08. 3 ! 56 
4 28. 9 : 
4 fJO. 4 

22. 2 .. .............................. 
14.5 --------------

I -, 
I 

. ........ - 6 12.2 

. - - - - - 6 35.6 
26.7 6 58.8 
02.2 16 07 22. 1 
38.0 7 45.5 
..... -... - 8 08.4 

8 32.l 

=1--
I 

-1----I -
I I 

Very dense clouds pm vented further ob~crv1\tions. 
A complete list of moon culminating stars had been made ont, but the above were all that could be outained. 

32.2 16.8 
24.8 23.8 

28 22. 6 
28 43.9 
29 04. 8 

162926.l 
29 47.3 
30 07.6 
30 29.2 

----

-----

"' = 1:1<.l 

c:: 
~ ..... 

"' i!'J 
t:I 
l1l 

"' Ii>-

"' l"1 
l1l 

t"l 
0 
~ 
l1l 

"' Ul 
Cl 
~ 
< 
!.".! 
~ . 

.~ 
0 ..... 
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At the contact of the I limb of Mars, with the dark limb of the moon, the planet was hazy 
and moderately unsteady. 

The observed time of the disappearance of the II limb of Mars behind the moon's dark limb 
is the most reliable of all the observations. 

At the separation of the II limb of Mars from the bright limb of the moon, both objects were 
seen through a thick hazy stratum of clouds, and the moon's was very unsteady. 

The appearance of Mars was gibbous ; the 1st limb well defined. 
At the time of the disappearance of 13 Virginis the moon was hidden by dense clouds ; and 

at its reap1iearance from the bright limb it could not be seen, and was not for some time after 
the occurrence. 

Wind light, N.N.W.; atmosphere hazy. 
May 15, densely clouded. 
May 16, densely clouded, and, at the time of occultation of 86 Virginis, raining. 

COMP A RISON OF CllRONOJIIETERS. 

April 22, 1856, after occultations of a Scorpii, 
h. m. s. 

Sid. 7. 231 = 15 20 58.5 
Mean 7. 1911 = 2 20 52.0 coincidence. 

May 13, 1856, after observations, 
h. m. s. 

231=13 04 06.0 
1911 = 22 42 35.0 coincidence. 

14, 1856, 231 = 11 32 14.5 
1911 = 21 07 05.0 coincidence. 

14, 1856, after occuitation of Mars. 
h. m. a. 

231 = 11 09 06.0 
1911 = 2 43 02.0 coincidence. 

APPENDIX No. 27. 
Method of observing azimuth, employed at Oat Island, by J. E. Hilgard, assistant U. S. Coast 

Survey. 

A mark was placed nearly in the vertical of Polaris, at elongation, the aim being so to place 
it that the star would be equally on both sides of it during the term of observation, as originally 
designed at Spencer's Hill by the Superintendent. 

The difference between star and mark was measured micrometrically, but instead of using a 
telescope-micrometer with moveable wire, the azimuth-micrometer of a 26-inch transit instru
ment was used, the fixed wire being pointed alternately at star and mark. The collimation 
error is eliminated by reversal. _ 

The longer transit-axis and delicate level made the use of a transit instrument preferable to 
that of the Gambey theodolite used in the measurement of horizontal angles ; and the facility 
with which the observations can be made recommends the method for more frequent employ
ment, in cases when a mark can be obtained in a proper position. 

Great care is necessary in centreing the theodolite, used for referring the mark to one of the 
lines of the triangulation, in the line of collimation of the transit when pointed at the mark, 
especially when the latter is not far distant. It may be simply and accurately effected in the 
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following manner: insert a. pencil nearly into the centre of a cork, and fit the latter into the 
eye-piece of the transit telescope, removing the eye-lens. With the point of the pencil describe 
a mark on the stand, under the vertical position of the telescope, by estimation, using the 
motion of the diaphragm tube to get the proper length. Repeat the same with the telescope 
reversed in the bearings, and the middle between the two lines described will be accurately in 
the vertical in which the theodolite is to be mounted. 

The following is a specimen of the work: 
Western elongation of Polaris, December 5, 1855: 
Time of elongation by chronometer= 7k. 06m. 00s. 
Value of 1 divis. of micrometer= 211 .18 =value of 1 div. of level= 2".0. 
Increase of micrometer readings corresponds to movement of telescope from north to west. 

' I / Lamp. ! Level. Time. Micrometer. j Time fr. elong. ' 
_______ ! ___ , ________ , _______ , _____ 1!-----1 

Object. 

Mark - ----------1 E. !)__________________ f st. o I m. '· i 

I 
86. l ! 

1 85. s I 

h. m. 8. 

7 15 

I 

I 
i 

Polari11 •••••••••• -------- D. 30. 5 30. 5 77. 8 j' 

R. 30. 5 so. 5 77. 2 
n. 2 I 

I 
7 18 59.5 

19 21. 5 
19 47.0 

i w. ------------------ ~~:~ l 
I 75.0, 

21 55.5 
22 16. 5 
22 45.5 

i R. 30. 0 31. 0 
Mark-------------------' D. 31.5 29.5 

122. 5 121. 5 

- 1. 
-- ''.15 

7 23 

Mark, lamp E. 86. 0 

l 

87. 0 i 
86. o I 
87.0 i 

I 
Mean, 86. 35 

Mark, W. 86. 7 
Star, " E. 77. 4 

Mean, 
Star, " W. 75. 4 

:Mark W. of Star ••••••• ----------_ 
Reduction to elongation __________ _ 

Level correction····-··---------· 

MarkW. of elongation •••••• _____ _ 

7C.40 

+9. 96 :::z + 21. 69 
- 12.82 
- 0.15 

+ 8'1.7 

12 59.5 
13 21. 5 
13 47.0 
15 55.5 
16 16. 5 i 
16 45. s I 

I 

Reduction. I Remarks. 
: 

" i 
i 

; 

- 9.7 i 
10. 2 I 
11. 0 I 
14.5 I 15. 3 
16.2 I 

I 
-12.82 

Six Bets were observed in about on11 hour, with a probable error of ± 0".6 for a single set, as in the above example. 

APPENDIX No. 28. 
On the gmteTal·~ of~ magnetism in the United States, from o'btlervatioM made 

in tAe U. B. Ooaat &ruey and others: by .J.. D. Baake, Superi:n;tendent, anti J.E. Ir1',gard, 
.A.BBiatant U.S. Ooast SW"'!Jey.-(SketckM Nos. 61 and 62.) 

During the progress of the Coast Survey within the last twelve years, observations of the 
magnetiC elements have been made, under special instructions from the Superintendent, at most 
of the astronomical stations, and near many capes and harbors where a knowledge of the 
variation of the compass w&a requisite for the use of navigation. The number of magnetic 

!'1 08 
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stations now amounts to about one hundred and sixty, distributed (irregularly ae yet) along the 
entire seacoast of the United States, on a great portion of which magnetic observations were 
now made for the first time. The object of this paper is to deduce from the Coast Survey 
observations, in connection with others of recent date, the general distribution of terrestrial 
magnetism in the United States, as far as the data available will warrant.the conclusions. 

These observations have been discussed from time to time under the immediate direction of 
the Superintendent of the Coast Survey, with the double purpose of determining the distribution 
of magnetism in different parts of the United States and the local irregularities. Observations 
have also been repeated at many places where the discrepancies indicated the necessity for such 
a course, and generally resulted in throwing the discrepancy upon the existence of local 
attraction. 

The area under discussion is so large, and the observa.tions comparatively so sparse, that 
nothing more than the general distribution can at present be attempted. Local deviations from 
the general system, of greater or less magnitude and extent, are apparent in the table of 
residuals given at the close of this paper ; which must be ascribed mainly to local attraction, 
since the errors of observation are far less in amount, and point out localities where additional 
observations will be most useful. 

The results of the Coast Survey observations are given in Table I, which gives the latitude 
and longitude of the stations, the declination, dip, and horizontal intensity of the earth's 
magnetic force, t11e date of the observations, and a reference to the particular locality, its 
geology, and other circumstances. 

The record of these observations and the details of methods and instrumental constants will 
Rhurtly be published as part of the Coast Survey records and results, for the publication of which 
Congress has provided. A brief notice will therefore suffice here. 

In observing tl1e dedination, the magnetic meridian has generally been obtained by means of 
collimator magnets, using Gauss and Weber's transportable magnetometer; while the astro
nomical meridian was derived from the triangle sides of the Coast Survey, or obtained by direct 
observations. 

The dip has been observed with needles of from six to ten inches in length, made by Gambey 
and by Barrow. Two needles have generally been used; or when one only was employed it has 
been carefully tested and compared. 

The horiwntal intensity has been determined in absolute measure by vibrations and deflections, 
according to the methods of Gauss and Lamont. The units of measure are those used in the 
British surveys. 

From the agreement of repeated observations, it is inferred that the uncertainty of the 
observations at a particular spot does not exceed one or two minutes of a.ro in the declination 
and dip, and airo part of the horizontal force, 

The data derived from other sources that are combined with the Coast Survey observations 
a.re all of recent date, in order not to introduce much uncertainty into the reduction to a. common 
period. 'l'hey are : 

1. Observations by Lieutenant (now Colonel) LEFROY, of the Royal Artillery in Canada, along 
the St. Lawrence, and at Toronto; being part of those publiehed by Colonel SABINE, in the 
Philosophical TranBaction1J, 1846 and 1849. 

2. Observations made in connection with the survey of the northeastern boundary; 'I.Did. 
3. Observations of horizontal intensity in Waterville, Maine, by Profe11sor G. W. KREIJllY, in 

1847; Phil. Trans. 1848. 
4. Observations by the late Dr. Jo:tm LOCKE in various parts of the United States, especially 

in Ohio and the northwestern States. (Am. Phil. Trana. :i846, and Smithsonian Oontrih. 1852.) 
The values of horizontal intensity in this series a.re originally expressed in terms of the force at 
Cincinnati, a.nd have been converted into British units through the observa.tions at Toront.e, 
which is one of the stations. 
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5. Observations in various parts of the middle and western States, by Professor E. LOOMIS. 

Am. Phil. Trans., vols. VII and VIII. 
6. Observations made on the Mexican boundary surveys, under the direction of Major vV. H. 

EMORY, U. S. A., recently presented by him to the A.rnerican Academy of Sciences. 
7. Observations made by Captain WHIPPLE'S party in the Pacific railroad explorations, near 

the 35° parallel of latitude. This series, not heretofore published, was kindly furnished by 
Captain A. W. WHIPPLE, U.S. Topographical Engineers, and is given in full in Table II. It 
will be seen that a large number of the stations are at a great elevation above the sea level. 
The effect of elevation on the action of the earth's magnetism has generally been found 
insensible, and in the absence of any known correction the observations have necessarily been 
used without regard to height. The observations have been made with a Fox dip-circle
Cambridge, Massachusetts, being used as a reference station for the intensity. The numbers in 
the table denoting the total intensity may be considered as referring to the arbitrary scale in 
which the total force at London is 1.372, with the usual uncertainty on account of secular 
variation. 

For use on the map they have been multiplied by 7.41 to give the total intensity in British 
units, and by the cosine of the dip for the horizontal force. The factor 7 .41 is the ratio of 
13.32; the total intensity in British units at Cambridge, Massachusetts, from observations by 
Professor Bond, and the Coast Survey observations in the vicinity, to 1. 798, the reforence 
number in the table. 

8. Table III gives some observations of declination not before published, collected from 
various sources for this discussion. 

Corre.ctW.ns for secular variation.-The obRervations in the discussion have been reduced to 
the common date of January, 1850, by the best values for the annual change that could be 
arrived at. 

The annual change for the declination and di11 has been used, as found in the discussions by 
Mr. C. A. ScHoTT, printed in the present volume. 

For the northwestern States we deduce from scanty data, and have applied an annual change 
of from 11.6 to 2' decrease of easterly declination. 

Determinations of intensity in absolute measure are of so recent a date that but little is known 
of its secular variation. Observations of the horizontal force at Toronto, Boston, New York, 
Philadelphia, and Pascagoula, made during the interval between 1843 and 1855, concur in 
showing an annual decrease of nearly Tm part of the force. If we suppose the total force to 
remain constant, the known increase of the dip would account for a rather larger diminution of 
the horizontal component; and since it is probable that the total intensity is likewise slightly 
on the increase, the result obtained from our scanty data may be considered sufficiently well 
established to be used. 

Our knowledge of the secular changes on the Western Coast and in the Territories is so 
deficient that no satisfactory reduction can be applied to the observations. The changes, how
ever, are known to be small, and the observations do not differ greatly in date. Their mean 
date is about 1852, which may be considered as the period to which the western part of our map 
corresponds more nearly than to 1850. 

0o"'8truction of Maps.-In the construction of the lines on the map (Sketches Nos. 61 and 62) 
both the graphic and analytical methods have been used. · 

Observations within limited spaces were united into groups, by taking the arithmetical means; 
a number of such groups were combined by conditional equations of the second degree, amount
ing to an interpolation by second differences. 

The several systems of groups were so arranged as to overlap, and the slight disagreement 
in the joining wa.s adjusted by an interpolation, partly graphic and partly arithmetical. 

When the latitud~ and longitudes of stations have appeared unsuitable co-ordinates of 
position, owing to the stations being distributed in an oblique direction to the meridian, they 
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were carefully projected on a map, and referred by measurement to an assumed axis of co-ordi
nates in any convenient linear measure; the lines deduced from the conditional equations so 
formed, being projected according to the same system, the latitudes and longitudes of points in 
them could be read off and tabulated, the artificial system serving only as a convenient means 
of interpolation. 

On the accompanying maps the lines of equal declination, dip, and horizontal intensity have , 
been drawn only as far as they were warranted by observations. For places within the range 
of the lines approximate values may readily be obtained by graphical interpolation. 

Table IV gives the differences between the observed values at the Coast Survey stations, 
reduced to 1850, and the corresponding values on the maps. It will be seen that there are a 
few large residuals, sometimes exceeding 2° in declination, 1° in dip, and -;0 9f the horizontal 
force, which belong to isolated stations, (see Mt. Pleasant, No. 5, and Patuccawa, No. 15,) or 
very limited localites, (see stations near Cape Ann, Nos. 20 to 24); in these cases local attraction 
is too apparent to allow the observations to be used in the construction of the map. 

We find, further, that in certain more extended localities the residuals in declination, amount
ing in the average to about 20' or 25', have one sign, indicating a more general deviation from 
a regular system. Thus, the observed declinations near New York, eastward to Black Rock, 
and westward to Princeton, are larger than those deduced, while near Cape May, in the lower 
part of New Jersey and Delaware, they are less; in the western part of Massachusetts they are 
greater, in the eastern part they are less. For the want of more ample material, especially of 
observations in the interior, no attempt has at present been made to represent these irregularities 
in the system of lines. They are greatest in amount in the eastern and middle States, where 
the average of the residuals, irrespective of sign, is 16', excluding the class first noticed. Along 
the shores of the Gulf of Mexico it is 6'; and on the western coast of the United States it 
amounts to 101• 

The residuals of the dip observations are less than those of the declination, amounting in the 
average to 9', and there are a less number of large disturbances. When we consider that the 
disturbing polarities probably act nearly in the plane of the horizon, we may conclude that the 
irregularities of the dip should bear a still smaller proportion to those of the declination ; and 
we see that the constant instrumental errors, which are larger for the dip tha.n for the declina
tion, are not without sensible effect on the magnitude of the residuals. 

Upon the same consideration it will not be surprising that the residuals of the horizontal force 
observations are larger in proportion than those of the dip, being, in the mean, about the 
sixtieth pa.rt of the actual values of the horizontal intensities. A variation of 101 in the dip 
would correspond to one of the one hundred and twentieth part of the horizontal force. 

Comparison of Maps.-A comparison of the maps herewith presented, with other similar ones 
that have heretofore been constructed, cannot fail to be interesting and instructive. 

Dedination.-Allowing for the change in ten years, the lines on Prof. LooMIS' map for 1840, 
(Sill. Journ. vol. XL,) agree well with the present map; considering the comparatively 11mall 
number and often unreliable character of observations they were baaed upon, the agreement is 
remarkable, and leads to the hope that valuable results may be derived from the recent observa
tions made in connection with surveys of public lands in the country west of the Missiseippi, 
in which Burt's solar oompa.ss has been used to a great extent. 

Colonel SABINE
0

8 chart of the declination in the Atlantic ocean, (Phil. TrUNJ. 1849,) covers only 
the northeastern portion of our map, which in that portion is based in part upon the sa.ni.e 
observations used by him. The agreement is not so close as it would b.e, if, in reducing the 
observations of 1844 and '4f> to 1840, the epoch of the map, the secular change used bad npt 
been considerably in error, as already noticed in 1dr. Schott' s pa.per on the secular ehange of the 
declination, (0. S. Report for 1855.) Ai; it is, the lines agree well in direction, but occupy too 
nearly the same position for the diilerences of epoch. 

The most important oomparison is th~t with Gauss' maps of the computed values of th.e decli-
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nation, dip, a.nd horizonta.l intensity. They are the only ones in which the three elements have 
been considered as having a necessary connection with each other, and while they may be con
.siderably in error as to absolute quantities, the agreement in form with the lines on our maps, 
derived purely from observation, is strong evidence of the general correctness of the assumptions 
upon which they are based. 

The data for the declination were taken by GAUSS from BARLOW'S map in the Phil. Trans., 
1833, of which the mean epoch cannot be later than 1830. 'l'he system of lines derived 
by Gauss on theoretical considerations differs in certain localities materially from that of 
Barlow. The annexed diagram exhibits the essential difference in form. While Barlow's 
line of 10° has several branches which -, 
diverge tangentially, according to ., ~ 
Gauss such a divergence cannot take 
place; but when there is a space with
in which the declination is less than 
outside any portion of its limiting 
line, that line must form a loop, the 
two branches intersecting nearly at 
right angles, as shown in the looped 
line of 8° 451 • It must be remem
bered that the region in question is 
one where very few observations had 
been made in 1830, and that Barlow's 
system is probably quite as much as 
that of Gauss a theoretical interpola
tion, though graphically performed; 
and that hitherto there have been no 
observed facts, in the region of Texas 
and New Mexico at least, upon which 
a decision could be based. 

A form of branching similar to that on Barlow's map, and at variance with Gauss' theory, 
occurs in Hausteen' a Erdmagnetifnnus, and has been preserved on a recent map of the declination 
in his Magnetiske Indinations Forandring, 1855. 

It will be seen that if Barlow's system represents the forms correctly, the line of 9° easterly 
declination along the coast of Texas should turn to the southeast; while the Jine on our map, 
fixed by numerous observations, decidedly turns to the southwest, in conformity with Gauss' 
system. In going westward along the Mexican boundary, there is not a decrease and subsequent 
increase, as Barlow's map indicates, but a steady increase, established by the observations along 
that boundary. The general agreement in form between the lines on our map and the Gauss 
system is striking. Observations in Central America would at present be of the greatest value 
in deciding the matter under discussion. The isolated observation at Panama, Table III, has 
assisted greatly in :fixing the direction of the line of 7° east, determining that it still turns to 
the southeast. • 

On the Atlantic coast the Gauss lines of declination agree well in position with ours, allowing 
for the difference of epoch. On the Western Coast, they are farther to the south, which seems 
contrary to what is supposed to be the secular change . 

.Dip.-With Loomis' map, before quoted, and Sabine's map of the dip in British America, 
(Pail . .Trana., 1846,) the agreement is excellent. The Gauss lines agree well in form, but differ 
from 2° to 2i0 in the a.mount of dip. This is due to the errors of Homer's map, from which 
they are derived, and on which the lines are about 2!0 out of position. lt"'Inust be remembered 
that they were altogether interpolated, no observations of dip in the United States being known 
when Horner' a map was constructed. 



 

214 REPORT or THE SUPERINTENDENT OF 

Horizontal intensity.-For a comparison of this element we have only Gauss' chart, on which 
the lines are affected by the errors of the dip lines, by means of which they have been derived 
from Sabine's general map of the total intensity for 1836. The values of the Gauss lines being 
expressed in the arbitrary scale, multiplied by 1,000, we reduce them to absolute measure through 
the observations at Toronto, where, in 1844, the total intensity in the arbitrary scale was 1.836, 
the dip 75° 13'.4, and the horizontal force 3.54, in absolute measure in British units, giving a 
multiplier of 7.56 for the arbitrary scale, or 0.00756 for Gauss' values. We find thus 3.78 
equivalent to Gauss' line of 500, along which the actual horizontal force is 4.24 to 4.30; in the 
same place the dip is really 71° 30', and on Gauss' map, 73° 151

• Corresponding differences 
exist in other parts of the map. 

Supplementary Note.-The following results of observations recently made in Mexico for the 
Smithsonian Institution are added here, with the permission of the Secretary, from his eleventh 
report to the Regents. 

The observations were made under the direction of Baron Mueller, of Marseilles, by Mr. A. 
Sontag, with the modern improved instruments. 

' ILo .t d !Declination 
I 

No. I Name of station. Latitude. Dip. Horizontal : Mag. Date 1856. ngi u e. , east. intensity. 1 mom't. 

l i 

! 
7. 5331 0. 4951 

: 
0 • I 0 0 0 ' 

1 ! Vera Cruz ••• ---······. 19 12 I 96 09 
8 l7 I 43 58 I August 7-8 

2 ·. Potrero _ ------------ 18 56 I 96 48 8 39 42 51 I 1. 576 I o. 4946 August 16-17 
3 ! Orizaba·----··-····-· 18 53 : 97 04 i 8 28 42 51 7. 5i9 I-·---·---- AugW!t 26-27 
4 I St. Andres Chalc .• _. __ . lB 59 I 97 14 ! 8 13 42 ss I 7. 5114 i----··--·- September 17-18 
5 : Mirador _ •. _ ••. __ ••• __ 19 13 i 96 s7 1 8 02 43 48 7. 528 i 0.4916 October 9-11 
6 City of Mexico-------· __ :j 99 05 i 8 46 n 26 I 7. 581 i O. 48961 December 10-17 

I i 
----~·-· -·-------

1. At the villa La Gue.ca., two hundred yards south of the city. 
2. In the 8ta.te of Vera Cruz. 
3. In the State of Vera Cruz. 
4. St Andre8 Chalchecomula, State of Puebla. 
5. ln the State of Vera Cruz. 
6. On th" arched roof of the church of the convent of St. Augustine, at the same place where Humboldt ma.de his 

observations. 



 

---i I Longitude. [Declination west. 

1---

No. Name of atation. Latitude. 

l 

I 

s 

4 

6 
6 

7 

8 

9 

10 

11 

12 
13 
H 

15 

16 

17 

18 

19 

20 

Mount Harris ••.•••••. 

Ragged Mountain •••.• 

Crunden Village _ •• __ •• 

Mount BebattiB •••••••• 

Mount Pleasant ••••••• 
Cape Small •••••• _ •••• 

Mount Independence ••• 

Burlington ••••••• --· _ 

Bowdoin nm ________ _ 

Richmond Jsland ••••.• 

Fletcher's Neck •• _ - •• -

Kennebunk Port _. __ •• 
Mount Agamentfous. _. -
Cape Neddick. _ -- ·-- _. 

Patuccawa _ --------·-

Kittery Point. •••••••• 

Mount Unkonoonuc •••• 

Isle of Bhoa.18. ____ • ___ _ 

Plum Island •••••••••• 

Annis Squam _ ---- --·. 

0 ' 

44 39.9 

u 12.7 

44 12. 0 

44 09.1 

44 01. 6 
43 46.7 

43 45. 5 

44 27.5 

43 38.8 

43 32.6 

43 26.8 

43 21. 4 
43 13.4 
43 11. 6 

43 07.2 

43 04.8 

42 59.0 

42 59.2 

42 48.0 

42 39. 4 

0 ' 

69 08.5 

69 08.7 

69 05.0 

70 04.5 

70 49.0 
69 60.4 

70 18.9 

73 10. () 

70 16.2 

70 14. 1 

70 20.2 

70 27. 8 
70 u. 2 
70 36. 1 

71 11. 5 

70 4.2.7 

11 35. 0 

70 36. 5 

70 48.5 

70 40.3 

0 , 

14 34.6 

14 16. 8 

l3 57. 1 

12 53.5 

14 32. 1 
12 05.5 

11 46. 4 

9 57.1 

11 41. 1 

12 18. 1 

11 17. 5 

11 23. 6 
10 09.8 
11 09. 0 

10 42. 8 

10 30.2 

9 04.1 

10 03. 5 

10 05. 6 

11 36. 7 

TABLE I. 

Dip. HoriP!lntal 
intensity. 

1 ---- --1----
0 

76 U.1 

75 41. 2 

75 41. 5 

75 40.6 

76 01. 5 
75 01. 8 

75 23.8 

75 56.8 

75 14. 1 

75 08.0 

7fJ 18.3 

75 H.l 
74 54. 7 
74 57.9 

76 49.5 

74 57.2 

75 08.7 

74 44. l 

74 54.9 

3.236 

3.339 

3.340 

3. 411 

3. 211 
3. 387 

3.360 

ll. 426 

3.450 

3.463 

3.440 

3. 448 
3.456 
a.516 

3.020 

3.500 

3. 469 

3.481 

3.530 

Date. 

1855, Sept. 3-6 - - .• -

1854, Sept. 27-30 __ _ 

1854, Oct. 26, Nov. I. 

1853, July 25-27 .••. 

1851, Aug. 21-25- •. -
1851, Oct. 16-20 •••. 

18411, Oct. 6-9 --··-· 

1855, August 28 __ • _. 

1851, Aug. lB- 20 ... _ 

1850, Sept. 14-16 __ _ 

1850, Sept.10-12 .••• 

1851, Aug. 25-27.. - . 
1847, Sept. 23, Oct. 2. 
18/il, Aug. 29-3L ••• 

1849, Aug. 15-19 .••. 

1850, Aug. 28, Sept.12 

1848, Oct. 6-8 ••. __ . 

1847, Aug. 12-19 .••. 

1850, Sept. 18-20 .••• 

1849, Aug. 28._ ..•• -

Loea.lity, geology, a.nd remarks. 

1 ... ------ --- --~-u-•-- ~-.-~ 

Near the geodetic station on the Dixmont hills, Penobscot 
county, Maine. Talcose slate of a grey color, running E.N.E 
and W.S.W., with a. dip to the N.N.W. from 80° to 900. 

Waldo county, Maine. Gneiss, impregnated with oxide of iron. 
Near the geodetic station on the summit. 

On Penobswt bay, Waldo county, Maine. Gneiss. On ground 
of }fr. Hugier. 

At the foot uf Mount Sebattis, town of Wales, Maine, in the 
meadow of Colonel H. Marr. On the top of the hill the de· 
clination wa.e found to vary from 90 to 140 ln a space of 50 
yards. The hill is composed of granite, with quartz veins 
and detached masses of mica 

Town of Denmark, Maine. Granite. 
Town of Phippsburg, Maine, on the property of M. R. Morri

son, lifty yards south of geodetic ~tation. 
Town of Falmouth, Maine, in a field of Mr. Jos. Hobbes, close 

to the old road. Drift, cla.y, and gravel. 
At the tlag-staff on Camp ground, city of Burlingion, Verm:mt. 

Drift, clay, ancl sand, 60 or 80 feet deep, overlying limestone 
and sandstone. 

In the grounds of J. B. Brown, city of Portfond. Drift, sand, 
and gravel. 

In a field near the dwelling.house of Dr. Cummings. Talcoae 
and mica slate, intersected by a large trap dyke. 

Mouth of Saco river, extremity of south point. Metamorphic 
sl11tes. 

150 yards N.N.W of Kennebunk Port observatory. Granite. 
On the summit of Mt. Agamenticus, town of York, Me. Sienite. 
Town of York, Maine, in the field of Mr. J. Wyer, on the north 

side of Cape Neddick river, to the south of and near the road 
leading to the se11Bhore. Granite underlyin£' the soil. 

On the summit of the hill, in the town of North Deerfield, New 
Hampshire. Mica sla.te. 

In an enclosure to the east of R. F. Gerrish's cottages. Argil
laceous slate. 

'll:te highest and most easterly summit of that name in Goffs
town, 10 miles west of Manchester. Mica •latt>. 

On the south side of the harbor of Hog island, 100 ytmls from 
the water. The Isles of Shoals are composed of mica slate 
and gneiss, with beds of granite ore, and some of them are 
traversed by dykes of trap. 

Near Thompson's hotel, on Plum island, near Newburyport, 
Massachusetts. Drift covered with sea sand. 

Sienite. The ~ienitc of the coast of Massachusetts ls frequently 
traversed by dykes of trap, porphyritic trap, &c. 
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TABLE I-Continued. 

-- ------~ .. -------

No. Name of station. IAtltude. I Longitude.IDeclinationl D" 
west. 1P· 

Horizontal 
intensity. D11te. Locality, geology, and remarks. 

11 Beacon Bill, •••••••••• 
U Baker's Island Light •• 

S3 Fort Lee .••••••••••••• 
" 

H I Coddon' e Hill ..•••••••• 
25 Little Nahant ••••••••• 
$(1 Dorchester Heights ••••• 

" " 27 Nantasket ..••••••••••• 
JS Blue Hill .•••• ___ •••• 
29 Ileaoon-pole Rill .•••••• 

36 l\!anomet Hill .•••••••• 
" 

31 Copecut mu ...•••..•. 
32 Spencer' 8 Hill ..•••••••• 

83 Shootfiying Hill.: ..... . 
" " 

84 Hyannis •••••••••••••• 
ll6 Fa.irhaven •••••••••••• 

!6 Tarpaulin Cove •••••••• 

37 Indian Hill ..•••••••••• 
" " 

38 l Sampson's Hill ••••••.. 

89 Nantucket .••••••••••• 

" 
40 I McSparran'sBill .•••••• 

0 ' 

42 36. 2 
'2 32.2 

42 31. 9 

" '' 
42 80,9 
42 26.2 
42 20.0 

U I' 

42 18.2 
42 12. 7 
41 69.7 

41 55.6 " ,, 
41 43.3 

41 46. 'l 

4141.1 
" " 

4,1 37.9 
41 37.4 

41 28.1 

41 25.7 
" " 41 22.7 

41 17.5 

41 17. 5 
41 29. 7 

0 

70 38.3 
70 46.8 

70 52.1 

70 50.9 
70 55.5 
71 02.2 

" " 
70 54. 0 
71 06. 6 
71 26.7 

70 35.1 
" " 71 03.3 

71 29.3 

70 20.5 
" " 

70 18.1 
70 53.7 

70 45.1 

70 40. 3 
" u 

70 28.7 

70 05.7 

70 05. 7 
71 27. I 

41 Point Judith Light ••• • 41 21. 6 'Tl 28. 6 
42 Providence, R. I....... 41 50. 0 71 23. 6 

43 Watch Rill............ 41 18. 8 71 50. 9 

'4. Stonington............ 41 20. o 71 54. o 
~ Groton Point.......... 4J 18. O 72 00. O 

0 ' 

11 Zl.l 
12 no 
10 U.5 
10 49.7 
11 49. 8 
9 40,9 
II 31. 4 

10 13.7 
9 37.4 
9 13. 6 
9 27.0 

9 16.9 

9 08.8 

9 05.9 

9 37.4 
9 40.3 
9 21. 6 
8 54. 2 

9 12. 1 

8 43.9 
8 49.4 
8 48. 7 

9 14.0 

9 58. 6 
B 48.6 

8 59.7 
9 81.5 

7 33.4 

7 38.1 
7 29. 5 

0 I 

74 26. 4 
74 18.6 

75 36.9 

74 29. i; 
14 12. 7 

74. 29. 6 
74 15. 9 
76 95.6 
14 21. g 

74 30.0 
74 01. 2 
74 09.5 

76 07. 1 

14 23. 3 
73 56. 5 
73 49. 2 
74 40. 0 

s. 617 
8.674 

8.487 
3.489 

3.555 
3.587 

8.544 
3.666 
3.519 

!I. 640 

3.657 
3. 663 
8.682 
8.592 

1849, Aug. 24-27 .... 
1849, Sept. 1-4 .••••• 

1849, Aug. 20 .•••• l 
1805, Aug. 26 .•••• f 
IM~, Sept. 6--8 .••••• 
1849, Aug. 15-17 ··--
1846, Sept. 6-B .••• } 

1855, Aug. 24 .•••• 
1847, Sept. 1-3 ..•••• 
1846, Sept. 28, Oct. 5 
1814, Oct. 31, Nov.18 

1845, Sept. 9-11 .•• l 
1s46, Sept. - .•••• r 
1844, Sept. 27, Oct.17 

1844, July 29, Aug. 31 

1846, .Aug. 15-22 •• t 
1846, .Aug. 28-30 •. I 
1846, .Aug. 14-26 •.•• 
1845, Oct. 17-19 •••• 

1846, .Aug. 7-9 ..... . 

On the eaatcrn point of Gloucester, Ma.ssachusetts. Sienite. 
100 yards from the light, in the direction of Half-way Rock. 

Sienite. 
Salem, MMSachusetts. Sienite. 
Centre of old fort. Granite, partly covered by clay and mand. 
.Marblehead, Massachusetts. Sienite. 
On the hill. Sienite. 
On South Boston Heights, between reservoir and Asylum for the 

Blind. Drift at least 90 feet deep. Clay and sand, mixed 
with pebbles. 

Drift and alluvium, resting on argillaccous slate. 
Dedham, Massachusetts Sicnite. 
Near Cumberland Hill village, Rhode Island. Granite. Iron 

ore occurs in the neighborhood. 

Near Plymouth, MasE1a1Jhusetts. Drift. 

In the town of Fall River, Massachusetts. Granite. Iron ore 
occurs in the neighborhood. 

Near East Greenwich, Rhode Island. Metamorphic slate o 
carboniferous age. 

Near Barnstable, Massachusetts. Drift. 

On a hill near Hyannis Point, about eo feet high. Drift. 
Opposite New Bedford, Massachusetts, 22 yards east of fort 

Gneiss. 
Nashua, Massachusetts, N.E. of the light, near S. shore of the 

cove. Drift. 
73 49. 8 

73 4J. 4 
73 29. 1 
73 24.ii 

8. 696 

3.734 
8.728 
3.763 

1845, July 13,Aug. 2 } I Martha's Vineyard. Tertiary strata.. 
1846, .Aug. 12-13 •• 
1846, July 2 Z-27 ••.• 

73 44.4 

74 00.6 
73 47. 6 

73 45.1 
74, 15. 9 

3.653 

3.626 

3.788 
3.590 

1846, July 30-31. ••• 

1855, Aug. 22 ••••••• 
1844, July 10-24. •.• 

1847, Sept. 5-9 .••••• 
1855, .Aug. 20 ••••••• 

1847, Sept. 17-19 --· 

73 25. 0 1· ........ ·\ 1845, .Aug. 8-9 •••••• 
• • • ••• •• •• • ••• •••• •• 1845, .Aug. 14 ••••••• 

On Chappaquiddick island, opposite Edgartown, Martha's Vine 
yard. Drift. 

On the north beach, ne11.r the edge of the town, due N. of Mitch 
ell's Observatory. Drift. 

Argilla.ceous sand, overlying a stre.tnm of clay, resting on gneiss 
South Kingston, Rhode Island, in a field near the angle of tho 

roads to Kingsion and Wickford. 
100 yards towards Beavertail light. 
In the rear of Brown University, 198 feet from the central build 

ing. Quartz and gneiss rocks and mica schist. 
Half 11 mile north of Watch Hill lights, near Stonington, Con 

necticut. Granitic gneiss. 
Col'J.necticut. Reddish granitic gneiss. 
Near New London, Connecticut. Whitish felspa.thic gneiss, with 

mica seams. 
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411 Saybrook ••••••••••••• 
47 Greenport •••••••••••• 
48 Sachem's head •••••••• 
4# Fort Wooster ••••••••• 

" " 
60 Oyster Point •••••••••. 

U H 

1
1'11w Haven ••••••••••• ~ 

o LS. 
• 63 

6*., 
~ 
511 
67 

)(11ford .• - • - - • - - - - - - • -
Bridgeport. __ ••••••••• 
Black Hock- •••••••••. 
·Norwalk .••••••••••••. 
Stamford ••••••• _____ _ 
Saw-pits •••••••••••••• 

6l\ 'Drowned Meadow .••••. 

69 Lloyd's harbor •••••••• 
60 Oyster bay •••••••••••• 
Ill New Rochelle ••••••... 

62 I Sands' Point. ....... .. 

" 
63 Legget •••••••••••• _. 

II* Greenbush ••••••••••• 

66 Cold Spring .. ___ ••.••• 
66 Bloomingdale asylnm __ 
67 Columbia College, N Y _ 

'' .. '' 
68 Governor's ishlnd •••••• 

69 I Bedloc's islavl..------

'10 I Receiving reservoir .•.• 

71 I Newark ...••..•.•.••. 

'12 I Mount. ProRpect ----··-

7S I Cole ••••••••••••• 

74: Sandy Hook ••• _ •• __ •• ,, " 

76 I Mount.Rose ••••••••••• 

41 16, 0 I 

41 06.0 
41 17. 0 
41 16. 9 
" ~' 

41 17.01· 
41 16. 9 

41 18. 0 
41 16. 0 
41 10. 0 
41 08.6 
41 07. I 
41 03.5 
40 59. 5 

40 56. 1 

40 55.6 
40 52. 3 
40 52.5 

40 52.0 

ti " 

40 48.9 

42 37.5 

41 25.0 
40 48.8 
40 42.7 
' " 

40 41. 5 

40 41. 4 

40 46.7 

40 44.8 

40 40.3 

40 31. 9 

40 28.0 
40 27. 6 

40 22. 2 

72 20. o I 
72 21. 0 
72 43.0 
72 53. 2 

" " 
72 55.4 
72 55.5 

72 54.3 
73 01. 0 
73 I I. 0 
73 12. 6 
73 24. 2 
73 32. 0 
73 39.4 

73 03.5 

73 24. 8 
7331.3 
73 47. 0 

73 43. 0 

" u 
73 53.0 

73 44.0 

73 57.3 
73 57.4 
H 00. l ,, ,, 
74 00.8 

74 02.3 

73 57.8 

74 07.0 

73 57. 7 

74 13. 8 

73 59.8 
73 59.9 

H 42.9 

6 49. 91 74 33. 8 •••••••••• 1845, Aug. 20 ••••••• 
7 14. 4 72 57. 9 ---·----·- 1845, Aug. 19 .•••••• 
6 15. 2 --- •••••• ---·------ hl45, Aug. 23 ••••••. 
7 27. 2 74 16. 6 3. 667 1847, Sept. 2ii, Oct. 2. 
7 25. 5 74 12. 6 3, 609 1848, Aug. 21-29 •... 
6 31. 9 73 32. 9 3. 7Gl 1848, Aug 30, Sept. 1 
7 02. 7 73 44. 5 3. 690 11855, Ang. 17.. ••.•• 

' I 
6 37. 91 73 31. 9 3. 768 11848, Aug. 10-14 •••. 
6 38. 3 • ····----- --··-·-·-· 1845, Sept. 19 -----· 
6 19. 3 73 21. 3 ······----11845, Sept. 18 ..••.•. 
6 53. 5 ·---·· ---· •••••••••• 1845, Sept. 20 ------
6 49. 4 73 09. 8 --·------- 18H, Sept. 14. ••••. 
6 36. 0 73 02. 3 3. 88511844, Sept. 12 ---··-
5 58. O 7Z 53. 4 •. - . • • • • • • 1844, Sept. 11 ...... 

6 03. 6 1 .......... ---------- 1845, Sept. 12 ------

6 11. 6 
6 50.5 
5 29.5 

7 14. 6 

6 09.9 
5 41. 0 

7 54. 7 

5 34. 0 i 
5 09.7 
6 13. 1 
6 25. ;i 
6 39. 6 

7 02. I 

6 28. 0 

5 35. 1 

5 54.7 

5 37."~ 

5 51. 0 
6 11. z 

5 31.8 

72 50.6 
72 58.8 
72 44. 0 

7Z 52.7 

75 11. 1 

73 54.8 
72 39.0 
72 37.8 

72 46.il 

72 59.2 

72 44. 4 

72 52.2 

72 27.6 

72 34. 2 

72 37.9 
72 52.0 

72 42.5 

3.857 
3. 894 
3.845 

3.976 

1844, 8ept. 15 ---·--
1844, l"cpt. 16 •••••• 
1844, be pt. 10 ••••• -

184\ Sept. 27 _ ••••. 

1847, Oct. 8-11. _ .. -
1847, Oct. 16-20 •••. 

3.587 I 1855, Aug. 31. _____ _ 

3.790 
4. oon I 

---·-·----1 
3.926 

3.920 

3.938 

3. 96·1 

4. 053 

4.028 

4. 077 
3.917 

4. 130 

1855, Sept. 1 ------· 
1846, April 30 _____ _ 
1841, Ang. 24._ •• _. _ 
1845, Sept. 4. .... _. 
1855, Aug. 7 •••••.. 

1855, Aug. 8 •••••••. 

1855, Aug. lL ....•. 

184fi, ]\fay 14. -----· 

1846, May 6 --------

1846, Jlfoy 7 ·······-

1844, Aui;. 20-22 _ .. 
1855, Aug. 14. .•..•. 

1852, Aug. 13·15 .•. 

Connecticut. Granitic gneiss. 
In Southold, Long Island. Drift. 
Connecticut. · Reddish granitic gneiss. 
Near New H:iven, Connecticut. Trap. 

Near N.Haven,in the meridian of Yale Collegeob~ervatory. Trap. 
On Howard a.venue, 503 feet from high-water mark, on foot of 

the avenue. Argillaceous soil. 
Near Pavilion hotel. Si4mlstone, underlying drift. 
Hreenstone and chloritic slate . 
Couuecticut. Grwiss and mica slate. 
Connecticut. Gnei•s •md mica slate. 
Connecticut. On Judge Isaiics' hill. Granite. 
Connccticnt. In the rear of the Union hotel. Granite. 
Steamboat la.mling at Port Chester, Westchester county, New 

York. Gneiss. 
Near Drowned Meadow village, north shore of Long Island. 

Drift and alluvium. 
Huntington, Long 18lan1l. Drift, with boulders. 
North ~hore of Long Island. Drift. 
About 100 yards south of the Neptune house, in New Hochelk, 

W estchcster county, New York. Gnci8s and horn hlendic rocks. 
40 yards I<.~. N. g_ from Sands' Point light. Drift, covered with 

alluvium. 
Near the light-house. 
In a cove north of Riker's island, Long Island Sound. Gneiss, 

cO\·ered with alluvium. 
Opposite Allmny, N. Y., near Sccornl Rtrcrt, cast of the Hudson 

Hi ver mil road track. Clayey ~aud and <fark bl ne marl. 
Near the Hudson river, on a bl11ff close to tho village. Grnnite. 
Manhattan iRland. Gneiss roek, 1mderlying the w>il. 
Uity of N York. Gneiss rock, umlcrlying drift, loam aud gnwcl. 
City of New York. 
New York harbor, between l•"ort Col um bus and Ca.~tle Williams, 

iu range with Trinity Church steeple and Battery flag-staff. 
Quartzosc sand, overlying mica schist and granite. 

New York harbor, north side of island, to the nort.hward of the 
flag·8taff. Quartzosc sand, overlying metamorphic rock. 

City of New York, imide the receiving reservoir, near corner of 
79th street and 7th avenue. Gnci&9. 

New JerRey. Alluvial soil, sand, and gravel, superimposed on 
S('condary red sandstone in pla<·c. 

Near nrooklyn, L. I. Ilrift. with small boulders of granite anrl 
trnp. 

In W cstficl<l, Routh western part of Htri.ten Island. Drift, with 
small boulders. 

250 yanls north of light. llreenstind formation ; alluvial !<and. 
About 250 feet west of the light-house, ou the top of a dunr. 

J he Hook consists of downs, and the quartz sand w1L< found 
25 feet d<lcp. 

.'.bout five miles wc'st of Princeton. N. J, in a field near the 
house of Mr. Thorrms Hunt. Trap rock protruding through 
secondary red sandstone. 
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No. Name of station. Latitude. Longitude. 
Declir:ation 

west. 

0 0 ' 0 

'16 White Hill_ --- - -- -- • - • 40 08. 3 74 43.6 4 25. 9 

11 Vanuxem ______ -----· 40 06. 7 74 52.7 4 27.8 

'18 Girard College __ • __ •• _ 39 58.4 75 09.9 3 51. l 

" " " " 75 09.8 4 31. 7 

79 Yard-------···----·· 39 58. 3 75 22.9 6 42.3 

80 Chew·--·------······ 39 48. 2 75 09.7 3 45.2 

81 Tucker's island._. _. __ • 39 30.8 74 16.9 4 27.8 

82 Tuckerton------- ____ 39 36.1 74 19.5 .................... 
88 Wilmiugton ••• _ •• ___ • 39 44.9 75 33.6 2 30.7 

84, Sawyer--····--·- •••• 39 42.6 75 33.8 2 48.3 

Church landing._._. ___ 39 40.6 75 30. 4 5 49. 1 ' 

86 Fort Delaware --···--- 39 35.3 75 33. 8 3 16, 8 

87 &wkins ------------- 39 25.6 75 17.0 2 58. 8 i 
88 Pine Mount. __________ 39 25.0 75 19.9 3 14. 21 

89 Bombay Hook light •••• 39 21. 8 75 30.3 3 18.5 

90 Port Norris----------- 39 14. 6 75 01. 0 3 04.4 
91 F.gg Island light. ______ 39 10. 5 75 08. 0 3 03. 0 

92 Town Bank ___________ 38 58.6 u 57.4 2 59. 0 
93 Cape May light, (old) •• 38 55. 8 74 57.6 3 05.1 

Do •••. do •• (new) •• 38 55.B H 57.41 3 45.4 

It Lewes' Landing ••••••• 38 48.8 75 11. 5 2 45.0 
t5 Pilot Town. --------- 38 47. 1 . 75 09.2 2 42.7 
H Osborne's ruin·-----·- 39 27. 9 i 76 16. 6 2 32.4 

Suaqueha.nne. light._ •. _ 39 32. 4 j 76 04.8 2 13. 7 

TABLE !--Continued. 

Dip. Horizontal 
intenijity. 

0 

72 06. 2 4. 147 

72 22.3 4.068 

72 01. 0 4. 143 

72 17.7 4. 226 

73 01. 4 3.876 

72 14.4 4. 105 

.. --.. --.... --................... 

72 12.3 4.063 
7l 25. 4 4.236 

71 57. 5 4, 175 

71 22. 0 4. 311 

71 34. 9 4. 226 

71 42. 6 4. 224 

71 41. 4 4.237 

7l 39. 5 4.201 

71 39. 6 4. 211 
71 45.1 4. 206 

71 23. 6 4.269 
71 25.8 4.255 
71 34.4 4.182 

---.. -.. -- -- ............ -..... --
71 18. 6 4. 290 
71 47. 6 4.143 
71 52.l 4.086 

D ate. 

y 20. ------

y 10-IL __ _ 

y 23 ·-·-··· 

t. 5 ----·--

25-28 •. --

y 15 ••..•.. 

10 ••••••• 

y 27 ----·--

e 3 •••••.•• 

e 6 .••••••• 

e 14-•••.•. 

e 20 ••••••• 

e 19 ______ _ 

e 17. •••.•. 

e 23 ...... . 
e 25. _____ _ 

e 30 ______ _ 

e 28 •..•..• 
. 3 ••.••... 

y !. ...... . 
y 2-3 •..••. 
e 19-24 

y 6-7 •. :::: 
I 
I 

Locality, geology, and rematk&. 

Near Bordentown, N. J., on the bank of the Delaware river. 
Cretaceous marl. 

At Profes,or Vanuxem's, two miles above Bristol, on the Delo.
ware river, 100 yards N.W. of the canal. Sand, clay, and 
gravel, superimposed on metamorphic ro<'k. 

1n tlie yard of the magnetic obserrntory, at Girard College, 
Philadelphia. 

To the northward and eastward of the college, within the en
closure, anrl in the road in the rear of the smaller building 
next to the college. Metamorphic rock, below gravel, etc. 

About 10 miles west of Philadelphia, am! 250 yards E.S E. of 
the trigonometrical station. 

Near Woodbury, N. J. Marl and grccnsand of the cretaceous 
formation. 

Entrance to Little Egg harbor, N. J., northwestern point of 
island. Alluvium and white sand. 

Delaware. A hill It mile W. N. W. of the town hall. Trap, 
covered with red clay. Local attraction. 

Three miles south of Wilmington, Del. At the edge of the 
tertiary formation, no rocks or boulders apparent. 

New Jersey, on the Delaware river. Drift. Local n.ttraction 
ascertained to exist, by partial observations at three localities. 

Peapatch island, Delaware ri vcr. Alluvial nmd at least 70 feet 
deep. 

Near Roadttown, N. J, Cretaceous formation. Some ferru-
ginous sandstone in vicinity. 

An isolated hill near Greenwidi, N . .T. Cretaceous; unmag
netic iron ore. 

About 60 yards E.S.E. of the light-house. Alluvial clay and 
sand. 

New Jersey. Cretaceous marl and sand. 
Delaware bay, 60 yards S. by W. of light-house. Cretaceous 

marl and sand. 
At Price's, .near Cnpe May. Cretaceous marl and sand. 
70 yards S. E. of light-house. Cretaceous marl and sand. 
About 160 yards west of the light-house, near the Rand dunes. 

Quartz, sand, and broken shells. 
Near Cape Henlopen. 
On Cape Henlopen. Clay and sand. 
Near Abingdon, Md. TalcOlle slate and hornblende. 
A short distance to N. W. of light-house, at the mouth of the 

Susquehanna river. Ferruginous clay and sand. 
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tB I Finlay ••••••••••••••• 
If 

ft. J Pool'• ialand .••••••••• 

100· llosanne •••••••••••••• 

UH· ForUlcHenry •••••••• 

lllll North Point •••••••••• 

" " " 
lt>8· Bodkin light •••••.•••• 
104. Kent island (1) •.•••.•• 

105. South Base, Kent island. 

10& Taylor ••••••••••••••• 

"' " UJ7-1 Marriott •••.••••••.•. 
U I U 

108 .I Webb's hill ••••••••••• 

tot I Soper's hill ••••••••••• 

110 l Hill's hill •••••••••••• 

111 I Causten's hill. •••••... 

u " " 

II 

11% ,j Washington city, D. C •. 

113 I Davis •••••••••••••••• 

114 j Roslyn •••••••••••••• 
115 Stevenson's Point ••••• 

116 ·1 Shell bank ••.••••••••• 

117 I Bodies island •. _ ••••• _ 

118 Raleigh, N. C ••••••••. 

119 De Rosset •••.••••••• _ 

UO Columbia, S. C •••••••• 

89 24.4 
U I I 

39 17. 1 

39 17.5 

39 15.7 

39 11. 7 

" " 
39 08.0 
39 01. 8 

38 53.8 

38 59.S 

38 52.4 

39 05.3 

39 05.1 

38 53.9 

38 li5.5 

38 55.5 

38 55.5 
38 53.2 

38 20.4 

37 HA 
36 06.3 

36 03.3 

35 47.5 

35 46.8 

34 14.0 

34 00.0 

76 31.2 
If 

76 15.5 

76 42.8 

76 34.5 

76 26.3 
,, " 

76 25. 2 
76 18.8 

76 21. 7 

76 27. 6 
" '' 

76 36. 2 
" ,. 

76 40.2 

76 56.7 

76 52.5 

77 04.l 

77 04.1 

77 04.1 
77 01. 2 

75 06.0 

77 23.6 
76 10.7 

75 43. 81' 
75 31. 6 

78 37.8 

77 56.5 

81 02.0 

2 14. 6 
2 18.5 

2 29.3 

2 10. 9 

2 18.6 

1 36.7 
1 39.6 
2 01. 9 
2 30.2 

2 24.3 

2 14. 4 
2 18.0 
2 09.4 
2 05.0 
2 07.9 

2 07. 1 

2 18.6 

I 11. 3 

1 06.2 

1 06.0 
5 44-.2 

2 33.0 

0 26.5 
1 39.6 

1 44.8 

1 1.3. 4 
EMt. 
0 44.5 

1 13. 5 

3 01. 7 

71 52. 9 
71 45.2 

71 52.1 

72 06.6 

71 29.5 

71 43.1 
71 16. 6 

71 37. 0 

71 40. 2 
'Tl 19. 3 
'Tl 10. 9 
71 13. 0 
71 24.0 

71 56.5 

71 12. 2 

71 18. 9 

71 30.2 

71 27. 0 

70 57.7 

69 17.3 
68 M.5 

68 37.8 

68 18. 1 

68 11. 6 

66 47.2 

66 07.7 

4.059 
4.170 

4.117 

4.053 

4. 183 

4. 189 
4.208 

4.206 

4.231 
4.221 
4.260 
4.228 
4. 279 

4.142 

4.316 

-i. 229 

4.250 

4. a:n 

4.332 

4. 614 
4. 660 I 

4. 714 

4. 755 

1845, June 13-14 •••• 
1846, April 16 •••••• 

1847, June 24-27 ·-·· 

1845, June 10 ••••••• 

1847, April 29 ···"·· 

1846, July 7-8 •••••• 
1847,April 27. ...•.. 
1847,April 25 .. 26 •••. 
1849, June 27, July 4. 

1845, June 3-4 •••••• 

1845, Miiy 31,June L 
1847,May28,June 3. 
1846, May 24, June 6. 
1849,June 12-20 .••. 
1850,Nov. 20--23 .•.• 

1850, July 20-26 _ •.• 

1850,Sept. 19-22 .•.• 

1851,Junc 14-19 .•.. 

1855, Sept. 8, Oct. 9. _ 

1855,0ct.ohrr 9 .••••• 
1855,Jnly 31 .•..... 

1853, Sept. 25-27 __ . 

1852, Aug. 9-13 •••.• 
1847, ,Jan. 30, Fch. 15 

1847, Mar. 27, Apr. 8 

1846, Dec. 26-28 •••• 

4. 9-13 I 1854, January 7-IL. 

5. l 74 l 1854, May 30, June 2. 

5. 274 1854, February 19.2 

} 

On Cub hill, the property of L. B. Finla.y, 9 miles north of 
Baltimore, on the Harford turnpike. Metamorphic rocks, 
underlying gravel and sand. 

Chesapeake bay, near the dwelling of P. Wethered, on the up
per island. Alluvial clay and sand. 

On Prospect hill, 5 miles from Baltimore, north of the old :Fred
erick road. Alluvial clay and sand. 

Baltimore harbor ; bet ween the hospital and western stable. 
Ferrn~inous Rand and clay. 

l Between the two lights at the mouth of the Patapsco river. 
f Ferruginous sand and clay. 
20 yards S.S.E. from light-house. Ferruginous sand and clay. 
North end of Kent island, Chesapeake bay. Ferruginous sand 

and clay. 
On the west shore of Kent island, opposite Thomas' point, 21 

yards north of monument. F~rruginous sand and clay. 
l On the north side of Severn river, opposite AnnapoliH, Mary
f land. Ferruginous sand and clay. 
I A prominent hill near West river, Md., the property of Bushrod 
f Marriott. Grecnsnnd formation, ferruginous clay anrl marl. 
Anne Arundel county, Maryland, near the Annapolis railroad, 

12 miles from Annapolis. Grecnsand formation, ferruginons 
clay and mar I. 

Prince George's county, Maryland, 14 miles from ·washington 
City, on the old Columbia road; property of J. B. Downs. 
Talcose slate. 

Prince George's county, Maryland, 6 miles east of Wa.~hington 
City. FerrnginollR clay and snnd. 

Near Georgetown, D. C., 122 yardswest of the geodetic station, 
in the grounds of ,J. H. Cansten. Mica 8late with quartz 
veins, under! ring ferruginous clay and gravel. 

At the geodetic station. 1° IO'. 3 in Septemllf'r, and io 02'. O in 
October, by two different instruments. 

Same station as in June, 1851. 
Near Mngnct.ic Observatory in the Smithsoni!\n Grounds. Af

fected hy local attraction, changing within the enclosure as 
much aR 1~0 • Iledination on Capitol Hill, near Gilliss' sta
tion. by compnRs needle, 20 25'. Fcrruginous clay anti sand 
overlying mica schist. 

On the west shore of i'inepuxcnt bny, mist of Berlin, lllaryfand. 
~'erruginouH clay anrl s:m1!. 

Near l'ctcrshnrg, Virgiuia. Drift, fcrruginons clay. 
Western point at the mouth of I,ittle river, Albemarle Sound, 

N. C. l'ertiary clay am! sand. 
On Albemarle St1111ul, east point of entrance into Currituck 

Sound. Alluvial mml, sand, and shells. 
North Carolina. near the brach, ahout 5 miles N.N. W. of light

house. White •anrl. 
Htation lO!i feet cast anrl 26 feet north of centre of Capitol dome. 

Granitic rock underlying the snil. 
On a lot 1tdjoining llr. Drnne's residence, north side (Jf Market 

street, Wilmington, N. C. Tertiary clay, gravel, amt sand. 
In the Capitol square, near the southwestern corner. 
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No. 

Ul 
1!2 
123 
lH 

125 

126 

m 
128 

119 

130 
131 
182 

133 
184. 
135 

136 

UT 
138 

139 
HO 
14.l 

14Z 

us 
144 
Hli 

tu 

Name of station. 

.Allston --- • - • _. ____ .. 
Macon, Ga. __________ _ 
Brc!\ch inlet ••• ______ _ 
F&t!Ja8e,Edistolsland_ -

Savannah •• _________ _ 

Tybee island. ___ •••••• 

Cape J<'lorida _________ _ 

Sand key - - - - - • • - - • • • • 

Depot key .•••••••••• _ 

St. Mark's light ••••••• 
Dog Island----------
St. George's island ••••• 

Cape St. Blas _ ••••••• -
Huiricane island • _ - - • _, 
Fort Morgan.--------

F.ast Pllll<.18goula ••••••• " ,, 
Montgomery, Ala .• - • - • 
Fort LiTingstou • _. _. _. 

TABLE I-Continuecl. 

Latitude. ILongit:ide. !Dec~~~~-tionl Dip. Date. Locality, geology, and remarks. 

0 

33 21. 7 
32 50.4 
32 46.3 
32 33.3 

32 05.0 

32 01. 5 

25 40. 4 

24 27.2 

29 07.5 

30 04.5 
29 47.1 
29 37.4 

29 39.6 
30 04.4 
30 13.9 

30 20. 1 
" " 

32 22.0 
29 16. 7 

0 

79 12.3 
83 37.6 
7!1 48. 7 
80 10.0 

81 05.2 

80 50. 6 

80 09.8 

81 52.7 

83 02. 8 

84 12. 5 
84 36.0 
s:; oi. l 

85 23. 9 
85 40. 3 
88 00.3 

88 31. 8 
" " 

86 18.0 
89 48.5 

0 

2 06. 5 
4 36. 5 I 
2 16.5 
2 53.6 

3 40.3 

3 32. 1 

4 25. 2 

5 28.8 

/j 20.5 

/j 29.2 
5 51. 2 
6 oz. 1 

6 06. 5 
6 12.2 
7 04. 1 

0 

6ii 29. 5 
63 61. 0 
64 31. 9 
64. 04. l 

63 40. 0 

63 38. 4 

56 13.0 

64 25. 3 

59 55.3 

5. 402 1853, Decembcr21-27 
5. 637 18M>, January 10-16. 
5.457 1849, April 1-22 ___ _ 
5. 532 1850, April 2-7 -----

5. 600 1852, April 26-28 __ _ 

Ne•n Georgetown, S. C. Ailuvium. 
85 yard~ Ro~th.west of Bibb county Malo Academy. Clay. 
On S111!1van s t~land, Charleston entrance, S. C. White sand. 
Edisto isl!tnd, S. C. Tei tiary formation, alluvial mnd, clay, 

and snnd. 
On Hutchinson's ishm~, in range of Exchange and Presbyterian 

Church steeples, near the second embankment from the river. 
Alluvium. 

5. 584 1852, April 30, May 2. i Near the mouth of Savannah river, on a sand dune near the 
boat-houRe. 

G. 615 1850, February 22 -25 On the inside beach of Key Biscayne, the light-house bearing 
southwest. Black mud and white Rand. 

6. 758 1849, Augtrnt 19-21.. Near Key West, Flori<la. A small iHland on Florida reef, com
posed of detritus of marine sl1ells and com!. 

6. 140 18.52, March 14-16 - -1 Cedar Keys, Florida, on the highest point of the island. Drifted 
white sand on alluvial mud. 

1852, April Z •••••.. 
1853, Aprill ______ _ 

1853, April 6 -------

1854, January 31. ••• 
1854, February 5 ___ _ 

6. 218 1847, May21 30 ___ _ 

In the salt m11rsh, about 400 yards north of the light. 
Apalachicola entrance, (eastern.) White sea sand. 
Near Cape St. George, west entrance to Apalachicola bay, Fla. 

White sea-sand. 
J<'lorida. White sea.sand. 
St. Andrew's bay, Florida. White sea-sand. 

7 12. 6 I 60 27. 2 G. 220 
108.91---------- 6.174 

400 yards northeast of the northwest bastion of Fort ::lforgan, 
Mobile Point, Alabama. Drifted white sand. 

1847, June 18--20 ____ Mississippi. About a mile east of the mouth of P.u;cagoula 

~ ~~:! 1--~~-~=~~- ----~~~=~-
1855, January 23-26. river, in the village near the shore. Tertiary formation, 

ferruginous clay and white sand. Dip observed in 1848. 
1855, April 2-8 ----- Near northeast corner of Capitol square. Deep red clay. 
1853, January 9 _____ Bamtaria bay, La. Alluvium, covered with drifted white 

I sand. Belle Isle •• -- ••••••••• ----·· ••• __ •• ___ •••• _________ • ________________ •• ________ •••• _ •••• ____ •••• ·----- _______________________ . ___ . 
IaleDemillre ••••••••• 29 02.0 90 54.3 819.2 --------;----------- l853,Fch;uary20 ___ 

1 

Caillouhay,La. Alluviu~,eoveredwithdriftedwhite~and. 
Dollar Point.......... 29 26. 0 94 52. 6 8 57. 4 57 53. 3 6. 541 1848, Apnl 24-28 --- On Galve8ton bay, 10 miles northwest of Galveston, fexas. 

Sandy loam. 
Eastlmle ____________ , 29 12.9 94 55.4 9 05.0 67 42.l 6.491 1853,March 16-21 __ On Galveston Island, lOmilcRsouthwestofGalveston,andhalf 

a mile from the Gulf shore. Sandy loam. 
Jutilter -·-· -----····· 

Rio Grande ••••. ------San Diego ___________ _ 

San Pedro •••••••••••• 

28 64. B 

25 57.4 
32 42.0 

" " 
33 46.0 

96 20.l 

97 07.6 
117 13. 3 

" 
118 16.0 

9 08.7 67 11. 7 6. 582 1853, May 10 15 •• __ Four miles southwest of Quintana, TexaH, near the beach. 
Drifted sand. 

1853, November---- Near the mouth, on the American side. Alluvium. 
1851, April 28, May 7 .

1 

California. At the Plaza near the " quarters." Very coarse 
sandstone. The high ridge of Point Loma is to the west. 

1853, October 15 ___ • At the Pla?.a, near the custom-house. 
1853, Nov. 24-26 •.•• On the open plain, about 3 mileR north of San Pedro. Gravel, 

rcstiog on beds of recent fossil shells. 

9 00. 91' 52 23. 6 ----------
12 28. 8 ---------- ----------

12 31. 71 57 38. 6 6. 271 
13 30. 5 59 32. 6 6. 144 
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147 

148 

149 

160 
161 
163 

163 

164 

155 
166 

167 

Point Conception •••••• 

San Lonls Obispo •••••• 

Point Pinos ••••••••••• 

San Francisco ••••• _ ••• 
Bucksport. •• ___ •••••• 
Humboldt .• ___ • __ ••• , 

Ewing harbor ••••••••• 

Cape Dl8appointment ••• 

" " &:a.rboto' harbor __ ••• __ 

Waddah island, Nce
ah Day. 

34 26.9 120 25.6 

85 10. 6 120 43. 5 

36 38. 0 121 M. 4 

37 47.6 122 26.S 
40 46. 6 124 10. 7 
40 44. 7 lU 11. O 

42 44. 4 124 28. 8 

46 16. 6 124 02. 0 

48 21. S iM 37. 2 

48 22. 0 124 36. 6 

13 50. 21-·····-··· -·--······' 1850, September 5-8. Near the mouth of the valley of El Coxo. A. rich soil. Sur
rounding hills show limestone, quartz, &c. 

H 16. 9 59 42. 2 6. 002 1854, Jau. 30, Feb. 7. The surrounding hills are of soft limestone, reRting on coarse 

I . 
red sandstone, b~arlng enormous fOSBll rem11oins, probably of 
tertiary age. 

14 58. 3 •---------- --·-··----j' 1851, Feb. 6-10 .••.. Near Monterey, California. A rich soil, resting on sandstone. I , Bench form~. of large grani.te bo?lder.s. 
15 26. 9 1---. -... -- --. -.... --1 185~, February 18-2~ 1 Near the Pres1d1~. Snrroundrng hills, hmeskme. 
17 06. 5 •••.•••••.•••••••.•. 185.1, July 19-20 ••.. On the beach. 811nd and marsh. 
17 04. 5

1 

.......... ---------- 1854, Apr. 25, May 2. At the foot of the western part of the bluff, composed of fer-
ruginous clay and sand, resting on grM el, bee.ring fossil re-

l I mains of dephas pnmigenius. 
18 29. 7 1 •••••••••• ···-······11851, Nov.19-29 •••. Near Cape Orford, Oregon. Geology very varied. South of 

1

1 

1 Port Orford, coal and plumbago. North, limestone, filled 
'I with fossil shells. 

20 19. 1. : •••••••••••••.•••••• 1851, July 5-9 ...... On the beach; white sand, mixed with black ferruginous o.nd 
I auriferous sand. Surrounding hills, basalt. 

20 45. il ! .......... , •••••••••• 1851, July 14-19 ••.. On the s11mmit of the C1tpe. Horizc.ntstl columnar basalt. 
21 29. 9 i.---------1----------1' 1852, August 17-·23 •• Ne11r Cape ~'lattcry, Washington Territory. Santi. Surround

ing hills varied, limestone princip111ly; basalt cropping out I at Tatoosh Island. 
21 46. 9 71 07. 0 4. 2~6

1
· 1855, A11gust 13 16.. On shore, opposite the island, near Cape Flattery, Washington 

Territory. Sandstone and shales of coal measures. 
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TABLE II. 

Magnetic observations made on the Pacific Railroad explorations: near parallel 35°, by Lieut. J. 
C. IvP-8, under the directions of Capt. A. W. Whipple, U. S. Top. Engineers. 

3: n.t.. N=o of pl~. I Iati<udo 11 Longitude. I 
------1 I 

Eleva
tion. 

I I I • i Magnetic M~etic! Total. 
'inclination.; de?lina- 1m.agnet1c I t10n. ! mten. 

I' ---
I o • I 

1 Aug. 9, 1850 J Cambridge Observatory _________ \ 
1 May 10, 1854 1----"---------- "- ____________ 

1

! 
2 Oct. 17, 1853 J Albuquerque .. ________________ _ 

:i Nov. 9, " I lsleta. -----------------------1 4 ! 12, " I Rio San Jose __________________ 
1 

5 14. " Covero .. -- -- -- - -- -- - - - -- - --- - -J 6. 15, " ' Hay campO .. __________________ j 

7 I 17, " Agua Fria--------------------i 
8 ! 18, " Prescription rockt. ------------/ 
9 r 22, " Zuni river ... - ........................................... __ 

10 26, " Arch spring·------------------1 
11 28, " Cedar Forrest-----------------, 
12 29, " Jacob's well ................................................ ... 
13 30, " Navajo spring _________________ , 

14 Dec. 1, " 1. Carriso creek .. ----------------!' 
15 2, " Near Lithodendron creek ................ .. 
16 3, " 1 Near Rio Puerco of the west. ___ _ 
17 5, " i Colorado Chiquito, or Flax river I 
18 7, " j On Colorado Chiquito ............................. ! 

19 8, " 1-------- "--------------------/ 
20 15, ,, -------- ~·--------------------
21 16 

" I " I ' -------- --------------------1 
22 17, " -------- "--------------------1 
23 18, " -------- "--------------------
24 29, " I Saroux spring.----------------1' 
25 Jan. 9, 1854 Cedar creek.------------------
26 21, " Pueblo creek __________________ , 

27 23, " Williams' rivert---------------

i~ ~~; :: 1-iie~d-~f;-h-it~c'ii!f-;r~~ir~:::::: 
.30 Feb. 1, " . White Cliff creek--------------
31 4, " : Big Horse spring ______________ , 
.32 8, " : Williams' river·---------------1' 
.33 9, " 1-------- "--------------------
84 13, ,, ----·--- ''--·-----------------! 
:: ~~: :: /-c~~pi2~·=====:::::::::::::::1 
.37 20, " I Camp 126 --------------------
.38 21, " I On Colorado river .. ___________ _ 
89 22, " Ca.mp 129 ........................................ ... 
40 23, " Camp 180 -·------------------
41 25, " Camp 132 .......................................... .. 
42 Ma.r. 1, " ; Camp 135--------------------
43 3, " I Pai-ute creek ................. ------·---
4:4 6, " Near M.arl springs __ ...... ____ ...... _ 
45 7, '' Sand e&mp ... ............ - ...................... .. 
46 8, '' Soda lake ............................................. .. 

0 I 

42 23 
42 23 
35 06 
34 54 
35 01 
35 05 
:l5 05 
35 02 
35 03 
.35 06 
35 05 
35 01 
35 04 
35 06 
35 06 
3[> 02 
34 58 
34 53 
35 00 
35 01 
35 05 
35 12 
35 18 
35 21 
35 17 
35 21 
34 56 
34 59 
35 07 
35 12 
35 08 
35 01 
34 36 
3! 32 
34 17 
34 13 
34 14 
34 17 
34 23 
34 27 
34 36 
34 46 
34 52 
35 06 
35 11 
35 06 
35 03 

0 • 

71 07 
71 07 

106 38 
106 40 
107 14 
107 26 
107 39 
107 58 
108 14 
108 39 
108 48 
108 55 
109 14 
109 20 
109 32 
109 41 
109 52 
110 04 
110 25 
110 30 
110 33 
119 37 
110 53 
110 56 
111 39 
ll2 20 
112 46 
112 57 
113 13 
ll3 21 
113 31 
113 36 
113 28 
113 28 
113 26 
113 33 
113 39 
113 56 
lH 06 
114 11 
114 16 
114 23 
114 32 
114 54 
115 33 
115 46 
115 59 

--------1 
5026 
4910 
5556 
5880 
6081 
7757 
7238 
6336 

I 
6350 
6162 
3973 
5665 
5550 
5500 
5110 
5015 
4735 
4760 
4675 
4618 
4594 
4570 
7378 
5672 
5203 
5752 
4680 
4784 
3526 
2784 
1657 
1450 
1015 

899 I 
868 I 441 
382 
416 
590 
432 
430 

2790 
3793 
2038 
1002 

I 

74 34 I 

74 33 
62 28 
62 24 
63 18 
62 26 
35 39 
62 05 
62 03 
62 02 
61 55 
61 40 
61 59 
61 58 
62 05 
61 57 
61 46 
62 ll\ 
61 54 
61 41 
61 44 
61 45 
61 55 
62 03 
61 33 
62 06 
61 13 
61 06 
61 17 
61 14 
60 48 
61 02 
60 36 
60 H 
60 14 
60 08 
60 10 
60 11 
60 34 
60 35 
60 30 
60 48 
60 57 
61 10 

0 

9 30 
9 46 

13 25 I 

13 13 I 
13 46 1 

rn 49 I 
35 56 
13 25 
12 57 
13 24 

13 52 
13 49 
13 59 
14 48 
13 40 

14 42 
14 18 
14 02 
13 58 
13 24 
13 41 

13 51 
13 36 
13 56 
14 17 
13 59 60 56 

60 49 
6lt07 

1
--i3·51·) 

OThis ca.mp WM upon the south side of the stream of lava which threads the valley of the Rio San Josi!. 
t This station was under the northern bluff of El Moro, 
t Much lava in the vicinity of this station. 

1. 798 
1. 798 
1. 689 
1. 686 
1. 689 
1. 689 
1.566 
1. 687 
1. 679 
1.683 
1. 682 
1. 679 
1. 674 
1. 675 
1. 673 
1. 667 
1. 668 
1. 670 
1. 665 
1. 663 
1. 662 
1. 668 
1. 667 
1. 678 
1. 659 
I. 674 
1. 652 
1. 648 
1. 618 
1. 659 
1. 648 
1. 631 
1. 622 
1. 627 
1. 631 
1. 629 
1.624 
1. 623 
1. 626 
l. 628 
1. 627 
1. 629 
1. 635 
1. 635 
1. 62'7 
1. 632 
1. 633 
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TABLE III. 

Magnetic observations from various sources, not heretofore published, and collected for thi.s discussion. 

Name of place. Latitude. I Longitude. Declination. Date. Authority. 
l. 1-------------------·----------·-

0 I 0 0 

Heiner's Run, North Branch Susquehanna, Pa •• 41 21 77 48 + 3 19 w. 1856 S. Tyndale. 
Kelly's island, west end Lake Erie ••••• -- .••. H 36 82 43 2 13 E. 1846 D. S. Top. Engineers. 
Ea.st Sister isle, west end Lake Erie __________ 41 49 82 51 2 18 1847 Do. 
West Sister isle, west end Lake Erie .••••• --- • 41 44 83 06 2 20 Do. 
Stoney Point-----------------------------· 4.1 56 83 15 2 Oi 1848 Do. 
Wangosbane Point, Mackinac strait---------- 45 45.4 84 55.8 2 13 1853 Do. 
Ea.st of Duncan city, Mackinac strait __________ 45 3G. 1 84 07. 2 1 53 1851 Do. 
Near Newport, Franklin county, Mo •••••••••. 38 34 91 06 9 21 1839 Dr. Goebel. 
•••. Do ______________ do •••• -----------·--- 9 05 1849 Do. 
Fort Union • --- - • -- • -- ..••••••••••• --- __ • 48 00 103 59 - 16 48 1853 ! Gov. I. I. Stevens, N. 
Fort Benton·------------------------------ 47 52 110 36 - 19 00 

~ Pacific Railroad Ex-
Fort Owen ••••.••. -------- •••••• ___ .-----_ 46 31 113 58 -- 19 25 

. J plorations . Fort Walla-Walla. --- ---- •• ____ --- _________ 46 04 118 48 - 19 40 
Panama, New Granada. -- ••••••••••••••••••• 8 57.2 79 29.4 - 6 54 6 1849 I Mexican Boundary Sur. 

TABLE IV. 

Residual differences between the Coast Survey observations red'IJ,Ced to 1850, and the values obtained 
from the accompanying map. 

I 
No.I Station. Declination. Dip. Hor. Intensity. 

~·-----------

I 

I 0 ' 0 ' 0 ' 
i 

0 

1 :\fount Harris •••• -- •••••. -- ••• --- • _ •••••• + 14 06 0 6 76 02 + 0 4 I 3.28 - 0.04 
2 Ragged lllountain. - ••••••••.••. -- • -- .•.•• ' 13 M I - 27 7:) 32 + 13 3.37 . 06 i I 3 Camden Village .• -- •• --- • -- • -- ..• __ ••••.. 13 36 ~ - 8 75 32 + 12 

I 
3.37 . 05 

4 ]\fount Sebattis ----·-··------------------ 12 35 i - 6 75 35 + 8 3.43 . 09 
5 Mount Pleasant •••••••• ----. --- -- . -- • ---- 14 24 I - 2 48 75 59 20 

I 

3.22 + . 15 
6 Cape Small._ •• _______ • - .. ______ . ___ . _. _. 11 57 j + 19 74 58 

I + 32 3.40 - . 01 
7 Mount Independence------·---·----------· 11 45 3 75 24 + 3 3.36 + . 05 
8 Burlington ..•••• _ •••••••••••••••••••.• _ •. 9 29 + 1 75 44 

I + 10 3.46 . 11 
9 Bowdoin hill ____________________________ 11 32 + 9 7.5 11 + 10 3.46 . 03 

10 Richmond island •••••••• --- •••.••.••.•••• 12 15 - 40 75 07 I + B I 3.46 . 01 
11 Fletcher's Neck •••••••• -- • _ ••••••• __ . __ • -'. 11 14 + 10 75 17 + 1 I 3.44 + .02 
12 Kennebunk port -- ...... - -- .••• -- --- •••.• 11 15 6 75 11 I 2 I s. 46 + .02 
13 Mount Agamenticllll •••••••••• _. -- .••• --- .; 10 21 + 30 74 57 

I + 6 
I 

3.45 + . 05 
14 Cape Neddick- •• -- ••••• -- --- •••••.••• __ •• i 11 00 1 74 55 + 8 3.53 - .03 
15 Pattucawa. ---- -------- ----. --- -- ••• _____ 10 45 27 76 50 - 1 50 I 3. 02 + .51 
16 Kittery Point. •• ----- - • -- •••• __ -- --- ••••. 10 27 + 15 74 56 + 4 3.50 + . 02 
17 Mount Unkonoonuc •••• -- ••.••• -- • __ • __ • 9 10 + 37 75 10 - 19 3.47 + • Oll 
18 Isle of Shoals .•..••••• _ ----- ••.•• ______ 10 15 i + 26 74 46 + 8 3.47 + . 07 
19 Plum island .••. --- --- • - --- • --- -- --- • -- •• i 10 02 + 19 74 53 8 3."53 + .04 
20 Annis Squam •••••. __ • __ ••••••• -- --- •••• -: 11 39 1 21 .................... ---------- --- ------- ............................ 
21 Beacon hill .•••. ------·------------------ 11 23 1 5 74 27 + 9 3. 62 - . 02 
22 Baker's island light. __ •••• -- • __ •••• __ .••• -I 12 18 2 18 74 19 + 14 3.69 - • 08 
23 Fort Lee ••••••.•••.•••• ---- --- --- -------! l(} 16 I - 16 .. ----........ ----------

__ .., _______ ............................ 
" 10 21 

I 
- 21 75 26 53 3. 53 + . 08 

24 Coddon' s hill .• - - - • - • - - - - - - - - - - - - - - - - - - - -I 11 51 - 1 48 ------- ---------- --··------ ----------25 Little Nahant ••.• ·--------- --- • ----- --- - -: 9 43 + s 74 30 3 3.55 + • 09 
26 Dorchester heights •• ___ ._. ____ .----- ___ ._, 9 48 9 74 16 + 5 3.58 + . 07 

" i 9 45 i - 6 74 18 + 3 3.57 + • 08 
27 Nant.asket. ____ ---- ••• - ----. ----- - -- - -- - -' 9 49 4 74 18 + 2 3. 56 + • 09 
28 Blue hill. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -i 9 35 5 75 10 52 3. 50 + . 17 
29 Beaoon Pole hill. -- ••••• - - -- . --· -- - ••••••• : 9 53 50 74 27 18 --- ... ------ --.. -.. -.......... 
30 Manomet hilL. --- -----. -- - ---- -- - --·-- __ : 9 38 + 10 74 34 27 3. 62 + • 09 

74 04 + 3 ---------- ----------81 Copecut hill. ___ ••• _. ___ •••••• _----- •••• _I 9 35 29 74 14 20 --- ............... .......... --- ---82 Spencer's hill. •.••••• __ •• ___ ----- .•.•••• .I 9 32 41 75 13 - 1 20 
_____ .. ____ ___ .. _____ ,. 

83 Shootftying hill •••••••• ---------------- --1 9 58 16 74 28 
\ 

ll4 3.64 + .10 .. 9 57 16 74 00 6 3.65 + .09 
Tile af&1i. + W ~ llhowt how ihe reaitlual is to be applied to the oberved value to rive that on 'the m&p. 
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TAELE IV-Continued. 

No-I Station. 
I _! ______________ _ 

341 Hyannis-------------------------------.! 
35 j Fairhaven. ---·-····--------···----------J 
36 Tarpaulin co;e. ---- ___ • __ ••• __ ••• ____ •• __ 1 

37 Indian hill ••• ________ • ___________ ••• ___ _I 
" ' 

38 Sampson's hill ••. --- -- . ___ ----··- .••••• --1 
39 Nantucket------------------------------

; 

40 McSparran's hill. __ • -- .• -· •• _ ••••••. ___ --1 
41 Point Judith light. ______________________ .. 

42 Provid.,nce ------ ___ ••• ·-- __ ------- --· ___ : 
43 Watch hill. ____ ••• __ • ___________________ I 

44 Stonington----- --- - --- - ------- --- - --- ---/ 
45 [Groton point ----------------------------1 46 &ybrook. __________ • _ -------- _________ --! 
47 ' Gret•nport. __________________ • __ • ___ •• __ . ! 
48 Sachem's head-------·--·-------------·-·! 
49 Fort Wooster ••••• - - • - •••• - - ••• - - - - - - • - - . f 

50 Oys;~r point. ___ . ____ . __________ ---· ____ -j 

~~ ~~i7o:~t:_e~-=: == =:: ::: ::: :: : : : :: ::: ::: : : :[ 
53 Bridgeport __ •••••••• ---- ••• -------- •• ---i 
~~ ~l;;!a~~c~ :: : == =:: .: : ==::::: ::: ::: : :: : : :! 
56 Stamford_-------------·----------------! 
57 Saw-pits • ___ . _ .. _. _ - •••. ____ • ___ ••.••• __ I 

58 Drowned meadow - - --- - - - -- -- - -- - -- - -- - - -[ 
59 Lloyd's harbor.--------------------------' 
60 Oyster hay .. ·---------------------------! 
61 New Rochelle • _ . _ ••••••.• _ •••• __ - _ . - • ___ j 
62 Sands' Poi.nt ______ -----------------·-----! 
63 
64 
65 
66 
67 

68 
69 
70 
71 
72 
73 
74 

" ' 

Legget.---------- ______ -------- __ .•• ___ j 

Greeuh-.:•h ----- -- . -- - --- --- -·----- - -·. - .i 
Cold spring •• _ •• ______ ------------------· j 
Bloomingdale Asylum •• -- _ - - -----. -- • - --- -! 
Columbia College, N. Y-------------------! 

I 

, • • i 
Governor s island _ - • - • - •••••• - •• - •• - ••• _. I 
R..dl?e'.s island--~---------------- ----· i 
Receiving rcsc!'vo1r ..... __ ·- ............ - -- ..... -- .... _ .. : 

Newark---- -----·------------------·---i 
Mount Prospect--------------------------Cole ___________________ ----- ___________ ~ 

Slindy Hook. --- ••. -- • --- -- - ----- -- -- - ---

Declination. Dip. Hor. Intensity. 

0

9 ~91 + 
0

0 4 ~3 ~l I 0

0 ·o 3. 67 + o. 07 
9 15 i - 9 74 44 I 55 3. 57 + . 19 
9 11 I - 11 73 53 lo 3. 68 + . lo 
9 06 i + 7 73 46 5 3. 71 + . 08 
9 os I + 7 73 a2 + 9 3. 11 + . 08 
9 06 i + 15 73 28 + 11 3. 74 + . 05 
9 31 : + 2 ' 73 49 12 3. 64 + . 14 

9~ 3111~ II+ 2~ I z,~ !~ ~~ --~--:~~~- ---~--~~~ 
41 I 73 47 - 10 I s. 78 + . 02 

~ ~; ! + 3~ 1----'.=-~~- --~----~- -----~~~~- ---~--·-~~ s oo 

1

: + 9 73 so + s 
1 
___________________ _ 

7 51 + 10 1·--------·l----------l----------1----------
7 12 I+ 30 I 74 40 I - 1 9 11·---------1----------
7 37· - 41 73 02 II + 22 ---------- ----------
6 37 + 44 ----·-----.--·------·.----------,----------
7 39 30 74 19 I - 49 3. 6j5 I + . 21 
7 32 23 74 14 44 3. 60 + . 27 
6 38 + 28 73 34 4 3. 76 + . 11 
6 35 + 31 73 33 3 3. 73 + . 14 
6 42 + 27 73 33 - 2 3. 78 + . 08 

~ H t i~ ::::~~:~~t:::::::~-i:::::===:: :::::::::: 
~ ~L - !~ ~~~~I t l~ 1-----s:iiii- ---+··:oii 
62<11- 12 72 59 + 15 ---------- ·---------
6 25 + 23 --------- ----------·---------- ----------
6 38 ! - 14 72 56 + 16 3. 84 + .10 
7 17 I - I 2 73 04 + 3 3. 87 + . 08 
5 66 + 1 72 49 + 18 3. 82 + . 14 
7 36 I 33 --------- 1---------- ---------- ----------

6 21 18 ---------\---------- ----·----- ----------
5 52 7 72 551 + 10 i 3. 97 . 00 
7 26 2 74 59 - 26 : 3. 63 + . 03 
5 05 + I 10 73 43 - 5 3. 83 I + . 03 

l TI + : '.l ---.;:-~:-1--!---~~- :::::~~;:i:::~:==ii 
6 34 I 4 72 48 i + 6 3. 96 I' + . 05 
6 00 15 72 33 i 31 3. 98 . 04 
5 53 20 12 5o 4 3. 95 1 + . 03 
6 is s1 72 s1 + 29 4. 04 I . os 
5 55 34 72 38 + 9 4. 02 i + . 01 

5 43 + 13 72 41 + 4 3. 96 + . 08 
75 
76 
77 
78 

6 13 43 72 43 + 2 4. 051 -01 

}fount Rose.----·----------------------"' 5 l!I 31 72 37 O 4.15 . 09 
White Hill ....•.. ----------------------1 4 44 5 72 07 + 17 4.14, .04 
Vanuxem ------------------------------- 4 45 15 72 26 + 2 4.06 I + .05 
Girard College •• -------------------------' 4 09 0 ; 72 05 , + 11 4. 13 1 + . 01 

. ' " i 4 03 + fj I 72 06 I + 10 4. 27 I . 13 
79 Yard-----------------------------------' 6 18 2 21 72 52 I - 36 3. 91 i + . 23 
80 Chew.~--.--------·----·-----------------1 4 03 0 I 72 18 I - 11 4.09 i + .07 
81 Tuckers island---- --- - -- •• ---------- --- ·I 4 43 - 4

1

. --- -- . ---.------- - -- -·-- -- - --· 1- ----- -- --
82 'Tuckerton ______ ------------------------i---------- ---------- 72 26 i - 26 --------··'·---------
83 Wilmington-----------------------------1 2 49 + 50 71 29 j + 35 j 4.22 I - .04 
84 Sawy1Jr ----·---------··----------·------ 3 06 + 33 72 01 - I 4.16 f + . 03 
85 Church Landing. ---·---·----------------1 6 07 - 2 25. 71 25 j + 31 \ 4. 30 i .10 
Sil Fort Delaw~re •• -------------------------~ 3 35 - 21 71 38 1 + 14 4.22 I .01 
87 Hawkins-·------------------------------'. 3 16 i + 26 71 46 ! I I 4 21 i + .02 
88 Pine Mount---------- -------·····-----·i 3 32 i + 7 71 45 : 1 I 4. 23 ! + . 01 
89 Bomhay Hook Jight-----·----------···---i 3 36 - 6 1 71 43 I 3 4.191 + .06 
90 Port Nor1is.---·------------·------------! 3 22 + 29 ' 71 43. 6 / 4. 20 + . 05 
91 J.:~g Islarnllight •••.••••••••••••••••••••• I 3 20 + 22 71 49; - 17 \ 4.20 I + .06 
92 Town Bank ..••••• -------·--·---·----·--·· 3 16 + 29 71 27; - 8 4.26 + ,()3 
9S Cape M&y light, (old)------------·------- 3 23 + 19 71 291 - 71 '-24 + .06 

~ !:;~~,;,:~d;ng .. ~~:~------·------------ ! 2 + ;; ... ·~~1-~·l--=-~-t-·1~- ····-~~2~8! . .... ++ ••• .:~ 
.., ....... o. · .. v ...... ~ ••••••••••• ·-·····••••••••• ., vv + ""' • 1<• : - ... • 
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No. Sta lion. Declination. I Dip Hor. intensity. 

---------- -- -----·-----~-~--
l - --i---,-·--

0 ' i i 
96 I Osborne's Ruin --- _______ ... ______________ I + 2 55 

2 27 
2 37 
2 37 
2 42 
2 34 
2 32 
1 5i 
I 53 
2 19 
2 33 
2 47 

0 / r Q I ; Q , 

4 I 71 52 IO 4. 12 + . 13 
37 I 71 55 . 7 4. 08 + . 16 97 S~s~uehanna light-----------------------] 

98 Fm'.~Y-------- -- . --· --- ----- --- ----- •••. 
1 

4- ! 71 57 19 4. 04 + . 22 
+ 

99 
100 
101 
102 

103 
104 
105 
106 

lOi 

108 
109 
110 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
13Q 
131 
132 
133 
134 
135 
136 

Pool's island. ____ . __ . _____________ •• ____ . i 

Rosanne-----·-----·--------------------· 
i Fort McHenrY---------------------------: 
! North Point _____ ---· _____ ._---- ________ . 

Bodkin light.. __ ------------------------· Kent island, (l) ________ . __ . _______ • _. ___ • 1 

South base, Kent island •• --- -- . - . - --- . - --- 1 Thy lor • __ • __ • ________ . __ • ____________ . _. 

Marriott __ - • - - - ••• - • - _ - - - .• - . - _ - - - - - - - - - · 

Webb's Hill ____________ --- --- ___ --------
Soper's Hill. - - -- . __ . --- ___ •• _____ ---- __ _ 
Hill's Hill •• __ . -- . __ . --- • -- - •• -- --·-- _ ---
Causten's Rill _ --- ____________ ---- _ ------

4 i 71 40 1 4. 16 + . 10 
3 i 71 55 lS 4. 11 + . 17 

I:l I 72 11 37 4. 03 + . 2G 
2 ·---·--·--· ---------- ---------- ----------

+ 
43 71 33 4 ·1. Ii + .13 + 

+ 
+ + 

40 ---------- ---------- ---------- ----------

2 '" 2 31 

14-
6 

20 
13 
07 

2 27 + 15 
2 Oi + 5 
2 03 15 
2 04 - 1 
2 Iii 15 
1 04 + 44 
0 38 + 1 10 

71 46 
71 17 
71 41 
71 45 
72 22 
71 14 
71 13 
'il 22 
71 55 
71 11 
71 lG 
71 19 

+ 

+ 
+ 

17 
5 

29 
26 

3 
[> 

4 
2 

31 
1 
4 
i 

4-. 18 
4. 21 
4. 19 
4. 21 
4.21 
4. 2;} 
4. 23 
4.29 
4. 14 
4. 31 
4. 23 
4. 28 

+ . 12 

+ . 11 
+ . 16 

+ . 12 

+ . 12 

+ . 11 

+ .13 

+ . 03 
+ . 19 

+ . 05 

+ • 13 

+ .08 
0 37 + 1 11 ---------- ---------- ----------1----------

Wrushington citY------------------------- 5 38 3 71 71 16 6 4. 38 . 01 
Davis----------------------------------· 2 14 + 1 1 70 50 2 4.35 1 + .06 
Roslyn·-------------------------------- 0 13 + 32 69 12 + 21 4. 64' + .02 
Stevenson's Point------------------------ 1 53 44, 68 58 22 4. 65 + .14 
Shellbank -------------- ---------------- 1 57 27 i 68 40 4 4. 70 + .09 
Bodiesisland ----------------------------- 1 27 1 + ti I 61' 21 + 3 4. 74 + .08 
Raleigh, N. ()____________________________ 1 03 ! + 11 I 6R 04 7 4. 97 . 03 

De Rosset.------------------------------ 1 30 ' + 27 66 38 6 5. 20 , • 04 
Columbia, S. C-------------------------- 3 18 + 12 I 66 oo 9 5. 30 ; o 
Allston.-------------------------------- 2 22 '+ 10 I 65 22 + 7 5. 43: .08 
Macon, ~a---·------------------------------------:---------- 63 41, + 28 ·----------;----------
Breach mlet·---------------------------- 2 14 - 34 64 32 '+ 14 5. 46 O 
East base, Edisto island.------------------ 2 54 9 I 64 04 + 23 5. 53 i O 
Savannah.----------------------------- 3 49 , + 10) 63 35 , + 13 5. 62 0 
Tybee island---------------------------- 3 41 , + 8 63 34 + 14 5. 60 + . 03 
Cape Florida---------------------------- 4 25 8 56 13 + 8 6. 61 . 09 
Sand key_______________________________ s 29 + s I 54 26 + 1 6. 76 + . 01 
Depot key------------------------------ 5 22 + 12 59 55 + 8 6. 15 + . 04 
St. Mn.rk's.light •••••• ------------------- 5 31 + 1 j __________ ---------- -------· ---------

~;~E;J~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~7~0 ~~13 · ! iil1
1

.·.;_-~_~_;_-~-~-~---~_::,l •. :::=:: __ ~--~-~~-,:::::i:2:,i:::::::o~ 
Fort Morgan----------------------------
East Pascagoula.__________________________ 7 13 1 1 1· 60 30 ' - 3 . 6. 20 O 

.. 7 09: + 3 __________ ,__________ 6.14 + .06 

137 Montgomery---------------------------· 5 06 ; - 4 
1 

62 52 • + 20 5. 89 - . IO 
138 Fort Livingston·-·----------------------- 7 40 4 !----------•---------- -------·-- ----------
139 Belle Isle __ - -- --- --- --- --- --- - - --------- - ---------·- --- ---- •• : ••• --- --- -·--- --- ---· -- ------ __ : __ --------140 Isle Demiere __________ . _. ___ . _. _ _ _ _ _ _ _ _ _ 8 20 ' + 17 \ ___ . __ . ___ '. __ •• _______________ • ___ • ____ _ 

141 Dollar Point.---------------------------- S 57 ' 7 · 57 53 · + 7 6.53 .04 
142 Eastlr.i.se ••• -- .. ·------------------------- 9 07 4 5i 42 3 6. 52 + .02 
~~43: Jupiter.-------------------------------- 9 10 5 57 12 6 6. i>9 : O "" Rfo Grande. _________________ . _ _ _ _ _ _ _ _ _ _ _ 9 02 5 52 23 i __ . ____ . ___________ . 

145 ; San Diego---------····----------------- 12 28 21 ·-------·- ·---------.--·-------·----------
" 12 32 25 ' 57 38 ' + 33 6. 30 ' - . 04 

146. San Pedro.------------------------------ i13~ "~07, ++ 1~ '----~=-~~-:-~----=~-11·-----~~~~-·---~--:~: 147 'Point Conception ________________________ _ 

148 ! San Luis Obispo._________________________ 14 13, + 6 59 42 i + 45 I 6. 03 i .03 
1491 PointPinOS------------------------------ 14' 57 O __________ 1 

___ ·------·----------·----------

150 San Francisco---------------------------- 15 25 10 ----------·----------'·---------i----------
~:i I~~'!~~~-_-_-_-_-_-_-_-_-_-_-_-.-::::::·::::::::::: g g~ ~! :::::::::: :::::::::: ·:::::::::::::::::::: 
153 I Ewing harbor___________________________ 18 28 + 6 ---------- ---------· ----------1----------
~:: I ~pe DisapP?!11tment ___ ,_________________ ~~ !; + 2: :::::::::: ::::::::::-:::::::::·:::::::::: 

15-G- 1 Sca.rboro'" ha.r'bor ...................................................... 21 27 7 --------- 1 
................. ... 

157 1 Wadda.li iala.nd, Nee-ah b&Y--------------- 21 41 + s ----7i-07·,--------o- 4. az : o 
! 

29 c Iii 
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APPENDIX No. 29 . 

.Report of .Assistant Charles .A. Schott, on magnetic observations made at stati<>M in Delaware, 
Maryland and Virginia. 

WASHINGTON CITY, September 28, 1856. 
DE.AR Srn; In accordance with your instructions of July 14, relative to the magnetic survey, 

I have the pleasure of informing you that I succeeded in determining the magnetic elements at 
seventeen stations in Section III. 

Special pains were taken to secure the values of constants for the absolute intensity and the 
corrections applicable to the dipping needles. After reweighing and remeasuring the intensity 
rings and adjusting the length of the deflecting bar, seven values of K, the moment of inertia 
of magnet H, were obtained by means of three inertia rings, very different in weight, with 
results practically identical. The temperature co-efficient (q) had been previously determined 
by Assistant Hilgard. Six values for P, the co-efficient depending on the distribution of 
magnetism, were obtained before leaving Washington, and three additional ones after my return. 
The magnetic moment m of magnet H was determined, before and after the magnetic survey, 
from twelve independent sets of observations. In order to test the figure of the axles of the 
dipping needles, I loaded the needles, as proposed by Kupfer, applying Mayer's formula, and 
observed with each needle fourteen sets, each set consisting of thirty-two readings, with polarity 
direct, and the same number with polarity reversed. An arc of more than 220° of the circum
ference of the axle has thus been tested. The observations for determination of constants were 
made near the Coast Survey office, and this station, or that at the Capitol, may serve for the 
future comparison of instruments. The first computation of the constants by myself, and the 
second by Mr. Main, are nearly completed. 

At each of the seventeen stations occupi<ld, the azimuth and time (for the declination) were 
determined from three sets of observations of the sun, when near the prime vertical, observing 
upper and lower, and first and second limbs, alternately, making seventy-two separate readings 
in all. The five-inch horizontal and vertical circles proved sufficiently accurate for the purpose. 
The absolute intensity being known, the relative intensity was obtained by means of two full 
sets of vibrations of magnet H. The dip was determined by two needles and four sets, giving 
in a11 two hundred and fifty-six separate results-each set comprising thirty-two readings, with 
polarity direct, and an equal number with polarity reversed. These two needles have been 
compared with four other needles. 

The following stations were occupied (in the order of time) between August 21 and Septem-
ber 24, 1856 : 

1. Coast Survey office, Washington city. 10. Cape Charles. 
2. East Capitol garden, Washington city. 11. Old Point Comfort light-house. 
3. Oxford, Md. 12. Norfolk, northern station. 
4. Cape Henlopen light-house. 13. Norfolk, southern station. 
5. Dagsborough, near Indian river. 14. Cape Henry light-house. 
6. Mason's Landing. 15. Fort McHenry, Baltimore. 
7. Snead. 16. Brown's isle.nd, Fredericksburg. 
8. Joynes. 17. Mayo's island, Richmond. 
9. Scott. 

It was found impracticable to reach the lower Rappahannock at the date last mentioned; and 
having occupied one station additional to the number enumerated in ycmr instructions, I returned 
to the office, where miY presence had become n.ecessa.ry, resuming charge.of the Computing division 
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on the 25th instant. I have to acknowledge the services of Mr. J. L. Tilghman, who aided as 
recorder of the observations. 

I am now engaged in putting the record, in proper shape and in calculating the results, which, 
in view of other duty, will occupy some weeks. 

I remain, sir, yours very respectfully, 
CHAS. A. SCHOTT, 

Assistant Ooast Survey. 
Prof. A. D. BACHE, 

Superintendent U. S. Coast Survey. 

APPENDIX NO. 30. 
Results of observations made by .Assistant Charlts A. Schott, Computing division Coast Survey 

qfjice,/or magnetic declination, dip, and horizontal intensity, in Section Ill-1856. 

No. of 
stat'n. 

10 
2 
3 
4 
5t 
6 
7 
8 
9 

10 
11 
12 
13 
H 
15 
16 
17 

i 
Name of station. Date. i Latitude. 

1856. 
Coruit Survey office, Washington --- August 14&20. 
East Capitol garden, Washington •• , August 15----i 
Oxford, Md·---.----------------- August 23---·I 
Oa.pe Henlopen hght, Del. -----·--1 AuguRt 27 ____ , 
Dagsborough, Del. --·--··-----··-i August 28 ____ , 
Mason's Landing, Md .• -----·-···-( August 30 .•.• i 
Snead, Va..----·----------------- September 2 .•. 1 

Joynes, Va. _ --- --· ________ . _____ , September 4. __ I 
Scott, Va .• - -- •• -- •• _ .••• _. -- _.. September 6. _. ! 
Cape Charles, Va.----------------' September 7. 
Old Point Comfort, Va.-------·--- September8. 
Norfolk, northern Atation _________ : Septemlier 9. 
Norfolk, southern station _________ , September 10. 
Cape Henry light, Va .. ----------- Sept. 11& 12. 
Fort McHenry, Baltimore. Md.----' September 13. 
Brown's island, Fredericksburg, Ya. September l7. -i 
Mayo's isliu,d, Uichmond, Ya. ____ • Scptemh<'r l!J..: 

I 

0 

38 53. 1 
38 53.S 
38 41.4 
38 46.5 
38 35. 7 I 

38 13.8 
37 58.3 
37 41.6 
37 20.5 
37 07.3 
37 00.0 
36 51.4 
36 50.5 
36 55.6 
39 15. 9 
38 18.2 
37 :n. 7 

--~[--- -T ""--~---· 

Longitude.' Declina- l Dip. 1Horizon'l' Total 
tionW. [ lintensity.foten'y 

J---: ! 
I i 0 ' ! i 

0 0 . I 
77 00.2: 2 21.4 i 71 21. 6 i 4.309 13.48 
77 00. 1 I 2 01. o I 

" 19 .• I 4.308 13. 46 
76 10.2 i 2 41.3 i 70 57.9 4.384 13.44 
7 5 04. 9 1 3 03. 7 i 71 22.0 4.285 13.41 
75 16.3: 2 40.6 I 71 03. 1 4.348 13.39 
75 14. 7 : 2 22. 9 70 44. 81 4.405 13.36 
75 25.9 I 2 18. 8 70 31. 0 4.449 13.34 
75 36.6 : 2 03. 2 70 21. 2 4.488 13.35 
75 53.8 l S7.4 70 01. 5 I 4.572 13.38 
75 57.9 l 35.3 69 43. 3- i 4.624 13. 34 
76 18. l 1 14. 7 1 69 31. i 4. 61i0 13.32 
76 17. 2 ] 39. 2 l 69 29. 7 4.658 lll.30 
76 16.8 ] :{3. 3 69 28.8 4. 667 13. 31 
76 00. 1 l 27. 9 ' 69 3!1. 0 4. 621 1:;. 29 
76 3·J. 8 I 2 2!J. 2 i 71 45. 7 4.203 13.43 
77 27.2il01.9i 70 :li.8 4.450 13. 42 
77 25.7 i 0 14.8 i 69 48.3 4.609 13.35 

i 

OOccupied for determination of magnetic constanis, Augm;t 11, September 22, 23, and October 15. 
t Latitude and longitude determined w;tronomica!Jy. 
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APPENDIX No. 31. 

.An attempt to determine the secular change of the magnetic declination on the Western Coast of the 
United States: by Chas . .A. Sclwtt, in charge of the Computing division, Coast Survey qffice. 

COMPUTING DIVISION' 

Coast Survey Office, April 21, 1856. 

DEAR Sm: The general discussion of the results of the magnetic observations of the survey, 
the publication of which was commenced in the Superintendent's annual report for 1855, requires 
for its continuation the secular change of the three magnetic elements on the Western Coast, 
and an attempt is here made to deduce the same for the declination, from the scanty material on 
hand. 

Although the material collected will not admit of a systematic treatment, such as was carried 
out for the Eastern Coast of the United States, yet enough remains to assign to the more recent 
observations a tolerably reliable epochal correction, necessary for tracing out the isogonic lines. 

Independent of this purpose, however, the important bearing of a study of the secular change 
on the law of terrestrial magnetism itself, has already been pointed out in the paper above 
referred to. The following list of results for magnetic declination on the Western Coast, from 
the earliest times to the present, has been carefully compiled. It includes but a few observations 
made on shipboard, and those taken close to the coast are marked by an asterisk. In general, 
the observations taken at sea are too unreliable on account of the effect of local attraction, from 
which the older observations cannot be freed. There seems to have been a disposition in the 
earlier navigators to observe "off the coast," in preference to "on shore," for fear of the land 
attraction, as it was called. 



 

I.Mt of magneUc declmationa observed on the Western Ooast, from the earliest times lo the present, arranged in the order of the geographical 
latitude of the stations. 

~o. 1 I 

lfAJllO Ot p.laee. I ttudc, Longitude, ( Year. 
N. w. 

I 
~ 

0 I ' 
1 San Diego •••••••••• ! 32 39 117 17 1792 

I DoO •••••••••••• 32 30 120 46 1793 

I DoO ······•···•· 34 42 116 53 1793 
I 

I 
Do .•..•......... 32 n 117 13 1839 
Do .••..•..•..... 32 40 119 37 1841 

I 
Do .............. 32 42 117 13 1851 

I 
Do •••••••••••••• 32 42 117 13. 3 1853 

2 i San Pedro •••.•••••• 33 43 118 15 1839 
Do .............. 33 46 ll8 16 1853 

3 Santa. Barbara. •••••• 34 24 119 16 1793 
Do ....•......... 34 24 119 41 1839 

4 Point Conception •••• ...................... -------- ·- 1791 

Do ••.••••.••••.• 34 26. 9 120 25.6 1850 
I 

I 
5 I San Luis Obispo ••••• 35 10.6 120 43. Ii 1854, 

6 Monterey •••.•.••.• ---------- ---------- li90 
Do •••••••.•••••• 36 36 121 34 1792 
Do ...........•.. 36 36 121 51 1795 
Do ••.••...•••••• ..................... ................ ~ 1837 
Do-------------- 36 36 121 5'1 1839 
Do •••••.•••• ~.-- 36 36 124 13 1841 

Do ........•.•••• 36 38 121 54. 4 I 1851 

7 Ban Fra.ncisco ....•.• 37 48 122 08 I 1792 
Do.------------- ·--------- ·---------1 1824 
Do •••••••••••••• ............ _____ 

·-----~---
1827 

Do .............. ---·------ ---------- 1829 
Do .............. 37 48 122 23 1837 
Do •..........••. ----·----- ---------- 1837 
Do .............. 37 48 122 23 1839 
Do •...•...•...... 37 49 124 48 1841 
Do ....•......•.. 37 49 124 48 1842 
Do ...••.•...•.•. 37 47.6 U2 26. 8 ' 1852 

- "------" --- --

Month. E. declina-
tion. 

0 ' 
---------- 11 00 

Jan. 15 12 00 
December. 11 00 

---------- 12 20.6 
---------- 11 00 

{ Apl. 28 f 
May 7 12 28.8 

October 15 12 31. 7 

---------- 13 08.5 
Nov. 25 13 30.5 

November IO 15 
-.. -..... -......... 13 28.0 

Nov. 21 14 52 

Sept. 5 & 8 13 50.2 

{ Jan.30} 
Feb. 7 14 rn. 9 

Sept. 23 10 5G 
Dec»mber. 12 22 
--.. --.... --- 12 22 
-'"' .. --.. -.. "' .. 14 30 
-... --.. --.. -- H 13.0 
- ... -.. --- --- 15 00 

Fehru11ry8 H 58.H 

Nov. 20 12 48 
-..... -- .. --.. - 16 OU 
- .. --- - - --- 15 27 
....................... 15 06 
. ---- -.. --. lli 20. 0 
--.. --.. ---- 15 00 
......................... 15 20.0 
October •. 15 30 
January •. 15 30 
Feb. 23 I 15 26.9 

I Observer. I Authority~; reference:~-~-,---·----Re~a;~-------

1 
I 
j Vancouver .••••• Hansteen'sMagnctismusdcr Erde, 
' 1819. 

The longitude is nearly correct. 

!~===~~========== ====~~::::========1~ ::::::::: Off tho coast. 
The latitude ls incorredly given as 340 

observation, near or on coast. 
I Belcher --------1 Phil. Tran~. Roy. Soc., 1841. P.I. 
I Dutlot de Mofras. Exploration of Oregon • . . • • • • • . 2 vols. Paris, 18H. The longitude iM 
, , from Paris. 

I Davidson .• -----! U. 8. Coast Survey .••..•••••.•. At the C. S. Observatory. 

i 'frowbridge ••..•.•.•. do .••••..........•..•.•. At the Plaza, near custom-house 

I Belcher--------! Phil. Trans. Roy. Soc., 1841 .... 
1.'rowbridgc • • • • U. S. Coast Survey .•...• _ •••••. I Three miles north of San Pedro. 

Vancouver..... Hansteen's Magnetism us dcr Erdc, 1 Probably taken on shore. 
Belcher....... l'hil. 'I'r11nR. Roy. Soc., 1841 •.•. [ 

--------------- Ency. Brit., 7th edition, 1R42 ••• l 'fi1is 1lcclination is undoubtedly too 

Davidson .•••••. U. S. Coa"t Snrny •••• _ •.....•. I Atg:1~:\nonth of El Coxo rnllry. 

Trowbridge ____ :,U.S. Coast Survcy ...••.•••.• ..I 
I 
I 

Malaspina..... Berlin Ast. Jahr., vol 53, for 1828 .I Ol1scrvation nrn1lc on shore. 
Vancouver. Hanstccn's l\fag. rkr Enle ....... I Probably taken on shore. 
.. <lo......... ..do .•...•••.. tlo ........... ', 

DuPetit1'houars Voyage of the frigl\te Yenus .•.. Nrnr Monterey. 
Belcher ...••••. , Phil. Trans. Roy. Soc., 1841 ... 
Duflot de l\Iofra8.j I~xploration of Oregon ... _ •. _. At PrPsidil) of Monterey. The l(•llgi-

1 tnde iR from Paris. 
Dflvidson .•..•.. 

1 

U. B. Const Survey .•.•••..•.•. At Point l'inoR Observatory. 

Vancouver •.•••. · Hanstcen's Mag. dcr Erclc ..•.•.. Probably taken on shore. 

Kotzebue· - - • • • • } } 1.'raite comp let de Magnctismc. Paris, 
Beechey .•••••. 

1 

Becquerel------------···-- 1840. 
Erman --------
Bc!cher ....•••• Phil. Trans. Roy. Soc., 1841 ---
Du PetitThouars Vo,1a.ge of the frigate VenuR .•.. 

I 
Belcher •.•••••• l'hil. Trans. Roy. Soc,, 1841 •••• 

-~-t~~~t-~~ ~~~r~~= -~~:1~r~_t'.~~ -~f.S~e~~~-:::::::: :I The lo~;· is from Paris. do. 
I Davidson .•.•••• U.S. CoastSurvey _____________ ! Ne11r the PreRidio. 
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List nf magnetic declinations, cfc.-Continued. 

I i 
No. , Na.me of pl11Ce. latitude, I Longitt1de,I Year. 

' N. w. I 
i I~ 
i 0 ' 0 

8 j Port Bodega _______ _ 

f Do--------------

!J i Shelter Coveo ______ _ 

10 I Cape Mendocino ••.•. 

: Do--····--·-··-· 

38 18 123 02 I 1ss9 
81! 18 125 24 I 1s42 

40 03 124, 09 1792 

40 29 124 29 1693 
40 29 124 29 1786 

: Do0 ........... . 40 32 124 82 1792 
I 

11 I Bucksport.._ •••••• _ 40 46.6 124 10. 7 185« 
Do ••••• _._ ••• _._ -iO 44. 7 124 11. o I lsM 

12 i Trinidad ••.•••••••• 41 07 I 126 36 I 1841 

i 
13 I Ewing Hl\fbor ••••••. 42 44. 4 I 124: 12. 8 I 1851 

14 Cape Blanooo • ____ • _ 

15 Cape FoulweatberO •. 

16 Fott Vancouver ••••• 

43 06 

44 42 

45 37 

17 Cape Dlsappointmento
1 

46 14 
DoO ............ ] 46 19 

Do-------------·i 46 17 
i 

124 18 

124 07 

122 36 

123 59 
123 53 
124 02 

Do .............. 
1 
...... -- .. _ 

Do •••••••••••••• 1 46 16. 6 124 02 
Do--·-----·-----! 46 16. 6 124 02 

I 

18 Or&y's Harboro -----1 47 00 123 53 

19 Port Discovery-----·/ 48 02 122 35 

i 

--

20 Nell-ab bayo •• -----·J 
Do. - -- - - - -- - - - - ·1' 
Do---------···--

48 19 
48 21. 8 
48 22. 0 

123 41 
124 37.2 
124 36.6 

1792 

1792 

1839 

1792 
1792 
1839 

1842 
1851 
1851 

1792 

1792 

1792 
1852 
1855 

Month. 

April 19 

Sept. 8 
April 22 

July 20 
j Apl.25 l 
l May 2 f 

Nov. 24 

April 25 

April 26 

I April 27 ! 

-~~~e-~~~~ ~I! 
----------
July 7 i 
July 17 ! 

i 
December.I 

I 
May ..... I 

April 30 I 
August 20 
August 15 

E. declina
tion. 

Observer. Authority or reference. 

0 • I 
15 20. 0 I~lcher ·-----·- Phil. Trans. Roy. Soc., 1841 .... 

Remarks. 

16 00 Duflotde Mofras. Exploration of Oregon ••.•••••. 1 Longitude is from Paris. 
I 

15 00 Vancouver ----- Hansteen's Mag. der Ertle ••.••• 1

1 

Probably taken on shore. 

2 00 Carreri •..•••••• Hansteen's Mag. der Erde ------
H 24 La Perouse ----- .... do •.•••••••• do --·---·---I Same place as above. 
16 00 Vancouver .......... do ........... do ----------1 Near the cape. 

17 06. 5 Davidson ••••••• U.S. CoastSurvey •.••.•. ______ I On the beach, Humboldt bay. 

17 04. 5 .... do ••.••••••••••••• Jo _______________ ------ At C. S. station, Humboldt. 

16 00 I Duflot de Mofras.I Exploration of Oregon •••• 

18 29. 7 I Davidson •••••• .! U.S. Coast Survey •••••••• 

16 00 

18 00 

19 22.0 

18 00 
20 00 
19 11. 0 

20 00 
20 19.1 
20 45.3 

18 00 

21 30 

18 00 
21 29. 9 
21 46. 9 

Vancouver .... .I Hansteen's Mag. der Ertle. 

Vancouver -----1 Hansteen's Mag. der Ertle_ 

Belcher . • .. • • . • Phil. Trans. Roy. Soc., 1841 

Vancouver .... _ Hansteen's ]\fag. der Ertle _ 
.•.• do .............. do •.••••••••• do •••.• 
Belcher ....... _ Phil. Trans. Roy. Soc., 1841 

Duflotde Mofms.I Exploration of Oregon----

-~~~d~~~~:::::: J~~ _s~ -~~~~t-~~~~~~:::::::: 
Vancouver ••••• .I Hansteen's Mag. der Erdc _ 

Vancouver •••.•• ! Hansteen's Mag. der Ertle. 

Vancouver •••• --1 Hansteen's Mag. der Erde _ 
Davidson ....... U.S. Coast Survey ... . 
Trowbridge •••• _. __ •• do ••••••• _ ••. __ • __ • 

The latitude is 4' too great. The longi· 
tude from Paris. 

Near Cape Orford. 

N car the cape. 

Near the cape. 

On Columbia river. 

} Near the mouth of Columbia river. 

On Baker's bay, mouth of Columbi& 
river. 

At mouth of Columbia river. 
On the beach. 
On top of cape. 

Off the hMbor. 

The longitude is about t° too small. 
Probably on shore. 

Juan de J<'uca Straits. 
Near Cape Flattery. 
Near Waddah islrmd. 

The above list contains 55 separate observations for declination. 
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The discussion of these results is best preceded by a short historical review. The first chart, 
exhibiting the isogonic lines of the southern part of the Western Coast, was constructed by 
Professor Christopher Hansteen for the year 1710; and, according to it, the eastern declination 
was 4i0 at San Diego. By comparison, 'the observation at Cape Mendocino in 1693, where 
Gemini Carreri found 2° E., appears to be too small by a few degrees. 

The next map refers to 17 44 ; here we find the eastern declination at San Diego nearly 7 ! 0 , 

and about 11° at Cape Mendocino. 
On the map for 1770, San Diego is on the line 1010 E., which accords well enough with Van

couver's determination in 1792, when corrected for secular change. Cape Mendocino has an 
eastern declination between 14° and 17°, and is a few degrees too high, when compared with 
La Perouse's observation in 1786. 

On these maps, however, all the latitudes are about 2!0 too high, owing to a singular J>ractice 
of the Spanish explorers of those times, and undoubtedly growing out of their ambition to give 
to their explorations an apparently great northward expanse. This circumstance has been taken 
into consideration in the above measures, and had the effect of increasing the declination on the 
average by about 1°. The longitudes are very nearly correct, 

For Hansteen's principal map, that of 1787, Vancouver furnished abundant material to give 
a reliable system of isogonic lines, and aeoordingly we find as close an agreement between the 
values in that map, and those from the table, as is compatible with the scale of the map, and 
the still uncertain allowance for secular change; the latitudes also agree much better with the 
modern determinations. 

The isogonic lines on the earlier maps, constructed by interpolation from analogy, and sup
ported by the observation at Cape Mendocino, near the close of the 17th century, leave no doubt 
on the conclusion that throughout the 18th century the eastern declination on the Western 
Coast has been gradually increasing ; and its average annual amount, though necessarily very 
uncertain, is given in the following table: 

Locality. 

San Diego in •••••• 1710 : 
1744 ' 
1770 ': 
1792 ' 

c,.pe Mendocino in 1693 
1710 
1744 
1786 

' i 

Declination, , .Annual in
crease. 

0 
4, 5 , ___________ _ 

7, 5 I 

10. 5 
11. 0 
(2. 0)1 : 
6.0 

11.0 I 

14.4 

5. 3 
6.9 
1. 7 

(13. 8)? 
7. 3 
4.8 

51.4 may be set down as the average annual increase. We notice, besides, in the second half 
of the century, a tendency to a diminution, which latter fact is supported by the modern obser
vations, as will be seen further on. Between l'TOO and 1750, therefore, the annual increase may 
approximately be assumed as 61.6, and between 1750 and 1790 as about 4'.0. 

Whether the needle ever pointed to the west of the true meridian on the Western Coast of 
the United States, between 1600 and 1700, must at present remain a matter of conjecture. 

TheN is another result which the above data bear out, namely, the diminution of the secular 
change when approaching, and the reverse when receding from, the equator. For the southern 
coast of California, the above figures expressing the annual change may be diminished by t, 
and increased by the same amount for the northern coast. This decreased variation, correspond
ing to an approach toward the equator, ha.1 been clearly established for the eastern coast of the 
United St.ates. 
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An inspection of the general table of declinations shows that we must wait for further 
material in order to discuss successfully the observations since 1792. The three epochs-that of 
Vancouver about 1792, of Sir E. Belcher in 1839, and of the Assistants of the Coast Survey 
since 1850, will barely permit us to introduce a second term, that of curvature, in the expression 
for the secular change ; and for most of the stations we must rest satisfied with a first term 
only or a straight line discussion. 

Let us consider the stations separately: 
1. San Diego.-At this place we exclude the second and third observations as given in the 

general table. The mean epoch, 1830, is the same as that of the corresponding discussion for 
the Eastern Coast; and, as before, eastern declination is indicated by a negative sign prefixed. 
The treatment by the method of least squares leads to the expression-

D = - 11°.27 - 0.0353 (t - 1830) - 0.00075 (t - 1830)2 
which represents the observations as follows: 

Yenr. D observed. D computed. 

-· 
0 0 0 

1792.5 11. 00 11. 00 0.00 
1839.5 12.34 IL 67 + 0.67 
1841. 5 II. 00 ' 11. 78 0.78 
1851. 4 12.48 12. 37 + 0.11 
1853. 8 12.53 12.51 + 0.02 

and if we reject the 5th observation, which appears too small by at least 1°, we obtain the 
formula-

D = -12°.17 - 0.019 (t - 1830) + 0.00018 (t -1830)2 

which is considered preferable to the first. It represents the observations as follows: 

Year. D observed. D computed. A 

0 0 0 

1792.5 11. 00 10. 99 + o. 01 
1839. 5 12.34 12.34 0.00 
1851. 4 12.48 12.48 0.00 
1853. 8 12.53 12.52 + 0.01 

The sign of the quadratic term indicates a gradual diminution in the present annual increase, 
agreeably to what has been found before. 

2. Monterey.-Uniting the mean of the second and third observations with the first, and also 
uniting the fourth and fifth observations~ the resulting declination can be represented by 

D = - 14°.19 - 0.0502 (t - 1830) + 0.00047 (t- 1830)2 

which expression leaves the following differences between the observed and computed values: 

I 

Year. D observed. I D computed. A 

-I 
0 I 0 0 

1792.6 - 11. 65 - 11. 66 0.01 
1888. 5 - 14.36 - 14.58 0.22 
1841. 5 - 15.00 - U.70 + o.so 
1851. 1 - 14.97 - 15.03 0.06 
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The omission of De Mofras's observation would produce no very sensible difference in the 
resulting equation, viz : 

D = - 13°.91 - 0.0534 (t- 1830) + 0.00019 (t - 1830)'. 

3. San Francisco.-At this place, after uniting the first two observations, those of 1827 and 
1828, those of 1837, and those of 1841 and 1842, respectively, the expression for the secular 
change becomes : 

D = - 15°.14 - 0.0282 (t - 1830) + 0.00025 (t-1830)2 

which represents the individual results as follows : 

Year. D observed. D computed. 

----·!------ -----------

1808.7 
1828.5 
1837.5 
1839. 5 
1841. 9 
1852.2 

0 

- 14.40 
- 15.27 
- 15.17 
- 15.33 
- 15.50 
- 15.67 

0 

- 14.43 
- 15.10 
- 15.36 
- 15.38 
- 15.44 
- 15. 64 

0 

0.03 + 0.17 
o.u 
0. 05 

+ 0.06 
+ 0.03 

-------- -----'---------------·-------

The agreement seems quite satisfactory. 
4. Oape .Mendooino.-The interval of 1693.5 and 1'786.5 being too great to assume the eame 

law to hold good as for the present century, and there being no data of such early date available 
at other stations for verification, the declination for 1693.5 has not been introduced in the formula. 
La. Perouse appears to have observed at a place to the southward of the cape. 

The observation of 1792.3 can be referred to the latitude of the Cape by means of the observa
tion at or near Shelter cove, by the same navigator, and at the same time, viz: in latitude 40° 
03', longitude 124° 19', declination 15° 00'; hence, for Cape Mendocino, latitude 40° 27', longi
tude 124° 33', the declination becomes 15° 50'. 

The formula-

D = + 16°.58 east+ 0.497 (L- 39°.97) + 0.151 (M - 122°.40) + 0.0069 (L - 39.97)' 

established in November, 1855, represents within a few minutes the observed declinations of 
nine stations situated bet:ween San Diego and Cape Flattery, and gives the declination for Cape 
Mendocino-17°.12, for the epoch 1852.1. Assistant G. Davidson's observations in 1853, July 
20, at Humboldt bay, when referred to Cape Mendocino, by means of the above formula, gives 
-16°.97 (for 1853.5.) We have, therefore, for the present: 

Declination in 1'186.5.................................. -14°.40 
1792.3.......... ................... ..... -15 .83 
1853.5.................................. -16 .91 

which can be represented by 

D = - 19°.55 + 0.030 (t - 1830) + 0.00340 (t - 1830)2
• 

The incorrectness of this formula is apparent at the first glance, since the declination in 1830 
could not have been - 19l 0 • . This is owing to the apparent great change in declination between 
1'186.5 a.nd 1792.3, one or the other of which results must be inco:rrect. In this, therefore, we 
a.re forced to &SSume the second co-efficient equal zero, and the observations are then repre
sented by 

D = --16°.29 - 0.029 (t- 1830) which is based on a mean value for l'l86.5 and 1792.3. 

5. <Jr;upe .Diaa.ppointment.-IT we take a mean of the two uncertain observations of Vancouver, 
and likewise oombine ·the two last o~rvations, the four results can be expressed by the formula 

30 OS 
D = -18°.89-0.~3 (t-1880)- 0.0013 (t-1830)1 
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which leaves the folloWing differences between the observed and computed declinatfons : 
+ 0°.02, - 0°.29, + 0°.29 and - 0°.02. The sign of the quadratic term, however, does not 
agree with the other formula of the preceding stations; and since the first two observations 
are too uncertain, I prefer to use a straight line expression, and find 

D = -19°.65 - 0.019 (t -1830) 

which expression leaves differences of !v. This station, therefore, requires more observ~tiOD.8·, 
before we can arrive at a satisfactory result. 

Recapitulation of results for seetdar change in the declination. 
0 

1. San Diego.................. D = - 12.17 - 0.019 (t - 1830) + 0.00018 (t - 1830) 2 

2. Monterey................... D = -14.19 - 0.050 (t - 1830) + 0.00047 (t- 1830) 2 

3. San Francisco............. D = -15.14 - 0.028 (t -1830) + 0.00025 (t - 1830) 2 

4. Cape Mendocino.......... D = - 16.29 - 0.029 (t -1830) 
5. Cape Disappointment... D = - 19.65 - 0.019 (t - 1830) 

For the general form D = d1 + x + y (t-1830) + z (t-1830) 2 , the mean value of the 
co-efiicients become 

y = - 0.032 and z = + 0.00030. 
and the annual variation, expressed in degrees, 

v = 1J + 2z ( t - 1830) 
Hence for 1840........................... v = -11.6 

1850........................... v = -11.2 
1860........................... v = - 0'.8 

The two observatfons e.t San Pedro give about the same, but the two recent observ~tions at 
Nee-ah bay three times the above value. According to the deduced. formula, we might expect 4 
maximum eastern declination before or about the close of the present century ; thiil conclusion, 
however, yet requires confirmation by new observations before it can safely be adopted. 

Extending our investigation further south, we find acceptable results for declination at San 
Blas, Mexico; latitude 21° 321 N., longitude 105° 16' W., viz: 

0 f 

1791, April. .. DeClination 7 28 E. 
1821 ............ Declination 8 40 E. 
1828..... .... ... Declination 11 06 E. 
1S37 ............ Declination 8 34 E. 
1839 ............ Declination 9 00 E. 
1841.. .......... Declination 9 12 E. 

Encycl. Brit., 7th edition, 1842. 
Do. do., 

Beechey, Becquerel' 8 Mag' m. Rejeeted, evidently morleoui. 
Belcher, Phil. Trans. Roy. Soc., 1843. 

Do. do. 
Du:ftot de Mofras, Exj>T.oratwn of C>regon. 

Omitting the first, the above observations can oo represented by 

D = -8° .18 - 0.056 (t -1830) - 0.00746 (t - 1830) 1 

But if we un.it.e the second and third, and include the :first observation, we obtain the expression

D = - 8°.63 - 0.042 (t - 1830) - 0.00031 (t - 1830) i 

which repreBen.ts the obeervationts retnarkably well, the;greatest di:fferenee being 41
• 

At the city of Mexico there was an avetit.ge annual increase of eastern declination of 4/.6 
between 1'769 ~Don Almt.e) and 18G3, (Ale1'.. Von Humboldt.) At Acapulco, the average annual 
increase was 31.4 between 1744 (Anson) and 1838, (Belcher, Du Petit Thou.a.rs, and Dulot de 
J,:lofras.) At Ver& Cruz, the annual increase of e&sterly d-eclination from iive observa.tioos, 
hetween 1769 a.nd 1819, was 4'.3. At Pana.ma~ however, from fiye observations, between.1175 = i~:~ ~:g=.~~4 ~=:; :f tt:0 dt;!!:n al!:t&rtt:~~zn:~:=~ l::, ~:; 
the aecula.r chang~ at ,. ai:iiama hJ:a' ~en dtWa in: ii.1 ttir~ pa~. 
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These J1hort notices have been inserted, as they must finally a.ssist in the tracing out of the 
~i,on of the law of the .secular change of the declination, al'! found on the Atlantic and Gulf 
coast, and that of the Pacific coast of the United Smtes-a gap which it is impossible at present 
.to close. '11he following parallel may be drawn: 

I E.A8TU.N DRCLL~ATION. 
EPOCH. J , -----------1 Southeastern coast of United States. : Western coast of United States. 

Between 1740 and 1804- _. 1 Increasing with a diminishing rate._ - } 
A. bOut 1804 ___ • -- •• -- ----1 Stati. onary ••• ----. -- -· •••• --- -- ---. Increasing with a. diminishing rate. 
J3etweeµ 1804 and 1850---1 Decreasing with an accelerating rate._; 

From which table, and from what has been said above, it may be conjectured that a correspond
ing stationary epoch for the Western Coast will yet be attained. 
· As it is, the present system of isogonic lines moves slowly to the southward on both the 
Atla.n,tic and Pacific coasts-slower in the southern, less slow in the northern latitudes. 

I remain, sir, yours, very respectfully, 

Capt. W. R. PALMER, U.S. Topog. Engrtt., 
Assistant, in charge Ooast Survey Office. 

APPENDIX No. 32. 

CHARLES A. SCHOTT. 

Discussion of the secular variatwn of the, '(11.agnetic indinatinn in the northea.stern States: by Okas. 
A. Schatt, _in c}farve of the Computing division, Coast Survev o~ce. 

COMPUTING DIVISION, 

Ooast Survey Office, February 26, 1856. 
DEAR Srn: The following discussion of the secular variations of the magnetic inclination near 

~~ At~an* coast, }>etween latitude 38° and ;1-4°, intende.d to form a part of the general dis
cussion of the magnetic observations of the Coast Survey, commenced in your a.n.nual report on 
the operations of the survey during 1855, is herewith respectfully submitted. · · · 

While the observations for declination reach back as far as the 17th century, and a.re quite 
numerous for the latter half ~f .the 18th, the observations for inclination are of but recent date. 
~~.our 4-t~nt~c coast, 30 qr .35 yeat;s in<;lude the whole period, takin5 no account of three 
_9£,e;i:v:!ltigJi,s a,poµt 1782, ~t Cambridge. Fortunately for !JUT knowledge, the secular variati?n, 
within this' short period, ·has passed a turning point, the epoch ?f w-hich has been fully es~b-
lished. . . 

Here, as in the decli.o#i.tiQns, Profes.sor Loomis has contributed a large share in observing, 
collecting, and discqsf1illg m~gnetic dip, and we are also indebted to. h.i,m for the construction 
of an isoclinal map. P;rofessor .Loomis says: "From these observatiQ!lfl, (collected by him,) 
when compared with .~ose qf L"ng's expedition, we may assume the .~iminution of the dip 
from 1819 t.o 1839, '.to ·.be ~t -~~.e r.a.J;e of I' ~5 a year. "-(Sill.'s Jour~~l, xxxix, 1840, on the 
variation •~d dip of .the ma~etic n,eedle in the United States, by E. LoQ~is.) 

It does not appear ,'f;Ju.t, laHlr, .a ~~nd effort w&11 m_a.de to follow th~se ~panges of the dipping 
~e, probably on ~unt ,9f ~~e .sm.a:ll .ch&~ge, .a.nd t~e ,sta:fi~~1 ~riod soon afterwards 
~- .·. 
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It must be considered as fortunate that the dip observations at the Toronto Observatory com
menced as early as 1841, and therefore include the turning epoch, though from these observa
tions alone it could not be clearly made out. Colonel Sabine remarks, (page !xx.xviii of Obser
vations made at the Magnetical and Meteorological Observatory at Toronto, Canada, vol. II, 
1843-' 44-' 45, London, 1853 : ) "On a :first inspection of the values of the inclination in the 
years from 1841 to 1852, inclusive, we might be led to infer that, in 1843 or 1844, the secular. 
change at Toronto reached a turning epoch, and that, from having been previously a decrease, it' 
became subsequently an increase of inclination. It is possible, however, that the facts may 
admit, and may hereafter receive, a different explanation." He then goes on to show that the 
change may be owing to disturbances, and :finally remarks: "in the meantime, considering the 
small amount of the apparent irregularity, together with the variety of needles employed in 
the observations of different years, and the consequent possibility of defective intercomparability, 
we may perhaps take as the best present approximation a uniform increase of inclination." 

It will be seen, further on, that the :first supposition, that of a minimum about 1843, was the 
correct one, and that this fact is supported by a number of observations at other stations, and in 
particular at Philadelphia, where we have another excellent series of observations which were 
made under your direction. This series also includes the minimum, the establishment of which, 
beyond doubt, may be considered as the principal result of the present investigation. From a 
cursory examination of the observations at New York and Cambridge, the epoch of this 
minimum was recognised and communicated to you in October last. 

The observations used in this discussion have been collected with care, and, it is believed, 
include nearly all that have been published ; the results are based upon 161 separate determina
tions for dip. The mode of discussion and the formula used being similar to those employed in 
my discussion of secular variation of the declination, Coast Survey Report for 1855, (and in the 
proceedings of the ninth meeting of the American Association, 1855,) no further explanation 
is deemed requisite here. 

It was found that at present the inclinations could be represented by the formula-

! = il + x + 'U (t - t.) + z (t -t.)2
, 

the same as used by Professor Hansteen in his paper '' on the changes in the magnetic inclina
tions in the northern temperate zone."-Astronomische Nachrichten, Nos. 947, 948, and 954. 
The epoch 1840, to which the results of the separate stations were reduced in Professor Ha.n
ste~m's pa.per, also suited. the present investigation. One locality, New York, is included in 
both papers, of which more hereafter. 

In the establishment of conditional and. normal equations, and their solution, I was assisted 
by Mr. J. E. Blankenship. 

The observations at the several stations admitting of discussion here follow : 

SECULAR CH.ANGE OF THE MAGNETIC DIP AT TORONTO, CANADA. 

Oollection of observation8.-In Vol. II, 1843, 1844, 1845, of" Observations made at the Mag
netical and Yeteorologica.l Observatory at Toronto, in Cane.de.," London, 1853, we find the 
following results for the middle of the year : 

0 

1841. ········· .............................................. 75 16.6 
184~ ........ ............... ·················•·· .............. 16.4 
1843. ............ ... ... . .. .. ... ..... ... ...... ... ............ 14. 7 
1844........................................................ 14-.8 
1845 . .......... ··•·······•··· ..... .. .. ......•.•.....•.••.•. 15.5 
1846 . ........................ ····•··········· ........ ···-··· 15.1 
184 .. i. ··················· ...................................... '15.3 
1848. .. ..... ......... ...... .. ......•....... ............. •...•. 18.3 
1849 ...... .._ .............................................................. 'l,.O 18.8 
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0 

1850 ...................................................... '15 20.0 
1851....................................................... 20.4 
1852 ...................................................... '15 20.5 

From other sources we have : 
1843, Captain Lefroy, Sill.'s Journal, vol. iv, 1847........................................... 75° 151.5 
June, 1844, Professor Locke, Trans. Amer. Phil. Soc., vol. IX, 18461 half a mile 

east of observatory.................................................................................. 75° 12'.5 
At observatory.......................................................................................... 75° 13'.4 

These observations have been properly combined with the above, and the whole may be repre
sented by the formula-

I = 75°.29 - 0.01441 (t - 1840) + 0.001636 (t - 1840)'. 
The following table contains the observed and computed inclinations : 

t. I I. observed. \ I. computed. \ I I , I 
1 

I 0 0 0 

1841.5 I 75. 28 75.27 - 0.01 
1842. 5 I 75. 27 75.26 - 0.01 
1843.0 

I 

75. 26 75.26 o.oo 
1843. 5 75. 24 

I 
75. 25 + 0. 01 

1844.5 76.23 75.25 + 0.02 
1845.5 75.26 

I 
75.26 0.00 

1846.5 75. 25 75. 26 + 0.01 
1847.5 75.26 75.27 + 0.01 
1848.5 75,30 76. 28 - 0.02 
1849.5 I 75. 31 

I 
75. 3() - 0.01 

1860.5 I 75.33 75,32 - 0.01 
1851.5 75.34 75.34 0.0() 
1852.5 I 75.34 I 75.36 + 0.02 

The probable error of any single result is ± O'. 6 

8eC'l.llar change of the magnetic dip at .A.l:bany and G-reenb1Mk, N. Y. 

April, 
Aug., 
Sept., 
Aug., 

June, 

Aug., 

1833 
1834 
1839 
1841 
1842 
1844 
1844 
1844 
1865 

Prof. Henry, Trans. Amer. Phil. Soc., vol. v, 1836 ••••••••••••••••• 
President Bache, Trans., as above------·-·-·---·-··----- -------·-
Prof. Loomis, Trans. Amer. Phil. Soo , vol. iii, 1840 ••••••••• - • - • - •• 
Tram. Amer. Phil. Soc., vol. viii, 1843 ..... ---·····--··--·-· ----·· 
Captain Lefroy, Silliman's Jour., vol. iv, 1847 -···--···--·--·--·--·· 
Prof. Locke, Billimaa's Jour., vol. iv, 1847 ....................... .. 
Prof. Locke, Trans. Amer. Phil. Soc., vol. ix, 1846, at Greenbush •••••• 
Prof. Locke, Albany. Trans., as above ••••••••••••••••• ---·····-··· 
U.S. Coast Survey (Ch&s. A. Schott, observer) at Greenbush-·-------

The above observations.can be represented by the formula.-

I 
I Mea.n dip. 

~4 DL 1 I 7~ 6~. 1 
7440.1 I } 74 45 7 74 51.3 / . 
74 39.9 I t 74 !Z.t 
74 44. 6 : f 
't4 U.6 ·1} 
74 43.l 74 41.6 
74 40.21 
75 11 • .s 75 u . .s 

I= 'T4°.70-0.0086 (t-1840) + 0.00257 (t-1840)11 

which expression represents the observations as follows : 

t. I ol>eerved. 11 computed. \ A 

0 0 0 

1883.4 74.85 74.86 + 0.01 
183'1'. 1 14.76 74. 74, - 0.02 
1842. 0 '14.70 74.69 - 0.01 
1844. 5 74.69 74:.11 + o.oz 
1855.6 'TlS. 19 76.19 o.oo 

'!he ptob&ble error of any single result is ± 4Y .9. 

Mean year. 

1833.4 

1831.l 

lSil.O 

1844.5 

1855.6 



 

Dec., 1780 

J~e, 1782 
·Dec., 1783 

~-· J.S39 
1839 

1839 
1840 

June, 1841 
July, 1841 
May, 1842 

1842 
1842 
1842 

Dec., 1844 
June, 1845 
Sept., 1846 

Aug., 1855 

B-EPOB.T 01' TBE StTPERISTBNDB-JPr or 

&mtJ,a,. change of th.e .magnetic dip at Oam'bridge, Ma&. 

0 • 

Dr. Williams, Mem. Amer. Aca., vol. ii, new series, 1846 ; also, Ency. 

&!!t~ !~~;.-l-Th;~-th;e-e-~b;;r~ti~~;i;a"";e-~;-o""~ii~d-hi-th;di;-- { :: N:~ 
Same as abo-ve. f cusslon as not sufficiently connected with the rest. o _ 69 41. 0 
:rra.us. ~er. l'hil . .Boe., »:ol. vii, J?. I, 1840; Prof. Loomis----------·/ 74 20. l 

Tr~~~t!:.~~·- ~~i~~ _8:'_c~ :-~~I~ _v!~~ -~·- ~~ _i_s:_o_ ~ -~~~·- ~-~~s~ _ ~~ -~r: _ 7 4 l~. 0 
Same place, eillim11.n's Jour., vol. ;xxpx; Bond------------·-------·1' 74 19 .. 0 
Lovering & Bond, Mem. Amer. Aca., vol. vii, 1846, new series________ 74 21. 6 
Major Graham, Trans . .A.mer. Phil. Boe., vol.Jx, P. III, 1846-----·--- 74 17. 3 
MajorGraham, Tra.ns. Amer. Phil. Society--asa.bove; Boston ________ , '1'4 09.4 
Prof. Locke, Trans., as above; Boston---------·--··------····-··- 74 05. 7 
Prof. Locke, Tra.ns.,asabove; Cambridge _______________ ---------- 74 14.9 
Capt. Lefroy, Silliman'sJour., ne!I" l!!)i;ies, vol. i_v, 1847 -------------- 74 19. 5 
Major Graham, Silliman'sJour., new series, vol. iv, 1847 ----·------- 74 17. 8 
Major Graham, Trans. Amer. Phil. Soc., vol. ix, P. III, 1846 --------- 74 18. 2 
Prof. Locke, Smithsonian Contribution to Knowledge, vol iii, 1852 __ • _ 7 4 19. 4 
U. B. Coast Survey (Allsistant Fauntleroy, o'hl!erver) at Dorchester 

Heights, South Boston------·--------------·------------------- 74 12. 7 
U. S. Coast Survey (Chu. A. Schott, observer) at South Boston Heights_ 74 29. l 

Mean dip. I Meanyea.r._ 

0 I I 
I 

f 74 18.,4 ~ •. 1 

J 74 21. 6 1840. 5 

}74 13.4 184J. 6 

}74 14.5 184,2. 4 

74 18.2 18«. 9 
74 19.4 1845. 5 

74 12. 7 18!6. 7 
74 29. 1 1855.6 

0 ProfeBSOt Loomis has some doubt about these.o~rvations. It is probable th&t either the needles 1rere imperfect or 
that local attraction entered into t~ i:esult. 

The observations have been represented by the following fOJ:m.ula: 
I= 174°.U - 0.02840 (t - 18!0) + 0.00~~ (t - 1840)1 

the table shows the comparison of the obsened and (lQkuJ..&ted inclinations. 

t. I observed. I computed. 4 

0 0 0 

1839.7 74.31 74dl5 + 0.04 
1840.5 74.36 74.33 - 0.03 
1841. 6 74.U 74.30 + O.Q8 
1842.4 74.24 74.28 +o.,9,4. 
1844.9 74.30 74.26 --:-- ~.1)4 
1845.5 74.'ll2 '14. ,Zl> - 0.06 
1846.7 74.21 74. 26 + ";!),!) 
1855.6 74.48 74.48 ,0))9 

~e probable error ,of any .single v'lJue is± 1'.8 . 

.. 
: 

0 ' 
Aug., 1834 Prof. Bache, Bill's. Jour., vol. ;idlii., 1842 •••••••••••••••••••••••• -- 74 02. 8 
Sept., 18!19 Prof. Loomill, Tmns. 4Jner. Phil. Soc., vol. vii., P. I., lHO---·-·---- 73 69.6 

1842 Capt. Lefroy, Bill'a.,:i(p;i;i,r.,,Jlew,ee•, Nol. iv., l~ ··········-:-,.•••·· 74 oo.o 
Aug., 1865 \ United St&tee <JoaatJlluzyey, (Ol,ias. ~ 8'hott, oba'.;1'.,)6vwniUJ!:iyMR,w- 74 15. 9 

·- ·- ,.,.,._ -- " •'"-· ··-
These observ&tions can be.z:eprese~ted iby the formula : 

I = 73° .99 --0.804~ (t -:-}840) +-&~\.*1 ~t -1~)1 

,.--.. 
Hean dip. i lleanyear. 

-----···-- 1834.G __ .. __ .,, ____ 
1889. f 

---·-·-··- 1U1.5 
............ 1861. G 
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Comparison of observed o:nd computed valuu. 

I observed. I computed. <l. 

0 0 0 

IS34. 6 74.05 74.06 + 0.01 
1839.7 73. 99 7:1.99 o.oo 
1842.5 74.00 73. 99 - 0.01 
1855.6 74. 27 74. 27 0.00 

co=± 0'.7-

Seoolar variation of the magnetic dip at We.st Point and Oo'ld Spring, N. Y. 

I"-''·- Mean year. 

April, 1833 

June, 1834 
Sept., 1839 
Aug., 1840 

1842 
Sept., 1855 

Prof. Courtenay, Silliman's Journal, vol. xliii., 1842; also Trans. Amer. j 
Phil. Soo., vol. v., 1835 .•• ------ .... _ .. __ .• __ ...... ___ .•.... ___ , 

Prof. Courtenay, Silliman's Journal, and Trans., u above •••. __ •• __ --: 
Prof. Loomis, Trans. Amer. Phil. Soc., vol vii., P. I .• 11140 .••••••••••. 

1

. 
Major Graham, Silliman's Jour., vol. iv., 1847 .....•................ 
Ca.pt. Lefroy, Sillima.n's Jour., vol. iv, 1847 ........ ----------------1 
U. 8. Coost Survey, (Cha.s. A. Schott, observer,) at Cold Spring ••••••• ! 

0 

73 25.8 
73 37.2 
73 27.4 
73 20. l 
73 30.4 
73 54.8 

The above observations can be represented by the formula: 
I= 73°.43 - 0.00165 (t - 1840) + 0.002080 (t - 1840)fl. 

The agreement with the observed dip is as follows : 

l I observed. I I oompnted: I 
_1_8_3_3_-g_, __ 7_3_~ 5-3-1 73~ 52 :i----0~-0-1-

1839. 8 73. 46 II 7 3. 43 - 0. 03 
1840.5 73.33 73.43 -!- 0.10 
184Z.5 73.51 73.44 -- 0.07 
1855.6 73.91 73.91 0.00 

The probable error of any single value is ± 3 1 
• 1. 

Ser:idar change of tlie magnetic dip at, New Haven, Oonn. 

0 

Bept., 183& Prof. LooJ;Dis, Trans. Amer. Phil. Soc., vol. vii, 1846 ----·----------· 73 26.7 
-April, 184Z Prof. Locke, Trans. Amer. Phil. Soc:, "l'ol. ix, lSH; also, Billiman'e 

Jour., vol. iv, 1847 --------------·---·--------·---·----------- 73 29.B 
184Z C&pt. Lefroy, Sillime.n's Jour., vol. iv, 1847 -----------------··--··- 73 Z7. 4. 

Aug., 1844 U.S. Oo&st Survey, (Prof. Renwick, observer;) Burial Grounds •••••••. 73 27. 6 
Aug., 1844 Same 118 above; Y&Je College-------------------------•----------- 73 21. 0 
Sept. & Oct., U.S. Coast Survey, (Asst. Fauntleroy, observer;) affe<:ted by local &ttra.c-

1847 tion. __ ••••• __ • _ ---- ••. ---- -------. ___ • ______ •••.••• __ . __ •• __ 74 16. 6 
Aug., 1848 U. S. Coaat Survey, (Allst. Buth, observer;) affected by local attraction. 

Both of these result.s are therefore excluded from the discussion ••••• 74 12. 6 
Aug., 1848 U.S. Coast Survey, (observer.as above;) Oyster Point~-------------- 73 32. 9 
Aug., 1848 Same 118 above; New Ha.ven.l>avillion ----------------------------- 74 31.9 
Aug., 1856 U.S. Coast Survey, (Chu. A. Schott, observer;) Oyfiter Point ••••••••• 73 44.4 

--r• 

The abeve observations have been represented by the following formula : 
I= '13°.•2 + 0.0020 (t -114•) + 0.99117 (t :--18'0)'. 

0 ' 

I 
} 1a 31. s I 1833. 9 

78 27.4 1839.8 
73 JO.I 1840.5 
7S 30.4 1842.5 
73 54.8 1855. 6 

Mean dip. Hean year. 

0 ' 
73 26.7 1839.7 

I 

}13 28. 6 I 1842.4 
I 

}7324.2' 18«. 5 

}73 32. 4 184.S. 6 

73 44.4 1855. 6 
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Oompari.Bon of observed and computBd dips. 

j I -0bserved. I I computed. A 

0 

I 0 

1839.7 73.45 73.42 - O.ll3 
1842. 4 73.44 73.43 - 0.01 
1844.5 73,40 73.45 + 0.05 
1848. 6 73.04 73.52 - 0.()2 
1855. 6 73. 74 73.73 - 0.()1 

e0 = ± 2'.2 • 

.Secular change of the magnetic dip at New York. 

[Collection of observations arranged chronologically.] 

I 

I 
Mean dip. Mean year. 

0 I 0 ' Dec., 1822 I Col. Sabine, Tr.ms. Amer. Phil. Soc., vol. v, P. II, 1835; near Columbia 

1823 i M;::i:r~"bi~;~; ~d.·F;~ii~-:;.- -si~~~;; i~~r~.-;~~i;~ i8-io-(i>;~i.- 73 00. 5 i73 14. 6 1823.9 I Loomis)_---------·------------------------------------------; 73 16. 0 
' March, 1825 Prof. Loomis, in Silliman's Jour., xliii, 1842-----------------------.I 73 27.0 J 

April, 1831 Silliman'sJour., xx.ii, 1832. (Prof. Joslin)--------·-----------------1 73 00.0 73 o.oo 1831. 3 
1833 I Prof. Loomis, in Silliman's Jour., xliii, 1542------------------------1 72 49.3 }7301.6 1833.4 1833 

1
• ____ .do __ ._. _______ do--·--- - ••. do .•• -- • - -- • - - •• ----- _. -- •• -- •• ' 73 14.0 

Aug., 1834 I Pres. A. D. Bache and E. H. Courtenay, Trans. Amer. Phil. Soc., vol. v, 1 

P. II, 1835 ; C-Olumbia College. __ • __ ••• __ ------. --- _. _. ____ • __ •• 72 51. 7 
}12 51. 3 1835 Mean by Capt. Back, Pres. Bache, and Prof. Lo-Omis, Silliman's Jour., 1835.0 

xxx.ix, 1840, (for 1835.3)--------------------------------------- 72 51. 0 
Sept., 1839 Prof. Loomis, Trans. Amer. Phil. Soc., vol. vii, P. I, 1840; Columbia College. 72 52.2 7Z 52.2 1839.7 
.April, 1841 Prof. Locke, Trans. Amer. Phil. Soc., vol. ix, P. III, 1846 ____________ , 72 41.0 72 41.0 1841. 3 

1842 Capt. Lefroy, vol. iv, new series, Silliman's Jour., 1847; nea.r N. Y ____ [ 72 39.5 }12 38. 3 1842.5 1842 Prof. Locke, vol. iv, new series, Silliman's Joor., 1847; near N. Y----! 72 37.2 
1844 Maj. Graham, vol. iv, new series, Silliman's Jour., 1847; near N. Y. _ _I 72 28.9 ) 

April, 1844 Prof. Locke, Trans. Amer. Phil. Soc., vol. ix, P. ill, 1846 .... ---·----l 72 42.6 

}" 37.0 

May, 1844 
- - -iii~d~ii~;~g ~bs;,;;~ti~:~:;~;; ~k.~~-~i "F~~0 ~-~ -~~~;i&i~ · 1-;;~i-1 1844.4 
attraction : . 
720 28', 47', 51', 38', 39' mean 40 .6_ - - - -- -- • ------· -·--- - . --- - --- --i 72 40.6 

Aug., 1844 U. 8. Coast Survey, (Prof. Renwick, observer) ___ • ____ --- • _. ____ . _. __ 

1 

72 37.8 
1845 Letter of Prof. Hansteen, dated Christiania, October 15, 1854, t.o the 

Norwegian and Swedish ministers at W a.shington _ •• - • - - - • - - - - • - • - - 72 40.6 72 40.6 1845.5 
April, 1846 U. S. Coast Survey (Prof. Locke, observer) at Station Bloomingdale __ --1 72 39.0 

}72 39. 2 Nov., 1846 Letter of Prof. Hansteen of October 15, 1854. Observer, Chief of the 1846.G 
' C-Orvette Nordstiemen Gambey Incli'n ___ • ____ --- __ • ___ • ___ •• ____ 72 39. 3 

.Aug., 1855 TI. S. Coast Survey (Chas. A. Schott, observer) at Governor's island __ -- 72 45. 9 
}12 49. 9 Aug., 1855 Sa.me as ab-Ove ; observed at Bedloe's island _________ ---- _______ • ____ 72 59.3 1855.6 

Aug., 1855 Same as ab-Ove ; observed at Receiving Reservoir, N. Y ___ • _ • ___ • _ •• __ 72 44.4 

These 11 va.lues are represented by the formula. : 
I= 72°.69 - 0.00491 (t - 1845) + 0.001141 (t - 1845)!2, as follows: 

t I observed. I I oom:uted. '11 

0 

1823.9 73.24 73. 31 + 0.09 
1831. 3 73. 00 72.98 - 0.02 
1833.4 73.03 72. 91 - 0.12 
1835.0 72.86 72. 86 o.oo 
1839.7 72.87 72.75 - O.lZ 
1841.3 72. 68 72.73 + 0.05 
1842.5 72.64 72. 71 + 0.07 
1844.4 72.62 72. 70 + -0.08 
1845.5 72. 68 72.69 + 0.01 
1846. 6 72.65 72.69 + 0.04 
1855.6 72.83 72. 77 - O.OG 

The probable er.ror of any.single value is± 3'.3. 
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The above formula when transformed for the epoch 1840 becomes: 
I= (i0 - 5 11 + 25 z) + (y - 10 z) (t - 1840) + z (t - 1840)~ or numerically: 
I= 72°.'75 - 0~01632 (t-1840) + 0.001141 (t-1840). 2 

Secular change of tlie magnetic dip at Philadelphia, Pennsylvania. 

July, 1834 Pres. A. D. Bache and E. H. Courtenay, Trans. Amer. Phil. Soc., vol. v, 1835 _____________________________________________________ _ 

1838 · Pres. A. D. Bache, Sillima.n's Jour., vol. xxxix, 1840 The result is ' 
probably affected by local attraction, or the small dip is due to an 

0 

72 

: Mean dip. 

0 

00.2 72 00.2 

241 

; Mean year. 

183!.5 

imperfect. neerlle •• _. _ •• _ ••• _ •• _. _ ••••••• _ •.•• _ •••••••••••••••• 71 43. 9 -------- ---~------
Sept., 1&39 Prof. Loomis, Trans. Arnn. Phil. Soc., vol. vii, 18to; nea1 Pres. Bache's 

Sept' 
April, 
June, 
March, 
April, 

. house ••••••••••••••• - ...................................... . 
18l0 : Pres. &che, Sillim><n's Jour., vol. xiii, 1842 .•..••.•••••..••. ______ _ 
1841 Prof. Bache, Tran•. Amer. Phil. Soc, vol. viii, 18!3; Girard College ••• 
l8H : Maj. Graham, Tt\IUS. Phil. Soc, vol. ix, 18!6; Gimrd Gollcge ••• ~----
1841 ! 'Frans. Amer. Phil. Soc., vol. ix, 1846: mean of two results .•••••.•.. 
1841 : 'l'rans. Amer. Phil. Soc., vol. ix. 1846; mean of two results •••••..••. 
1842'] Prof. Locke. Sillim,in's J.:>ur., ml. iv, 1847 ....•...•....•...••....•• 
1842 Capt. Lefroy, Silliman'sJour., ml. iv, 184-7 ••• ·--···········------·-

May, 1842 , Trans . .Amel'. Phil. Soc, vol. ix, 1846 ...••.• ----------------------· 
1842 i J:'rof. A. D. Bache. Observations at magnetic observatory, Ginu<l 

College, 1840-'45. (Washington, 1847, 4 vols.) llean of monthly : 
, observations from January t-0 lJecember ••••••• _ •••••••••••••••••• 

1843 I Mea.n of monthly observations from April to December •..•••••••••••• 
1844: !\lean ofm..,nthiy observations from January to .Inly •••••••.••••••••• 

April, 1844 I Prof. Locke, Trans Amer. Phil. Soc., vol. ix, 18!6 ••• - •••••••••••..• 
May, 1844 : 'l'raru; .. as above. Rittenhouse square .•...•...•.....••.•.....•• _ .•. 

1844 ! Maj. Graham, Silliman's Jour., vol. iv, 18-17 •.•• __ •• ___ •••••••.•..•• 
May, 1846 ' United States CO!l.St survey, (J. Locke, ob•en·er,) Girard College ••••••• 
Sept., 11$55 i United States Coast Survey, (Chas. A. Schott, observer,; Girard College. 

72 07. I 
71 53. 3 
71 58. 2 
71 5L5 
72 00.7 
71 5:l. 0 
72 00. 1 
71 a9.0 
72 01. 0 

72 00. 1 
71 57.5 
71 57.6 
71 5:1. 3 
72 O!l. 2 
72 01.8 
72 01. 0 
72 17. 1 

~ 72 00. 2 18!0. 2 

I 
I , r n ss. i 1841. 3 

: j 

I 
; ~n oo.o 1842.5 

iJ 
71 57.5 1843. 6 

\ r 12 02. o 1844.4 

J 72 01. 0 1846. 4 
72 17. 7 1855. 7 

The above values can be represented by the formula I= 71°.99 + 0.0010 (t - 1840) + 0.00124 
(t - 1840)2

• 

The positive sign of y probably arises from too small a dip in 18343 which also causes the 
minimum to shift to an earlier date than the other stations indicate. 

The formula represents the observations as follows : 

! I 
t 1 I observed. I computed. Ii 

I 0 0 0 

1834,. 5 I 72.00 72.02 + 0.02 
1840.2 72.00 71. 99 - 0.01 
1841. 3 71. 97 71. 99 + 0.02 
1842.6 

I 
72.00 72.00 0.00 

1843. 6 
I 

71. 96 72. 01 + 0.05 
1844.4 I 72.03 72. 02 - 0.01 
1846.4 

I 
72.02 72.05 + 0.03 

1855.7 72.30 72. 31 
I 

+ 0.01 
I I 

The probable error of any single value is± 1'.0. 

81 cs 
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If we consider the important series of dips observed at the Girard Observatory by itself, we 
£nd the secular change between 1842 and 1844 much masked by the annual inequality and 
other irregularities, as will be seen from the table below, in which each monthly result is the 
mean of four complete observations. 

·r 1842. 1843. I 
--------'------- -------

1844. 

January ____ •• ___ ••• 
Febrna.ry _ ------ - __ . 
1l:l:arch ----······-·-· 
April •• _ ••• - • - • - - ••. 
l\lay ••• ------------· 
June •••• _ - - ••• - ••• -

0 o o o lo 0 

71 57.5} ]------------------ 71 56.2} 
58.4 71 58.4 i------------------ 59. 4 
59.4 1------------------ 58.5 

71 5S.O 

s8. 9 } i 11 54. 9} 56. o I 
61. 1 60. 2 I 63. 2 71 58. 5 57. 1 ~ 
60.7 I 57.7 57.3 I 
57.1} I 57.7} 7158.Bj 
60.2 59.5 57.8 57.8 -----------------
61.2 57.9 ---------------·-· 

57.3 

~!: ~} 62. 2 1,' ~~::} 56. 3 ::::::::::==~====: 
61. 5 57. 7 ------------------

1 

July----- ••••••••• _I 
August •••••••• _ ••• -j 
Septeniber.---------
October. -- -- ------ - -I 
Noveniher ---- -- --- -1' 
December •••• _ •• -- _. 

-------
1 

Mean. - -- • - -- - -/ 71 57.5 
I I 11 57. 6 71 60. 1 

The quarterly means probably indicate the minimum about autumn, 1843 ; in the recapitula
tion, however, I have preferred to give the result derived from the discussion of all observa
tions. 

Secular change of the magnetic dip at Washington, D. 0. 

[Collection of observations arranged chron:.Jogically. J 

I Mean dip. I Mean year. I 
I 1

1 

I /' o ' _o __ _ 

1838 i Lieut. Wilkes, LoomisinSill'sJour.,vol. xxxix, 1840 .---·--------·- 7113.0 It 

Sept., 1839: Pr~f~o~:;i~~-~-~~r:_~h!~·-~~~·-~~~~~:~-~~~~~--~~~~-~~-~~~:.1 7121 _ 4 ! fn H.5 I 
1840-'41 Lieut. J. M. Gilllss, Siffs Jour., vol. i, 1846; also 8enate doc. 2d ses- l I 

sion 2Bth Cong., 1844 .• 45. On Capitol Hill. Mean dip for 1840-' 4U 71 20. 2 I l 
June, 1841 Maj. Graham, Trans. Amer. Phil. Soc., vol. vii, 1st series, 1844. In \ I 

centre of public garden east of the Capitol.---· ---- .•• _ ---- •••••• ! 71 15. 7}j 
1841-'42 Lie~1t. J.M. G111iss, as .. ahove ••. ------------ 7------------:;:··--:··171 18. 0 I 

18
_
3 

II 

June & Aug., MaJ. Graham, and N1collet, Trans. Amer. Phil. Soc., vol. vm, p. 3, \ 71 
18-U. 1843, 4th series, by J..oomis. Eastern garden of Capitol, June, 1841, I 

April, 

1842 
1842 
1844 

July, lfl44 
Ja.n. & Feb., 

1845. 
May, 1845 

1845 
June, 1851 

~~~s~f ~~t~·--3-~0--~~~~s--~:~:~::_o_f_::~~~~i~~--~~:~~~·-::~.:~~~-.I 71 15. 5 / 

no 15'. 4: in July, 1841, no 15'. o: in July, 1841, 11° 13·. s; in I :j 
Maj. Graham, Sill's Jour., vol. iv, 1847 ••••• --------------·-------- 7l 13.1 ·

1

. }7I lZ!.o 
Capt. Lefroy, Sill's Jour., vol. iv., 1847. - -- •••• _ - --- -- •• - •• -••••• - • • 71 13. 8 
Prof. Locke, Trans. Amer. Phil. Soc., 1844, 7th series. At magnetic 

observatory, no 39' 201·; at old depot, neitr Georgetown, 34' 48"; 
west side of Capitol, 13' 23''; east side of Capitol, 13" 271'; nea.r [ 
Patent Office, H' 58"; near War Office, 20" 30". Mea.n of all, in- j' 

eluding 710 19' in Georgetown ••. -- - • --- ___ - __ --- --- - -- -- • ___ - -- 71 22. 2 } 71 lG. 
4 Maj. Graham, Trans. Amer. Phil. Soc., 1844. Same place as in 1841 --1 71 10. 6 

U. !'.!. Coast Survey, (Capt. Lee, observer,) near Coast Survey office, 
Capitol Hill •• - _. - ••••• - ••• -- ----. - --- -- •• -- - •• -- ----- ••••• - --171 35. 3 

Same as above.-----------------------------·-····--·----------- 71 32. 5 
Same as above. Omitted in discussion asanonialous -----------·-··· 71 58.9 
U.S. Coast Survey,(A.ssista.nt Dean, observer,) at Caustcn, near George- I 

town •••••• ---··--·--·-···-·--------·---------------·-------- 71 18.9 71 18.9 
May, 1852 U. S. Coast Sun·ey, (Assistant Hilga.rd, observer,) between Capitol and 

City Hall------------··--·------·····-------·----------··---- 71 23. l 71 23. l 
July, 1855 U. S. Coast Survey, (Cha.des A. Schott, observer,) at magnetic observa-

tory, Smithsonian ground& •••• --------------------------------- ii 27.0 t 71 28. 3 Sept., 1865 Se.meae_a.boTe, atc:&usten,nea.rGeorgetown. ........................ 71 28.5 f 

1839.2 

1841.o 

1842.5 

1844..4. 

1851.5 

1852.4 

18M.7 
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The following formula represents these observations: 
I= 71°.29 - 0.01496 (t - 1840) + 0.001728 (t - 1840) !l 

with the differences : 

I. I I observed. : I computed. " I 

0 0 0 

1839. 2 71. 29 71. 30 + 0. 01 
1841. 0 71. 30 71. 27 - 0.03 
1842. 5 71. 22 71. 26 + 0.04 
1844.4 71. 27 71. 25 - 0.02 
1851. 5 71. 32 il. 34 + 0.02 
1852.4 71. 30 71. 37 - 0.02 
1855. 7 71. 47 71. 48 + 0.01 

The probable error of any single result is ± I'. 2. 

Seculai· change of the magnetic dip at Baltimore, Md. 

243 

I 
I 

Mean dip. Mean year. 

July, 

Sept., 
Aug., 
April, 
April, 
April, 

April, 
June, 

June, 
Aug., 
Aug., 
Nov., 

July, 
July, 
June, 

1834 II Prof. Bache and Prof. Courtenay, Trans. Amer. Phil. Soc., vol. v., p. 2, I 
1_835. Holliday street. This is undouMedlr affected by local attrac- i 

1 tton. - ...... - - . - - - ..... __ - - ........ ,. .. - - ....... - .. - . - - .... - ..... - - .. - ... - ........... - .... _ .. - : 
1839 Prof. Loomis, Trans. Amer. Phil. Soc., vol. ix, 1846, P. 3-------·---· 
1840 Prof. Bache, Ti-ans., as above. Howard's wood _____________________ , 
1841 Prof. Locke, Trans., a.s above. Howard's wood--------------··------' 
1841 Nicollet, Trans., as above. Howard's wood.------------------------
1841 Trans. Amer. Phil. Soc., vol. viii, P. 3, 1843. Near Washington mon- , 

ument. ------ _____ ----- -----· •. -·-- ____ -----. __ -------- ______ , 
1841 Trans., as above. St. Mary's garden·-----------------------·------' 
1841 Ma.j. Graham, Trans. Amer. Phil. Soc., vol. ix, 1846, P. 3 ----·-----·i 
1841 Prof. Locke, Silliman's Jour., vol. iv, 1847-------------------------i 
1841 Maj. Graham and Nicollet, Trans. Amer. Phil. Soc., vol. ix, P. 3, 1846. 1 

1841 Trans., vol. viii, P. 3, 1843. Prof. Loomis. St. Mary's---·--·-----·! 
1841 Tran11., a.~ above. Prof. Loomis. Washington monument ____ •• _c •••• : 
1841 Trans., as abo\"e .. --------------·-------------------------------.1 
1842 Maj. Graham, Sillima.n's Jour., vol. iv, 1847 ··-·---------·--·--·---: 
18421 Capt. Lefroy, Sil~iman's Jour._. vol. i'I', 1841-.---------------------·' 
1844 Trans. Amer. Phil. Soc., vol. ix, 1846 -----------------------------
1844 ~.Amer. Phil. Soc., vol. ix, 1846. St. Mary'B-----------·-··--·1' 
1845 U. S. Coast Survey, (Capt. T. J. Lee, observer,) at Rosan. This place, 

however, is too far off--------------------·---------------------! 
I 

o ' a 

70 58.6 
71 50.3 71 50.3 

~ t ~!: f 171 3-l. 4 I, 
71 54. I : 

. i 

71 84. 9 
71 38.6' 

71 31. 2 -. r 71 37. 0 : 71 36. 8 ; ! 

71 43.4 ' 
71 39. s I 
71 35. 9 I 
71 40.8 \J 
71 39.7 l11 •o 5 
71 41. 4 I f ._. . 
71 32.5 i l11 36 0 
7139.5 jf . 
72 OS. 6 \ 

1839.7 
18!0.6 

lSU. 6 

1842.5 

1844.6 

For want of an observation at the present time, the formula expressing the variation in the 
dip can only be approximate ; the observations are well represented by 

I= 71°. 72- 0.0357 (t-1840) + 0.00104 (t-1840) 51 

which agrees very well, in regard to the curvature (z,) with the results at other stations. 
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RECAPITULATION OF RESULTS. 

TABLE No. 1. 

Geograpltical position of stations, and number of obsen:ations for dip at each. 

No. Stations. j Latitude. I Longitude. l No, of 
observ'ns. 

-1 I 1--1-: 

1 ; Toronto, C"nn.da. ----------------------· ---------------------------·! 15 
0 a 

43 33 79 20 
2 Allmny, (and Greenbu"h, )New York.---------------··-····-··--··-·-··' 9 
3 Cambridge, (and Boston,) Massachusetts .. ---··--·----·-····-------·-··-'1 17 

42 37 7"' 44 .-, 
42 22 .71 07 

4 Provide1we, lUwde Tul:Lnd. __ -· --·-. _ -- • _ ·-. -··. -- __ ••• _ -·· •••• _ .• _. _.. 4 4l 50 71 2i 
6 ' West Point, (and Cold Spring,) New York.-··------··--·--------------· 6 
6 

1 

New Haven, Connecticut. __ - - _ ·- - • -- .•• _. --- _______________ .. ______ •. ,' 10 
4l 25 73 57 
4i 17 72 55 

7 : New York, N. Y .. ------------------·-----------------·-·------····- 22 40 43 74 00 
8 'Phila•'elphia., Pennsylva.uir.,_. ____ ··-··---··--·-•-••··--···---·-···-·· 45 
9 Wus~Iington, iand Georgetown,) District of Columbia. - • __ • - • - - - _. - - • _. _ - · 1' 17 

39 58 75 10 
38 53 77 Ol 

10 , Baltunore, Ma.rylaml.. -- - ••• - ••••••••••• - - • __ - ···--· •••••••.•• ··- _... 16 
! 

3!> 18 76 37 

TABLE No. 2. 

Fo·rmula expressing the inclination at the several stations, arrmiged in order of th~ir magnetic 
latitude. 

0 

Toronto _______ -- •• .' I= 75. 29 - 0. 0144 (t-1840) + 0. 00164 (1 -1840)' 
Alba.nr·------------\1=74.70-0.0086 " +0.00257 " 
Cambridge ••. ---·-- -i I= 7 4. 34 - 0. 0284 + 0. 0024.0 
Providence .• ··----- -1 I= 73. 99 - 0. 0040 + O. 00141 
West Point ••••• ---·; I= 73. 43 - 0. 0016 " + 0. 00208 
New Haven _____ ----1 I= 73. 42 + 0. 0020 + O. 00117 
New York ••• _______ ! I= 72. 75 - 0. 0163 + 0. 00114 
P!_iil~elphia ••• _____ ,

1

, I_ 71.99 + 0.0010 + 0.00124 
'\\ashrngton. ________ 1_71.29-0.0150 +o.00173 

I 

.. 

The agreement of the values for y and z must be considered as very satisfactory. The shift.. 
ing of the epoch t

0 
of a few years would give an equal sign to yfor all stations, but, by so doing, 

nothing is gained. The coefficients z, expressing the curvature, arc still more accordant than 
the y's. For the graphical representation of observations and results see diagram No. 63. 

TABLE No. 3. 

Slwwing the probable error e0 of any single determination for dip, ( <>r in many cases of the means 
of sev.eral. observaliwns at the same time,) tlie epoch -r of the minimum dip, and the annual varia
tU»i u in the current vear. 

Stations. .. ~ ~ 1866 . 

Toronto .. -·-- •• ----- ••••••••• ::I: o. 6 184'.4 + 2.1 
.Albany •••••••••••••••••••••• 0.9 1841. 7 + 4.S 
Cambridge .•• -- •••••••••••••• 1. 8 1845.9 + 2.9 
Providence .•••••••••••••••••• 0.7 1841. 4 + 2. 9 
'\Vest Point •••••••• ·-----··-· 2.4 1840.4 + B.9 
New Haven •••••••••••••••••• z. 2 1839.2 + 2. 3 
New York------··•····------ !1.3 1847. 1 + 1. 2 
l'blladelphia. -- •• .: ····-. - •• - • I. 0 1839. 6 + %.2 
lrashlligt,on .••••••••• ________ 1. 2 18U.3 + 2.4 

llean ....•.......... _. ;.t; 1.6 18'2. 7::1:0. 7 + 2.,. 
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Professor Hansteen, in his paper in the Ast. Nach. alluded to before, obtained for New York 
a result contradictory to the above well-established one, and supposed the dip to attain a maxi
mum value in 1822.3. This is due to the small nnmber and uncertainty of the observations 
used. The recent observati<l.'lS have been furnished to him at his request, and he will probably 
see cause to modify his former conclusions on this point. 

We see thus that the inclination became stationary 1842.7-1797.2, or 45! years after the 
declination was in a similar condition. 

In the northeastern States the inclination reached a minimum about the middle of the year 
1843, and from a previous decrease has been increasing since that time with a gradually 
accelerated rate. 

The formulre deduc~d apply with certainty for ten or fifteen years before and after the year 
1843, and, in the absence of other information, may be extended as far back as the commence
ment of the present century. 

I append a few remarks in reference to the secular change in the western part of this conti
nent. While at St. Louis and other places in the western States the dip was decreasing since 
1819 until about 1842, we find the same movement to have taken place on the °""Testern Coast; 
and from the scanty material available in that region, we have sufficient proof of the fact, that, 
since the close of the past century, the dip was decreasing at an average rate of about 2' a year, 
and after having become stationary nearly about the same time as ou the Atlantic Coast, is now 
on the increase. Thus, at San Diego, the minimum took place about !844, and even as high 
north as Sitka this epoch appears to have obtained. Professor Hansteen, in No. 94 7, Ast. 
Nach., calculates for that place-
I = 75° .84 + 0.0084 (t-1840) + 0.00068 (t-1840)2 and consequently '= 1833.8 ± 6.4 years. 

Thus it appears, with great probability, that over the northern part of the United States, 
from ocean to ocean, the secular change of the inclination has been following a uniform law, 
reversing its direction about the same period. 

In regard to the southern States there is not a sufficient number of observations to permit a 
conjecture as to the secular variation of the dipping needle. 

I remain, sir, yours, very respectfully, 
CH.AS. A. SCHOTT. 

Professor A. D. BACHE, 

Superintendent U. S. Coast Survey. 
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APPENDIX No. 33. 
An attempt to determine the secular variatwn of the magnetic inclination on the Western Coast <if 

the United States, by Chas. A. Schott, in charge of Computing Divi.sion, Coast Survey office. 

COMPUTING DIVISION, OoAST StmVEY OFFICE, May 7, 1856. 
DEAR Srn: The fourth contribution to the discussion of terrestrial magnetism, viz: "An 

attempt to determine the secular variation of the magnetic inclination on the Western Coast of 
the United States," is herewith respectfully submitted. 

While the few observations for magnetic declination on our Pacific Coast scarcely afford 
the means of deducing the law of its change, in direction and quantity, we are left in still 
greater obscurity in reference to the secular change of the dip. The table of declinations 
comprises about 55 observations, but the following collection of determinations for dip includes 
but 24, and what is particularly desirable in the latter, recent observations, are wanting 
almost entirely. The operations of the Coast Survey have just commenced and furnish but four 
determinations, and these are the only ones of a recent date which I was able to bring to bear 
on the subject. Under these circumstances it seems premature to enter into any discussion for 
secular change; but in view of some light which the material collected will afford, and the 
advantage of knowing something about its probable direction and amount, the scanty material 
and some deductions are herewith subjoined. 

As a beginning, for a future discussion, the table will not be without its value, and will also 
prove advantageous, as well as the former table of declinations on the same coast, in pointing 
out those places where new observations are most desirable and effective. .As before, in the 
discussion of the secular change of the dip on the Eastern Coast, the dip of the north end of 
the needle is considered as positive. 



 

Talle of magnetic inclinaf.ions observed on the Western Coast of the United States from the earliest times to the present, arranged in the order of 
the geographical latitude of the stations. 

No.of/ 
atat'n. 

Name of place. Latitud•. Longitude. 

' 
0 ' 0 ' 

l Eau Diego •••••••. 34 42 116 53 

____ do ______ ·---- 32 41 117 13 •••. do. ___________ 
32 42 !17 13.4 

2 San Pedro •••••.•• !13 43 118 15 
••.• do .••••••••••• 33 46 118 16. l 

a Santa. Barbara. ••• -- 34 24 119 41 

' flan Luis Obispo ••• 35 10.6 120 43.5 

5 Monterey.-------- ---------- ----------
•••• do .•• _----- .•• 36 36 121 34 
~ ••• do •••••••••••• 36 36 121 51 
•••• do .•••••••••.. 36 35 122 00 
•••. do •••. ----- .•. 36 36 121 63 
.•.. do •••.•••••••• .......... --..... -- -- ................. -

6 San Francisco ••••• 37 48 122 25 ____ do. ___________ 
37 48 122 23 

•••• do •••••••••••• 37 48 122 23 

1 Port Bodega .•••••• 38 18 123 02 

8 Fort Vancouver ••• 41> 37 122 36 

_ •. do •••.• _. __ • __ 45 37 122 36 

~ Point Georgll .•• _ •• 46 11 123 40 

10 Cape Disappoint-
JJl.Cllt, 

46 16 123 56 

____ do ••••••.••••• 46 17 124 02 

11 Ne6-ah bay ••••••• 48 22.0 124, 36. 6 

13 Port Discovery •• - . 48 02 122 38 

·--~-~ --·--~-

Year. Month. N. Incl'n. 

0 ' 
1793 Nov.&Dec. 59 13 

1839 ... -.. -......... -... 57 06. l 
1853 September. 57 38. 6 

1839 - --- -----.. 58 21. 4-
1853 November. 59 32.6 

1839 -.... ---.... - 58 54. 1 

1854 January .•. 59 42.2 

1790 Septcml•er. 60 56. 2 
1792 December • 63 00.5 
1794 November. 63 00 
1831 January ... 62 07. 5 
1839 --....... ----- 61 03. 6 
1843 September 61 58.9 

1831 February .• 62 58 
1837 ----- ----- 61 53. 8 
1839 ------- .. -- 62 05. 8 • 

1839 ---------- 62 53. 4 -

1830 November. 69 39. 7 

1839 ---------- 69 22. 2 

1830 December. 69 16. 8 

1830 Septem. & 69 30. 3 -
December. 

1839 ... --...... 69 26.9 

1855 August 21 71 16. 2 

1792 Apr.&May 74 30 

·---------------------·---.-.-

Observer. Authority or reference. Remarks. 

Vancouver .• __ • .I Hanstecn's Mag. der l<:rde, 1819 -I The latitude is erroneously given 

ir E. Belcher. • • Phil. Trans. Roy. Soc., 184 L ... 

340. Observation taken probably 
on shore. 

W. P. Trowbridge U. S. ConEt Survey._ •.. -- __ .. _ _ At the pl11za, near custom-house. 

Belcher ..• ------ Phil. Trans. Roy. Soc .. 1841 •••• 
W. P.'frowbridgc U. ::;, Coast Survey ..•• ---·-··-- Three miles north of San Pedro an

chorage. 

clcher ·------- Phil. Trans. Roy. Soc, 1841 .... 

W.P.Trowbridgc U.S. Coast Survey. ___________ _ 

Don A. Malaspina Berl. Ast. Jah., vol 53, for 1828_1 On land. 
Vancouver. . • . . . Hansteen's l\Iag. der Erde, 1819. 
.•• do ••••• --- •.•••• do .•••••••• _ •• do .. -·· - • ---
)ouglasR. •.•••. Report Brit. Ass'n, vol. 6, 1838. 
lclcher .•••.•••• l'hil. Trans. Roy. Soc .. 1841 .... 

Th. Perry .•.••.. Sill's Jour. Sci. and Arts, v. xlvii. 

Douglass ••••••• Rl>port Brit. Ass'n, vol. 6, 1838._ 
:elcher .•••• _. _. l'hil. Trans. Uoy. Soc., 1841 .. _. 
•• do .••••••••••••• do ____________ do .. _______ _ 

.. do __________ Phil. Tmns. lloy. Soc., 1841 .... 

Douglll.lis ........ Rep. of Brit. Ass'n Adv. of Sd., On Columbia river. 
vol. 6, 18.18 

Belcher .••.••.• Phil. 'l'rans. Roy. Soc., 1841.... do 

ouglass •..••.. Rep. llrit. Ass'n, vol. 6, 1838 ••• Near Columbia river. 

•• do ••••••••.•••.• d<>.-----------do ••••.•..•. Mouth of Columbil\ river. 

-elcher •••.•••• Ph. TranH. Hoy. Soc,. 1841. ••••• On Baker's bay. 

W. P. Trowbridge U. 8. Coast Survey···---·-···· Near Waddah island. 

ancouver .. ____ Hanstecn's Mag. der Ertle, 1819. The longitude ls about !0 too small. 
Obscrv'n probahly t&ken on shore. 
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Deductions from the foregoing tabu. 

1. San Diego.-At this place the three observations, viz: 
0 

In 1793.9 dip 59.22 
1839.5 57.10 
1853.7 57.64 are represented by the formula: 

I=+ 57°.11 + 0.0194 (t-1840) + 0.00141 (t-1840)11
, 

which gives a minimum for 1833.1, and an annual increase for 1850 of + 2'.8. This accords 
well, as has been before remarked, with the variation deduced for the northeastern States, 
where the average minimum was found to have taken })lace in 1842. 7, and the average increase 
for 1850 was + l'. 2. The formula is further supported by the observations collected at Sitka, 
which, although comparatively in a high northern latitude, show a correspondence with the 
change in more southern latitudes (magnetic or geographical.) Professor Hansteen has dis
cussed seven observations at this place; see "Astronomische Nachrichten, No. 947 ," and 
"Der magnetiske Inclinations Forandring i den nordlige tempererte zone; Kjobenhaven, 1855, 
p. 42." He finds 1=75°.84+0.0084 (t-1840)+0.00068 (t-1840) 2 when expressed in 
decimals of degrees and referred to 1840. The minimum took place in 1833.8 ± 6.4 years. 
The probable error of a single observation is± 2'.6. The increase for 1850 becomes+ l'.3. 

2. San Pedro.-The two observations of 1839 and 1853 indicate a mell.n annual increase of 
5' .1, which is undoubtedly too great and is probably due to local attraction; it may also indicate 
a constant error in the dipping needle used by Sir E. Belcher; (see his observations at 
Monterey.) 

5. Monterey.-The observations at this place are too discordant to admit of a discussion of the 
secular change, even after using a mean value for the first three observations. The observations 
of 1790 and 1837 are undoubtedly too small ; a new observation, howe>cr, will probably afford 
the means of deducing a satisfactory result. 

6. San Francisco.-The dip from 1831 to 1838 has been decreasing, if Douglas' observation. 
in 1831 is correct ; the observations of Belcher in 1837 and 1839 show again an increase. 

8. Fort J7ancouver.-The dip between 1830 and 1839 has been decreasing about 21 a year. 
10. Oape Disappointment.-The dip between 1830 and 1839 has been slowly decreasing about 

0'.4 a year. 
Although the change indicated by the above stations is far from showing any satisfactory 

agreement, yet the results have at least a general tendency not contradictory to what we have 
found for San Diego and Sitka. This more than indirect support of the rest of the stations, thus 
makes it highly probable that since about 1836 the dip on the Western Coast has been on the 
increase, and is still increasing at present with a rate of perhaps not less than 2' a year. 

A. decrease probably took place since the commencement of t.he present century till a.bout 
1836. New observations will undoubtedly enable us to :fix this epoch with some certainty, but 
for the present nothing more definite can be inferred. Should the above be confirmed hereafter, 
the direction of the dipping needle in its secular change does not present that complex motion 
which was noticed in the declination changes within the limits of the United States. 

The following few remarks will not be found inappropriate in this place : 
At Nootka, on Vancouver's island, in lat. 49° 36' N., long. 126° 37' W., the observations do 

not cover a sufficient interval of time and appear too discordant to be available a.t present. We 
have for that place--

0 

Cook in 1776.3 dip 72.60 
Malaspina 1790.6 '10.34 
Vancouver l'f92AS '13.93 
Vancouv• 1'194.0 18.93 
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Malaspina's needle gives undoubtedly results too small, for which compare the observations 
at Monterey. 

Turning south, the dip at the City of Mexico between 1778 and 1799 seems to have been on the 
increase. 

For the tracing of the isoclinal lines in the Pacific ocean, off the Western Coast, some of the 
observations of Captain Lutke, in 1827, (Report of the British Association for Adv. of Sci., 
vol. 6, 1838,) and particularly Mr. Erman' s observations at sea in 1837, (7th Report of the 
Brit. Assoc.,) will prove of great value, as will also Sir E. Belcher's determination on the 
peninsula of California and Mexico. 

As a connecting link with the Atlantic coast, we find at St. Louis, Mo., from 1819, the dip to be 
decreasing till 1841, when the annual change became very small, and at Cincinnati, Ohio, the mini
mum occurred in 1842, the dipping needle at that period being also stationary at Pittsburg, Pa. 

In regard to the secular change of the magnetic dip, it would be most desirable to have new 
observations at the stiitions Monterey, San Francisco, and Cape Disappointment. 

Respectfully submitted by CHAS. A. SCHOTT. 
Captain W.R. PALMER, Top'l Eng'rs, .ABB't in cha1·ge 0. S. Offee. 

APPENDIX No. 34. 
Not,es on the progress made in the Coast Survey, in predicf:ion tahles for the tides of the United 

8tatet1 coast, by .A. D. Bache, Superintendent United Coast Survey, &c. 

[Communicated to the American Association for the Advancement of Science, by authority of the Treasury Department.] 

As soon as tidal observations had accumulated sufficiently to make the task a profitable one, 
I caused them to be treated, under my immediate direction, by the methods in most general 
acceptance. The observations at Old Point Comfort, Virginia, were among the earliest used for 
this purpose; and the labors of Commander Charles H. Davis, U. S. N., then an assistant in 
the Coast Survey, were directed to their reduction, chiefly by the graphical methods pointed out 
by Mr. Whewell. This work was subsequently continued by Lubbock's method, by Mr. Henry 
Mitchell; and next the tides of Boston harbor were taken up as affording certain advantages in 
the observations themselves, which could not be claimed for those of Old Point. 

The system of Mr. Lubbock is founded on the equilibrium theory, and in it the inequalities 
a.re sought by arranging the elements of the moon's and sun's motions upon which they depend. 
Having obtained the coefficient of the half monthly inequality of the semi-diurnal tide at 
Boston, from seven years' observations, through the labors of the tidal division, and approximate 
corrections for the parallax and declination, I was much disappointed in attempting the verifi
cation by applying them to individual tides for a year, during which we had observations. 
There was a general agreement on the average, but discrepancies in the single cases, which were 
quite unsatisfactory. Nor were these discrepancies without law, as representing their residuals 
b'y curves did not fail to show. By introducing corrections for declination and parallax of the 
moon increasing and decreasing, we reduced these discrepancies, but still the results were not 
sufficient approximations. With the numerical reductions of the observations before referred to 
was oommenced, in 1853, under my immediate direction, by Mr. L. W. Meech, a study of the 
theory of the tides, directed chiefly to the works of Bernouilli, La Place, Airy, Lubbock, and 
Whewell. The immediate object which I had in view was the application of the wave theory to 
t~e discussion of our observations. I thought that the mind of an expert mathematician, 
directed entirely to the theoretical portions of this work, with directions by a physicist, and full 
opportunities of verifying results by extended Jieries of observations, the computations of which 
s~ould be ~e by others in any desired form, would give probably the best results in this COD'.\

bi~ :P~;YB~ -.d Qlath~tiQ§\,:inv•tigatiQn. 
. . .. 32 0 s. -
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The general form of the different functions expressing the tidal inequalities is the same in the 
different theories, and may be said on the average to be satisfactory as to the laws of change 
which these inequalities present. "Whether we adopt, with La. Place, the idea that periodical 
forces produce periodical effects ; or with Airy, that the tidal wave arrives by two or more 
canals; or with Bernouilli and Lubbock, the results of an equilibrium spheroid; or with 
Whewell, make a series of inequalities, semi-menstrual, parallax, and declination, with different . 
epochs, we arrive at the same general results, that the heights and times of high water may be ' 
represented by certain functions, with indeterminate coefficients, in the form of which the 
theories in a general way agree. By forming equations from the observations, and obtaining 
the numerical values of the coefficients, by the method used so commonly in astronomical 
computations, the result is accomplished .. 

.A general consideration of the co-ordinates in space of the moon and sun, without any special 
theory, would lead to the same results, representing the I uni-tidal interval by series of sines and 
co-sines, with indeterminate coefficients. 

Calling I the luni-tidal interval from observation, }, the mean luni-tida1 interval, H the clock 
time of observation, l't the moon's longitude, P' the moon's parallax, /JP' the hourly variation 
of the moon's parallax," we have for the formula representing the correction for half monthly 
inequality, B sin 2 H + s1 cos 2 H; for the moon's parallax correction,p (P'- 5'7') + p 2 (P'- 57') 
sin 2 H + p 3 (P' - 5'7') cos 2 H; for the correction for hourly difference of the moon's parallax1 

P1 (o P') + p 4 (o P') sin 2 H + p 5 (o P') cos 2 H; and for the moon's declination corrections1 

including the rate of change, d sin 2 l't + d1 cos 2 l't + q1 sin 2 l't sin 2 H + q3 sin 2 l't cos 2 
H + q3 cos 2 l't sin 2 H + q~ cos 2 "l!t cos 2 H. There are corresponding terms for the inequali
ties produced by the sun's action. The whole formula takes the form: 

I=).+ s sin 2 H + s1 cos 2 H mean interval and half monthly inequality correction.· 
p (P' - 57') + p2 (P- 57') Rin 2 H +Pa (P' - 57') cos 2 H moon's parallax correction. 
p1 (o P') + p 4 (o P') sin 2 H + P 5 (iJ P') cos 2 H hourly difference of moon's parallax correction. 

d sin 2 l't + q1 sin 2 l't si_:i 2 H + q2 sin 2 l't cos 2 H {Moon's declination corrections. 
d 1 cos 2 l't + q3 cos 2 l't sm 2 H + q4 cos 2 l't cos 2 H 5 

+ t1 sin lt sin 2 H + t2 sin lt cos 2 H ~ S , II -+: · . un s para ax corr=~ions. + t3 cos lt sm 2 H + t4 cos lt cos !! H 
+ Q1 sin 2 lt ain 2 H + Q2 sin 2 lt cos 2 H ~ S , d i· t" t' 

Q l . H Q 2 l H un s ec ina 10n correc ions. + 3 cos 2 t sm 2 + 4 cos t cos 2 · · 

The grouping of the observations of one year at Boston, to apply this method, the formation 
of the equations and their solution by the method of indirect elimination, has been the work of 
Mr. R. S. Avery, who has labored most assiduously and successfully, ingeniously checking his 
work, where the system of checks could be applied, at every step. He has determined the values 
of ). and of the coefficients for Boston, as follows: 

l = + 38.47, d = - 3.17, d1 = - 35.62, p = - 0.93,p1 = -1.56 
s = -19.49, s1 = + 11.97, p 2 = + 1.31, p3 = - 1.21, p, = + 0.23 
p5 = + 0.60, q, = - 7.l'i, q2 = + 1.81, q3 = + 2.91, q, = - 1.99 
t1 = + 5.14, t2 = + 2 26, t3 = - 0.'16, t, = -1.37 
Q1 = -21.25, Qi=+ 28.39, Q3 = + 27.10, Q,= + 23.13 

There are propositions for facilitating this work, growing out of the experience acquired in 
the computations, but requiring more examination than they have yet received before pro
nouncing upon them. It is possible that, by applying Lubbock's method of averages to some of 
the terms, approximate values may be found more readily than by the method we have employed. 
Two additional terms for the sun's declination, D sin 2 lt, and D1 cos 2 lt, will be introduced. 

I present to the Association the tables computed by Mr . .A. very for a.p:plying this method i<) the 
prediction of the tides at Boston harbor. · 

Jp orql!r tq test the coefficients, .computationa were made 'for'dift'erent parts of the nionths o 
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the year 1853, for which we have observations. Transit C was used as the transit of reference. 
The differences between the predicted and observed results are shown in the annexed table-the 
first column of which contains the dates, the second the computed, the third the observed, and 
the fourth the observed less the computed results. 

From the table it appears that in twenty pairs of tides, the morning and afternoon results 
being grouped in the fifth column to get rid of the diurnal inequality, there are two differences 
of less than 2"', thirteen of more than 2m and less than 4"', three of more than 4m and less 
than Iom, two of more than lOm. The probable error of the prediction of a single pair of tides 
is 4m.12. 

These laborious researches are still in progress, but I have thought that the results already 
obtained required a notice of them, and a recognition of the labors of Messrs. Meech and 
Avery. 

Comparison of observed and predicted times of high water, Boston, Massachusetts. 

\ Time of high water. 
1-~---, ~----- Diff. obs'd :

1

Mean of Date. I · pairs. . pairs. 
, Predieted. ! Observed. . 

___ 1 ____ ---- --------

1853. 
M:a.rch 

April 

June 

July 

September 

October 

December 

January 

1 

I, 

21 I 

21 I 
25 i 
25 I 
29 I 

2~ l 
61 

2~ I 
~~ j' 

29 
29 I 
3 
3 
7 
7 

24 
24 
28 
28 

2 
2 
6 
6 

10 
10 
21 
21 
25 
25 
2!I 
Z9 
2 

:1 

h. m. 
8 4. 7 

20 32. 9 
11 28. 0 ' 
23 49. 8 

2 21. 7 i 
14 45. 3 : 

6 16. 9 i 
18 51. 5 ! 
10 19. s I 
22 4o. 2 I 
11 18. 4 i 
23 4!. 7 . 

2 34. 5 ! 
15 2. s I 
5 57. 7 I 

18 24. 3 i 
9 27. 4 i 

21 52. 2 I 

o o. 1 I 
12 10. 3 

3 59. 4 I 
16 24. 8 ' 

7 39. 1 \ 
20 11. 6 I 
u 6.1 I 
23 31. l 

1 44. 1 1 

u 1. 1 I 
5 24. 5 I 

1757.81 
3 7. 2 I 

15 2s. 4 I 
6 32. 6 I 

19 0. 7 
10 22. 4 i 

22 53. 3 I' 
l 29.4 

13 54.0 
4 45.8 ! 

17 33. 9 I 
! 

h. m. 
8 3 

20 32 
11 21 
23 48 

2 20 
14 42 

6 21 
18 59 
10 18 
22 36 
11 18 
23 49 
2 39 

15 3 
6 7 

18 37 
9 31 

21 53 
0 3 

12 12 
4 7 

16 24 
744 

20 15 
11 4 
23 30 
1 40 

14 7 
5 19 

n 58 
3 9 

15 30 
6 31 

18 52 
10 26 
Z2 42 

l 2 
13 41 
4 53 

17 30 

m. rn. 
- I. 7 ! .•.•.... 
- o. 9 I - i. 3 
- 7.0 1-----··-
- l. 8 i - 4. 4 
- 1. 7 i ____ ·-·-
- 3.3 '1, - 2.5 

4. 1 •• - - - .• -
7.5 l 5. 8 

- 1.8 1-······-
- 4.2 I - 3.0 

- ~:~ i···--2.·o 
~:~ 1···--2:5 
9.3 

12.7 11.0 
3 6 
0. 8 2. 2 
2. 9 '••······ 
l. 7 2. 3 
7. 6 !---···--

- 0. 8 ! 3.4 
4. 3 ·••··•••• 
3. 4 l 3. 9 

- 2.1 1 •••••••• 

- 1.1 I - 1.6 
- 4. 7 ;-······· 
- O. 7 I - 2.7 
- 5. 5 i······-· o. 2 ' - 2.7 

I. 8 i--·····-
1. 6 I 1. 7 

- 1. 6 --------
- 8. 7 I - 5.2 3. 6 ! _______ _ 

-11. 3 ! - 3. 9 
-27. 4 :--·-----
-13. o I -20. 2 

7.21-······· 
- 3. 9 I 1.7 

I 

Fina.I JXlean -··········----- ··---·-············- 0. 5 
Probable error, mlnutea -------·--·--------·-···· 4.12 
Number of difference le&11 than 2minutes........... - 2 
Number of differences more than. 2 min., and less than 4 = 13 

4 10= 3 
10................ - 2 
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APPENDIX No. 35 . 
.Approximate co-tidal lines ef diurnal and &emi-diurnal tides of the coast of the United States on 

the Gulf of Mexico, by A. D. Bache, Superintendent United States Coast Surve:y. 

[Communicated by authority of the TreMury Department to the American Association for the Advancement of Science.] 

At successive meetings of the American Association, I have presented approximate co-tidal 
lines for the Atlantic and Pacific coasts of the United States, drawn from the tidal observations 
of the Coast Survey. I now preRent similar lines for our coast on the Gulf of Me:J:ico. 

The problem is a very different one from either of the others referred to. .The tides on the 
Atlantic coast are of the regular semi-diurnal class, and easily discussed by the forms already 
elaborately prepared by Lubbock and Whewell. The diurnal inequality is not large; indeed, 
though easily recognized at IJarticular periods, and then quite characteristic, in general it is 
difficult to trace, and often irregular in magnitude, and even in sign. Those of the Pacific 
coast are remarkably regular in the semi-diurnal and diurnal waves, and both rise to such 
heights as to make observation easy. Ou the Gulf coast, on the contrary, the tides are small, 
and therefore easily influenced by extraneous circumstances; and, as a rule, on more than two
thirds of the coast, the semi-diurnal tides are very small, and, in fact, are masked by the diurnal 
tides. The comparatively imperfect discussion which has been made of these tides requires many 
steps in the discussion to be supplied, and sometimes leaves us in doubt as to the exact interpre
tation of the results. 

By way of preparing for the present discussion, and to avoid running into too great length at 
this time, I gave, at the last meeting of the Association, an account .of the tidal observations made 
on our Gulf coast, and showed the type curves (sketch No. 38) for the different stations from Cape 
Florida to the Rio Grande.* I also explained the method of decomposition of the curves of obser
vation into diurnal and semi-diurnal waves, and gave the analysis of the type curves at the several 
tidal stations. From Cape Florida and a.long the keys, and up the western coast of the peninsula 
to St. George's, the tides are of the half-day class, with a large diurnal inequality; from St. 
George's, (which belongs to the day class,) to Southwest Pass, they are of the day type, the semi
diurnal tide almost disappearing; at Derniere isle, Calcasieu, and Galveston, they resume, as a 
rule, the half-day type, and lose it almost completely at Aransas and the mouth of the Rio 
Grande. The Derniere isle, and, less distinctly, the Calcasieu tides, show cases of interference in 
the semi-diurnal wave, two high waters being at times easily traced in the semi-diurnal curves. 

The character of the tidal phenomena themselves, the peculiarities in configuration and in 
depth of the basin, the limited extent over which our researches spread, and various other cir
cumstances, contribute to render this work less satisfactory than the former. Some of these will, 
in the end, disappear as the Gulf is more fully explored in the progress of the survey. Our 
information thus far extends to but one entrance of the basin-that by the Gulf of Florida-and 
of this to but one shore; while of the nature of the tide wave, which enters from the Caribbean 
sea, through the straits between the western end of Cuba and the eastern end of Yucatan, we 
have no reliable information. Some of these causes render general speculation premature, and 
lie at the very threshold of attempts to trace out the great interference problems which present 
themselves. 

The progress of this discussion has also shown that observations of longer period are necessary 
in many cases to give data for conclusive results. This of itself is a great point gained, and the 
practical results for the charts of this coast have themselves repaid all the labor which has been 
expended on the observations. Navigators were absolutely without information, other than the 
most vague, in regard to the tides of the Gulf. 

o Proceedings of the American Asl!oclation for the Advancement of Science, Providence meeting, 1855, p. 162 ; and 
.Am. Jour. Sci. and Arte, January 1866_, p. 28. 
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The hourly observations at each station being plotted in diagrams upon a suitable scale, the 
curves of observation were decomposed by the graphical method introduced by Mr. Pourtales 
into a diurnal and semi-diurnal curve. It may be proper to observe here that several compari
sons have been made between this method and that which I had formerly used by the sine 
curves, and with generally coincident results. The graphical method, besides being less labo
rious, is free from the hypothesis of the sine curve. 'rhese decompositions were made chiefly by 
Messrs. Fendall and Heaton, of the tidal party, and occasionally by Prof. Pendleton and Mr. S. 
Walker. 

That the diurnal wave is the principal feature in these tides will appear from the annexed 
table, (No. 1,) which gives the names of the tidal stations, the average rise and fall of the tide 
at each, and the height of the diurnal and semi-diurnal waves composing the observed tides. 

TABLE I. 

j Height of 
Stations. : semi-diurnal i tides. 

Height of 
diurnal tides. 

~~~~~-~~~~~~i~~~~--~~~~ 

I 
t-!apc Florida ____ •• _ •• _ •• __ • __ ~ 

Indian keY-···-·····-··-··--1 
Key West ·--·-··········-·-·I 
Tortugas ·····-·········--···I 
Eg1nont keY---··-···-··--·--1 
Cedar keys._ .••••• _ •• _____ . __ I 
St. Mark's. __ --- -·-·. - ··-- ---1 
St. George's island .••• -- • -- • --1 
Pensacola -------------------1 
Fort Morgan, (Mobile bay)-----1 
Cat island---------··--·-··-·\ 
Southwest Pass __ ----- __ • __ • __ 
Derni!lre islll--------····--·--
Calai.sieu. • .••.••• _ •.• _ .... _. 
Galveston------···-·--------
Aransas __ • __ .------· __ --- .•• 
Brazos Santiago ••.• _ •.•• ____ • 

Fw. 
l. 6 
1.9 
1. 2 
1. 0 
1. 1 
2.4 
2. 2 
0. 2 
0. ;t 
0. 2 
0.3 
o. 2 
o. 4 
1. 3 
0. 5 
0. 5 
0. 3 

Fett. 
0.2 
0.6 
0.7 
1. 0 
1. 6 
1. 5 
I. 8 
1. 6 
I. 1 
I. 1 
1.2 
I. 2 
1. 6 
1. 5 
1.1 
1. 3 
0.8 

Height of 
observed 

tides. 

FM.. 
1. 5 
1. 8 
1. 4 
1. 2 
1. 4 
2.5 
2.2 
I. 1 
1. 0 
1. 0 
1. 3 
1. 1 
1. 4 
1. l 
1. 1 
1. l 
o. 9 

Table No. 2 shows the periods during which the tidal observations were made, and the names 
of the observers. 

TABLE 2. 

Ti.de stations on the Gulf of Mexiro, the re11ults of which are disC'U8sed in th.is paper. 
----i--
No. Stations. Date of observation. Kind of I 

g&uge. 1 
I 

Observers. 

~-1-~~~~--~~~~-1-~~--~~~·~~~~~·~~~~~1~~~~~~~~~--~~~ 

1 Cape Florida, Florida •• __ .April 22, to October 31, 1859'·------·· S. RO __ , L. E. Tansill. 
2 Indian key.-----"------ January 21, to April 16, 18511.-----·- S. R.. __ •

1

. do. 
3 Key Weat·--·---"------ April 20, 18&0, to Dece1nber, 31, 1851 Box .• -- W. Lane and G. W. GOl!8. 
4 '£ortugas •••••• --"-·-·-- .April 1, to June 2, 1865-----····--·- S. R ·-- C. T. Thompson and F. Buxton. 
6 Egmont keJ-----"·----- .April 2Z, to .August, 23, 1854..-----·· ---" ___ 

1 

C. T .. '!hompson. 
6 CJqr keys·-----"------ January 10, to M:lrch 16, 1852------- Box. ___ G. Wurdeme.nn. 
7 St. Hark's .•••• -."·----- November 3, 1854, to March 2, 1855._ S. R .. __ . C. T. Thompson. 
8 St. George'aisl'd-"---·-- .April 11, to August 16, 1852.-------- Box. ___ \ G. Wiirdemann. 

1
: Pen11&CGla. ______ .. ______ August 27, to October 31, 1852 _______ ---" ---l do. 

Fort Morgan, .Alaba1na, __ May 20, 1850, to May 26, 1851------- ·- '' __ _! do. 
11 Oat Jllland, Lonilli&na____ December 29, 1847, to Feb'ry 13, 1849 --- " _ -- G. Wiirdemann and R. T. Baallett. 
~= Soutii,w•~---"·----- Novemberl9,1853, to:March28, 1853 ---" -·- G. Wiirdemann. 
U ~re isla.lld. __ .. ______ April 5, to June 12, 1853----·--·--·- " do. 

Calcaaieu. _______ .. ______ February 24, to May 26, 1854 ________ S. R .. -- do. 
15 Bolivar Point, TeDB.---- October 1, 1853, to June 1, 1854._____ " L. E. Tansill. 
JG Galveaton .••••••• "·--·-- March 21, 1851, to January l, 1B53 ___ Staff ••• G. Price and F. Muhr. 
~~ ~Paa. ____ .. ______ November I, 1853, t() Jan'ry 31, 1854 Box .•• - G. Wiirdemann. 

Santiagoc •• " •••••• Jul7 i, to October 13, 1B53.-------··· ·--" -·- do. 

o Self-registering tide-gauge. 
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Diagram (No. 1, Sketch No. 35) shows these results graphically. A curved line correspond
ing to the general outline of the shore, cutting off its irregularities, is drawn on the chart of the 
Gulf coast, and then developed into a straight line. Thus the tidal stations are plotted at their 
distances from each other, measured along the general line of the coast. For use by naviga
tors, any intermediate stations rna.v be marked in in the same way, and a rough approximation 
to the character of the tide be obtained by the interpolation. 

The least obRerved height is 0.9 feet at Brazos Santiago, and the greatest 2.5 feet at Cedar 
keys. The least height of the average semi-diurnal tide is 0.16 feet at Southwest Pass, and the 
greatest 2.40 feet at Cedar keys. The least height of the average diurnal tide is 0. 21 feet at 
Cape Florida, and the greatest 1.80 feet at St. Mark's. Of course these numbers are, for reasons 
easily seen, only approximations. • 

As we enter the Gulf of Mexico hy the Straits of Florida the height of the tide first increases, 
then decreases. Passing into the bight at the upper end of the Florida peninsula, the rise is 
greatest; west of St. George's it diminishes, to rise again in the bight formed by the southern 
coast of Louisiana and the eastern coast of Texas. 

In the decompositions here traced, and in the very laborious discussions, tentative arni final, 
of the whole of the observations upon which this paper is based, I would acknowledge the great 
assistance derived from the labors of Assistant L. F. Pourtales, in charge of the tidal division of 
the Coast Survey. The unwearied assiduity of his own labors, and his intelligent supervision of 
the work of others, has been felt at every step in the progress of these investigations. They 
have required on his part great resources of ingenuity, patience, and knowledge. 

In discussing semi-diurnal tides, the luni-tidal interval of high or low water varying only 
from a certain mean within moderate limits, affords a cardinal datum (the establishment) for the 
tim~s. In the diurnal ·tide this datum is wanting. The law of the change of the diurnal tide, 
as expressed in the formula of Professor Airy, (Tides and Waves, Encyc. Metrop., p. 254, art. 
46,) is, in general, represented, but the great flatness in the form of the curves, at particular 
relations of the moon's right ascension and declination, required by the formula, does not 
occur. The general form of these curves is shown upon the diagram No. 2, (Sketch No. 
35,) where the abscissre represent the days, and the ordinates the luni-tidal intervals of high 
water. .About the maximum of declination for some four to six days the luni-tidal intervals 
are moderately constant, and the average of these is what I have taken for a comparison of the 
luni-tidal intervals to trace the progress of the diurnal wave. The variations from day to day 
being less than the probable irregularities in the times of high water and the uncertainties 
in the observatiorn1, these means give suitable numbers for comparison. The result would 
not have been greatly different had only a few of the observations at either end of the declination 
period been thrown off, but, after examination, we found these numbers to present apparently 
the best results. 

At four of the stations-namely, Key West, Fort Morgan, Cat island, and Galveston-hourly 
observations were continued during a year and upwards, and the decompositions in all the cases 
but Cat island embrace that period. The annual change of diurnal establishment is very clearly 
seen in all these cases, and is shown in the diagram No. 3, (Sketch No. 35.) The law of the 
change is beautifully developed in the larger tides of the Western Coast, and, as deduced from 
the San Francisco observations, is shown upon the same diagram. In all the cases, the actual 
computed results for the different half-monthly periods a.re represented by the broken lines on 
the diagram and the line representing the curve is drawn with a free hand among the points. 
The general resemblance of these curves (with, however, different maximum ordinates) is very 
striking, showing that the law of the change is the same, only the coefficients of the fractions 
varying. 

On the diagram of the San Francisco results, the curve derived from Professor A.iry's formula 
(Theory of Tides and Waves, Encyc. Metrop., p. 254, art. 46) is drawn, a.swell as that from 
observation, and the general oonformity is quite striking. In making use of the curves, as 



 

THE UNITED STA'l'ES COAST SURVEY. 255 

expressing the law of annual change, one of the branches has been turned over upon tlie otlier, 
so as to use the mean of the two periods of six months. 

At the other fourteen stations on the Gulf of Mexico the observations were continued from 
one to three lunations, and foll in different parts of the year. 'l'o reduce these, therefore, to the 
same period of the year, it is necessary to employ the data from the localities where the whole 
annual change was embraced. The results are plotted on the several diagrams: those from the 
Brazos to Southwest Pass, on the curve from Galveston; those from the Southwest Pass to St. 
George's, on the curve from Fort Morgan, and those from St. George's to Cape Florida, on the 
curve from Key West, (Sketch No. 35.) There is, except in one case, a general comformity in 
the observed changes and in those deduced from the other comparisons-at least there arc no 
greater contradictions than those presented by the observations from which the mean curves are 
drawn. From these plottings the correction necessary to reduce the results to the mean of the 
year are deduced, and the annexed table (No. 3) shows the diurnal interval, as deduced directly 
from the observations, and as corrected. It is satisfactory to see that the correction makes the 
results more conformable to law, jncreasing, therefore, the probability that the correction is 
rightly applied, and is approximately correct in magnitude. 

TABLE 3. 

__ i___ ----- ~------- ~ ----,-----~-~----

! ~ I ~ ~ ~ -~ ~ 2 ~ ~ ~ 
, 8 ·as 0 d § e- g;;r; o 

I ~ :: 5 ~ ~ .c : ~ ~~ ~ ~ 
No.I I Station!. ~ \! ~ ~ ·§ ~ ~ '".i ~ ~ {; ! 

P ...... >o -l""'-1 ..;: :;:::: ..,.,.:>.... 2 
.., 1~Ji~S o u ~ ~.;,:..=. u 
•El I~..-._ ~ ~ ;:~"; ~ 
§ ! ~·= 0 § 0 b 5;.. ~ g --1 ..:i \ ::;;: _"° __ l_u_,_u __ o o 

z 
;::: ., 

0 
.,, .,, .E 

.3 "ti, 
:.:; " ~ 0 ... 

0 ' O ' h. m. j h. m. I i It. m. h. m. 
1 I Cape Florida ••••• ·---·-------: 25 40 80 9 .. 5 21 , 1

1
4
7 

2
0

7
0 

~ 29 4
23
8 .!. 0 

3
2

4
7 :

1 

0 
2
20

0 
· + 0 18 19 19 

2 Ii Indian key--···---·--------- 24 52 80 44: 5 23 _ - o 42 20 47 
3 Key West •••••••••••••••.•••. ' 24 27 81 53 ' 5 28 18 32 24 0 ' 37 i 19 O O . 23 4 
4 Tortugas----··---- --··------ 24 34 82 59 ! 5 32 18 5 ! 23 37 ! 36 1 10 + 0 43 23 34 
5 Egmont key ••••••• ----···---' 27 36 . 82 46 '

1 
5 31 19 19 1 24 50: 39 20 + O l 23 52 

6, Cedar key ••••• -·------------ 28 58 I 82 57 5 32 22 27 ! 27 59 i 43 45 - O 57 Z5 34' 
7 !3t. Mark's·-·------·--·------' 30 o 84 11 5 37 21 5U 

1 
27 33 ! 42 22 + O 20 26 49 

8 St. George's island ••.••••••••• , 29 35 85 12 5 41 '\ 19 41 25 2j ! 42 25 + 0 37 24 52 
9 Pens11.cola •••• --------------·- 30 18 87 15 5 49 21 28 27 17 : 42 17 + O 22 26 40 

10 Fort Morga.n ••••••••••••••••• ; 31) 9 88 0 5 52 I 21 21 i 27 13 ! 42 ' 14 0 O: 26 H 
11 Cat island-·--·-------··-----! 30 6 88 38 5 55' 22 21 1 28 16 \ 43 1 l 21 - 0 11 26 1 
12 Southwest Pass •••••••••••••• .' 28 56 89 22 5 57 I 19 28 I 25 25 · 39 i 21 + 0 59 : 25 24 
13 Derniere island_______________ 28 58 90 58 6 4 [ 19 19 ! 25 23 I 38 ! 24 I + 1 37' 25 58 
14 Calca.sieu --·-·-------------·-·i 29 40 93 21 

6
6 

1
1

9
3 [' 19 22 · 25 35 i 39 17 i + l 27 I 26 6 

15 Bolivar Point--·-------------; 29 23 94 46 21 40 27 59 1 43 12 , + 1 24' 28 28 
16 Ga.lveeton ------------------- 29 18 94 H 6 191 22 29 28 48 I 43 30 j O O 27 35 
17 Aransas P88!!----·--------·---! 28 15 96 31 6 26 19 46 26 121 40 17 j· + o 43 • 26 o 
18 Braze>e Santiago •••••••••••••• : 26 6 97 10 6 29 20 45 I 27 H ·U 15 - O 56 1 25 22 

- --·--·" -------------·-~---~-'---------- --- ~-------' ______ i _______ i --------------

The first column of the annexed table (No. 3) contains a number for reference; the second, the 
name of the tidal station; the third, fourth, and fifth, the latitude and longitude, the latter in 
degrees and in time ; the sixth, the luni-tidal interval about the maximum of declination ; the 
seventh, the sum of this last-named number and the longitude in time; the eighth, the 
correction to reduce the observations to the same transit; the ninth, the correction for depth, 
carrying them by the law of depth to deep water; the tenth, the correction to reduce the 

· observed luni-tidal interval at maximum to the corresponding mean of the year; and the eleventh, 
the corrected co-tidal hour. 

The table ena.hles us satisfactorily to trace the diurnal wave from Cape Florida. to the 
Tortugas, across by the deep wa.ter of the Gulf to Southwest Pa.as, at the entrance of the 
lliaiSBi.ppi, and from thia line of degp water to the western coast of the peninsula of Florida, 
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by Egmont key, (Tampa,) Cedar keys, St. Mark's and St. George's, and in the bay between 
Southwest Pass and St. George's; by Cat island, Fort Morgan, Pensacola, and St. George's. 
Again in the bight between Southwest Pass and the Rio Grande, to Isle Derniere, the Rio 
Grande, Calcasieu, and Aransas, up to Galveston. 

In obtaining the general direction of the co-tidal lines, I have followed the method of grouping 
used in my former papers, in the form given by Professor Ll-0yd. It is easy to obtain a genera\ 
view of the movement of the diurnal wave in this way, but the selection of the groups required 
a tedious set of trials, and the discussion of many groups which appeared natural proved very 
unsatisfactory. The burden of the computation for this work has fallen upon Mr. John 
Downes. 

Table No. 4 shows the groups selected, with a letter attached for reference.; the names of the 
stations constituting the groups; the mean latitude and longitude and co-tidal hour of the group; 
the values of the coefficients of each ; the angle of the co-tidal line with the meridian ; the velocity 
of movement of the wave, and the same in miles per hour. 

TABLE No. 4 . 

. --ll--1
--111 N I Angle \vM2+N2' t>i 

N ~ --~---:(tan.-.:_), 
; M s-. ID • 

,_; Difference of co-tidal / Co-tidal S § ] 
: .; ~ hour for one geog. I angle. ;: .3 8,,; 

Stations. "' ,; mile of- ' .§ .., ~ .!3 
~~ .~ ~ ~~ ~== - -::: ..;: 8 §;;:::~ ] ~ ~ ~s~ 
~ I ... I 0 ... ~ l.~6 

i-----------------' ~ l i l :Wngitudc.[atitude. r----r·-~-· _g_[_..,_~_ 
o , o , h. m. I 

A Ca~ Florida, Indian key, Key West·----] 80 55 21> 0 21 3 - 1. 9781- O. 509 
B Indian key, Key West, Tortugas ·------- 81 52 24 38 22 28 I - 0. 890 - 3. 240 
C Key West, Egmont key, Cedar keys. -----1 82 32 27 0 24 10 5. 251 l 1. 695 
D Cedarkeys,St.Mark's,St.George's .. ____ ,84 7 2931 2545

1 

1.095 2.358 
E St. George's, Pen11&Cola, Fort Morgan·----: 86 49 80 1 25 55 O. 055 2. 645 
1<' Cedar key, St. Mark's, St. George's, Pen- i I I 

11&cola, Fort Morgan, Cat island, South- [ 
west Pass·------·-··----------------I 86 31 29 43 25 56 I 0. 048 0. 911 

G St. George's, Pen11&COla, Fort Morgan, Cat \ 
island, Southwest Pass _______________ , 87 41 29 49 I 25 50' - O. 2751 l. 092 

H Soutbwe't Pa.ss, Derniere island, Calcasieu, I 
Galveston, Aransas, Brazos. ______ ,----[ 93 45 28 28 26 41- O. 241 0. 944 

0 ' 
- 14 28 2.052 

74 38 3.860 
- 17 53 5.518 
- 61) 5 2.600 
- 88 49 2.645 

- 86 58 0. 910 

75 52 1.127 

63 19 0.974 

29.2 
17. 8 
10.9 
22.7 
22. 7 

66.0 

53. 1 

61. 6 

On the character of these groups, I would remark as follows : Groups A-Cape Florida, Indian 
key, and Key West; and B, Indian key, Key West, and Tortugas-give a natural movement 
for that of the wave, though showing a more abrupt change than is probably real. The 
computed and observed co-tidal hours differ at the greatest but one minute and a quarter. The 
next group, C, giveB a satisfactory idea of the movement of the wave passing :round the 
Tortugas and up along the coast of the peninsula, over the extensive :fiat which borders it. The 
next group, D-Cedar keys, St. Mark's, and St. George's-presents e. perfect agreement between 
the computed and observed co-tidal hours, and a direction and velocity agreeing with what 
might have been supposed. The same is true for group E-St. George's, Pensacola, and Fort 
Morgan. The more general group F, incl"!lding the stations from Cedar keys to Southwest 
Pass, agrees in its indications with those given by the partial groups, as does also G, including 
the stations from St. George's to Southwest Pass. In passing westward and southward, the 
direction of the line changes rapidly, and no satisfactory adjustment by .groups could be made. 
From Southwest PaSi to Brazos Sa.ntia.go, the smaller ,g~upa give decidedly ano~lous :rauU• 
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for adjacent stations, pointing to the more general arrangement of the lines shown by group H, 
composed of Southwest Pass, Derniere Isle, Calcasieu, Galveston, Aransas, and Brazos Santiago. 

The agreement of the cotidal hours, as computed and observed, is less satisfactory in the 
larger groups than in the smaller ones, as might be expected. 

On the map No. 5, (Sketch No. 36,) a rough outline of the Gulf coast is traced, and the 
cotidal hours are marked near the stations. The mean cotidal line for each group, and the 
hour before and after the mean hour, are marked on the map, showing the direction and velocity 
of the diurnal wave as given by the groups. J:i_,rom a consideration of these and of their 
necessary connection, the cotidal lines are approximately drawn. 

The great cotidal line of the Gulf, as traced upon the chart: is that of twenty-six hours. 
The cotidal lines of nineteen to twenty-three hours only appear on the coast of the Florida 
keys. The line of twenty-four hours iR well marked near Egmont key, Tampa. The line of 
twenty-six hours is at the head of the bight between St. George"s and Cedar keys, and in that 
near Cat island. The line of twenty-seven hours appears only at the head of the bay formed 
by the coasts of Texas and Louisiana. 

SEMI-DIURNAL TID.E8. 

The table (No. 5) of semi-diurnal tides, is in the same form as No. 3 for diurnal tides. It 
contains a number for reference, the name of the station, its latitude, the longitude in arc and 
in time, the establishment, the same in Greenwich time, the correction for transit and for depth, 
and the corrected cotidal hour. 

TABLE No. 5. 

I
I J I~~ 

I Longitude. " ::: 
I i s..§ 

~..c 
"'t.) 

.a·~ 
Correction-

No. Stations. !Latitude.; ! i 3 ~ . 
! i In arc. I' In time. / ~ :-<= ~ 
! I I~ o:.::: 

rz< .= • i i 

;§ ~ a I For j For 
' ~Ci :;:: transit. i depth. 

--i-------------·--; o i o ,. It. m. i 

1 Cape Florida-···-·--··---·--·-----·-i 25 40 I 80 9 5 21 
2 Indian Ker---------·--·------------ 2* 52 / 80 44 5 23 
3 Key West----------·---·----------- 24 27 \ 81 53 \ 5 28 
4 Tortugas-----------·--------------- 24 34 82 59 5 32 
6 Egmont Key-·--------------------·- 27 36 82 46 5 31 
6 Cedar Ker-------------------------- 28 58 82 57 5 32 
7 St. Mark's·---------·------·-------- 30 0 84 11 5 37 
8 St. George's island .• ----------------- 29 35 85 12 5 41 
9 Pensacola.__________________________ 30 18

1 

87 15 5 49 
10 Fort Morgan---------------·-------- 30 9 88 O 5 n2 
11 Cat island·------------------------- 30 6 88 38 5 55 I 
12 Southwest P888·--------------------- 28 56 89 22 5 57 
13 Derniere island._____________________ 28 58 90 58 I 6 4 
H Calcasieu___________________________ 29 40 93 21 6 13 

15 Bolivar Point----------------------- 29 23 94 46 \ 6 19 
16 Galveston.----------·-----·-------- 29 18 94 41 , 6 19 
17 AranB&B Pa~s------------------------ 28 15 96 31 I 6 26 
18 Bra.zos Santiago--------------------- 26 6 97 10 6 29 

I-"'----:---
h. m. \ h. m. ! m. 
8 17 I 13 38 I - 17 I 
8 2 . 13 25 - 16 ! 
9 10 ! H 38 - 18 i 
9 22 I 14 54 _ 19 ,

1 11 26 16 57 - 23 
13 9 18 41 - 26 

1 

13 37 19 14 • - 2:-
14 59 20 40 i - 30 
10 53 16 42 i - 22 
11 9 17 1 i - 22 
12 53 18 48 i - 26 
10 23 16 20 I - 21 
13 37 I 19 41 . - 21 
14 56 ' 21 9 1' - 30 ! 
16 47 23 6 l - • 34 ! -------· _______ _[ _______ _ 
14 3o 20 56 I - 29 
14 45 21 14 I - 29 I 

i 
m. 1 h. m. 

- 20 ! 13 1 
- 15 12 54 
- 19 14 1 
- 10 i 14 25 
- 20 ii 16 14 
-- 45 ' 17 30 
- 22 18 25 
- 25 19 45 
- 17 16 3 
- 14, 16 25 
- 81 17 1 
- 21 ' 15 38 
- 24 ' 18 50 
- 17 . 20 22 
- 12 22 20 
- 30 ·-------
- 17 l 19 10 
- 15 20 30 

In tracing the semi-diurnal wave, as it enters the Straits of Florida, we find, after a slight 
contradiction between Cape Florida and Indian Key, a. general increase of the cotidal hour in 
the right direction to the 'rortugas. The semi-diurnal wave here gives a difference of time 
between Cape Florida and the Tortugas of but lh. 24m., while the diurnal wave gave 4h. 15m . 

. The lagging of the diurnal wave, which at Cape Florida was lh. 44m., at Indian Key is 3h.22m., 
at Key West 4k. 31m., and at the Tortugas 4h. 23m . 
. The semi-diurnal wa-ve passes a.cross the gulf to the Southwest Pass, as did the diurnal. The 

time of crossing by the semi-diurnal wave is, however, lh. 13m., while by the diurnal wave i~ 
83 cs 
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was lh. 50m. The lagging of the diurnal wave behind the semi-diurnal, which at the Tortuga!! 
was 47i. 23m., at the Southwest Pass is 4h. 49m. The mean computed depth of the portion of 
the gulf traversed by the wave from the semi-dimnal wave is 1,666 fathoms, and from the 
diurnal 666 fathoms, for the mean result of the two 1,000 fathoms. The actual depth has not 
been ascertained, but probably does not exceed 1,000 fathoms. 

From this line of deep water the semi-diurnal wave reaches the stations on the western coast·, 
of the Florida peninsula in their order from south to north and west. The movement west of 
St. George's appears to be in the order of Pensacola, Fort Morgan, and Cat island, while, for 
the diurnal wave, it was Cat island, Fort Morgan, and Pensacola. At Southwest Pass there is 
a sudden increase of establishment, as if another semi-diurnal wave brought the tide there ; the 
mean establishment of the six stations west of Southwest Pass is 20h. 15m., while that of the 
six east of it is 17 h. 3lm., a difference of about three hours. This table, with the remarks 
already made in regard to the appearance of two high waters in the curves for Isle Derniere and 
Calcasieu, indicate a system of interferences yet to be unravelled. As was the case with the 
diurnal wave, the stations at Isle Derniere and Calcasieu furnish cotidal hours nearly like those 
of Brazos Santiago and Aransas, and Galveston is later than either. 

Upon the whole, then, there is a general resemblance in the motion of the two waves, as 
assigned by observation, with some co~siderable discrepancies. The annexed table, No. 6, 
shows the difference between the establishments.for diurnal and semi-diurna.1 waves at the several 
stations. 

TABLE 6. 

Comparison of establishments of diurnal and semi-diurnal tides in the Gulf of Mexico. 

No. Stations. 

I 
i Dift'. between 
'\ diurnal a.nd 

semi-diurn11.l 

' I tides. 

-1 i---
1 h. m. 

1 , Cape Florida------------·---------------\ 6 28 
! j Indian Key •••• ________ ••• _ ------····---i 8 16 
3 Key West------------------------------1 9 22 4 Tortugru; _______________________________ 9 26 

5 Egmont Key_----·-----------·-··------\ 7 M 
6 Cedar KeY--·---------------·----------- 8 21 
7 St. Mark's·-···----··-······-·-------·-- 8 39 
8 St. George's island _________ ·-·······----- 5 19 
9 Pensacola.---·-------------------------- 10 57 

10 \For~ 1\forgan •••••••••••••••••••••• ______ 10 12 
ll · Cat1sla.r..d.............................. 9 17 
12 Southwest Pass •• __ --- __ --- --- . - _____ •• - _ 10 4 
13 Derniereisland.......................... 7 19 
14 • alcas en.----------------·······---··-- 5 53 
15 Boliva.rPoint ··-·---····-·········----·· cl 17 
16 Aransas Pass •••••• - - • -- ••• --- ••••••• - ••• 5 5!1 
17 Brazos Santiago··----------------··-···- 5 4 

When we come to follow these results into the discussion of the groups, they are far from 
satisfactory. Perhaps this wa.s to have been expected from the circumstances before stated; the 
groups were nevertheless elaborately examined, though without much fruit. 

The table of groups (Table VII) is arranged as for the diurnal tides, containing, as before, a 
number for reference, the names of the st~tions, and their latitude and longitude, the values of 
the co-efficients of each, the angle made by the cotida.l line with the meridian, the movement of 
the wave perpendicular to the cotidal line, expressed by the number of minute& employed in 
•ravening a mile, and the number of miles per hour. 
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TABLE VII. 

I ~ . 
M. N. Angle. ; y )I'+ N'.. 

stations. 

1 .a "O· .. ~- ~ 

DifferenN of co-. tidal hour for , ~ tan _ ~ I 
one geographi· • ( g lli ~ 
cal mile of-

\ -~ ~ ~ 

I ~ ~ ~ 
I "' "' "' ~ :2 ~ I -------------,--- ------- ----
1 0 ' 0 I n. m. 

A. Cape Florida, Indian key, Key 1 

'Vest -----------·-·······-1 
B. Indian k.ey, Key West. Tortngas.I 
C. Egrnont key, Cedar key, 8t. 

Mark's--------------------1 

D. Fo~e!!';:s~·-~~~~~l~~~~~-L~t~:.I 
E. Jjjj~l~:~i~~~·-~~~~~~·-~=i~~~ -I 
F. Southwest Pass, Derniere island, 

Calcasieu, Bolivar Point, Brazos. i 
I 

80 55 
81 52 

25 0 
24 38 

13 19 • -1. 515 1. 151 ~ 
13 47 -0. 551 -1. 288 

83 18 . 28 51 17 23 i 0. 049 0. 935 

88 40 . 29 44 16 21 -1. 260 1. 887 

93 2 29 20 . 20 31 -1. 246 ·-1. 517 : 

93 7 28 37 l!l 32 :-1. 243 l. 488 

0 I 

37 14 
-G6 49 

-87 0 

66 16 

50 36 

50 7 

m. 

l. \!02 
1. 401 

0.935 

2. 269 

1. 963 

l.93l 

259 

31. 5 
42.8 

64.2 

26.4 

30.6 

30.9 

Groups .A. and B, composed of Cape Florida, Indian Key, and Key West, and of Indian Key, 
Key West, and Tortugas, especially the first, give plausible results, and the computed establish
ments vary but l.5m., at the greatest, from the observed. I have not been able to form any 
satisfactory connection between these groups and those on the western coast of the peninsula. 
The next group which gives a tolerable result is Egmont Key, Cedar Keys, and St. Mark's. 
In this the direction of the cotidal line, the velocity and the establishment, are satisfactory. 

The establishment of St. George's station is irregular, and is very iirobably erroneous. The 
semi-diurnal wave is composed of two very small ones, and it has been necessary to reconcile 
the discrepancies which they presented, sometimes one being the governing tide and sometimes 
the other. 

Group D, composed of Fort Morgan, Cat Island, and Southwest Pass, is the next which 
gives a good result. 

E, composed. of Isle Derniere, Calcasieu, and Bolivar Point, and F of all the stations from 
S. W. Pass to Brazos Santiago, except Aransas, give good results as to direction and velocity. 
The computed establishment, as in the case of the diurnal wave, present considerable discrep
ancies from the observed. The least difference is 8.5m., and the greatest 61m. 

These groups a.re marked upon the cha.rt (No. 6, Sketch No. 36,) and the cotida.l hour next 
before and after the mean cotidal hour of the groups. A.n approximation to the cotiJal lines 
from th-ese data is also shown upon. the chart. The corrected cotidal hoY.rs of the several 
•t&tion-s are marked upon the cha.rt. 

In comparin.g the two sets of ootida.l lines for the dillrnal and semi-diurnal waves, we :find a 
general resernblauoe in the great bay' between the western coast of Florida and the t>astern 
coast of Louisiana., the lines of 24, 25, and 26 of the diurnal tide, on the eastern side of the 
bay, corresponding generally with 16, 1'1, and 18 of the semi-diurnal tide, and 25 and 26 hours 
of the diurnal tide on the western side of the bay, corresponding generally to 16 and 11 of the 
aem.i-diurna.l. On the southern coast of Florida, by the keys, on the contrary, the lines of 19, 
20, 21, 22, and 23 hours, succeed. ea.ch other rapidly between Cape Florida aI.ld the Tortugas, 
in the diurnal series, while 13 and 14 hours only occur along the same shores in the semi
diurnal tide. On the contrary, in the bay between Louisiana and Texas, or west of South
west Pass, th~ lines of 25, 26, and 2'1 hours only occur at ~nsidera.ble distaa:ces jn the d.iurDBl 
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system, while 16, 17, 18, 19, 20, and 21 occur in the same spa.ce between Southwest Pass and 
the Brazos Santiago, in the semi-diurnal tide. 

I shall continue to collect observations bearing upon the facts discussed in this paper, and to 
have them worked up, so as to amend the imperfections of the approximate results now 
presented. There are simultaneous observations at some of the stations, which were formerly 
examined with but little satisfaction as to the conclusions ; these will now be re~umed, and may·, 
throw additional light upon the results at some of the doubtful stations. The interference 
problems will be taken up when more extended data give better hopes of a satisfactory solution 
of them. 

APPENDIX No. 36, 
Description ef the Type-Curves of Tides in the Gulf of Mexico.-(See Sketch No. 38.) 

On the diagram the rise and fall of the tide at the several localities is represented in the usual 
way by a curve, the ordinates of which represent the heights of the tide and the abscissre the 
times. The heights arc marked at the side of the diagrams and the hours at the top. The 
periods selected for representing the law of rise and fall is that when the diurnal tide is the 
greatest, or at the moon's maximum of declination, and that when the diurnal tide vanishes or 
when the moon crosses the equator. The curves selected as types of those representing the law 
of rise and fall at these periods are chosen for their regularity as unaffected by wind or other 
causes producing irregular flow or ebb. The types are selected in reference to the diurnal tides 
because it is the great feature of the gulf tide. The curves of observation are represented in 
full lines on sketch No. 38, the single divisions of the scale of ordinates being two-tenths of a foot, 
and of the scale of abscissre, hours. These curves are decomposed by the method introduced 
by Mr. Pourtales into diurnal and semi-diurnal curves, the dotted line representing the semi
diurnal, the broken line the diurnal curve. The diagrams are arranged in their order of suc
cession, or of the stations from east to west. 

At Cape Florida the diurnal curve is very flat, and consequently the tides exhibit the semi
diurnal type, very little disturbed as it comes in from the Atlantic. 

At Indian Key, Key West, and the Tortugas, a very regular increase of the diurnal tide is 
shown in the order named; the semi-diurnal tide, on the contrary, decreases. This combination 
produces an increased daily inequality, so that at the Tortugas, at the moon's greatest declina
tion, one of the semi-diurnal low waters almost entirely disappears, combining with the pre
ceding high water in producing the appearance of a stand of two or three hours, after which 
the tide continues rising. This appearance only prevails for one or two days near the moon's 
maximum declination. 

On the western coast of the peninsula of Florida, at Egmont Key, (Tampa bay,) the type is 
nearly the same as at the Tortugas, but with an increased rise and fall. At the Cedar Keya, 
and St. Marks, the tides resemble those of Key West, the semi-diurnal tide being distinct, but 
the diurnal tide producing a large diurnal inequality. The rise and fall increases considerably 
as we go north. 

Between St. Mark's and St. George's Is1.and a great change occurs in the character of the 
tides, the rise and fa.11 becoming small and the diurnal tide being the prevailing one. The 
semi-diurnal tide is only perceived for three or four days at the time of the moon's crossing the 
equator. During the rest of the lunation they only affect the prevailing diurnal tides by 
making them appear to stand at nearly the same height at high water for from six to nine 
hours. At low water the stand is very short. There is sometimes the appearance of an inter
ference of wans in· the decomposed semi-diurnal -waves. 
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.At PensacOla, Fla., Fort Morgan, (entrance to Mobile bay,) Cat Island, and Southwest Pass 
of the Mississippi, the semi-diurnal tide is so small as scarcely to disturb the diurnal curve. It 
can only be perceived by its producing small irregular double tides for two or three days at the 
time of the moon's crossing the equator. Scarcely any trace of them can be seen when this 
epoch coincides with the quadratures. 

To the west of the mouth of the Mississippi the semi-diurnal tides increase again. .At Isle 
Dern.ien1, La., the double tides are quite distinct, though sometimes irregular, for two or three 
days near the time of the moon's zero of declination. During the remainder of the lunation 
the diurnal tides prevail, but modified by the semi-diurnal so as to have a stand of from six to 
ten hours at high water. The semi-diurnal tides indicate a more marked case of interference 
than at St. George's Island, there being four high and four low waters in twenty-four hours. 
At Calca8ieu entrance the semi-diurnal type is plainly marked during the whole lunation. The 
diurnal inequality is, however, so large, and the rise and fall so small, that to ordinary observa
tion only one high water would make itself apparent in a day, but remaining at a etand or 
falling very slowly for about ten hours . 

.At Galveston the tides are of the same type as at Calcasieu, but the relation of the diurnal to 
the semi-diurnal tide is such that the latter would only be seen plainly for :five or six days near 
the time of the moon's zero declination. During the remainder of the lunation there would be 
the appearance of but one high water in twenty-four hours, with a regular rise from low to high 
water, followed by a fall for a short distance, then a stand of several hours, and then a regular 
fall to the next low water. Sometimes the water falls very slowly for nine or ten hours and 
then increases its rate of fall to a more rapid one . 

.At Aran.~as Pass and Brazos Santiago the semi-diurnal tide beeomes again Tery 11mall, pro
ducing double day tides only for two or three days a.t moon's zero declination, and even then 
with frequent irregularities. The remainder of the time the diurnal type prevails, but with a 
long stand at high water, sometimes fluctuating, or a very slow fall lasting nine or ten hours. 
There is no stand of any consequence at low water. 

APPENDIX No. 37. 
Report of Sub~Assi8tant H. Mitchell on the pngress of the discussion of the inttJrference tides of 

Nantucket and Martha's Vineyard Sound. 

SIR: The interference tides of section 1, which were so carefully observed during the years 
1854 and 1855, have since been the subject of many months' labor in the office. I submit the 
following ..as a brief sketch of the progress we have made : 

It will be recollected that the region a.bout Nantucket and Martha's Vineyard "iti the dividing 
space between the cotidal hours of xu and xv," and that in this locality the combination of two 
~parently distinct tide waves is observed. This combination presents the most singular 
forms, giving at times four high tides in one day near the junction of Nantucket and Martha's 
Vineyard Sounds, and distorting the tide wave generally, n'ot only in these sounds, but also as 
observed on the open sea.coast of Nantucket and Martha's Vineyard Islands and in Muskeget 
channel. 

The great disturbance of the ocean level thus produced gives rise to those remarkable currents, 
so peculiar to this neighborhood and often so disastrous to commerce. 

The many relations which these phenomena bear to the physical geography of this region, as 
well as the practical importance of a complete knowledge of them to the immediate wants of 
navigation, have led us into a. study of their most ~inute details. 
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The observations were taken at seventeen different stations, and continued till nearly all the 
movements of the two tide waves were detected. 

The usual r-eduction and plotting of these accumulated observations followed the completion 
of the field work. 

At the two extremes of our field of labor the waves presented the usual approximations to the 
curve of sines. As we followed them, we noticed the gradual influence of each upon the other~ 
until at intermediate points, carefully determined, all symmetry is lost, and our observations 
exb.ibit a compound double-headed wave. 

In computing the cha.nges and epochs of these tides we have treated them as distinct waves 
meeting at sea. 

From our simultaneous observations at extreme points, we have computed compound waves, 
and compared them with those observed at intermediate points. No difficulty was found in thus 
approximating to the interference forms in a general manner, still our results were not entirely 
satisfactory. We reversed the process, and taking from the observed compound wave one of 
the extreme waves compared the residual with the other extreme wave. By the introduction of 
com;tants this proved a very successful trial, and a still closer approximation to the facts was 
obtained. Encouraged by this, we subjected the whole series to this process, which led us also 
to discern the causes of error, resulting from the former method. 

It appears that after these two tide waves pass each other they undergo a rapid decrease in 
magnitude, causing them to become nearly extinct after proceeding twenty or thirty miles, and 
that other disturbing causes make their appearance in certain localities, which seem to depend 
upon the tidal currents, and led us to conclude that, though these currents are among the effects 
of the interfering waves, they react, and themselves become causes of su.bordinate irregularities 
in the rise and fall. 

The examination of currents, thus suggested, developed interesting facts. It was ascertained, 
in a general manner, that throughout the field of our operation the currents are governed by 
impulses which act nearly simultaneously at all points. By comparing thtJ heights and epochs 
of the two tide waves it is found that on the restoration of the sea level between them slack 
current occurs all along the line of interference.* It would appear, therefore, that these currents 
must be regardOO. as interchanges of water between two wave systems; and although these, 
like other tidal currents, tlow in opposite directions during alternate periods of about six 
hours, they can in nowise be distinguished as ebb and foJod. It is ascertained, from the lines 
of levellings connecting the tidal stations, that the mean level is identical for the two wave 
systems, that is, the tide waves throughout this region rise and fall above and below a common 
plane. The transition points of the establishments (that is, the localities where the cotidal hours 
xu and xv are both found) do not occupy parallel positions in the sounds and the open sea. In 
the sounds the transition is rapid, and takes place in the narrow strait at West Chop, while a 
more gradual operation of the same character is observed a short distance to the eastward of 
Weweeder, south shore of Nantucket. In Muskeget channel occurs another transition of a 
secondary character, involving more complicated relations. It will be seen, from these consid
erations, that there exists at certain stages of the tides a large difference of level between the 
sound and the open sea to the southward. This causes a rush of water through Muskeget 
channel; and it is to this state of things that the harbor of Edgartown owes its depth of water, 
its northern and southern openings connecting the sound with the ocean. 

I call your attention to the fact that about the same relation is preserved between the 8Urfaces 
of the water at Brant Point and 'Veweeder, as between Cape Poge and Wasque; and that 
all the advantages which the harbor of Edga.rtown possesses over that of Nantucket would 
seem to be due to the existence of a southern opening in the former case. 

It was observed at the outset of our study that the two prin~ipal transition points undergo 

o A future study of the most careful kind will have to determine wllether along this line the periods of ma.ximum velool· 
ties of the currents are similarly dependent upon the greatest disturbance of the ilea level between these waTea~ 
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simultaneous changes of position, advancing eastward for a period, then retracing their steps, 
passing to the westward. As such a phenomenon could not occur if the two waves always held 
the same relative magnitude and rate of travel, we were induced to compare the two waves 
through all their inequalities. Our results were as follows: though the mean rise and fall of 
the western wave is less, the half-monthly changes in magnitude are much greater with this 
than with the eastern wave; moreover, the forms of these curves of half-monthly inequality 
differ throughout. All the other inequalities differ also in a degree. Thus occurs the alternate 
predominance of the two waves at their meeting points. 

The western, or XIJh wave, as observed at the extremity of our field, (Block island,) is 
similar in every respect to the general tide wave observed along the coast between this point 
and Georgia. Its half-monthly inequality in heights is almost identical with that observed at 
Old Point Comfort, Virginia ; even the individual waves compare well at these two }Jlaces. 
The eastern or XV" wave, at the other extremity of our field, (Monomoy,) ii far from being 
similar to. the tides of the coast to the northward; its individual tides differ from those of Boston, 
and its larger irregularities would seem not even to be nmlti11les of those observed at that 
place. 

Diurnal and semi-diurnal elements.-The tides of each of"our stations were taken up sepa
rately, and resolved into their diurnal and semi-diurnal elements. The semi-diurnal waves 
exhibit two heads at the locality of the greatest interference, (Falmouth,) one of their meeting 
points. It is evident that these semi-diurnal waves have not a sine form, since no combination 
of sine curves can result in a curve with a double head. 

The changes in the diurnal wave are followed with difficulty; these waves are very small and 
irregular ; they do not originally hold the same relative character that has been noticed among 
the semi-diurnal waves of the two tides ; nor do they travel at the Rame speed or submit to the 
same changes. The mutual interferences among these waves, though producing sensible effects, 
cannot be traced with that clearneiils and certainty found in the semi-diurnal element. 

Professor A. D. B.AcIIE, 

Superintendent Coast Survey. 

Yours respectfully, 

APPENDIX No. 38. 

H. MITCHELL. 

Observations to determine the cause of the increa,se of Sandy Hook, made by the Coast Survey, for 
the Commissioners on Harbor Encroachments of New York,-by Profeasor A. D. Bache, Super
intendent United States Coast Survey. 

(ABSTRACT-.) 

It is known as one of the developments by the Coast Survey that the peninsula of Sandy 
Hook is gradually increasing, growing to the northward into the main ship channel. A spot 
north of the Hook, where there was 40 feet of water when Captain Gedney made his Aurvey, in 
less than ten years was nearly bare at low water. The importance of determining the cause of 
this increase, as leading to the means of controlling it, cannot be over-estimated. The Com
missioners on Harbor Encroachments of New York: had early attended to this matter, and 
requested that the necessary observations for its investigation should be made. These wertJ 
executed under my immediate direction by Sub-Assistant Henry Mitchell, with all desirable 
zeal and ability. 

Various ca.uses had been assigned for this growth, by the action of the waves and the winds, 
sometimes on the outer side and sometimes on the inner side of the Hook. The e:ft'eet of the 
Qpenin'- and clol:i.ni of Sh,rewibury inlet had also been insisted. upon. 
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To examine these and other probable causes, laborious observations of tides and currentw have 
been made in the vicinity at numerous stations. Careful measurements of the low water line 
have also been made in connection with these observations, and with others of the force and direc
tion of the wind. Objects easily distinguished from the sand, and of various specific gravities and 
shapes, have been deposited near the shore of the Hook, to determine the power and direction of 
the current in the transportation of matter. It is easy to see how laborious all of these observa•, 
tions are, and that some of them are even attended with considerable danger ; hence the credit 
to be given to Mr. Mitchell may be measured. The results of these observations have not yet 
been worked out in all their detail, but the conclusions from them are perfectly safe, and are of 
the highest importance. It turns out that this growth of the Hook is not an accidental phe
nomenon, but goes on regularly and according to determinable laws. The 1,tmount of increase 
depends upon variable causes; but the general fact is that it increases year by year, and the 
cause of this is a remarkable northwardly current, the amount and duration of which these 
observations assign along both shores of the Hook, the outer one extending across the whole 
breadth of false Hook channel, with varying velocity, and the one inside of the Hook extending 
nearly one-third of the distance across Sandy Hook bay. These currents run to the north 
during both the ebb and flood tides, with varying rates, and result from those tides directly and 
indirectly. The inner current is the one by which the flood and ebb tides draw, by the lateral 
communication of motion, the water from Sandy Hook bay, and the outer is similarly related to 
these tides as they pass Fahie Hook channel. The nlocities and direction which have been 
found prove this conclusively. 

An important observation for navigation results from this, for more than seven hours out of 
twelve there is a northwardly current running through False Hook channel, which assists 
vessels entering New York harbor on the ebb tide, and is to be avoided in passing out with the 
ebb. This northwardly current runs on the inside for eleven hours out of· the twelve. 

It is the conflict of these two northwardly currents outside and inside, and the deposit of the 
materials which they carry to the point of the Hook, which causes its growth. 

Within a century it has increased a mile and a quarter, and at about the rate of one-sixteenth 
of a mile a year, on the averaga, for the last twelve years. Flynn's knoll on the north side of 
the main ship channel does not give way as the point of the Hook advances. The importance 
of watching this movement cannot therefore be over stated. 

The mode of controlling the growth is obvious from the result obtained. The observations 
are still continued to obtain the necessary numerical result. 

APPENDIX No. 39. 
Report of Sub-Assistant H. Mitchell on the investigation of the tides and tidal currents of New 

York harbor and its dependenciu, and at Sandy Hook. 

NEW YORK, November 22, 1856. 
Srn: In developing the system of operation which you have instituted for the investigation of 

tides and currents, I have endeavored to carry out your instructions, reporting each step as I 
advanced, and filling in the details as they became necessary. 

Limited by your project to no single hypothesis, but required to collect aJ1, the facts, we have 
escaped, I am confident, any misapplication of time or means, and are rewarded for our labors 
by most encouraging results. In obedience to your wishes, I now proceed to make a brief reca
pitulation of the season's work. 

Our operations have been confined to New York harbor and vicinity, and the following a.re 
the special localities to which our ·attention has been directed: vicinity of Sandy Hook, the Kills, 
Newark ba.y, and docks of New York and Brooklyn. 

Yiol•"r of Sand'!/ Hool::-The delign of our work in this locality being to discover the tittU'e 
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of the causes producing the changes of Sandy Hook, we were required to undertake the closest 
observation of all the natural agencies at work. Our attention was called not only to the more 
regular action of tides, currents, and the ordinary wash of the sea, but also to the effects fol
lowing violent storms and other extraordinary phenomena. 

Our first care was to establish a permanent tidal station and assign it to two persons, whose 
duties were to record the times and heights of the tide, with the usual meteorological notes ; 
also to make periodical surveys of the shore-line of the Hook, and watch the changes of the beach. 

Preliminary to a systematic study of the currents, we now proceeded to examine and catalogue 
the drift matter accumulated upon the shores. By instituting inquiries in the neighborhood, 
niany articles in this catalogue could be traced to wrecks that had occurred on various parts of 
the coast. We were thus furnished with some hints as to the probable origin and history of 
deposits with which the Hook is building itself out. Following up these hints, we tested our 
conclusions by depositing in the sea articles of various specific gravities, and watching for their 
appearance upon the shores. I will cite here the most striking case in this connection: Near 
the end of Sandy Hook we found many small household articles, and even human bones, which 
were ascertained to have drifted thither from the emigrant ship New Era, wrecked at Long 
Branch two years ago. In order to ascertain whether the same causes were still in operation, 
we chose a period of quiet weather, and made deposits of sinking bodies, at points along the 
coast, a short distance from shore. The materials pursued the same path as that taken by the 
wreck-matter of the New Era, driving on to the same part of the beach after many days. 

The regular current observations, commencing along the shores of the Hook, were extended 
over the neighboring channels and shoals, across Sandy Hook bay, and to a distance of twel ye 
miles down the New Jersey coast. It was our usual plan to occupy these stations simultaneously. 
One of these being situated in the main channel, was occupied repeatedly as a point of reference, 
with which we compared the results of the other two. In this way we determined the relative 
directions and velocities of the currents at different points with considerable accuracy. The 
observations were taken at short intervals through thirteen or fifteen hours, and the exact times 
of slack water recorded. 

By simultaneous observations we followed the tide wave in its progress along the shore of the 
Hook and into Shrewsbury river. 

The curious distortions which it undergoes in this short journey have been exhibited in 
diagrams and laid before you. We have here a striking instance of the effect of local causes 
upon the form of the tide wave. 

The effects of the ordinary wash of the sea, the formation of sand bars and ridges, with their 
accompanying slues; the orderly arrangement of the green sand strata, reve~ling the former 
history of the Hook, with many other points of interest, were not allowed to pass unnoticed. 

Newark bay and the Kills.-On closing our work at Sandy Hook, we received instructions to 
commence a series of observations with a view to ascertain the progress of the tide, aml its 
accompanying currents through the Kills, and into Newark bay. 

Pursuing these inquiries, we occupied sixteen tidal and above twelve current stations. Our 
plan of operation was this: e.n observer on shore noted the time and height of the tide, while 
a person in his boat, anchored in the stream, recorded the velocity and direction of the current. 
Several sets of stations were thus simultaneously occupied each day. 

The tide of Newark bay is a reunion of two unequal portions of the original tide wave, which 
have propagated themselves-the one .through Arthur Kill, the other through Kill Van Kull. 
To follow the experiences of these waves it was found necessary to commence our series at Sandy 
Hook, then dividing, to occupy, in concert, positions suitably arranged along the two avenues 
which they pursue. 

Among these narrow channels and shallow basins the tide wave undergoes constant changes, 
both in rate of travel and in magnitude. In this way the sea level is greatly disturbed, and 
strong currents are called into action. Again: the currents, th UR engendered, encounter, in theii 

34 cs 
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turn, similaT disturbances, causing modifications of direction and velocity. In order to discover 
the relation of results from one station to another, we must depend mostly upon the epochs; 
we were compelled, therefore, to occupy the different points simultaneously, and to continue our 
observations through several chaRges of the tide. 

The points in Newark bay, where the :flood currents of the two Kills combine, and the ebb 
currents separate, were determined with considerable accuracy. 

The currents of the Blind Channel, or Guzzle, were compared with those of other stations in 
Newark bay. 

In the Passaic river, the tides and currents were observed as high up as Newark. 
Our office-work keeping pace in some degree with our field operations, we were able to ascer

tain each day the progress we were making towards the solution of the questions proposed. 
We provided in this way against any fruitless expenditure of labor. 

Docks of New York and Brooklyn.-We have made observations on drifts and currents about 
Buch docks and wharves as you have directed; and although most of these are special cases, we 
have, I trust, obtained some information which may have a general bearing upon the subject of 
dock construction. The section of the river or channel in the neighborhood of the dock under 
examination has usually been included in our field of work. I will enumerate the principal 
localities in which observations under this head have been made: Atlantic dock and Buttermilk 
channel, vicinities of Pierrepoint's dock, &c. * * * * * 

Very respectfully, yours, H. MITCHELL. 
A. D. BACHE, LL. D., 

Superintendent U. S. Ooast Survey. 

APPENDIX No. 40. 
Report ef G. Wiirdemann on Mdal observations made at stations between New York city and .Albany, 

on Hudson river. 

TIVOLI, N. Y., NO"Vemher 1, 1856. 
Sm: In conformity with your instructions of September 8, directing the execution of the 

season's work on the Hudson river, I have the honor to submit the following report on the 
observations of tides at eight different points above New York city, viz: at Greenbush ferry, 
(011posite to Albany,) Castleton, Stuyvesant, Tivoli, Poughkeepsie, West Point, Verplank's 
Point, and Dobb's ferry. At Greenbush ferry, a self-registering tide-gauge was ueed, and at 
all the other stations fixed rods graduated to feet and tenths. They were either secured to 
wharves or fastened to posts, worked into the ground. 

At Castleton, observations commenced on August 30. 
At Stuyvesant " " " 13. 
At Tivoli " " " 12. 
At Poughkeepsie " " " 13. 
At West Point " " " 9. 
At Verplank's point" " " 23. 
At Dobb's ferry " " " 23. 
Observations were taken every five minutes at high and low water, commencing as near as 

possible one hour before, and ending thirty or forty minutes aft.er the tide had changed-hourly 
observations being made during the intervals. 

The freshet of the 20th of August washed away the tide-ata.ff at Stuyvesant, and obliged us to 
take up the self-registering tide-gauge at Greenbush. The first was replaced on the 25th and 
the latter on the 26th, and the clock started on the 2'1th of A ugast, after which time it continued 
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to work well. This did not interfere with the work at other stations where the tide ebbed and 
flowed regularly during the freshet. 

An unusually high tide occurred on the 30th of September, at the itations below Stuyvesant. I 
left Albany on the 29th of September, Castleton and Stuyvesant on the 30th, without perceiYing 
anything unusual in the rise of the tide, and noted a depression in the high water at Tivoli the 
same evening, as compared with the morning tide. Continuing to visit the stations below, I 
returned to Albany on the 6th of pctober, and was surprised to learn of the occurrence of a 
freshet., which had not raised the water below Stuyvesant. 

During a freshet on the 1st and 2d of October, the wharf and tide-gauge at Castleton were 
submerged. At Stuyvesant three high waters were not taken from the same cause, whilst at 
Greenbush the water rose OYer the roof of the house which covers the gauge. 

Bench-marks are established nt all the stations, and care has been used to make these perma
nent by inserting copper bolts into stone structures near every tidal station, including that at 
Greeubush. This, together with the copying of the original records, sketching of bench-marks, 
&c., has occupied my time since the close of the work. 

Very respectfully, your obedient servant, 
GUSTAVUS WURDEMANN. 

Prof. A. D. B.AcHE, 

Superintendent U. S. Coast Survey. 

APPENDIX No. 41. 
Report to the Superintendent by Assistant L. F. Pourtales, in charge of the field and o,ffece-work, 

rdating to tidal observation.s. 

COAST SliRVEY OFFICE, October 1, 1856. 

Sm. : I have the honor to submit herewith the annual report of the work done under your 
immediate direction by the tidal party in my charge. It is divided, as heretofore, into the two 
heads of field-work and office-work. 

FtELD-WORK.-The permanent stations at Boston, New York, Old Point Comfort, and Charles
ton, on the Atlantic coast, and San Diego, San Francisco, and Astoria, on the Pacific coast, 
have been kept up. The Boston observer, Mr. Isaac \Villiams, has continued to give an un
broken series of observations as heretofore. At New York, the tide-gauge had suffered so many 
interruptions in former winters by being frozen up, that you directed an auxiliary station to be 
established at the Atlantic Ferry wharf, in Brooklyn, nearly opposite the old station on 
Governor's island. The great quantities of ice accumulated in the harbor during the past severe 
winter, showed this step to have been quite necessary, for the self-registering gauge was frozen 
up for a long time, and some of the structures bHongiug to it were carried a way. The observa
tions at Brooklyn even, made on a staff and a box-gauge, were always difficult, and sometimes 
impracticable. The same observer, Mr. J.B. Brooks, has now charge of the two stations. 

At Old Point Comfort, several stoppages of the self-registering tide-gauge were caused liy ict" 
~nd once by the gauge being injured by a vessel striking agaiust the w11arf; otherwise, the series 
ls pretty satisfactory. The Charleston station, after having been kept up with very little success 
at Castle Pinckney, was finally transferred to the wharf of the new custom-house; since then it 
has worked quite satisfaet.orily. 

On the Western Coast, the three permanent stations have continued to give very good results. 
In addition to the usual meteorological observations made three times a day, they have also been 
taken hourly every Monday for nearly two yea.rs. 

Of t.emporary stations, several were occupied in and about Vineyard Sound, by Sub-Assistant 
H. Mitchell's party, in 1854, but were reccil'Cd too late to he nwntioned in la.st ycar·H report. 
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The same was the case with a fine series of tidal and meteorological observations offered' by tho 
governor of Russian America, and the more valuable for being simultaneous with those made 
at several points of the coast by the party under the orders of Lieut. W. P. Trowbridge. Ob
servations are now in progress at i,;everal points on the Hudson river, under the charge of Mr. 
G. Wiirdemann.* The stations were established, and the observers stationed and instructed by 
Li(lut. Trowbridge. The observations made by Lieut. Trenchard, in St~ John's river, in 1854;. 
having presented some striking peculiarities, they were repeated this year by Mr. Wurdemann. 
The discussion is not quite finished, but seems to show that the results will be the same as Lieut. 
Trenchard' s. 

The annexed table gives a list of the stations from which observations were received at the 
office during the year ending this day. 

List of tidal observations received during the year ending September 30, 1856. 

Remarks. I
' / I II. t~ ~ I Time of occupation. ; 

§ Name of station. i Name of obscrver. J Kind of ef iil 8. :------------1 ..0 

I 
gauge. 

1 
·~ :;; 8 I ~ 

c; / ! ] a $ ! From- To- _ 
rll I i 00 I ~ -1-------- :---·-----------·-- --1---------

1 • 
I j lloston. dry dock _____ I. Williams _____ Staft ••• 1 Perm',nt: Oet. 1, 1855 i Sept. 30, 1856 365 

i Hyannis, Mass .•••••• Fred. Buxton ---1 Box .••• Temp y. Aug. 8, 1855 Oct. 9, 1855

1

62 

I 
Falmouth, M:ass .••••• Geo. W. Coffin • .l .. do •••• : •• do ••• .i. Aug. 7, 1855 Aug. 31, 1855 24[ 
Mcnemsha, Mass ••••• ' V. Swain ••••••• 

1

! __ do. ___ •• do •••• ! •••••• do •••••• 1 Oct. 18, 1855 72! 
I Block island, R. r ____ G. Wi.irdemann •••• do. ___ •• do •••• : •••••• do _____ _I Oct. 10, 1855 f 64[ 

II I Montauk Point, N. Y ..••• _do __________ Box. ___ :. __ do ____ i Oct. 27, 1855 [Nov. 28, 1855 ! 32\ 
Governor's island,N.Y\ W. Head ••••••• S. R •••. 

1 
Perm'nt I Oct. I, 1855 \Sept. 30, 1856 ]1365

1

: Much_ intelTupted 

, I ~-Brooklyn. N. y _______ ; J. B.Brooks _____ llox. ___ i Temp'y. Dec. 28, 18551 Sept. ll, 1856 277 
i Sandy _.Hook, N. Y ••• ; J. McH<:nry ••••••• dO----j--do.~-- April 3, 1856 'I May 6, 1856 33j . . 

III I Old Pomt Comfort, Va.1 M. C. King.---- S. R ••• _,Perm nt 1 Oct. 1, 1855 Sept. 30, 1856 3651 Some mterruptions 
; I I I I I ~~ 

Tappahannock, Va ••• [ W. A. Muse ••••••• do •••• ! Temp'y.: May 26, 18!>6 .------do •••••• 99 
, ! Fort Ca~roll, Md---~+-----------·--- __ do ••• +.do •.•. / July 8, 1856 \Sept. 10, 1856 356 

"\:Castle Pmckney, S. C.; J. T. Bee---·--- S. R ••• _1 .. do.~··/ July 16, 1855 t Dec. IO, 1856 H7 , 

I 
Cbarleswn, S. c _____ , W.R. Herron ••••• do. ___ ! Perm nt1 Feb. 1, 1856 j July 1, 1856 151 Establ d to replace 

; 1 1 I I preceding station; 
1 Beaufort, S. C •••••• .i W. H. Hughes __ : Staff ••• ! Temp'Y·i April 19, 1855. May 18, 1855 29 
I Stono river, s. c .•••• ; R. Blair --------1--do •••• [ •• do ____ i March19, 1855 j May 11, 1855 53 
i Port Royal,~- 0.----i F. Mulligan _____ \' __ do ____ : __ do •••• 

1

, May 21, 1855: .Tune 4, 1855. 33 
[Jekyl i~land,Ga ••••• [Lieut.Trenchard. Box .•• -j-.do ____ Feb. 27,18561May 2,1856165 

VI j Fort Cl~nch, Fla. _____ :. F. A._.Rebarer ___ S. R •••• 
1 
•• dO----\ Feb. 20, 18561 Sept 30, 1856 [223 

I Batton island, Fla .• --\ G. Wurdemann •• 
1 

Box .••• '

1 

.. do •••. May 13, 1856 June 17, 1856, 35 
I FortOeorgeisla.nd,Flai.·---do •••••••••••• do ••••.• do •••. 

1

1 May 14, 18561 •••••• do •••••• 44 I St. John's bar, Fla. ••• 1 •••. do •••.•••••• l' .. do •••••. do •••• May 13, 1856 J------do •••••• 45 

I 
Dames'g Point, Fla. -- i H. B..lsan ••••••• Box .••••• do •••• 1March20, 1856 April 5, 1856 16} 
Hopkins', Fla. ______ S. B. Jennings ••• __ do. ___ 

1 

.. do •••• : •••• _.do •••••• 1------do •••••• 16 St J h , . 
j 'I'ay~or:s M!ll, 1<1a •••• ! G. Wingate-----\--do •••• __ do ••• .l ....•. do ______ •••••• do •••••• 16 on · 0 n snvcr. 

I 
Dame! s Mill, Fla •••• 1 C. Keyser _______ , __ do •••. 1 •• do •••• l •••••• do _____ .\ •••••• do •••••• 16 

X SanDi~go,Cal-------/A.Ca.ssidy •••••• S.R •••• IPerm'nt!July 31,18551Aug, 1,1856 367 

I 
Cuyler s harbor, CaL.; C. J. W._ RuBSell. ---- ·--- -----~-- i Nov. 9, 1855 Nov. 23, 1855 14 
South Fa.rallon, CaL.; N. N. Wmes .•••• S. R •••• Temp y-1 May 21, 1855 I: Oct. IO, 1855 142 
l<'ort Point, C'al •••••• , H. E. Uhrlandt •••• do ••• _ Perm'nt I July 31, 1855 Aug. l, 1856 367 

XI 1.Astoria, Oregon ______ 
1 

J._ Wayne ----:-··[··do •••••• do.:-- ------d0------1 July 30, 1856 365 
Cape Flattery ·---·-·!Lieut. Trowbndge,_.do ••• _ Temp Y·[ June 4, 1855 1 Sept. 12, 1855 100 
Port Townsend --- ---1. J. R. Bergan __ --1--do •••.•• do •••• , June 2, 1855 .!-----.do. -- • -- 101 
Steilacoom, W. T •••• \ D.J. Gleeson •••••• do •••••• do •••• [ July 21, 1855 

1 
Oct. 24, 1855 95' 

Nootka Sound ••••.•• 
1
' C. J. W. RUllSClL Staff --- •• dO----i June 28, 1855: Sept. 11, 1855 75 

Sitka, Russ. Amer----. Osinin & Perkoff_

1 

________ 1-------·1' June 5, 1855 I Sept. 4, 1855 91 Kindly furnished by I i the Rul!Sian gov'r. 
I I 

0FFICE-W01lK.-In the office the ordinary reductions of the observations, as they come from the 
field, have been made as soon after their receipt M possible, so as to be able to point out defects 
to the observer, and to be ready to meet the demand for tide-tables or other data. from the office. 
This work was chiefly executed by Messrs. Blanchard, Evans, and Bassett. 

• Appendix No. 40. 
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The long and laborious discussion of the Boston tides by Mr. Avery WM brought to a close. 
Tables for prediction of tides were prepared by him from the constants obtained, and have given 
very satisfactory results when tested. This subject has been fully explained by you, in a paper 
read before the American Association for the Advancement of Science, in Albany. 

By your direction a whole year's observations at San Francisco were plotted on a convenient 
scale and decomposed into the diurnal and semi-diurnal tides by the graphical method. Then the 
luni-tidal intervals were formed and compared with Airy's formula. This whole matter is now 
in your hands for discussion. Messrs. Downes & Fendall were employed on it-the former in 
the computations, and the latter in the graphical part and some of the computations. 

The simultaneous observations made under Lieutenant Trowbridge's direction on the Western 
Coast were also decomposed by Mr. Fendall, 11.nd the results tabulated. They are also now in 
your hands for investigation of the comparative rate of progress of the diurnal and semi-diurnal 
tide wa'9'es. 

During the preparation by you of a paper on the co-tidal lines of the Gulf of Mexico, it was 
found necesE;ary to make a large number of new decompositions of the curves of observations at 
the different stations. They were made principally by Mr. Fendall, (who also prepared the 
diagrams to illustrate the papers,) and some of them also by Mr. S. Walker and Professor 
Penclleton. The computations of the groups selected by you were made by Mr. Downes. 

The Boston and San Diego observations have been grouped for d.aily inequality by Lubbock's 
method, and compared with his formula, by Mr. Kincheloe. The results are yet under 
discussion. 

The above are the main poin.ts of the work done, but, in addition to it, numerous smaller 
computations were made which could not well be detailed here. 

Respectfully submitted. 
L. F. POURTALES, 

.Assistant U. S. Coast Survey, in charge of Tidal Division. 
Prof. A. D. BACHE, I,L. D., 

Superintendent U. S. Coast Survey. 

APPENDIX No. 42. 
Report of Lieutenant W. P. Trowbrid.ge: U. S. Engineers, assistant in the CoMt Survey, on the 

metlwd purtrUed in conducting tidal, observations on the We..<>tern Coast of the United State,s. 

WASHINGTON, D. C., June 22, 1856. 
SIR : I have the honor to submit the following recapitulation of the results of my operations 

on the Pacific coast during the last three years as chief of the tidal party of that coast. 
Systematic observations on the tides of the Pacific along the coast of California, Oregon and 

Washington Territories, were commenced in April, 1853, under instructions received from you 
at Washington in March of that year, by which I was assigned to the duty of conducting the 
observations contemplated. 

The observations were continued three years according to the plan first proposed ; and the 
results having been regularly transmitted to the office, accompanied by detailed reports from 
time to tim~ on the progress of the work, it only remains for me to make a few remarks on the 
general character of the results. 

By your instructions, above referred to, the investigation of the tidal phenomena was made 
the special object of my expedition to the Western Coast, and, accordingly, the organization 
<>f my pa.rty and all my operations were planned with sole reference to one object, viz : 
<>bt&ining relia.ble data. for the determination of the laws of the tides. Meteorological 
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observations formed a necessary part of the scheme proposed, and magnetic experiments ~re 
ttlso required when they could be made without interfering with the main object of the work: 

The extent of coast embraced in the scheme of observations was ten to twelve hundred miles
from San Diego on the south to the western extremity of Vancouver's island on the north-the 
whole of which is remarkably destitute of harbors or anchorages. San Francisco is the only 
harbor above San Diego which can be entered safely at all seasons. There are numerous points-, 
along the coast where vessels can lie during the summer months ; but in these cases, with few 
exceptions, they are exposed to heavy swells which break in a heavy surf upon the shores. 
Settlements are necessarily few and isolated, and inaccessible by land. 

These circumstances rendered the execution of any definite plan with regard to the selection 
of stations very difficult. Some points at which it was desirable to make .observations were 
absolutely inaccessible on account of the mountainous character of the coast, which prevented 
any approach either by land or sea; at others, the heavy surf which constantly breaks along 
the shore prevented the erection of any structures for establishing the gauges. It was therefore 
found necessary to take advantage of such points as offered success, and to select the season 
most advantageous under the circumstances. 

A list of the stations occupied, with a sketch of the coast showing the location of the different 
gauges, is given in my last report, together with statistics of the observations. Of seventeen 
stations occupied, all except three or four were selected for determining the tide wave of the 
coast, uninfluenced to any great degree by harbor obstructions. 

Three self-registering gauges were first established near the southern, middle, and northern 
parts of the coast, which have been constantly running since the summer of 1853. At the 
other stations the observations were usually continued during a period of two or three lunations. 
I directed personally in the erection of all the gauges except three or four, which were entrusted 
to my assistant; but as it was not possible for me to remain near them, I took special pains to 
select faithful and reliable observers, and to furnish them with everything necessary to the 
uninterrupted progress of the work. During the whc.le period, no observations were rejected or 
lost on account of inattention or neglect, though temporary interruptions sometimes occurred, 
occasioned by storms or other unavoidable causes. 

The construction of piers on which to place the gauges proved the greatest difficulty, as well 
as the most expensive part of the work. As the self-registering machines were regulated by 
pendulums, it was necessary to make a perfectly solid basis for their support, and the difficulty 
of doing this in a heavy surf, with a small force, was very great ; and the uncertainty attending 
the stability of such structures was often extremely perplexing. 

The results, however, are bett.er than I could reasonably expect; for the time observations, 
chronometers were used, which were always regulated and set to the local time of the place. 

It is not necessary for me to enter into niore detailed explanations, as I can more safely refer 
to the notes and records which accompanied the observations, and which were intedded to 
fornish all necessary facts connected with them. 

V cry respectfully, your obedient servant, 
W. P. TROWBRIDGE, 

U.S. Engineers, Assistant U. S. Coast Survey. 
Prof. A. D. BACHE, 

Superintendent U.S. Coast Survey, Washi'ngton, D. 0. 
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APPENDIX No. 43. 
On the effect of winds in varying the level of the water in Albemarle Sound, by L. F. Pourtciles, 

assistant in the Coast Survey.-(Sketch No. 16.) 

During the progress of the hydrographic survey of Albemarle sound, numerous observations 
were made of the height of the water and the force and direction of the wind, in order to 
obtain the mean level of the surface, to be used as a plane of reference for the reduction of the 
soundings. 

But before giving the results of the ip.vestigation made to determine the effects of the wind 
on the height of the water, it will be useful to say a few words about the shape and general 
character of Albemarle sound, as far as they have a bearing on the subject. 

The greatest length of the sound, from the mouth of Roanoke river to Shellbank Point and 
Collington's island, is about fifty-six milcti; its breadth goes increasing from west to cast, 
beginning with three or four miles, and reaching about fourteen at it8 widest part, opposite the 
mouth of the Pasquotank. The greatest depth is only twenty-four feet, and the average about 
twenty. It is pretty uniform, the western end of the sound being, however, somewhat deeper 
than the eastern. The direction of the greatest axis of the sound is about W. by S. 

All the rivers falling into the sound on its northern shore run in a southeast direction-a 
characteristic feature of the water-courses descending from the eastern slope of the Alleghanies
and they all form shallow, elongated bays, as nearly all the rivers of this section of country do, 
and as may be seen exemplified in the nibutaries of Chesapeake bay. Another peculiarity of 
the mouth of the rivers emptying on the north side of Albemarle sound is to have a long point 
of land or a shoal stretching out from the western side towards the east, directly across the 
mouth. The southern shore of the sound is broken by two rivers only, one of them the Alli
gator river, forming a considerable bay, running due north, and opening directly opposite the 
mouth of the Pasquotank. 

The observations under discussion were-1st, one year's observations in 1847 and '48, at the 
Pasquotank light-boat, when the height of the water and the direction and force of the wind 
were recorded daily at midnight, and at every hour from 4 o'clock a. rn. to 8 o'cloc:k p. m. 

2d. Similar observations made at Caroon's Point, from May 5 to November 19, 1848. 
3d. Observations made in Edenton bay, from May 17 to June 13, 1849. 
An examination of the observations soon showed that no fluctuation due to a lunar tide exists 

in Albemarle sound, as might have been anticipated, considering the distance !l.nd smallness of 
the communication between the body of water and the ocean. 

The heights of the water, as recorded on the tide-staff, were then grouped according to the wind 
blowing at the time of observation. The observations made during the rise of the surface were 
kept separate from those made during the fall. The means were then taken, and the following 
tables formed, which are also represented on the accompanying diagrams.-(Sketch No. 16.) 

Pasquotank light-boat. Ca.roon's Point. I Edenton bay. 
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Thus it will be seen that, at the Pasquotank light-boat, the north wind depresses the water 
most, whilst the south wind gives it its greatest elevation. S. E., S.W., and W. winds have 
nearly the same effect as the south wind. This accords very well with the position of the light
boat. The south wind has the full sweep of the Alligator river in its greatest length, and of 
Albemarle sound in its greatest breadth. The S. E. and S.W. winds have likewise a large 
extent of water to act on. The west wind does not blow so favorably for this particular station·, 
at a first glance, but it must necessarily have a powerful effect on the body of .Albemarle 
sound, which must he felt at the Pasquotank light-boat. The other winds all blow off shore, 
and must necessarily depress the water. · 

At Caroon's Point the effects of the wind appear quite anomalous-off-shore winds elevating 
the surface, whilst the north wind, which has all the waters of Currituck !!!OUnd to act upon, 
produces the greatest depression. We must look for an explanation in the p~obable effect of the 
winds on the waters of Pamplico sound, the motions of which must make themselves felt at 
Caroon' s Point, through Croatan sound. Thus, the north wind acts on Pamplico sound with 
great force, and produces a depression in its northern part, sufficient to draw off more water 
from Caroon's Point than Currituck sound is able to supply. The south wind would naturally 
have the opposite effect. East and west winds, however, acting on Albemarle sound in its 
greatest dimension, and on Pamplico sound in its least, the effects felt at Caroon'11 Point ought 
to be those pertaining to Albemarle sound, as the obt:iervations indicate. 

The observations in Edenton bay extend over too short a period to give very reliable results. 
They indicate, however, the greatest elevation of the water as due to the east wind, as must be 
the case. 

Observations are wanting to show the effects of rain or drought, which ought to be well 
marked, as the drainage of a large extent of country finds its way into these waters. 

APPENDIX No. 44. 
Notu on the winds of tlie coast of the United States on the Gulf of Mexico-1Jy .A. D. Bache, 

Superintendent United States 000/Jt Survey.-(Sketch No. 37.) 

The observations were made in connection with those of the tides, at the Coast Survey stations 
at Key West, Fla., Fort Morgan, Ala., and Galveston, Texas, and included the direction of 
the wind and its force by estimate. The description of the means of observation, of the scale 
used in estimating its force from 0 to 10, and of the mode of obtaining from the observations 
the quantity of wind blowing from different directions, given to the American Association 
for the Advancement of Science at the Charleston meetihg, and published in its proceedings, 
apply to the present observations and results. The comparative diagrams are plotted on 
a compass rose, the quantity of wind from each direction for the month being laid off from 
the small circle described about the centre of the rose, upon a scale upon which fifteen hundred 
miles- correspond to one inch. There is one diagram for each month, and the average of the 
year is represented on a scale of 18,000 miles to the inch. 

The results at the different stations are shown in different kinds of lines, and the ~distances 
representing the quantity of' air moving from the several points are, for greater distinctness, 
laid off from a. small circle described a.bout the centre of the compass rose as a centre. The 
observations at Key West were made by Mr. Goss, a.t Fort Morgan by Mr. Wiirdemann, and at 
Galveston by Mr. Muhr. The diagrams were made by Sub-Assistant Fairfield. 

The dates of observaticms were from June, 1851, to June, 1852, for Key West; from June, 
184'7, to June, 1849, for Fort Morgan; and from July, 1851, to July, 1852, for Galveston. 

The tables from which these diagrams were made are appended to this paper, and if the 
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detailed results should be required by any meteorologist engaged in special investigations, it 
will afford me pleasure to furnish them, with the consent of the Treasury Department, from the 
Coast Survey archives. 

The same defect appears in these observations which I pointed out in those presented at the 
Charleston meeting, namely, that the observers tend to refer the winds to the cardinal and 
ordinal points mainly. The comparison of the automatic register by Osler's wind gauge, which 
I ma.de formerly from the Girard College observations, showed conclusively that this was the 
true explanation of this apparent deficiency of winds from the intermediate rhumbs. * 

A second diagram is constructed for more easy examination of the relative quantities of the 
several winds from month to month at these places. The ordinates are proportional to the 
quantity and the abscissa to the time in months from the beginning of the diagram. The 
headings sufficiently explain the other details. 

The accuracy of the estimate of each observer may be tested if we suppose the total quantity 
of wind at each place to be nearly the same by the diagram for the whole year. The areas 
which represent the total quantity of wind in all the directions are so nearly equal as to indicate 
that the estimates did not differ very widely. The estimate of the force of a particular wind at 
Fort Morgan would appear to be the greatest, next that of Key West, and last that of Gal
veston. This roust be borne in mind in comparing the quantities indicated for the same months 
at the different places. 

The following remarks in reference to these results present themselves, but the generaliza
tions lose much of their point when expressed in words. The diagrams enable the eye to seize 
them with ease and certainty. It is quite probable that some of these may not be exact for every 
year, though indicated in the result before us. The results have a direct bearing on navigation, 
and an incidental one on the progress of the surveying operations themselves. Commerce in 
this sea, closed to the westward and swept by the trade winds, must be especially indebted to 
steam power; the summer sea breeze a.long part of the coast points this out as the track for 
sailing vessels making to the eastward, at least along part of the coast. The current of the 
Gulf stream is an essential aid t.o the navigator of the Florida pass, constantly impeded by the 
prevalence of easterly winds. 

The mixed character of the wind.s at Fort Morgan and Galveston, as distinguished from those 
at Key W CBt, is instructive, when considered in reference to their positions in relation to land 
and water. The geographical position of these places are appropriate to the investigation of 
the winds of the Gulf. Key West, in latitude 24° 3a1 N. and longitude 81° 48' W., being near 
the eastern entrance. Fort Morgan, latitude 30° 13' N. and longitude 88° 01)' W., near the 
middle of the Northern Coast of the Gulf, and Galveston, latitude 29° 18' N. anu longitude 94° 
46" W., on the Western Coast, not quite one degree north of Key West, and but half a degree 
further west of Fort Morgan than that poitition is of Key West. 

The winds observed in connection with the tides at intermediate points between these, and 
extending the observations to the Rio Grande, will be discussed in turn. 

Following the diagrams I propose, first, t.o trace the prevailing winds in the year ; second, 
those in the several months and seasons and at the different places; third, the changes in 
quantity with the season ; fourth, the varieties in direction from one season t.o another of winds 
from nea.rly the same quarter. 

1. Winds from some northern quarter prevail from September until February, both inclusive, 
and southwardly winds from :March to August, inclusive. Winds from the eastward prevail 
throughout the year, except at Fort Morgan in May, June, July, and August, when the sea 
breeze is from the southwest. In the whole year the winds from the same quarter north and 

•The observa.tl.ou for Galv~n are especially deficient in that respect, the observer having referred his observations to 
but eight poiiita of the com~ Jn the diagram it was found preferable to bring the curve to zero at the intermediak 
~ blataad of connecting the oblerved points, which would ba.ve increased the area disproportionally. 

36 c 8 
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south balance ea.ch other nearly, while the eastwardly wind greatly rredominates over the 
westwardly. 

2. As remarked in my former paper, the months may be classed, according to the prevailing 
winds, into the following classes : The winter, consisting of December and January; the spring, 
of March and April ; the summer of May, June, and July ; of preparation for change August ; 
the autumn of September, October, and November. 

The winter and summer types are extremely distinct. At Key West, in December and J annary, 
northeast and north are the prevailing winds; at Fort Morgan, north, east-southeast and east ; 
at Galveston, north and northwest, then east-northeast and southeast. I suppose the general 
course of the northeast trade wind to be disturbed by local action at Fort MorgaJl and Galves
ton, the local position of greatest warmth being the Gulf. 

The summer type, May, June, and July, gives southeast as the prevailing wind at Key West; 
the southeast, south, and southwest (sea breeze) at Fort Morgan; the south, southeast, and east 
at Galveston, blowing towards the land. 

August resembles July, with the appearance of winds which prevail in the autumn. 
In September, October, and November, at Key West, east-northeast prevail; at Fort Morgan, 

north, northeast, east; and at Galveston, north, northeast, east, and northwest. 
In March and April, the spring period, southeast, south-southeast, and ea.at winds prevail at 

Key West; north, south-southeast, and east-southeast at Fort Morgan; and north, southeast, 
and south at Galveston. 

February resembles January with a preparation for the spring period, and like August, it is 
characterized at Fort Morgan and Galveston by a general diminution in the quantity of wind. 

January presents the full winter type of the winds on the Gulf, and June and July the full 
summer type. The changes are quite gradual and tolerably regular from one extreme to the 
other. 

3. The following deductions are made from these observations in regard to the least and 
greatest quantities of wind in the principal directions in different portions of the year. 

The north wind is a minimum at the three places in July, and a maximum in January. It 
is a very remarkable feature at all three places in January. The northwest almost dies out a.t 
all three from May to September, :first gaining strength at Galveston, in October, and reaching 
its maximum in all the places in December. Its quantity at Key West and Fort Morgan is 
small when at the maximum. 

The northers and northwesters both appear in force in April, at Galveston. There is very 
little west wind at either place, but more at Fort Morgan than either of the others, and chiefly 
during the months of June and July. 

Southwest wind is of rare occurrence except at Fort Morgan, where it constitutes the sea 
breeze of summer, and reaches its maximum in June and July, suddenly diminishing in 
September. 

There is but little south wind at Key West; at Fort Morgan it increases in amount in the 
spring and is the greatest in June. It is decidedly a marked feature as one of the prevailing 
spring winds at Galveston, reaching its maximum in May and becoming quite small in August, 
re-appearing in the winter, and rapidly increa21ing in March. 

The northeast wind is a minimum at the three placea in July and August; ia largest in 
quantity in September, October, November, and December, at Key West; in September and 
October at Fort Morgan; and in September, December, and January at Galveston. The sud
den increase of this wind in September, after its small quantity in August, is remarkable at all 
three places. 

The winds intermediate between northeast and southeast occur during the changes from 
northeast to southeast, and it would be of little value to refer to the greatest and least quantities. 

The southeast wind is a minimum in December and January at Key West; in January and 
February at Fort Morgan; in December and January at Galveston.. It is a. maximum at Key 
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West in July, but being replaced during the summer to a great extent by the sea breeze (S.W.) 
at Fort Morgan, makes its maximum in November, and at Galveston in May, doubtlesf' from 
the disturbing effect of the land; it is again large in July. This is the sea breeze of Key West, 
and, as well as the south wind, that of Galveston. 

4. The movement of the prevailing wind at Key West, where the disturbing causes of the 
land are the least, is very instructive. 

The prevailing wind in April, May, June, and July is the southeast, hauling to the eastward 
in August, and becoming east-southeast. In September and October it passes further north to 
east-northeast, and in November and December becomes northeast; in January it reaches north; 
returning southward in February, it is north-northeast, in March east, and reaches the southeast 
in April. The local action is thus seen to prevail for the greater part of the year over the 
general. · For the whole year the southeast wind exceeds any other from an eastwardly point. 

The eastwardly wind at Fort Morgan reaches no further south than east-southeast, in the 
spring and summer. In September the prevailing wind is northeast passing to east-northeast 
in October, and back to east-southeast in the winter and spring. The general tendency for the 
year is then ea.st-southeast, 

The changes at Galveston resemble those at Key West, the general absence of ea.st-northeast 
and east-southeast winds being due to defects in the observations. 

5. Of the winds in the three localities it may be said that the southeaAt is thf' characteriAtic 
between Key West and the others; the southwe~t between Fort Morgan and the others; and 
the northwest between Galveston and the other places. 

The south wind is another peculiar feature of Galveston, shared in a corresponding degree 
during one month only by Fort Morgan. In the prevalence of trade winds during certain 
months Fort Morgan and Galveston are alike. 

The characteristic forms of the surface, representing the whole quantity of wind each month 
at Key West, is very marked. It is shared by Galveston fully: only in July and August. 

From May onward to September, inclusive, there appears to be little danger of northers, yet 
the month of June shows a considerable amount of this wind. 

The velocity of the wind represented in the diagram for May, at Galveston, corresponds to 
11.'i' miles per hour, which is nearly the velocity for the average of the whole yea.r. 

Tahle of quantity and direction of wind at Key West, Florida, 1851-'52. 
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Tabk of quantity and direction of wind at Fort Morgan, Alabama. Mean o/ two years, 1841-8-9. 
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Tahle qf quantity and direction qf wind at Galveston, Texas, 1851-'52. 
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1 N.N.w. ' ' ' I I I ! 

J_u_l_y _______ -_-__ ·r---9[--31--;;~:~f~J 1831•~~[~1 358·~-2 ~1~1--0 
August •.. - . 81! o: 32 60 266j 191\ 739i 902 538i 405 101 0 21 o: 131 1 
September.. 473i 103' 943 574 16391 191; 4171 92 1801 65[ 121! 10 86 131 10• 9 
October..... 1030/ 511 632 8 4621 O: 399

1

. 0 401! 86, 242: 13 92 171 6681 58 
November •• 2485• 128' 574 0 1651 Oj 745 125 6641 114! 1081 28 611 104: 23881' 115 
December... 2098: 0 1169 223, 16121 39 1 475< 20 189 32; 195: 0 300 691 2172 0 
January.... 2764 1 599,1252 233 510; o: 4641 206 332, t/ 478 24 461 225: 2136/ 17 
F&bruary •• • 531 I 0 771 0 657'\ 12 997\ 203 6131 21616115! 0 106 1281 7 44 0 
March...... 17271 0, 104 325,, 962, 14j 22971 160 1678 51320i 82 227 0 6411 612 
April •••••• 18941 119 535 O .. · 830) 115; 2052 319 1726j' 24 661! 190 _360 98 2186

1

. 620 
May........ 325i 17 23 O' 8831 430! 2851 0 4047~67 2771 0 192 01 1311 232 
June ••••••• j 1610; lj 307 89

1 
2315/' urn; 644 32 13661 301 348/ o 132 4 388 o 

Whole year •• 115rn1lill
1
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APPENDIX No. 45. 
Notes on the effect of the wind upon the height qf water in Oat Island har'bor, Missiasippi,, by Goo. 

W. Dean, ..4.sBilitant United States Ooa1Jt Survey, under the immediate direction qf Prqf. A.. D. 
Backe, Superi1mt'Jlldent.-(Sketch No. 39.) 

Wrnns.-The direction and force of the wind and the height of the water were obeerved 
hourly. The observations at Cat island were made under the direction of Lieut. Comg. O. P. 
Patterson, U.S. N., by Mr. Gustavus Wurdemann, assisted by Mr. R. T. Bassett. The mode 
of observing was as follows : 

A. circle was marked on a piece of timber fixed firmly in the ground, and divided similar to 
the mariner's compass, into points and half points. In the centre of the circle was placed a 
small pole with a flag. 

The observer in making the observations had only to notice the direction in which the fiag 
was blown, and referring to the stationary compass, noted the direction of the wind. 
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The force of the wind was noted, according to the judgment of the observer, by a scale of num
bers from 1 to 10, as in the following table: 

0 Calm. 
1 Light air. 
2 Light breeze. 
3 Moderate breeze. 
4 Fresh breeze. 
5 Strong breem. 
6 Fresh gale. 
7 Strong gale. 
8 Whole gale. 
9 Storm. 

10 Hurricane. 

The numberl'I expressing force were changed to velocities by Smeaton's table, which il'I a.s 
follows: 

I 
Numbers. Velocity of the wind Pressure, In pounds, 

per hour in miles. on a square foot. 

1 l .OM 
2 4 .079 
3 13 • 861 
4 23 2.632 
5 32 5. 068 
6 40 7. 873 

I 7 50 12.300 
8 60 17. 715 

I 
9 80 31. 490 

10 100 49.200 

Having determined the velocity of the winds for every hour the wind blew from the same 
direction each month, ~he sum of these velocitieii1 ~as been considered as the quantity of air 
coming from that direction during each mouth. The quantity of air from each direction being 
determined for every month in the year, diagrams (Nos. 1 to 12, Sketch No. 39) were next 
me.de for the purpose of conveying more clearly an idea (already expressed by numbers) of the 
quantity of air coming from each direction. These monthly results, combined according to the 
seasons, form a second series, (diagrams 13 to 16.) December, January, and February being 
grouped ae the winter period, March and April as the spring period, May, June, and July as 
the summer, August as the period of change from summer to autumn, and September, October, 
and November as the autumn period. Finally, the means of the whole year are combined in 
diagram No. 17. From these diagrams we derive the following : 

1. The prevailing winds a.re eaBterly. 
2. The relative duration of easterly winds compared to the westerly winds is 2 to 1 ; and the 

average force having been determined to be the same, it follows that the quantity of air coming 
from the eastward is 2 to 1 compared to the quantity from the westward. 

3. During December, January, and February, northeast, east, and southeast winds prevail 
with an excess of southeast in March and April, and of northeast (trade winds) in September, 
October, and November. During May, June, and July, southea.11t, south, and southwest winds 
prevail, with an excess of southwest, (sea breezes.) In August, northeast, east, southeast, and 
southwest windl'! prevail. 

4. Winds from northeast, round by e&st and south to southwest, tend to raise the water in 
Cat Island harbor; and those from southwest, round by west and north to northeast, tend to 
depress it. 
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Effect of the wind to raise and depress the water.-In the discussion of the tidal observations 
at this station, it was advisable to ascertain, as nearly as possible, the exact influence of the 
winds upon the elevation and depression of the tides. 

To ascertain the effect of the wind upon the tides the following method was pursued : The 
thirty-two points of the compass were combined so as to form but eight, (N., N. E., E., &c.) 
Each reading of the tide-gauge, from January 1 to .August 1, was written in its appropriate ' 
column, i.e., each reading of the gauge, when the wind was north, was written in the column 
denoted north; each reading of the gauge, when the wind was northeast, was written in the 
column denoted northeast, and so on for each point. 

The number expressing the force of the wind was also written in its appropriate column. 
The mean of all the readings of the gauge, when the wind was north, has been considered as 
the mean height of the sea with the wind in that direction. The mean of all the readings of 
the gauge, when the wind was northeast, has been considered as the mean height of the sea 
with the wind northeast. In the same manner, the mean height of the sea has been determined 
when the wind was east, southeast, &c. The mean of the several heights thus determined has 
been considered as the mean sea level ; the difference between it and each separate height, before 
determined, is the elevation or depression of the sea, caused by the winds in the several different 
directions. 

The mean height of the water at each hour in the day, during every month, was next deter
mined by the following method. The reading of the tide gauge at each particular hour, on 
every day of the month, is written on the same horizontal line, and the mean on each horizontal 
line is considered the average height of the tide on every day of that month corresponding to 
the hour found in the column on the left. 

The sums of the forces of the wind for each hour in the day, for every month, and for each 
direction, was next determined. The sums of the forces thus found were multiplied by the 
number expressing the effect produced upon the tides by the wind in that particular direction. 
The sums of the products of the force thus found, of the winds that elevate the tides, are con
sidered as the acting force upon the tides in one direction, and the sums of the products of the 
forces of the winds which depress the tides, are considered as the acting force in the opposite 
directWn.. This diJlerence between these forces is the total force of the wind having a tendency 
to elevate or depress the tides, as the case may be. The effect produced will be directly propor
tional to the acting force. 

If the tides produced by the sun and moon are averaged out by the process already described, 
the residual effect of the winds would thus be shown, and the effect being directly proportional 
to the impulsive force, it follows that the curve representing the height of the water at each 
hour will resemble the curve representing the impulsive force of the winds at the corresponding 
time. 

The following is the mean result of hourly observations at this station, from January 1 to 
August 1, 1848, and shows the elevation and depression of the water in Cat Island harbor when 
the wind is in different directions and the average force being the same, supposing the force to the 
wind to be the same on the average for a.II the directions.-(See diagram No. 18, Skech No. 39.) 

Foot. 
N. wind depresses the water......................... ........ 0.24 

N.E. Do ...... , ...... do................................................ 0.07 
E. Do ........ elevates........................ .................. 0.24 

S.E. Do ............ do................................................ 0.31 
S. Do ............ do................................................ 0.13 

S.W. Do ........ depresses........................................... 0.05 
W. Do~ ........... do................................................. 0.12 

N.W. Do ...........• do................................................ 0.19 
N. Do ............ do................................................... 0.24 
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APPENDIX No. 46. 

Copy ef card taken from a current bottle thrown over from the United States S'llirveying steamer 
Walker, south of Mississippi delta. 

UNITED STATES COAST SURVEY. 

A. D. BACHE, Superintendent. 

UNITED STATES SURVEYING STEAMER WALKER, 

Apru 6, 1854. 

Latitude........... .............. 26° 50' N. 
Longitude........................ 88° 45' W. 

The finder of this bottle will please enclose this paper to Professor 
A. D. Bache, Superintendent United States Coast Survey, Washing
ton city, D. C., informing him of the time and place where found. 

B. F. SANDS, 
Lieute:nant Commanding. 

Picked up February 1, 1856, on Loggerhead key, Florida reef, by the party of Sub-Assistant 
C. T. Iardella. 

Copy of a card contained in a current bottle thrown over near Sandy Hook, from the United States 
Ooast Survey steamer Gallatin, Lieut. Oomg. M. Woodhull, and picked up near the Bahamas. 

CONSULATE OF THE UNITED STATES OF AMERICA, 

Turk's Island, December 2, 1856. 
Sm: I have the honor to enclose you a current messenger picked up on the North Caicos, mid 

sent to a gentleman at this place, who very politely handed it to me, immediately on its recep
tion, for transmission to the Coast Survey Office as requested. 

I have the honor to be, sir, your very obedient servant, 

Prof. A. D. BACHE, 

U.S. Coast Swrvey Office, Washington, D. 0. 

JAMES WINTER, 
United States C<>nS'lil. 

(No. 45.] UNITED 8TATF8 Co.AST SURVEY, 
October 30, 1854, Sh. 50m. A. M. 

This is intended to test the currents on the coast, and the finder of this bottle will confer a 
~eat benefit to commerce and navigation if he will enclose this paper in an envelope, and direct 
it to Professor A. D. Bache, Superintendent Coast Survey, Washington, D. C. 

Also by :filling up the blank below, stating the locality, name of the shore, the day and month 
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of :finding it, and such other particulars as will aid in showing the part of the coast, and the 
time this bottle was found. 

Where thrown overboard-Unit,ed Sta.tea schooner Gallatin, latitude, 40° 23' N., longitude, 
'12° 531 W. 

Where picked up ....................................... . 
Local name of beach .................................. . 
Near what place ........................................ . 
In what month ............... ; ......................... . 
On what day ........................................... .. 
Date and year ........................................... . 

North Caicos. 
Bottlenose creek. 
Latitude 21° 58' N. 1 longitude 71° 55' W. 
November. 
Thursday. 
November 20, 1856. 

In advance receive the thanks of the United States Coast Survey for your obliging attention to 
the above request. 

Respectfully, 
MAXWELL WOODHULL, 

Lieutenant Oarnmanding, United States Navy. 

APPENDIX No. 47. 
Sta,tement of tke Superintendent to the Oommissioners on Harbor Erwroachments, and resolution 

adupted by tAe ooard relative t-0 the wmpktion of the re-wrvey and maps of New York harbor 
and dependenciea. 

OFFICE OF CoMMISSIONERS ON HARBOR ENCB.OACllMEN'l'S, 

New York, May 26, 1856. 
Sm: The following operations are submitted as necessary to complete the work undertaken 

by the Coast Survey for the Commissioners last season, under the la.w a.nd resolutions of the 
C<Jmmissioners and authority of the President. 

1. The completion of the survey of the harbor and adjacent lands, according to the map 
herewith submitted. 

'The work of last sea.son, a.nd that necessary to complete the Commissioners' map, a.re shown 
in characteristic colors on the tnap. 

2. Maps, on the scale of fifty feet to the inch, showing the water grants and the wharves and 
slips· of New York, King's and Richmond counties. 

3. Connected with these, the marking of the exterior and bulkhead lines on the maps a.nd on 
the ground, and their connection with the stations of the Coast Survey to insure permanence. 

4. The marking on a map, of the original shore-line, and oompa.re.tive map of the city of 
New York at different periods. 

5. The continuance of the observations at Sandy Hook to develop causes of the increase of it.a 
northern point into the main ship-channel. 

• The survey noted in (1) will include the completion of the hydrography of the harbor and 
approaches of H&rlem river, Hell Gate, and the sound to Throg's neck, within the limits of the 
Commissioners' map approved last year. 

6. The survey of the Hudson will be eontin\100, the Overslaugh will be particula.rly eX&lnitted, 
and the results be reP4lrled. to the Oommissioners. The progress of too tidal wave up th.e river 
will also be exa.mi~ 
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Should the completion of this work be directed, the parties will be assigned as they become 
available, a.nd every effort will be made to complete the field-work before next winter. 

Hon. G. W. PATTERSON, 

Very respectfully, yours, 
A. D. BACHE, 

Superintendent United States 0oa8t Survey. 

President Commissioners on Harbor Encroachments, New York. 

OFFICE HARBOR CoM.MISSro:i-.'lmB, 
New York, May 26, 1856. 

At a meeting of the Harbor Commissioners, held this day, the following resolution was 
adopted: 

Resolved, That the plan for the completion of the survey of the harbor, submitted by Pro
fessor Bache this day, is hereby approved. 

APPENDIX No. 48. 

JAMES BOWEN, 
Secretary pro tem. 

Report of Mr . .A. Boschke, on the progress made in special topography in connection with maps of 
New York harbor, undertaken by tlie Coast Survey /01· the Commissioners on Harbor Encroack
menta. 

OFFICE OF THE NEw YoRK HARBOR CoMMJ.SSIONERS, 

New York, October 10, 1856. 
DEAR Sm: In obedience to your instructions, I proceeded to New York in May, to begin, in 

connection with the maps for the Commissioners on Harbor Encroachments, the revision of the 
detailed survey of the shores of that city and of Brooklyn and its vicinity. 

A careful study of the ground, with reference to the difficulties to be overcome, showed that 
in organizing the parties and laying out their work so as to provide for the requisite 
verifications and admit of interruptions likely to occur in its progress, the lim:s on which the 
survey was to depend should be traced on the ground permanently. 

The very comprehensive triangulation executed by Assistant Edmund Blunt was made the 
basiB of my operations. New York, and the water front of Brooklyn, Williamsburg, &c., 
were included within a. polygon well connected with this triangulation, and from it were traced 
base lines terminating on each wharf. These served for the survey of the wharves, by taking 
perpendicular offsets at intervals of twenty feet or less, a!! circumstances required. For the 
survey of the bulkheads, similar base lines were traced between adjoining wharves, from which 
lines, by perpendicular offsets, their position and irregularities were accurately determined. 
Mr. John Meehan, U. S. Coast Survey, surveyed the polygon and laid out the base lines for the 
wharves. Mr. 0. Dietz and Mr . .A.. Kurth, civil engineers, were employed to measure the 
wharves and bulkheads. I avail myself of this opportunity to refer to the interest and 
carefulness evinced by these gentlemen in the discharge of their assigned duties. 

. The method here described was applied in the survey of New York city, from Fifty-fifth 
street, North river, down to the Battery, and up East river to Thirty-eighth street; and in 
Brwklyn, frQJll .Atlantic dock to Newtown er.eek. The result gave for the artificial shore-line 
along wharves and: bulkheads on North river 17..3 miles, and on East river, on the New Yotk 

36 CJS 
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side, 15. 7 miles. In Brooklyn, from Atlantic doek to Newtown creek, the aggregate of artificial 
shore-line was 12.4 miles. 

These surveys were plotted in the office, on a scale of eighty feet to an inch, and admit of 
showing distinctly the value of one foot in the measurements of distances on the ground. 

The drawings of the wharves in position are arranged so as to be combined in an atlas 4 feet 
by 2}, consisting of twenty sheets. This atlas contains also the sheets of the entire shore of New 

'York bay and harbor, forty-five in number, on which, arranged for the series, the exterior line df 
the Commissioners will be laid down. A duplicate of the atlas will be made, in which, besides 
the exterior line, all grants made by the Commissioners will be marked for purposes of reference. 
The maps of the wharves will show the depth of water surrounding the piers within the slips, 
referred to bench-marks along the shore. In connection therewith, lines of level were run, and 
marked with soundings around New York city, Brooklyn, &c. 

In July I made a special survey of Gowanus bay from Atlantic dock to 1.'wenty-ninth street, 
terminating at "Long doch" Of t11is survey a duplicate map has been made, drawn by Mr. 
Rockwell, on whicb the Commissioners' lines and the former grants are laid down. The map is 
on a scale of 200 feet to an inch-a scale sufficiently large to ascertain dista.nces_ from the -map 
within one foot. · 

The sl-.ores of Manhattan island f1om Fifty-fifth street, North river, to Spuyten Duyvel creek, 
including also Harlem river and Blackwell's island, and East river to Thirty-eighth street, 
have been surveyed and mapped on a scale of 200 feet to an inch, forming a series of ten sheets, 
and representing an aggregate of forty-one miles of shore-line. On these the Commissioners' 
line will also be represented. 

A hydrographic comparative map on a scale of 20fo-o .is now in progress of compilation, 
designed to show the changes in shoals and channels w~thin the past twenty years in New York 
harbor. Also a comparative map of New York city and Brooklyn, on a scale .qf roffi, to 
exhibit the artificial changes which have been made on the North and East river fronts at 
different periods. • · 

When the surveys yet in progress are completed, of the -vicinity of New York bay and harbor, 
a general chart will be drawn on a scale of 20{,00, (size of map ten feet by nine,) giving the 
whole of the topographical and hydrographic work, with all its characteristic details and the 
lines recommended by the Commissioners. · 

I have been fully impressed with the importance of the work entrusted to me, and ha-ve 
spared no pains to obtain correct results. I can say, with pleasure, that all persons connected 
with the duty have aided me ably and cordially in its execution. 

I have the honor to be, most respectfully, yours, 
A. BOSCHKE. 

Prof. A. D. BACHE, 
Superintendent U. S. Coa8t Survey. 

APPENDIX No. 49. 

Report of Ueut. Oomg. Steplten D. Prenchard, U. S. N., .Assistant in the Ooast Survey, trans· 
milting resUlts of the hydrographic survey of St. Simon's sound and Brunswick harbor, Ga. 

FERNANDINA, EAST FLORIDA, June 18, 1856. 
Dru.:a SIR: In conformity with your instructions of the 8th of January, I proceeded with the 

party under my charge to Brunswick, Georgia, arriving there on the 6th of February, took 
charge of the schooner "Bowditch,.' commenced hydrogta.phic duties on the 12th. of. the same 
month, working down the ri'Ver, reaching St. SiJD.on•-s bar the latte:!;' part of Hay, and1.JOD1p}et;-

'.:mg operatioruf there on th~ 9t1r 'Of J~e. 
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St. Simon's bar runs nearly north a.nd south, is half a mile in length and less in width. 
Seventeen feet can be carried over it at mean low water. The general character of the bottom 
is coarse sand and broken shells. The compass course over the bar is about N.,V., and aher 
crossing it the channel tends two points more to the westward, rt~nning along the n?rth breaker 
from a hundred to a hundred and fifty yards from it. 

The channel gradually widens within the bar to near a mile. 
Some two miles to the eastward of the light-house, there is a narrow shoal running east and 

west, with fifteen feet upon it at mean low water. The shoal_ is from four to five hundred yards 
in extent, with a channel of twenty feet upon either side of it. No other obstructions may be 
considered as within the channel, which is comparatively straight after crossing the bar, to 
passing the buoy on the sand-spit which makes out from the north point of J ekyl island. The . 
channel then trends towards the west shore of that island until passing the buoy on the eastern 
point of the sand-spit or middle ground in St. Simon's sound, (which is bare at very low tides.) 
It then trends more to the southward, and quite near the buoy on the upper point of the middle 

·ground which clears the extensive flat and shoal water off J ekyl creek. 
The Brunswick shore is kept aboard until opening Turtle river, when the course may be 

shaped directly up it, carrying in more water that can be brought over the bar. From twenty
:five to thirty feet water is found close in upon the Blythe island shore. 

The mud flat making out from Brandy Point presents more than ten feet, being carried up to 
:Brunswick at low water . 

.As regards the question whether there is less water outside of the bar than exhibited by the 
reconnaissance of Lieut. Comg. Craven, I would state that care was taken to determine this 
point, and the least water found beyond the bar was sixteen feet, about three-quarters of a mile 
from the outer buoy, the light-house bearing W. N.W. This was a single cast; the previous 
and subsequent soundings being twenty feet. 

The depth of water upon the middle ground varies from eleven to fourteen feet, and the sea 
breaks upon it in heavy weather. .A portion of the north breaker is bare at low water. 

One permanent and five temporary tide-gauges were used. .At the former night and day tides 
were observed for seventy-one days, and the results forwarded to the office. 

The permanent tide station was established near the north point of .Tekyl island, just within 
the entrance of St. Simon's sound. The mean rise and fall of ordinary tides is about six and a 
half feet, and spring tides about seven and a half feet. . 

Ten current stations were occupied. The greatest velocity of the tide was found off Jekyl, 
near the tide station, during full moon ; it was running from :five to six miles per hour, and its 
ordinary velocity is from two and a half to three miles. 

On the bar, the flood sets W.N.W., and the ebb E.S.E., one and a half miles per hour. 
It is high water at Brunswick twenty-four minutes later than at St. Simon's entrance, and 

low water twenty-eight minutes later. 
I would respectfully recommend that a buoy be placed upon the shoal already mentioned, and 

one also upon the outer point of the south breaker. In the execution of the hydrographic duty 
of St. Simon's sound and Brunswick harbor, five hundred and ninety-eight (598) miles ot 
s?undings were run; twenty-eight thousand two hundred (28,200) casts of the lead made; 
eighteen hundred and :fifty-six (1,856) theodolite? and three hundred and eighteen (318) sextant 
angles observed. 

All of which is respectfully &ubmitted by your obedient servant, 
STEPHEN D. TRENCH.ARD, 

Prof. A. D. · B&mm, 
Lieut. Oomg. U.S. N., .Assistant U.S. Ooast Survey. 

B~ OtJo8t &-rvey, WaBki.gt.on, D. 0. 
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APPENDIX No. 50. 
Correspondence in relation to the capacity and character of the harbor of Fernandina, FWrida. 

OFFICE oF THE Bo.A.RD OF UNDERWRITERS, 

New York, August 6, 1856. 
Some inquiries have been made of our underwriters as to the rate of premium to be charged to 

the indpient port of Fernandina, Florida, and we are referred to thee for information relative to 
the harbor, from which we may form an opinion as to the risks to be incurred, compared with 
other southern Atlantic ports. 

If not trespassing too much on thy valuable time, we should be glad to hear from thee in rela
tion to this matter. 

Respectfully, thy friend, 

Professor A. D. BAcIIE, 

ELL WOOD WALTER, 
Secretary Board of Underwritera. 

Superintendent Ooast Survey, Washington. 

COAST SURVEY OFFICE, .August 15, 1856. 
Sm: I have the honor to acknowledge the receipt of your letter of .August 6, making inquiries 

in regard to the harbor of Fernandina. 
This harbor was surveyed in a preliminary way by the Coast Survey in 1855, and again more 

completely this year. It is easy of entrance, and has good anchoring ground after passing 
within the bar. The harbor of Fernandina is completely landlocked, and has good holding 
ground in deep water. There is 6! fathoms in the channel off the railroad company's wharf. 

Fourteen feet can be carried at mean low water over the bar, the channel being from one-six
teenth to one-fourth of a mile wide. The channel, though changing its position in a period of 
yearA, retains its depth. The mean rise and fall of the tide is 6 feet, and at spring the rise and 
fall is about 7 feet. 

The bar can be crossed in two courses, and there are no special dangers inside of it. There 
is a light-house on Amelia island, and there are buoys for marking the entrance. 

These facts show that this harbor compares very favorably with others on the southern coast. 
Yours, respectfully, 

ELLWOOD WALTER, Esq., 

A. D. BACHE, 
S1£perinte.ndent U. S. Ooast Survey. 

Secretary Board of Unde-rwriters, New York. 

APPENDIX No. 51. 
Eztract8 /rom the report of .Aniatant A. M. Harrison, with local detail,s of the topographical nrvey 

of the shores of St. John's river, F"lorida. 

UNITED STATES COAST SURVEY SCHOONER "BENJAMIN P.BIRCE," 

O.ff Jack8on:oille, Florida, February 8, 1856. 
Sm: By express I forward to you three topographical sheets, embracing the survey of the 

St. John's river, from Mayport :Mills t.o Winter's Point, abO.-e JaclcsOnnlle. The mOtith of the 
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St. John'e, and part of the outer shore was surveyed by Sub-Assistant R. M. Bache in 1853. 
My work joins his at Yayport Mills. The topographical survey executed by myself, includes 
the shore-line of both banks of the St. John's, the filling in, inland, of from a quarter to half 
a mile, and the complete survey of all the islands and bars bare at low water in the river. 

The character of the country embraced in the limits of the :first sheet of St. John's river, 
extending from Mayport Mills to Brown's creek, is marshy, intersected by numerous creeks and 
sloughs, which empty into the river at frequent intervals. In many places, at irregular distances 
back from the river, are isolated hammocks of fast land, covered with pines and palmettoes. At 
one point only upon this sheet does the fast land reach the river. St. John's Bluff is the 
extremity of a range of wooded hills, jutting upon the river at a bend of a few miles above 
Mayport Mills, forming an abrupt bluff, composed of sand and clay about forty feet high. 
Several marsh islands and a filw sand bars, "bare at low water, are embraced in this sheet . 

. The second sheet, extending from Brown's creek to Point Suarrez, embraces the widest portion 
of the river between the entrance and Jacksonville. The shores gradually change their character 
in ascending, and after passing Dame's Point, they are, for the most part, covered with pines, 
presenting occasional slight elevations in the interior, and bluffs at the water's edge. There are 
a few plantations, but none of importance. There are several marsh islands extending as far as 
Newcastle, (an old plantation of some prominence,) Crab island, about the middle of the sheet, 
being the last one that is found as far up the river as the survey extends. Mill Cove, a large 
shallow bend in the river, is bordered by a narrow strip of marsh, backed by a thick growth of 
pines, water-oaks, and a few palmettoes. The extremity of Dame's Point is irregularly wooded, 
while the marsh extends through back of it, from the shore above the point, to the shore below 
it, and in cases of very heavy freshets, it is sometimes over:fiowed sufficiently to allow the 
passage of boats of very light draught. This, however, is rarely the case. Three important 
creeks empty into the river on this sheet-namely, Dunn's, Cedar, and Trout creeks-the mouth 
of the latter being situated directly opposite to Reddie's Point, at the angle of an abrupt bend 
of the St. John's. 

The third and last sheet extends from Point Suarrez to Winter's Point, aboYe Jacksonville, 
the southern shore being occasionally somewhat hilly, and the northern nearly level. The 
banks are much wooded, and in some places abrupt. There is but little marsh, and considerable 
cultivation. A few small creeks empty into the river on this sheet, and one rather prominent 
one, na.~ea Pottsburg creek, but there are no islands. 

The St. John's, between its entrance and Winter's Point, has seven bends, namely, at May
port Mills, St. John's Bluff, Mill Cove Point, Dame's Point, Reddie's Point, Commodore's Point, 
and just above Jacksonville, its general direction being N.E. Changes are slowly but continu
ally going on in the banks and islands of the river. I am informed by General B. Hopkins, 
for some years the proprietor of the plantation at St. John's Bluff, that that bluff, where the 
river impinges against the shore with the full force of its current, is washed a.way annually 
to the extent of about four feet. At Yellow Bluff, the bank wears away at an average of three 
feet a year; above the ordinary water line; but there is very little change observable in the 
shore immediately below it. At Yellow Bluff, Dame's Point, and, in fact, all the bluffs along 
the river, ordinarily the washing is unimportant; but during the prevalence of N.E. and S.E. 
gales, or heavy freshets, it is more strongly felt. 

One marsh island to the eastward of St. John's Bluff has been formed within ten years past. 
No trace of Quarantine island existed nineteen years since, and I am told that since the year 
1828 most of the islands in the river have been so augmented or changed, as to present but 
little resemblance to their configuration or size previous to that date. 

It has been proposed by those who have investigated the subject, that, by closing the mouths 
of the streams which :flow into the St. John's, near its entrance, which are supposed t<> operate 
agaillfilt the stability of the present depth of water on the bar, (owing to a counteraction of tid:es, 
Produch.g an a<tiw'nalafion. of sand,) there wotlld result a. concentration of tht,current of the 
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river sufficiently strong to increase the amount of water on the bar, or at any rate. maintaili ff 
at its present depth. 

* * * * * * * * * * * 
Very respectfully, your obedient servant, 

Prof. A. D. BACHE, 

A. M. HARRISON, 
Assistant. · 

Superintendent U.S. O<>aBt Survey, Wa.shington, D. 0. 

APPENDIX No. 52. 
Report to the Oommi8sioner of the General Land Office, showing the progre,as made during the 

season in the survey and marking of the Fk>rida Keys. 

COAST SURVEY OFFICE, Oct<iber 14, 1856. 
SIR: In continuation of the work on the Florida. keys, prosecuted for the General Land Office 

by the Coast Survey, I have the honor to communicate the progress of the two triangulation 
and two plane-table parties which have been engaged in it, and copies of the reports of the two 
topographical pe.rties, for the past season. 

As a basis for the plane-table work, the triangulation of the keys, since the date of my la.st 
report, has been extended eastward from Johnston's key and Point Dora, and terminated at the 
close of the season at stations in Jacob's harbor, a distance of thirty-two miles from Johnston's 
key. Between these limits the positions of twenty-seven intervening keys, lying within an area. 
of about three hundred and forty-eight square miles, have been determined. 

The report of Sub-Assistant Iardella will be found to contain remarks on the general 
character of the keys surveyed by his party, and the"·details of the method employed in marking 
the land sections. His topographical sheet, copies of which are herewith transmitted in tripli
cate, and on the scale 1 oi00, as required for the purposes of the General Land Office, includes 
a part of Sugar I.oaf key, Cudjoe key, Loggerhead key, Summerland's key, Gopher key, 
and several smaller keys, not known by any loca.l designations. 

I forward also, in triplicate, copies of the topographical sheet of Sub-Assistant Wainwright, 
containing the survey of Johnston's key, Sawyer's key, and numerous smaller keys in their 
immediate vicinity. 

His report accompanying describes the local features of the keys upon which his party were 
employed. 

The two topographical sheets of this season present a. surveyed area of thirty-six square miles 
withfo two hundred and sixty-three miles of shore-line determined by the parties. 

Very respectfully, yours, · 
A. D. BACHE, Superintendent. 

Hon. THos. A. HENDRICKS, 

Oommiuioner General Land O.ffi~. 

WABBINGTON, D. C., June 10, 1856. 

SIR : * * * * * * * * * * * * * * * * 
My topographical sheet of the.season comprises J.ohnston's aml Sawyer's keys, two other large 
keys, and thirty-five small ones, .surrounded by immense banks. The work lies between 
34Q 41i' and 34° 45i' N. lat., and 81° a3f to 81° 38!' W. long., embracing thirty mil~ of 
shore-I~. of k~s, fifty-tluee miles, of 'tJaak, and.~ .or tbu,r ~~ ~es ?f in~ior. 
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Johnston's key, the principal one of these keys, is a mile and a half long and three 
quarters of a mile wide, in the widest part, covered with high and low mangrove and button
wood. This key is the only one in the vicinity that has any considerable amount of fast land 
on it, the greater part of it being intersected by a lagoon. It has about half a square mile of 
fast land, with a thin coating of soil, and the usual coral rock bottom, though it produces fine 
looking trees and bushes in the interior. This key seems to have been the nucleus from which 
a large number of small keys have formed almost all around it, and connected with it, by large 
banks, which spread from two and a half to three miles to the westward, and one to the north
ward, covered with these small mangrove keys. 

Between the westernmost chain there run channels some four feet deep. At a short distance 
there does not appear to be more than nine or ten of these little keys, but they are divided up 
into twenty-four or twenty-five, being nothing more than mangrove clumps overhanging the 
water which flows through them. 

Sawyer's key, the next in size, and the only other one designated by a local name, is about 
one and three-quarter mile long, and not over one-quarter of a mile wide. From the water it 
appears to be quite a large key ; but from the small key on which the signal stands there is a 
coral bank ext.ending one mile in length up to the main key. This is interspersed with small 
bushes, and covered with water at high tide, and only separated from the bay, on the northern 
side of the key, by a strip of bank from eleven to twenty-two yards wide, which runs from the 
western point of the key all around the outside of it, and is the only fast land on it. 

The next key in size lies to the northward and westward of Johnston's key. Though about 
a mile long, and one quarter wide, it is nothing more than a coral bank with clumps of man
grove here and there. All the smaller keys are of the same character, being merely clumps of 
mangroves surrounded by coral banks. The largest of them is but little over 200 yards long 
and 100 wide. 

Johnston's key is the only one on which I thought it would be at all useful to put up section 
posts for the Land Office, as there is land on it which I think might be cultivated, but not in 
any large body. The other keys are without value at present for that purpose. 

Ten iron stakes, flattened at the top and marked with the letters U. S. C. S. on one side, and 
M. or P. on the other, were placed on Johnston's key, the sections being laid off from either 
side of the middle meridian and parallel. 

Respectfully, 
S. A. WAINWRIGHT, 

Sub-AaaUitant Coast Survey. 
Prof. A. D. BACHE, 

Superintendent U.S. Coast Survey. 

W ABBINGTON CITY, D. 0., June 20, 1856. 
Sm: In pursuance of your instructions, I repaired t-0 Key West in November, but owing to 

the delay of the United States schooner Joseph Henry, the commencement of my work was 
retarded until the lat of January. 

The operations of the party for this year embraced a portion of Sugarloaf key, lying about 
twenty miles northward and eastward from Key West, Cudjoe key, extending several miles 
further in the same direction, Loggerhead key, and Summerland's key. Several smaller keys 
were also included, situated between Loggerhead and Cudjoe, and around the shores of Summer
land, Cudjoe, and Sugarloaf. 

Sugarloaf key, part of which was surveyed the preceding season, is about ten miles in length 
·.by au in breadth; tha eovering neat fifty square mites. . 
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This tolerably extensive area is reduced more than one-half by the numerous sounds, all con
nected with each other, that fill up its interior. The depth of water in these bays varies from 
three or four feet to as many inches. The shore extending from Sugarloaf signal towards 
Martha signal is generally sandy up to the limits of the tide, where a belt of long grass separates 
it from the fringe of woods that stretches along its whole length. Beyond Martha signal, for a 
distance of three miles, the rocky foundation of the key is left bare until nearly opposite Eliza·, 
signal, where a dense growth of mangrove bushes borders the shore as far as Happy Jack's 
plantation. The shore then again becomeR rocky till it changes into extensive mud flats around 
Point Dora signal, where several narrow openings lead into the interior sound. Besides these 
entrances there are two creeks at opposite extremities of the sound. The broader, though not 
the longer of the two, serves as its outlet, near Sugarloaf signal. It is about one mile long, 
with a very uniform breadth. The other, which comes out about ! mile below Martha signal, 
is l! mile in length, and extremely narrow, hardly allowing a boat to pass in some places. 
Through this inconvenient and winding creek almost all of the interior work had to be finished, 
which materially retarded its progress. The tide runs with great force here, as it is almost the 
only passage in this direction for the immense sheet ofwater confined within the key. 

The surface of Sugarloaf is almost a dead level, covered in some places with forests of man
grove, button-wood, and various less important trees; in others, extending into flat plains, 
carpeted with a short wiry grass, and dotted here and there with mangrove bushes or single 
trees. The soil is usually far from good, though, around Happy Jack's, it supports various 
tropical fruits, and produces excellent sweet potatoes. This key is marked by sixty-four posts, 
parallel, meridianal, and at intersections of the quarter-section lines. The rocky foundation of 
the key is marked by iron stakes, 2! feet long, driven into the coral rock four or five inches; 
they are marked on one side with a cold chisel-the other side with black paint; also by cedar 
posts, four feet long, driven into the ground two feet, and protected by coral rocks piled around 
them. The cedar posts are marked on one side with the letters U.S. C. S., and on the other 
side M. l\'P. or P. with black paint. 

Cudjoe key, which lies next to Sugarloaf, in a N.E. direction, is entirely separated from it by 
a channel about four miles in length, with a depth varying from two to six feet. It is irregular 
in shape, and about 4! miles in one direction by 3 miles in another. The shore of Cudjoe is 
generally rocky, except towards its northern extremity, which is bounded by extensive mud 
flats and several small keys, almost entirely covered by the sea at high tide. Like Sugarloaf, it 
is filled with lagoons, though these are neither so numerous or so deep. They have seldom any 
connection with each other; and at very low tide, become dry in many places. A belt of man
grove forests almost entirely surrounds Cudjoe, and clumps of trees are seattered throughout its 
interior. A line of pine trees runs from Johnson's plantation almost across the key, o.nd may 
be seen from almost any part of the coast. 

There is some very good land on Cudjoe, though it would hardly repay cultivation, except in 
a. few spots. Cudjoe key is marked with 24 posts, iron and cedar, in the same manner as Sugar
loaf and Summerland's. 

Summerland's key, which is separated from Cudjoe by a channel, much resembling that 
between Sugarloaf and Cudjoe, bears a striking resemblance to the last in shape and quality of 
the land. It is not so large, being 3!- miles long by 1! mile wide. The shore, like Cudjoe's, 
is rocky, except towards the N.W., where it is cut up into a great variety of small keys and 
mud flats, and filled with lagoons. Near Palmetto signal there is a forest of palmettoes, which 
gradually gives place to the usual growth of mangrove. A few families have made a settlement 
near the shore, just opposite Ramrod signal, where the land is tolerably good. Elsewhere, it is 
generally worthless. A small mangrove key lies not fa.r from this settlement ; and between 
this and Loggerhead we found three small grassy keys, with hardly a dozen trees upon them. 
There a.re also two small keys, a.bout i _mile from Cu~jqe, towards Loggerhead, which_ form the 
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-centre of an e-xtensive s'hoal, almost bl11cking up the passage between them and Cudjoe's. This 
key is marked with 25 posts, iron, cedar, and yellow pine, th<J same as SugaTloaf. 

Loggerhead is a l0ng narrow key about two miles from Cudjoe. It is one mile long by ! mile 
in breadth. Its shore is sandy and bordeTed with trees, while its opposite side is hidden by 
mangrove bushes, which grow far into the water. A thick forest of mangrove and button-wood 
<extends from the signal through its whole length. This key is marked with four cedar posts. 

Gopher is a small key partially covered with mangrove, lying between Loggerhead and 
!Qudjoe. 

My season's work of five months closed on May 28, and covers an area of seventy square miles, 
:including water, the actual area of ground is about 32 square miles, and 210 miles of shore line_ 
.Mir. F'. W. Alexander assisted me in the work, for which great et-eclit is due him. 

I have the honor to be, very respectfully, your obecliont servant~ 

Prof. A. D. BACHE, 

C. T. IARDELLA, 
Sub-.Allsistm~t F. S. Coast Siwvey. 

S11,'j)€ri1itendent If. S. CMst Survey. 

APPENDIX No. 53. 
Eaflrmwts from the rt port of .A.mstant .A.. M. Harrison, relative to the 'focar ckaracteristics of tlie 

western coast of Florida adjacent to Cedar KeyR. 

U. S. ScIIOONER '' BENJA.MIN PEIRCE,·' 

Perth Ambo1J, N. J., June 30, 1856. 

:sm:: "' * * * * * * * * * * 
.As regards the :nsture of the country over which my surveys of this season extended the 

~gener.al chara.ct€risties .are AA follows : 
The main slio.re emists of' a strip of marsh about a mile wide, generally overflowed by high 

'.tides, and backed by pine a.nd palmetto forests. The water is very shoal for a great distance 
seaward, and is 6.llec! vith oyster reefs, which in some places (as at Cedar Keys, and at "'ac
·Casassa bay, and south-:ward) are exposed more or less, according to the tides. 

The followinr; are the general features of those rivers, the mouths of which have been 
·examined: 

Waccasassa rill'er.-Thi!J is quite a narrow stream, flowing into_Waccasassa bay, some miles to 
-:the ea.st of Cedar Keys. The ~ntrance is filled with oyster reefs, affording a narrow boat chan
nel only, with ne>t over a. foot of water at low tide. Flats, however, can be employed. The 
mouth is marshy::o cut u:p by ba.yo.us. .A mile or so back commence the woods, consisting of 
:irregular palmetto ham.mocks, wHh some C€dars. 

We-tAlocco-chee river,.a few miles 1South of the Waccasassa, is marshy at the entrance, and has., 
Jikewiae, .many oy~r ba.T.S at its mouth. It is not navigable for vessels drawing over three feet 
.of water~ Inside, howe:ver, there is a greater depth. There are two entrances, the southern 
.one only !li>eing available. Abollt two i;niles from the mouth the woods and bushes overhang the 
ibank. 

Cryllhi/, l"iver, still further to th.e uoath 1 is much wider than the W e-thlocco-chee, and the banks 
are :W:-mer around the mou.th. It ha.a two entrances, (the southern one being the widest and 
..I~pe&t.,~ £nmed by Shell island, which i& the higheMt land found along the main shore for some 
-distaaoe, 8-eing about 2.5 feet abo" high-water mark. Off the mouth are several lines of oyster 
.reda. ll'lUUlmg nearly parallel> and more or less bare, depending on the tides. Vessels 
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drawing ten feet of water can anchor with safety inside the first oyster ree1', the entrarice beiDg 
marked by a pole on the port hand going in. 

There are a number of vessels employed in getting cedar at the Crystal river. It is obtained 
about five miles up, and rafted down to vessels at anchor inside the oyster reef. 

Honwsassa river.-This stream, a few miles below the Crystal river, empties into the Gulf of 
Mexico a mile or so below the upper end of St. Martin'R reef, and its mouth is marked by two 
prominent live-oak trees on a shell bank at the southern side, and a large rock projecting froin 
the water a short. distance to the north. A wreck lies stranded on the outer shore, not far 
below. There are numerous branches near the mouth, forming a marshy delta, but the proper 
channel is staked out. 

Vessels drawing :five feet water can ascend the river as far as the plantation of Senator Yulee. 
Nine feet can be carried nearly up to the entrance between the reefs. 

Very respectfully submitted. 
A. M. HARRISON, 

.Assistant U. S. Goaat Swrvey. 
Professor A. D. BACHE, 

Superintendent U. S. Coast Survey, Washington. 

APP.END IX No. 54. 
Letter to the Superintendent from I.tieut. Oomg. John K. Duer, U.S. N., .Assi.stant in the Ooast 81wvey, 

with recommendatwns for entering the harbor of Crystal river, we,stern coast of Fl.orida. 

u. S. SURVEYING SCHOONER v ARIN A, 

Key West, Florida, June 20, 1856. 
Sra: Circumstances of recent occurrence, relating to the delay and loss of time of vessels upon 

their arrival off Crystal River harbor, have induced me to make the suggestion given below. 
Pilots are not to be procured there, and it is extremely hazardous for any stranger bound to 

that harbor to attempt to enter by any directions he may have received. 
It would, therefore, be the better plan for commanders of vessels bound to Crystal River harbor 

to shape their course directly for Cedar Keys, and on making the light-house on Sea-Horse Key, 
and getting the proper be~ring on, (N. by E. per compass,) run in to between two and three 
miles of the shore, and make signals for a pilot. One can be procured here thoroughly 
acquainte~ with all the localities in the vicinity. 

On arriving at night o:ff' Sea-Horse key, it would be safe to run for the light, but not to 
approach nearer than three miles, and keeping on the bea.ring as above, anchor in three fathoms, 
if the weather be good, or, at all events, with the wind off shore. 

I remain, sir, very respectfully, your obedient servant, 
JOHN K. DUER, 

lieut. Com'g U.S. N., Asaistant Coast Survey. 
Prof. A. D. BACHE, 

SuperinteJt.dent U.S. Coast Survey, Washington, D. O. 
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APPENDIX No. 55. 
Extracts from repcrts made to the Superintendent, under dates June 18 and 20, by Sub-Assistant 

Spencer 0. McOorkle, relative to the capacity of the harbors of St . .Zlfark's and Apalachicola, 
Florida. 

St. Marlc's.-The importance of this harbor, in my opinion, rests solely upon the fact that it 
is the seaport of Tallahassee, from which is exported from forty to fifty thousand bales of cotton 
annually. The depth of water in the channel can doubtless be increased without a great outlay, 
the obstructions being oyster bars and sand stone rocks, all Qf which will be fully demonstrated 
in the hydrographic survey since made. 

Apalach£cola.-This harbor possesses advantages over all others between Key \Vest and 
Pensacola, by being the outlet of the Chattahoochee river, which is navigable nearly four 
hundred miles, and from which have been exported, during the present season, nearly 100,000 
bales of cotton. The trade will be eventually increased by large shipments of lumber, which 
abounds in the upper river; and also from the fact that there is 16-§ feet of water over the bar 
at East Pass, and 12! at West Pass at low water, and a secure anchorage of three or four 
fathoms inside. On the northern shore, opposite East Pass, a point of land called Topsail 
Bluff can be approached within three hundred feet with a depth of water of fourteen feet, and 
this point is now occupying attention as the proposed terminus of sev-eral railroads. The 
channels through the sound can be improved, and I am of the opinion that, after a hydro-
graphic survey, the harbor will be found of more importance and occupy more attention than 
at present. The prevalence of hurricanes has had a bad effect upon all parts of this coast, but 
there is reason to suppose that they will not occur so frequently, at least for some years to 
come. 

Very respectfully, yours, &c., &c., 

Prof . .A. D. BACHE, 

Superintendent Coast Survey, Washingtan, D. O. 

SPENCER C. McCORKLE, 
Sub-..dssiitant. 

APPENDIX No. 56. 

Ea.!tmct /r()flJ, a report of ..dSBi.Btant J. E. Hilgard to the Superintendent, on the pro(!re&B of tke 
triang~ in Mi&issippi sound and Lake Borgne. 

w .ASHINGTON' January 20, 1856. 

DEAR Sm : * * * * * * * * 
Si,gnal,s and station-mar/'8 • ..,-1. The signal I used with most success is simply a whitewashed 

board from six to ten feet long, and from eight to fourteen inches wide, set up on top of the 
tripod, or where greater height was requisite, nailed to the top of a pole, and facing so as to 
have a g~od illumination on it at usual times of observation. Nothing ca.n show better or 
afford easier pointing. It fails, however, when the station to be observed is nearly to the south 
--except in midsummer, when a morning and evening illumination is had even then. In such 
cases I used the revolving reflectors with good effect. The whitewashed boards were principally 
~d in the prllna.ry triangulation, when it was not thought to be taking too much pains to 
shrft their direction and centering as different stations were occupied. 

Another form of signal that I found very efficient is made in the following manner : about 
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four feet from the top of a pole two holeR are bored at right angles, into which sticks are driverr 
projecting about one foot on each side. From the end of these to the top of the pole laths are 
nailed, and common m.uslin is stretched over them and tacked down, forming a four-sided 
pyramid, which shows very well, and, although subject to phase, always presents a central apex. 

Insignificant as these details appear, I communicate them as being of practical value, the 
expedients being inexpeusive and very effective. 

2. The marking of stations has received special attention. The means employed varied with 
circumstances, natural marks of reference being preferred. As an ultimate station mark, 
buried below the surface beyond the reach of accidental or even wilful disturbance, the stone
ware cone, introdnced by l\Ir. Hassler, has been generally used by me, and I consider it very 
.suitable for the purpose. 

As marks on the surface of the ground, marble and granite blocks have bee~ used, the centre 
block being always of different material or shape from the 8Urrounding ones, which were placed 
at certain distances, either in the cardinal points of the horizon or in other well marked 
direction!'!. There are localities where marks of this kind can hardly be expected to be 
preserved from the eftects of wind and sea in extraordinary storms, and where there are no 
trees or other natural marks of reforenee. Where the latter existed, additional reference has 
been made to them. 

I refer to my station book for the modes employed in each particular case, but will instance 
two cases to show how they have been varied according to circumstances. 

On the sandhill at Cat island it has hitherto not been found feasible to secure the station 
point, owing to the shifting nature of the sand, which at one time leaves the marks entirely 
denuded, allowing them to fall over or slide, at another time covers them up to the depth of six 
or eight feet. Since 1847, the highest part of the hill has moved about fifty yards to the 
westward. Besides marking the station by a granite block at the bottom of a long square box 
of wood, sunk vertically into the sand, points were permanently marked in a clump of pine 
trees to the north, and in a live oak copse to the west, each distant about 500 metres ; and the 
angles at these points to the station on the hill were measured, by means of which the latter 
may at any time be replaced by an intersection. 

At Pitcher Point the station is necessarily on the beach, and liable to destruetion. Marble 
blocks were buried in t1ie woods at distances of fifty and one hundre\l feet, and in the direction 
from Cat island sandhill, which is a very prominent object. 

The localities offering the greatest difficulties in the way of preserving the stations are those 
in the marsh about the lakes and bayous of the Mississippi river. Jn many instances the 
stations are necessarily near the water's edge, where a narrow belt of broken shells offers some 
stability; the surface marks are liable to be covered up, or the whole bank is washed away, or 
the stones are removed by fishermen, as convenient ballast for boats. There are frequently no 
natural marks whatever by which to identify the locality approximately. 

As an attempt for their better preBervation, I have put down iron screw-pileri a.t some of 
the most important points on Lake Borgne-not at the station points themselves, hut in the 
marsh behind the shell ridge, carefully noting distance and direction. These screw piles are 
sunk 3! feet, and project about eighteen inches; they are very difficult to remove, and will 
escape observation from being in the marsh, where they are also more secure from the effects of 
the sea. They will probably last a long time, and it may be worth while to replace them before 
they are entirely destroyed by oxydation. They were cast by Hayward, Bartlett & Co., of 
Baltimore, !tnd cost less than six dollars each, including transportation. 

Very respectfully, yours, 
J. E. BILGARD. 

Prof. A. b. BACHE, 
)3uperintendent U. S. Ooa&t Survey. 
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APPE:NDIX No. 57. 
Letter of Commander James .Alden, U.S. N., .Assistant Coast Survey, transmitting a communica

tion from H . .A. Goldsl>orough, Esq., in relatWri to the resources of Washington Territory. 

u NITED STATES COAST SURVEY STEAMER ACTIVE, 
San Francisco, Decemher 4, 1856. 

DEAR Srn: I enclose a letter received a few days since from an old resident of Washington 
Territory, H. A. Goldsborough, Esq. You will, I trust, find the information he gives of great 
use in forming an estimate of the value of that interesting country. 

With great respect, I am, very truly, JAMES ALDEN, 

Prof. A. D. BACHE, 
Commander U. S. N., Assistant Coast Survey. 

Supdt. Coast Survey. 

0LYl\iPIA, WAsBISGTON TERRITORY, October 1, 1855. 
MY DEAR Sm: In reply to your request that I would give you information in regard to the 

trade of the various places, their facilities of commerce, supplies of lumber, coal, &c., &c., in 
this Territory, I take great pleasure in complying, and in giving you the results of my observa
tion and experience in these respects. 

From the entrance of the Straits of Fuca, some two hundred miles, to this place, which is the 
southern extremity of Puget Sound, we have about twelve hundred miles of internal coast navi
gation, suitable for vessels of any description, and indented with numerous safe inlets, bays, 
and harbors, the shores of which are covered with magnificent and inexhaustible forests, prin
cipally of fir and cedar, with some ash, maple, oak, &c. Owing to the great facility of procuring 
lumber, that has been the largest article of our export; and immense quantities of sawed lumber, 
piles, spars, and shingles, have been shipped hence to the markets of California, Sandwich 
Islands, Australia and China. The shipments of piling have very sensibly decreased within 
the last eighteen months, owing principally to the circumstance, that the objects for which they 
were required have measurably been accomplished in the extension of the immense wharves of 
San Francisco and other neighboring ports,. while the manufacture of sawed lumber has very 
greatly increased from the year 1850 to the present time, with diminished prices at this date, 
attributable to the late heavy failures in the monetary transactions of the principal receiving 
port of California. In 1850 there was but one saw mill north of the Columbia, situated near 
Olympia, at the head of Budd inlet, owned and built by Colonel M. S. Simmons, and of capacity 
f;o supply say certainly three thousand feet per day. This was the amount of sawed lumber that 
could be obtained throughout the Puget Sound district on the 1st of January, 1851. At the 
present writing we have-

Near Olympia, 4 sawmills, making ......................... . 13,000 feet per day. 
In Henderson'l'I inlet, 1 sawmill .............................. . 2,500 " 
In Hsmmersley's inlet, 1 sawmill ........................... . 3,500 " 
At Nisqually, 2 sawmills ...................................... . 6,000 " 
At Steilacoom, l sawmill ...... : ............................... . 4,000 " 
At Veryallup, 1 sawmill ...................................... . 3,500 " 
At Seattle, 1 sawmill. .......................................... . 5,000 " 
Port Orchard, 1 sawmill ...................................... .. 12,000 " 
Port Gamble, 1 sawmill ...................................... . 20,000 " 
Port Ludlow, 2 sawmills ..................... ; ................ . 12,000 " 
Bellingha.tn bay, 1 sawmill ................................... . 3,500 " 



 

Rl!POllT. 01' THE SUPERINTENDENT OJ' 

I have put these mills down at their lowest ordinary capacity, capable of an increase, under 
exigencies, of 20 per cent. There being now wharves at Seattle, Port Orchard, and Port 
Gamble, lumber at present is more easily ol!tained at these points than at the other places 
mentioned; but this difficulty will be early remedied; and as they all afford safe anchorages 1 

their choice may, in general terms, be said to depend upon their respective distances from the 
ocean, and their available capacities for supplying the wants of commerce. The very low price 
of lumber, the great stagnation in trade, and the heavy failures in San Francisco within the 
last twenty months have very materially depressed our lumber business ; but it is capable of a 
rapid and almost indefinite enlargement, should the wants of commerce on the coast to the south
ward, or across the ocean to Japan, Australia, China, &c., authorize it. Before long, too, this 
country must necessarily be looked to for immense supplies of spar timber, for which it is pecu
liarly adapted, and of which the great points of previous supplies are becoming rapidly deficient. 

The only points from which coal has heretofore been exported are Bellingham bay and the 
Duwamish river. Both of these places are very accessible, and should the coal from either or 
both prove good, the supply will ·be found, from present appearances, almost inexhaustible. 
Upon this subject, however, I have long been of opinion that the best coal existing in the Puget 
Sound district of country is to be found near the sources of some of the rivers :flowing westerly 
from the Cascades. I would refer more especially to the Stoluckguamish, which empties into 
Possession Sound at the foot of McDonogh's island, and some twenty miles up, at which 'Point 
I know there exists coal in abundance. A specimen of it, examined by Professor Johnson, of 
Washington, was pronounced by him to be the best specimen of American cannel coal he ha.d 
then (1851) seen. 

By removing two large "drifts," which now obstruct the navigation of this stream, or by 
altering its channel so as to avoid them, coal could readily be transported in large scows from 
the fields to a good harbor at its mouth. Excellent coal also abounds in Vancouver's island, and 
the extension of the "reciprocity treaty" to the British possessions on the northwest would 
probably render this coal available on moderate terms, so as to insure an ample supply for any 
number of steamers that might connect our sound with the ports of the ea.stern ocean. 

* * * * * * * * * * * 
The waters of our sound and vicinity contain large quantities of the salmon, cod, halibut, &c., 

and afford most desirable facilities as entrepots for our whaling fleets cruising to the eastward, 
and between the parallels of 50° and 60° north latitude, and 140° to 150° of west longitude. 
The Sandwich Islands a.re now the general rendezvous for this whaling fleet for supplies of 
provisions, spars, &c.; but should they turn their attention to our waters, they would save 
fifteen to twenty days in distance, find a better harbol", say Port Townshend or Seattle, and 
get their sttpplies better and cheaper. In point of fact, the vicinity of Cape Flattery itself is 
no despicable whaling ground, if one may judge from the ascertained fa.ct that, in 1852, the 
few Indians residing in that neighborhood, with the crude means in their possessfon, without 
kettles or any other facilities, ex:cept of their own contrivance, and -with light cedar can0e8, 
actually caught whales enough to enable them to sell 30,000 gallons of oil, which.brought in 
the market of San Francisco $1 50 to $1 80 per gallon. 

Within the past three months considerable excitement has been created in our midst by the 
discovery of go'ld on Clarke's fork of the Columbia river, a few miles above Fort Colville. 
These mines have not yet been thoroughly examined. The first wild and e:1;aggerated reports 
caused eager and excited crowds to rush thither without a sttffi.ciettey of provisions and other 
essentials to test the value and accessibility of the mines; but the recent murders committed by 
the Yakima tribe of Indians, and the present intense alarm consequent thereon, soon compelled 
the almost utter desertion of this gold region until the abatement or entire cessation of the 
Indian disturbances. I have understood from gentlemen who ha'Ve vitiited the district solely with 
the view of ascertaining earefully its auriferous merits, that these mines are oot adapted to indi
vidual ill-provided efforts; but will require skill, la.her, &nd mpitail1 and wh• 4b:tU»W'orked, they 
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may be expected to yield immense profits. It is to be hoped that such will turn out to be the 
exact state of the case, as transient, ill-directed, and worse appropriated gatherings of gold, can 
never be of that permanent benefit to a country_which always results from the concentration of 
skill, capital, and enterprise, in the same undertaking. Access to these mines from om waters 
may be had by tapping the Cascades either at the Naa-ches or Sno-qual-moo passes. The latter 
is decidedly preforable. It is bammetrically some 2,300 feet lower than the former, in a more 
direct line with the northern ti-ail from St. Paul's, Minnesota. It avoids all the difficult cross
ings of White river, a confiuent of the Duwamish, and was the chosen route of Governor Stevens 
in his explorations for a northern line of railroad. It is within 55 miles of Seattle, a promising 
town near the mouth of the Duwamish~ possessing the finest and largest body of agricultural 
land and the best harbor in the whole district. An adequate appropriation by Congress for a 
military or territorial road from Fort Benton on the Missouri, via the Sno-qual-moo pass to 
Seattle on Puget Sound, would be of more positive and permanent benefit to this section of country 
than any other single measure I now know of, as it would greatly facilitate immigration and 
ren~r comparatively easy the transport of troops and supplies through a country nearly coter
minous with Grest Britain's possessions, and inhabited by tribes of Indians over whom the 
protection and the power of our government should be brought into efficient exercise without 
delay. 

Washington Territory, notwithstanding its great and universally acknowledged salubrity, its 
soil perfectly adapted to the culture of all the cereals except maize, its valuable forests and 
ample waters, has not very sensibly increased in population within the past two years. ThiR 
fact may be attributed to various causes, its remoteness from the populous eastern States, the 
difficulty at present of reaching it, and its propinquity to the golden State of California, whither 
all our migratory citizens rush, anxious apparently to spend a lifetime in search of a gilded 
shadow. There is another reason, however, for this sparseness of population, which I think has 
not been duly considered, although it has exercised a very serious influence. I allude to our 
donation laws. * * * * * * Business, trade, enterprise, 
and capital will seek and find their proper level. They cannot be safely forced. 

The law of September, 1850, gave 640 acres of land to every married, and half of that 
quantity to every unmarried, citizen who would reside upon and cultivate the same for four 
consecutive years, without power, however, of alienation over these unnecessarily large tracts 
during this long period of probation. Under these circumstances men of enterprise and capital 
would not come here, when they could purchase public land to the eastward at the minimum 
price, and have the benefit of four years' speculation thereon if they desired it. * * 

* * * * * * * * * * * 
* * * * * * * * * * * * 

I look forward to the 1st of December proximo, when the donation law expires by limitation, 
as the harbinger of a new and better state of things. The lands should be surveyed as fast as 
possible and thrown at once into market, then we will see capital and all its attendant advant
ages flowing gradually but surely towards this delightful country. 

Truly, your friend, 

Commander J.uar.s ALDEN, U.S. N., 
.Aslialant Coast SunJey. 

H. A. GOLDSBOROUGH. 
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APPENDIX No. 58. 
Table for proJecting maps of large extent, arranged by Assistant J. E. Hilgard. 

The tables are based on a polyconic development of the earth's surface, which supposes each 
parallel of latitude represented on a plane by the development of a cone having the parallel for 
its base, and its vertex in the point where a tangent to the parallel intersects the earth's axis. 
The degrees on the parallel preserve their true length, and the general distortion of area is less 
than in any other mode of representing a given portion of the earth's surface. 

Denoting by a the equatorial radius of the spheroid, e the eccentricity, then the normal to 

any point on' the parallel of latitude L, is N = (l a . . L)t" The radius of the parallel 
-e 2 s1n 2 

R p = N cos L; and the radius of the developed parallel, or the side of the tangent cone 
r = N cot L. Designating by n any arc of the parallel, or difference of longitude•to be 
developed, and by {}the corresponding angle subtended by the developed parallel at the vertex 
of the cone, then the length of the given arc will be 

nRp = nN cos L, 
and also 0 r = (} N cot L ; and hence {} = n sin L. 

To determine rectangular co-ordinates X and Y, for projecting from the middle meridian the 
points of intersection of the meridians and parallels, we have simply, the developed parallels 
being arcs of circles, 

X = r sin 0, Y ~ r versin 0. 
Table I gives the co-ordinates for thirty degrees of longitude on each parallel, from latitude 

20° to 54°. The numbers correspond to the actual dimensions of the earth in metres, and are 
to be divided by the proper number for any desired scale. 

" Table II gives the length, in metres, of one degree of latitude and longitude, for each degree of 
latitude, from 20° to 54° ; also the radii of the developed parallels, which may be used to 
describe the parallels by means of beam-compasses, when the scale permits. It also gives the 
values of {)for 10° of longitude, by means of which the tables may readily be extended. 

In order to project a map by the aid of these tables, draw a straight line as middle meridian 
of the map, on which space off the required degrees of latitude by the values given in Table II. 
'rhrough the points so marked construct lines perpendicular to the meridian, and parallel with 
each other, which will be tangents to the parallels of latitude at their intersection with the 
middle meridian. 

On these tangents lay off, from the middle meridian, for each required longitude the corres
ponding X from the tables, and offset Y perpendicular to it, to the northward. Through the 
points so found, draw continuous curves for the parallels and meridians. 

Tables III, IV, and V are auxiliaries for converting metres into yards and miles, and recipro
cally, to accommodate the values in the preceding tables to other units. It will, however, be 
.olwious to every experienced draughtsman, that, in place of making a great many numerical 
.conversions, it will be preferable, in every case in which the scale used is not a simple fraction 
-0f th.e natural size-such as one-millionth part or one ten-millionth part of nature-to draw a 
£ea.le M divided and numbered that the values from the tables can be immediately taken off. 
For iutance, if it is required to project a map on a scale of 50 miles to 1 inch, we find in Table 
III. B..., :that 50 miles are equal to 80,470 metres; we construct a scale, therefore, on which 1 
inch Hi eali-ed 80,470 metres, or we make l.242'7in. = 100,000 metres, and with this scale work 
fr.om the Ta.'bles of X and Y, with unchanged numbers. 

Whea .the polyconic development is extended to the whole surface of the sphere, a. figure 
:resu'lte., which it represented on Sketch No. 65. The distortion, una.voidable in any representa.tion 
.of .a eplaericaJ.. .ilJltt.&.ce on a pla.ne, is here greatest in the equatorial regions near the eastern and 
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western extremities of the map. The circumpolar regions are well represented, and it is 
believed that this projection will be found preferable to Mercator's for maps illustrating various 
points of physical geography, the only kind for which representations of the whole sphere arc 
likely to be desirable. 

Table VI gives the data for the projection of a sphere on this principle. Draw the central 
meridian from pole to pole= 3.142, the radius of the sphere being assumed= 1. On this 
meridian space off every tenth degree of latitude, and, through the points so obtained, describe 
the parallels with the corresponding radii from the table, and construct their limits by the co
ordinates x and y. On each parallel, space off equidistant meridians with the values of 10° of 
parallel given in the table, and, through the points so determined, draw (with a curve board or 
piece of whalebone) continuous curves for the meridians. In the projection of a hemisphere 
the limiting line differs but little from a circle, as will be perceived by tracing out the meridian 
90° East and West on the map. While this mode of representing a hemisphere is undoubtedly 
the best that can be devised for preservation of areas and azimuths, the following modification 
approaches to it so nearly,· and iPJ so simple in its construction, that it deserves particular notice. 

The radius of the sphere being assumed = 1, with a radius of 1.571 describe a circle as 
limiting line, and draw diameters for equator and central meridian; describe each parallel with 
a radius equal to the cotangent of the latitude, as given in Table VI, and divide them into 
equal parts for the intersections of meridians. 

This is, in fact, a method in common use, and although empirical in its nature, that is to say, 
not representing any geometrical idea of projection or development, it varies from the very best 
method by quantities quite inconsiderable where the representation necessarily deviates very far 
from nature. 

The following coBstants may be found useful : 
Equatorial radius of earth a= 6377397 metres: 
Polar radius of earth b = 6356079 " 

Square of the eccentricity a<i-:b2 - e2 = 0.00667437 
a 

1 metre= 39.36850 inches of the United States standard sea.le. 

38 c !! 

log.= 6.80464346 
" = 6.80318928 

" = 7.8244104 



 

TABLE I. $8 
Table of co-ordinates for projecting the points of inte'l'section of me-ridians and pamllels. 

00 

--- --- --------~ ------i I Latitude 200. Latitude 21". Latitude 22°. 
~ 1-- ------- ------ -------------- ·-----·-- -·-----------
3 x y x y x y 

---- _,_ ·-------------------------------------------..--~---·---
Latitude 230. Latitude 2{0. Latitude 

-··· -·--- ---------- - - - ~-~------· - ---------- --------- --

x y x y x 
,,o> I j 

0 1ldrt1. Metre•. Jldru. Metrei. Jfelre-s. 1llctre.i. 
1 104,634 312 103,958 325 103. 249 337 
2 209,265 1, 2'l9 207, !H l l,300 206,494 1, 350 
3 313,888 2,810 311, 856 2,926 309, 7:10 3,038 
4 418,499 4,997 415,790 5, 201 412,9f>3 5,400 
5 523,096 7,807 519, 706 8,127 516, 158 8,437 
6 627,674 11, 242 623,603 11,703 619,341 12, 149 
7 732,231 15,300 727, 475 15, 928 722,498 16,536 
8 836, 758 19,984 831, 319 20,803 825,623 21,597 
9 sn,260 25,291 935,130 26, 327 928, 714 27,332 

10 1, 045, 727 31, 221 1,038,905 32, 501 1,031,7!;5 33,740 
11 1,150,156 37, 775 1, 142,639 39,323 1, 134, 771 40,823 
12 l.254.5H 44,952 1,246,327 46,791 1,237,729 48,579 
13 1,358,888 52,753 1,349,968 M,915 1,340,684 57,008 u 1,463, 182 61, 176 1,453,556 63,682 1, 443, 482 66, 110 u 1, 567, 426 70,221 1,557,087 73, ()97 1,546,268 75,883 
16 1,671,613 79,888 1,660,55~ 83, 160 1,648,989 ~6,3~9 
17 1, 775, 740 90,178 1, 76:J, 962 93,869 1,751,638 97', 446 
18 1,879,804 IOI, 089 1,867,297 105,226 1,854, 2U 109, 233 
19 1,983,802 112,620 l,970,5ti0 117,228 l,!156,708 121,6!15 
20 2,087,729 124,772 2, 073, 746 129,876· 2,059,120 134,820 
21 2, 191,580 137,545 2, 176,855 143,169 2, 161,446 148, 617 
ll2 2,295,355 150,937 2,279,871 157,107 2,263,676 163, 08:l 
23 2,399,047 164,949 2,382,B02 171,689 2,365,815 178, 216 
H 2,502,654 179, 578 2,485,639 186, 914 2, 467, SU 194, 019 
25 2,606,172 19 •• 827 2,5S8,378 202, 782 2, 569, 772 210.487 
26 2,709,fi96 210,692 2,691,017 219,294 2, 671, 591 227. 621 
27 2,812,925 227' 176 2,793,550 236,445 2, 77:!, 294 245,421 
28 2,916, 151 2+4,275 2, 895, 973 254,239 2, H4, 881 26:j, 8il5 
29 3, 019, 276 261,991 2,998,285 272,672 2,976,3t3 283, om 
30 3, 122, 2D4 280,3Zl 3, 100, 478 291,745 3, 077' 677 302,805 

J[eJra. Mctre.1. .ilfeJrea. }lfetru. Jldrt.~. 
}1)2, 510 348 101. 737 361 100,938 
205, 014 1, :-!!18 203, 472 l,4H 201,866 
31l7' 510 3. Ho 305.196 3,250 302.aO 
40 '· 911 5,592 40ll,905 .~. 777 403;694 
512,453 8,737 608,592 9,02T 604, 5T7 
614 8!1:-l 12,581 610,254 12, !l99 605,432 
717,.Wl 17, 124 111, 885 17, 691 106, 25.'I 
8lil. 677 22,365 813, 481 23, 106 807,037 
922, 016 28,304 915.036 29, 241 907' 717 

1, CJ24, 310 34,938 1, 016, 54.~ 36,097 I, 008, 41i7 
1, 126,553 42, 274 1, 118, 003 4-3, 673 l, ]09, 102 
1, 228, 7[,3 50,305 1,219,404 51, 970 1, 209, fi77 
l,3:N,R92 59,033 l; 320, 740 60,986 I, 310, 187 
1,4:!2,~68 68,457 1, 4-22, 013 70,721 1, 410, 624 
1, 534-, 9T7 78,577 1. 52:!, 21T 81, 171) 1,010,986 
1. 6:-!6, 915 89;393 1,624,339 92,34T 1, 6ll, 266 
I. 738, 771 100,903 1;72il,381 104,237 1. 711, <i56 
1, ~40.1159 113, 108 1,826,337 116, 844 1,811,555 
l,942,2M 126,006 1,927,200 130, 166 1, 911, 554 
2,04-3,860 139,598 2, 027, 967 144,205 2, OJI, 4.'iO 
2. 14-5, :rrn 153,882 2, 12R,631 158,959 2, 111, 235 
2, 246, 779 lflB,859 2,229,188 17 4, 431 2,210,908 
2,3!8,086 184, 526 2,329,632 190,608 2, 310, 458 
2,449.282 200,885 2. 429, 959 207,503 2,4-09,884 
2, 5f10. 365 217,932 2,530, 164 225,108 2, 509, 17M 
2,651,329 2:!5,669 2, 630, 2H 243,425 2,608,336 
2, 752, Hm 25't,094 2, 7.30, 186 262,452 2,707,352 
2, 852, 88:{ 273,20~ 2,829,993 2~2. 18T 2,806,220 
2, %3,462 293,004 2, 929, 65T 302,631 2,904,936 
3, 053, !106 313, 488 I 3, 029, 114 323, 781 3,003,493 

3/elret. 0 

372 1 
1. 489 2 = 3,850 3 l"J 
5,956 4 'V 
9, ll05 6 0 

13,399 6 lid 
18, 2:17 7 

>-i 

23,Rl8 !) 0 
illl, 142 9 "!I 

37,2fl9 10 ~ 
45. 019 11 = 53,571 12 l"f 
62,8H 13 ~ 
72,R99 14 ~ 
8:{, 67:1 u 'V 

t-1 95, (89 16 -JD7,H3 17 ... 
120,436 18 !"4 
l:l!, 168 19 >-'! 

t-1 
148.6.~6 20 !'11 
163,RtO 21 t:j 
179,781 22 t-J• 
19~. 456 23 !"4 
21 :J. R6;; 24 loj 

2:12, 007 25 0 
2511,81<0 26 "!I 
270,4~5 21 
2911,Rl9 28 
311, 882 29 
333,672 30 

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

--·-----·~- ______ . .......__,......, ______________ ~· ____ , _________ ,-------~~- ---



 

jl 
'Si 

latitude z50, Latitude 210. I 
3 x y x y 

0 Jfet~a. Metres. llfdrea. .Metres. 
1 100,105 383 99,242 393 
z 200,204 ],532 198,478 1,573 
3 300,291 3,446 297,702 3, 538 
4 400,361 6,127 396,907 6,290 
6 600,407 9,573 496,086 9,828 
6 600,424 13,784 595.235 14, 152 
7 700,406 18,760 694,346 19,260 
8 800,347 24,501 793, 414 25,155 
9 900,241 31,007 892,431 31,835 

lll l,000,083 38,277 991,392 39,298 
11 1,099,865 46,310 1,090,293 47,545 
12 1,199,583 55,107 1, 189, 124 56,576 
13 1,299,232 64,666 l,287,881 66,389 
H 1,398,804 74,988 1,386,556 76,985 
15 1,498,296 86,070 1,485,145 88,362 
16 I. 697' 697 97,914 1,683,640 100, 520' 
1.7 l,6!17,006 110, 518 1,682,036 113, 458 
as 1,796,215 123,882 1,780,326 127,175 
·19 l,895,320 138,004 1,878,505 141, 672 
20 1,994,313 152,884 1,976,565 156,944 
21 2, 093, lH l 168,521 2,074,602 172,994 
22 2,191,946 184, 914 Z, 172, 308 189,819 
23 2,290,571 202,061 2,269,978 207, 419 
24 2,389,063 219,963 2,367,505 225,791 
25' 2,487,415 238,619 2,464,884 244, 937 
26 2.585,622 258.026 2,562, 108 264.853 
27 2,683,677 278,184 2,659,172 285;539 
28 2, 781. 571'> 2~9,092 2,756,067 306, !l9:i 
29 2,8i9,3l0 azo,749 2, 652, 791 329,214 
80 2, 976, 877 343,150 2,949,335 35Z,201 

TABLE I-Continued. 
--~--~ ----- -- ----- ---·--------- - ------ -~-------- -·------- ---- -

Latitnde 2so. Latitude 290. I..atitude 300. Latitude 
----- -- --------- -- ------- ---- ------- ---- -- --- -~- -

x y x y x y x 
- -

MetrM. Metret. .Af trea . Nares. 11/etm. 11letm. 11Iefres. 
98, 349 403 97,426 412 96,474 421 95,491 

196,692 1,612 194,845 1,649 192,940 l, 6R4 190,975 
295,021 3,626 292,250 3, 709 2R9,39l 3, 788 ZB6,4H 
393,330 6,446 389,635 6,594 385,821 6,735 381,889 
491,614 10, 072 486,991 10,303 482,221 IO, 522 477,304 
589;864- 14,503 584,313 H,836 578,585 15,151 572,680 
688, 074 19,738 681, 593 20, 192 674,9!14 20,620 668, 010 
786, 238 25,778 778, 824 26,370 771, 172 26,930 763,285 
884,350 32,623 876,999 33;372 867,381 34,080 858,499 
982,402 40. 271 97:J, lll 41,194 9fi3, 52-i 42, 068 953,644 

1,080,388 48;722 1, 070, 153· 49,839 1,059,594 60,896 1,048,712 
1,178,302 57,976 I, 167, 120 59,305 1, 155, 583 60,562 1, 143,694' 
1. 276, 136 68,031 1,264,003 69,590 1, 251, 4R4- 71, 064 1. 238,584 I 
i. 3rn, 886 78,888 1,360,795 80,695 . 1, 347, 290 82,404 1,333,375 
1, 471, 542 90,546 1, 457' 490 92, 6Hl 1. 442, !lnl !H,579 1,428,057 
I, 569, 100 103,003 1,554,080 105,360 1. (>38, 587 107,588 1,522,625 
1,666,552 116. 259 1,650 559 118, 918 I, 63i, 063 121,432 1,617,069 
I,7~3,893 rno;313 1,746,s:lll ]3:f, 292 1,729,415 1:16, 108 1, 711,382 
1,861, 115 145, 165 1, 84-:-J, 156 148, 481 1, 82i, 635 l5t, 615 I. 805, 557 
1,958,212 160,812 1,939,260 16+,484 1, 919, 715 167, 953 l,899,o~7 
2, 055, 178 177,255 2,035,225 181, 300 2, 014, 650 185, 120 1,993,463 
2,152,005 194,492 2, 131,044 198,925 2. 109, 432 203,115 2,087,177 
Z,US,689 212,621 2, 226, 710 217,362 2,20i,053 221,936 2, 180,723 
2,345,221 231,3l2 2,322,218 236,608 2,298,506 24l,58:i 2, 274,093 
2,441,596 250,953 2,417,558 256,661 2,392,784- 262,052 2,367,279 
2,537.~0i 27l,3fi4 2,512, 727 277,520 2,486.879 283,345 2,460,273 
2,633,848 292,541 2,607,715 299, 183 2,580,786 305,456 2, 553, 070 ' 
2, 72!), 711 314,516 2,702,516 321,64~ 2, 674, 496 328' 387 2, 645, 6fi0 
2,825,392 337,275 2, 797' lz.i 3H, 918 2, 7(l8, 001 352, 134 2,738,036 
2, 1120, 883 360, 817 2,891,631 368,985 2,861,297 376,697 2, s3o, rnz 

31°. 

y 

Jllefra. 
429 

1, 717 
3,81i2 
6,866 

10, 728 
15, 447 
21, 024 
27.457 
34,747 
42, Rtll 
51,891 
61,744 
72,452 
8!,012 
96,423 

109, 685 
123, 797 
138,757 
154, 564 
171, 217 
l8R, 711i 
207,056 
226, 238 
24 6, 261 
267, 122 
2R8, 8 rn 
311, :l!\2 
3:H, 719 
358, »16 
383,943 
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-
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TABLE I-Continued. 
- ------ ·---

.gi I Latitude 32:>. Latitude 330, Latitude 3!0. Latitude 35'.l. I Latitude 360, t 1-x ---\---;- x y x I -y -- x I y \---;----: ---~----
-1 i 1 

j I 
0 

1 Jle.tm. I .Me.trl!4. .Me.tre1. .Meira. .Metm. I Meir!¥. Jleires. Jleires. Metres. : 
1 I 9!, 480 437 93, 441 4H 92, 373 451 91, 276 457 ~o. 15l I 
2 1 188, 953 1, H8 186, 873 1, 776 184-, 736 1, 803 182, 542 1, 827 180, 293 , 
s 28s, 410 3, 932 I 2so, 288 3, 991 211, os2 4, 057 213, 791 4, 112 210, 416 
4 377' 8421 6, 990 : 373, 678 7' 105 369, 401 7' 211 365, 011 7, 309 360, 510 
5 472, 241 10, 921 467' 034 11, 101 461, 685 11, 267 456, 196 11, 419 450, 567 
6 666, 601 . 15, 725 ! 560, 349 15, 984 553, 926 16, ~23 M7, 334 16, 443 540, 576 
7 660, 911 ' 21, 402 653, 612 21, 754 646, 113 22, 079 638, 418 22, 378 630, 528 : 
8 755, 166 27,950 746,817 28,410 738,240 28,835 729,438 29,225 720,414' 
9 849,355 35,370 839,954 35,952 830,295 36,488 8Z0,384 36,982 810,224 

10 943, 472 43, 661 933, 014 44, 378 922, 272 45, 041 911, 249 45, 650 899, 949 
11 1,037,509 52,822 1,025,991 53,689 1,014,160 54,491 1,002,022 55,226 989,579 
12 l, 131, 4116 62, 853 1, 118, 875 63, 884 1, 105, 953 64, 837 1, 092, 695 65, 711 1, 079, 104 
13 1, 225, 308 73, 751 1, 211, 658 74, 960 1, 197, 640 76, 079 l, 183, 258 77, 10! 1, 168, 511 
14 1, 319, 054 85, 517 1, 304, 331 86, 919 1, 289, 213 88, 214 1, 273, 703 89, 402 1, 257, 806 
15 I, 412, 687 98, 150 1, 396, 887 99, 757 1, 380, 663 101, 243 1, 364, 019 102, 605 1, 346, 963 
16 1,506,199 111,648 1,489,317 113,475 1,471,982 115,163 1,454,200 116,711 1,435,979 
17 1,599,583 126,0ll 1,581,611 128,071 1,563,160 129,975 1,544,234 131,720 1,524,842 
18 1,692,829 141,237 1,673,763 143,544 1,654,189 145,675 1,634,114 147,628 1,613,546 
19 1,785,932 157,324 1,765,763 159,893 1,745,061 162,263 1,723,830 164,437 1,702,080 
20 1,878,880 174,272 1,857,605 177,113 1,835,766 179,738 1,813,373 182,142 1,790,434 
21 1,971,669 192,078 1,949,278 195,206 1,926,297 198,096 1,902,735 200,741 1,878,600 
22 2, 064, 289 210, 742 2, 040, 775 2U, 171 2, 016, 644 217, 337 1, 991, 905 220, 237 1, 966, 669 
23 2,156,733 230,263 !,132,087 234,004 2,106,800 237,459 2,080,877 240,623 2,054,330 
24 , 2, 248, 991 250, 63T 2, 223, 208 254, 704 2, 196, 764 258, 460 2, 169, 6{0 261, 899 2, 141, 876 
25. ' 2, 341, 058 271, 863 2, 314, 126 276, 270 2, 286, 499 280, 338 2, 258, 185 284, 062 2, 229, 196 
26 '2,432,923 293,940 2,404,836 298,699 2,376,026 303,091 2,346,503 307,110 2,316,281 
27 2,524,579 316,866 2,495,32Q 321,989 2,465,328 3%6,717. 2,434,588 331,042 2,403,123 
38 2,616,020 340,638 2,585,597 346,138 2,554,394 351,212 2,522,428 355,854 2,489,711 
29 2,707,241 365,256 2,675,630 371,144 2.643,217 376,576 2,610,014 381,544 2,576,038 
30 2,798,228 390,715 2,765,423 397,009 2,731,788 402,806 2,697,341 408,110 2,662,093 

i 

Jfl'irf4. 
462 

1,850 
4, 161 
7,398 

11,558 
16,642 
22,649 
29,579 
31,430 
46,202 
55,895 
66,506 
78,035 
90, M!O 

103,842 
ll8, 117 
133,304 
149,402 
166,409 
184, il2! ' 
203,144 
222,868 
243,492 
265,017 
287,438 
310,754 
334.961 
3eo;o59 
386, 043 
412,912 

·~---~ 

Latitude 370. j 
"" x y ~ 

MelrM. 
88,999 

177,989 
266,959 
355, 899 
444,800 
533,653 
622, 446 
111, 171 
799,817 
888, 314 
976,834 

1,065,186 
1, 153,421 
1,241,529 
1,329,499 
1,417,322 
I, 504, 990 
1,592,491 
1,679,817 
1,766,957 
1,853,902 
1,940,6!3 
2, 027, ljO 
2,113,472 
2, 199,543 
2,285,370 
2,370,945 
2,456,258 
2,541,301 
2,626,063 

J/dm. o 
~ll7 1 

1, 869 2 
4, 206 3 
7,477 4 

11, 681 5 
16, 821 6 
22, 893 7 
29, 897 8 
37,833 9 
46, 699 10 
56, 495 11 
67,219 12 
78, 870 13 
91, 4.49 14 

104-, 952 lli 
119, 377 16 
134., 725 17 
150, 993 18 
168,179 19 
186, 281 20 
205,297 21 
225,225 22 
246, 064 23 
267, 810 24 
290, 461 25 
314, 015 26 
338,470 27 
363, 822 28 
390, 068 29 
417, 207 30 

Cit 
0 
0 

:= 
l"J 
"O 
0 

~ 
0 
"'!I 
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C=l 
"'d 
l"J 
l=:I ... 
~ 
l"i 
l'>J 
!"oil 
t;:I 
l9J 
~ 
~ 

0 ... 



 

TABLE I-Continued. 

':------·~---·- -------------~-------

Latitude 390. ~ Latitude sso, I 
s --------------

latitude 40°. Latitude 410. L6titud 

} x I y Ix I y x x I y x 

0 

l 
2 
s 
~ 
5 
6 
7 
2 
9 

1lletr... Metru. Melra. 1 Mttres. Metre•. I Metra. Mare.<. 
87, 820 I 472 86, 614 476 85, 3; , 

11s, 630 I 1, 887 173, 21s 1, 903 110, • 
263,420 i 4,246 259,801 4,281 256, 
351, 180 ' 7' 548 346, 352 7' 610 341,. . . . . 
(38 899 I 11 793 432 862 11 889 426 """ I • " n•• I •nn nn> '" nnn I '"" """ 

5Z6; 567 ' 16'. 9!\0 !il9; 320 11: 118 lill; ~ 10 I 11, Ziiti I ou4, ;sa;i 11, ;s~z I 49ti, Mii 
614,174 23,109 605,715 23,297 597,""' nn '"" •nn "'" nn '°" """ n<n 

Metre•. I 1lletr ... I Metru. I Met1 

l2 I 479 84,123 481 
. r53 1, 916 168,235 1,926 
' 103 : 4,310 252,326 4,334 
~20 . 7,662 336,382 7, 705 

.,.,·~no I •nn' nnn l ., "f' nnn I •n•' 695 11, 971 420,395 12,038 

!~· :~~ i ~!~· ~;? I !~' !!~ l 011; 915 17,236 504,353 n;332 
··~ 071 23,456 588,245 23,587 

701, 710 30, 179 692, 037 30, 424 682, 153 30,632 672,060 30,803 
789, 166 38, 189 778, 275 38, 499 767, . 
876,630 47,WS 864,419 47,620 8521v•v1 ~•,u-.v/ ovJ,-.L•J •"•'"I ""v,uwv1 
963,793 57,026' 950,460 57,487 936,""" •• n•n nnn ""' •n nnn nnn •<>' 

147 38,762 755,786 38,978 
':tf, .... t ....... 

~~~' ~!~ I :!' ~~~ I DV~;o45 47,845 839, 414 48, 111 
,. ... .... n.n I 

nnn 837 57) 879 922,931 58,200 
1,050,945 67,850, 1,036,385 68,399 1,021. 510 68, 8j;5 1,006,327 69,246 
1, 137, 976 79, 611 ' 1, 122, 186 80, 254 1, 106. 055 80,799 1,089,591 81,246 
1, 224, 875 92, 306 ' 1, 207, 851 93, 050 l, 190. 461 93,681 1, 172, 713 94, 198 
1, 311, 633 105, 934 1, 293, 371 106, 787 1, 274 717 107,509 1,255,680 108, 101 
1,398,2311 120,493 1,378,733 121,462 1,358 SUI 122,282 1, 338, '184- 122,953 
l, 484, 684 135, 982 1, 463, 931 137, 073 l, 442 738 137,997 1,421, 111 138, 753 
1,570,957 152,400 1,548,951 153,620 1,526 481 154,653 1,503,552 155,497 
l, 657, 049 169, 742 1, 633, 784' 171, 099 I, 610. 
1, 742, 950 I 188, 010 1, 718, 421 189, 509 1, 693 
I, 828, 650 I 207, 199 I, 802, 850 208, 848 1, 776 
l, 9H, 138 I 227~ 308 1, 887' 062 229, 112 1, 859 

031 . 172, 247 I, 685, 796 173, 184 
379 ! 190,777 1,667,833 191,812 
514 I 210,241 1,749,651 Zll, 1178 
426 . 230,637 1,831,238 231, 880 

1, 999, 405 I' 248, 334 1, 970, 045 250, 301 1, 942 
2, 084, 4>i2 270, 275 2, 054, 791 272, 410 2, 024 
2, 169, 237 293, 129 2, 1:18, 290 295, 439 2, 106. 
2, 253, 782 316, 893 2, 221, 530 319, 382 2, 188 
2, 338, 068 341, 564 2, 304, 504 3H, 239 2, 270 
2, >i22, 083 31)7' 138 2, 387, 197 370, 005 2, 351. 

103 251,961 1,912,5&7 253, 314 
537 274,212 1, 993, 684 275,679 
714 297,386 2,074,520 298,970 
627 321, 4!!1 2, 155, 084 323, 186 

. 264 346,492 2,235,366 348,822 
,617 372, 418 2,315,354 374,376 

e 420. Latitude 430, 
----·-----·--- -

y x I y 

Metres. Metra. Metra. 
484 81, 529 485 

1, 935 16~, 047 1, 9H 
4, 353 244, 541 4., 367 
7,738 326,001 7,762( 

12, 090 407' 415 12, 127 
17,407 488,771 17,461 i 
23, 690 570, 058 23, 763 . 
30, 936 651, 264 31, 0321 
39, H6 732, 378 39, 267 
48, 317 813, 387 48, 466 
58, 451 89'1, 282 58, 630 
69, 541 975, 050 69, 755 
81,593 1,055,680 81,841 
94, 600 1, 136, 160 9!, 887 

]08,561 1,216,479 108,889 
123, 4!5 1, 296, 627 123, 846 
139, 3.19 1, 376, 590 139, 756 
156, 152 1,456,357 156, 616 
173, 911 1,.535,92-0 174,425 
192, 614 1, 615, 264 193, 180 
212, 258 1, 69!1., 380 212, 877 
232. s4o 1, 773, 254 233, 516 I 
254, 358 1, 851, 878 255, 091 
276,809 1,930,240 2i7,602 I 
300,189 2,008,328 301,042 
324,496 2,086, 132 325,410 
349, 727 2, 163,640 350, 703 
375, 877 2, 240, ~41 :ns. im I 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21> 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

2, 505, 819 393, 615 2, 469, 603 396, 678 2, 432_ 
2.589.264 420_QR9 'l.551.712 424.258 2.513_ 

,673 399,256 2,39',038 401, 344 
,422 427,000 2,474,408 42Q.22:J 

I 
--------~ ---- ---- -----~- ·~ -~---·- ·--- ---· 

402, 943 2, 317' 126 404, 048 

_ -~3~-2:~~4, 281_!_~~·~~~-I 
---~---~---~--
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TABLE I-Continued. ~ 
0 
1.-o 

-~-~-- - --~---~- -- -- -- n,,___ ---- - -••• -------------·-------

~ fotitude Ho Latitude 450 Latitude 460 Latitude 47° J,atitu 
.s -~--- --------- ---- -----~ ---- --- --- --1 x I y -~- ----- -- x I Y1 -- x - I y x 

I 
I> Meirta. Metre•. · Mdrea. Metrea. Jfelre.,, Jfelrea. Meir,., )felre•. Jfelre•. 
1 80, 194 486 78,835 486 77,452 486 76,045 485 74, 6J.l. 
2 160,371 l,9H 157,659 1,946 154,892 1,945 152,077 1,941 149,216 
3 2411, 536 4, 375 236, 458 4, 378 232, 307 4, 375 228, 085 4, 368 223, 792 
' 320,660 7,777 315,221 7,782 30!1,685 7,778 30i,055 7,764 298,331 
5 400, 737 12, 150 393, 936 12, 158 387' 015 12, 152 379, 976 12, 130 372, 820 
G 480,7M 17,494 472,591 17,505 464,284 17,495 455,835 17,464 447,246 
7 660,702 23,807 551,175 23,823 541,480 23,809 531,619 23,766 521,597 
8 640, 566 31, 089 629, 67 4 31, 109 618, 590 31, 091 607, 317 31, 035 595, BbO 
9 720, 337 39, 339 708, 078 39, 364 695, 603 39. 34 l 682, 916 39, 270 670, 022 

JO 8001 001 481 556 '186, 373 48, 586 772, 506 48, 557 758, 40-1 48, 469 744. 073 
11 879,l.i49 68,737 864,549 58,774 849,287 68,738 833,7!58 58,631 817,997 
12 958, 967 69, 883 942, 594 69, 925 925, 935 69, 882 908, 997 69, 754 891, 784 
lS 1, 038, 243 81, 990 1, o:io. 495 82, 039 1, 002, 437 81, 987 984, 077 Bl, 831i 965, 421 
u 1,117,367 95,058 1,098,239 95,113 1,078,780 95,052 1,058,997 94,876 1,038,896 
16 1,196,327 109,084 11 176,817 1091 145 1,154,953 109,074 1,133,745 108,871 l,112,197 
16 I, 276, 112 124, 066 1, 25.3, 215 IU, 134 l, 230, 945 . 124, 053 1, 208, 307 123, 81!1 1, 185, 309 
17 1,353,708 140,002 1,330,423 140,077 1,306,7421 139,982 1,282,673 139,717 1,258,223 
18 1, 432, 106 156, 890 I, 407, 428 156, 972 l, 382, 334 ~ 166, 863 1, 35U, 830 156, 563 1, 3:-lO, 925 
19 1,510,294 17',727 1,484,219 174,816 1,457,707. 174,691 1,430,766 174,354 1,403,403 
20 1,588,258 193,511 1,560,784 193,605 1,532,851 193,~65 1,504,467 193,088 1,475,645 
21 1,665,990 213,238 1,637,111 213,!l39 1,607,754 213,180 1,577,926 212,761 1,547,639 
22 1,143,477 233,901 1,713,189 234,013 1,682,402 233,834 1,651,126 233,370 1,619,372 
23 1,1120,708 255,514 1,789,006 255,624 1,756,786 255,423 1,724,058 254,912 1,690,833 
24 1, 897, 670 278, 055 1, 864, 550 278, 169 1, 830, 893 277, 945 1, 796, 708 277, 382 1, 762, OO!l 
25 I, 974, 555 301, 527 1, 939 1 811 301, 645 1, 904, 711 3011 395 l, 869, 066 300, 779 1. 832, 889 
26 2,050,748 325,928 2,014,775 326,048 1,978,228 325,770 l,S41,119 3Zf>,0!17 1,903,461 
17 2,126,840 351,253 2,089,434 351,:173 2,051,435 351,067 2,0l2,ll56 350,362 1,973,712 
28 2. 202, 620 377' 498 2, 163, 773 377' 619 2, 124, 317 377, 280 2, 084, 2fi5 376, 481 2, 043, 631 
29 2,278,076 40!,661 2,237,784 404,780 2,191,866 404,406 I 2,155,335 403,540 2,113,i07 
30 2, 353, 197 432, 736 2, 311, 449 432, 852 2, 269, 067 432, 441 2, 226, 0521 431, 504 2, 182, 427 

~e--:;~-----T-- L!titn;;~--~ 
B 
'bh 

y x y ~ 

.3 

jfelra. jfelr'8. ,!ftlrea. 0 

484 73, 161 482 1 
1,935 146,309 l,927 2 
4,il54 219,432 4,336 3 
7,740 292, 516 7,708 4 ::ii ] 2, 09:! 36&, :;50 12, 042 5 l!<j 

17,411 438,521 17,338 G '":I 
23,695 511. 415 23,594 7 Q 
30,942 584,220 30,810 8 Iii' 
39, 151 656,925 38,985 9 

"3 

48,322 729,515 48, 116 10 ~ 58,452 801,979 58,20B 11 
6g, 641 874, 303 69,243 12 "3 
81, 584 946,476 81,235 13 = 94,584 1,018,485 9t, H7 14 1!71 

108,534 1, 090, 317 108, 065 Hi fa 
l23,4:l4 1,161,959 122, 899 16 C1 
139, 281 1,233,401 138,67U 11 "O 
156, 072 1,304,628 155,392 18 ~ 

1111 173,805 l,3i5,629 173, 044 19 .... 
192,476 I. 446, 3lll 191, 6~1 zo ~ 
212,083 1, 516, 902 211, 147 21 ~ 

r.i 232,622 1,587, 150 231,591 22 
·~ 2M,090 1,657, 123 2fi2, 958 23 

276,482 1,726,808 275,246 24 Pl 
299,196 1, 796, 193 298,H9 26 lill 
324,027 1, 865. 267 322, 564 26 ~ 
349,172 1, 934, 017 347, 587 27 Q 
375, 2251 2,002,432 373.513 28 

"" 402,183 2,070,500 400,!!:!8 29 
430,042 2,138,207 428,058 30 



 

t 
Q .a 
0 

l 
2 
3 
4 
5 
II 
'i 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2' 
is 
26 
21 
28 
29 
80 

Latitude 5()0. 

x 

Jlitm. 
71,685 

H3, 357 
215,003 
286, 611 
358,168 
42!1, 661 
661,077 
572,403 
643, fi27 
714, 736 
785, 718 
856.558 
92'1, 2!6 
997' 768 

1, 068, ll l 
1, lil8, 264 
1,208,213 
1,277,946 
1, 347' 451 
1.4111,715 
1,485,725 
1, 1\54, 471 
1,622,938 
1,691,115 
l, 758,990 
1,826,MO 
l.~93, 784 
1, 960, !180 
2,027,224 
2,093,407 

y 

Mtlru. 
479 

l,n7 
4,312 
7, &66 

11, !1!76 
17, 243 
23,465 
30, li41 
38, 771 
47,851 
57, 8~2 
611, 8'61 
80, 71<6 
93,665 

1()7,465 
122, 215 
137,902 
154,522 
172,073 
199,552 
209,955 
2:rn. 279 
251, 520 
273, lli5 
296,789 
320,709 
3~5,580 
371,347 
3~8.006 
425,553 I 

TABLE I-Continued. 
··-~---------;-----.. -u.••~---- -

Ii 
----- --- ----- ----[ ·~ 

x y x y x y x I y 
1

3 
------------- ------------ -------------------------

JleJre.!. · Jfttru. Mdres. Metm. 1'/dr~. Jletw. Jletr~. Jfelre-'. I o 

Latitude 520. Latitude 530. J.atitude 540, Latitude 610. 

71>, 186 476 68, 667 4 72 67, 127 468 65, 567 463 1 
140,360 1,904 1.17,322 l,tl88 134,241 1,871 131,117 1,851 2 
210. 510 4, 284 205, 950 4, 249 201, 329 4, 210 196, 645 4, 165 3 
280.618 7,614 274,541 7,553 268,3i8 7.483 262,131 7,404 4 
350,676 11,896 1143,0iS 11,801 335,375 11.692 327,566 ll,567 5 
420,671 17,126 411,549 16.990 402,304 16,8:12 3!12,9:17 16,6.54 6 
490,586 23,307 479,946 23,120 469,157 22,906 458,226 22,Btit 7 
560, 411 30, 434 548, 249 30, 192 5:15, 920 29, 911 52.1, 427 29, 595 8 
630,133 38,510 616,451 38,2112 602,576 37,t!45 588,521 :l7.H5 9 
699,i42 47,530 684,534 47,146 669,119 46,707 653.500 46,212 IO 
769,219 57,490 752,487 57,030 735,530 56,498 718,347 55,8!19 11 
838,555 68,398 820,300 67,845 801,798 61,215 783,052 66,497 12 
907,736 80,240 8A7,956 79,592 8G7,910 7R,850 847 1 602 78,010 13 
976, 71\3 93, 020 955, 446 92, 270 933, 854 91, 407 91 I. 980 90, 4:ll 14 

l,045,588 106,733 1,022,753 105,873 999,614 104,880 976,17d 103,765 15 
l, ll4,230 121,382 l,0~9.~66 120.401 1,065, 180 I ll9,274 l,040, 1A4 118.002 16 
1, 182, 670 136, 963 I. l!i6, 777 l:J5. 850 1, 130, 540 I 1!14, 5i8 l, 103, 977 l.J3, 140 17 
i,2so,s9o 153,465 1,223,4116 152,219 1,195,684 I 15o,79t 1,rn1,ri51 149,11s ls 
l,3l8,8db 170,893 1,289,926 16~1,504 1,260,594 107,908 1,230,894 Iti6,110 19 
1, 386, 627 189, 240 1, 356. 139 IR7, 699 1, 325, 260 185, 930 1, 2!!:i, 993 183, !136 20 
1,454,119 208,503 1,422,0:15 21Hi,804 1,389,665 20!,85.3 1,356,834 202,650 21 
l,521,346 228,fi86 1,487,785 226,818 1,463,800 224,670 1,419,401 222,250 22 
1,588,290 249.775 1;553,1!12 247,7:16 1,517,653 245,381 1,481,688 242,732 23 
1,654,943 271,TH 1,618.307 26!1,540 1,581,213 266,977 l,M3,6il 264,092 U 
1, 721, 292 294, 670 1, 1183, 114 2112, 242 1, GH, 41i5 289, 457 1, 605 31i0 286, 32:1 25 
l,7B7,32Z 318,465 1,747,603 311\,836 1, 707,398 312,820 l,61i6, 725 30~,430 26 
1,853,027 313.153 1,s11,1r.2 31n,:i12 1,769,999 3:11,oss 1,121,754 3:rn,39::1 21 
1,918,390 368,730 l.~75,577 365,669 1,832,256 362,163 1.788,440 358, 218 28 
l,983,398 395,193 l,939,0tO 301,900 l,~94,155 S88,131 1,848,761 383,897 29 
2,048,043 422,5!2 2,002,133 418,984 1,955,688 414,965 1,908,730 410,423 30 
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'!'ABLE II. 

Length, in metres, ef one degree of latitude and longitude, from latitude 20° to 54°; values of the 
corfesponding radii of the developed parallel, and angles at each pole for 10° of longitude, 

Lat. 1 o oflatitude.; 1 o oflongi- !Radius of par-/ e for 10° of 
: tude. allel. / longitude. 

-o- :llfetres. ~fetre.<. I Jletre1. I' 0 ' " 

20 110 693. 3 104 634. 8 , 17 528 600 I 3 25 12. 7 
21 110 706. 0 103 958. 2 J IS 620 820 I 35 01. 3 
22 110 719. 2 103 250. 0 15 792 110 44 45. 8 
23 110 732. 9 102 510. 5 1 15 031 865 , M 26. 3 
24 110 747. 1 101 739. 8 I 14 331 780 i 4 04 02. 5 
25 no 16t. 7 100 93s_ 2 I 13 684 530 13 34. 3 
26 110 776. 7 106 105. 9113 083 990 23 01. 4 
27 110 792. 2 99 243. 2 12 1\24 960 32 23. 7 
2s no sos. 1 98 350. 2 r' 12 002 960 41 41. o 
29 110 SU. 4 97 427. ! 11 524 770 50 53. 1 
30 110 841. 0 96 4 74. 8 11 055 200 5 00 oo. 0 
31 110 858. 0 95 49~. 9 10 623 179 09 01. 4 
32 no 875. 2 94 481. 9 10 215 570 17 57. 1 
33 110 892. 8 93 442.1 9 830 Oll7 26 47. 0 
34 110 910. 7 92 373. 8 9 464 760 35 31. 0 
35 110 928. 8 : 91 277. 3 9 117 882 44 08. 8 
36 110947.2 901152.9 8787972 5240.3 
37 no 965. 8 89 ooI. o 8 473 340 6 01 05. s 
38 110 984.6 87 821.9 8 173 042 09 23.8 
39 111 003. 5 86 616. 0 7 885 875 17 35. 5 
40 111 022. 6 85 383. 6 7 610 788 25 40. 4 
41 111 041.8 84 125.l 7 346 915 33 38.1 
42 111 i61. 1 82 840. 8 7 093 423 41 28. 7 
43 111 080.5 81 531.1 6 849 560 49 11.9 
4-4 111 100. 0 80 196. 5 6 614 648 56 47. 7 
45 111 119. 4 78 837. 3 6 388 064 7 04 15. 8 
46 111 138. 9 77 453. 9 6 169 244 11 36. 2 
47 111 158. 4 76 046. 8 5 957 663 18 48. 'J 
48 111 177. 8 74 616. 3 5 752 845 25 53. 2 
49 111 197. 2 7~ 162. 9 5 554 355 32 49. 6 
50 111 216. 4 71 687. 0 5 361 781 39 37. 6 
51 111 235.6 70 189.l 5 174 752 46 17.3 
52 111 254. 6 68 669. 6 4 992 925 52 48. 4 
53 111 273. 4 67 129. 0 4 815 973 59 10. 9 
54 111 292. l 65 567. 7 4 643 603 8 05 z.4. 6 

TABLE m.-A. 

" Tal>le Jor converting metres into statute mile&. 

1 metre = O. 000621346 mile. 

[6. 7933335.] 

Metres. I Miles. Metres. Miles. 
I! 

Metres. Miles. I Metres. Miles. 

100000 62. 135 --------------~------------ I 

------------ -------------- ------------ ----- .............. 
90000 55. 921 9000 5.592 ! 900 • 559 90 • 056 
80000 49.708 8000 4.971 I 800 . 497 80 .050 
70000 43.494 '1000 4. 349 700 . 435 70 .044 
60000 37.281 6000 3.728 600 • 373 60 • 037 
50000 31. 067 5000 3.107 500 . 311 50 • 031 
40000 24.854 4000 2.485 400 . 249 40 • 025 
30000 18.640 3000 1-864 300 .186 30 • 019 
20000 12.427 2000 1. 243 200 .124 20 .012 
10000 6.213 1000 • G21 100 • 062 I 10 .006 

' ---
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TABLE ID.-R 

TaUe for oonverting statute miles into metres. 

l mile= 1609. 40831 met.res. 

[3. 2066665. J 
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100 160940.83 
90 144'846. 75 
80 128752.66 
70 112658.58 
60 96564.50 

80470.41 

1
1 Miles. Metres. I Miles. Metres. I Miles. I Metres. 
! ii I 

-----+---·--j-····;····· ···im<:ii···,

1

!-----;;:;;---- ----i448:;1---,'-_-__ -_-o.-_0_9 ___ -_--J----i44:85···· 
I 8 12875. 27 I 0. 8 1287. 53 ! 0. 08 128. 75 

I 
7 11265. 86 • 0. 7 1126. 59 I 0. 07 112. 66 
6 9656 45 I o.6 965.65 I 0.06 96.56 

, 5 8047. 04 I o. 5 804. 70 1 o. 05 80. 47 50 
40 6(376.33 
30 48282.25 
20 32188. 17 
10 16094. 08 

Metres. Yards. 

100000 109356. 96 
90000 98421. 26 
80000 87485.57 
70000 76M9. 87 
60000 65614,. 18 
6-0000 54678.48 
40000 43742.78 
30000 32807. 09 
20000 21871. 39 
10000 10935.70 

~ 

I 4 6437. 63 I 0. 4 643. 76 I o. 04 64. 38 
3 4828.23 ! o.a 482.82 

1

r o.os 48.28 
3 3218.82 ,t 0.2 321.88 0.02 32.19 
l 1609.41 0. 1 160.94 I 0.01 16.09 

1! i 

TABLE IIL-C. 

TaRefor oonverting metreJJ i.nto yards. 

1 metre = 1. 09356959 ya.rd. 

[O. 0388464. J 

Metres. Yards. Metre!I. , Yards. Metres. Yards. 

'~I 
Yards. 

.. _ .. ___ ..... ... _____ ,. _____ ------·- _____ .,. ...... -- --------
9000 
8000 
7000 
6000 
5000 
4000 
3000 
2000 
1000 

9842.13 900 984. 21 90 
8748.56 800 874. 86 80 
7654. 99 700 765. 50 70 
6561.42 600 656. 14 

I 
60 

5467.85 500 546. 79 50 
4374.28 400 437. 43 

I 
40 

3280.71 300 

I 
328.07 30 

2187.14 200 218. 71 20 
1093.57 100 109.36 

11 

10 

TABLE ID.-D. 

ToRe for OOf}tJerting yama into mef,re,s. 

l 7ard = 0. 91HS654 metre. 

[9. 9611586.] 

,, 

·····:rn·-: ····r ····nr 
76. 55 / 1 1. 65 
6~61 I 6 ~56 
54. 68 5 5. 47 
43. 74 : 4 4. 37 
32.81 

i 
3 3.28 

21.87 2 2. 19 
10. 94 

I 
1 1. 09 

Yards. Metres. ----l------lll-_Y_ar& __ ·..J-.-Jrl-etr_ee_._,I Yards. Metres. I Ye.rds.1 Metres. II Yards. Metres. 

I ~ 100000 91.U3.65 
90000 82299.29 
80000 73154. 91 
70000 64010.6(1 
60000 54866. 19 
50000 457Zl.83 
40000 36577. 4CI 
30000 274S3.lO 
20000 18288.73 
10000 lllH. 37' 

--;iE-- ---!ilr~r· ---i~r- ----!~rir-

1
1 ·---ir- -----!rn-·

1

11, ____ T_ ----!]r-
6000 6486, 62 600 648. 66 60 54. 87 I 6 ti. 49 
5000 4572. 18 500 457. 22 50 45. 7Z 111 5 4. 57 
4000 8657, 75 400 365. 78 I 40 86. 58 , 4 3. 66 
llOOO 2743. 31 800 274. 83 ! 30 27. 43 ! S 2. 74 
2000 1828. 87 200 182. 89 : 20 18. 29 11 2 I. 83 
1000 914. 44 ·100 91. 44 1 lo 9. u !I 1 o. 91 

Ii 
89 CB 
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Yards. Miles. 

100000 56.818 
90000 51. 136 
80000 45.455 
70000 39.773 
60000 34. 091 
50000 28.409 
40000 22.727 
30000 17.045 
20000 11. 364 
10000 5.682 
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TABLE III.-E.. 

Table/or converting yards into miles. 
1 yard= 0.000568182 mile. 

[6. 7544873.J 

I Yards. I Miles. II Yards.--- Mil:--1: Yards. Miles. 

1-----1 --11 -(.------
----~ggf ·--1-···TH~---·1-···-~~g--·- --·--0:-~H----1:---- -~g--··,

1
:----0:-g!r·· 

~~~g ;: :~~ 11' ~~g : ;~~ ~ ~g : ~~~ 
5000 2. 841 ' 500 . 284 llii ' 50 • 028 
4000 2. 2731 I 400 • 227 ii 40 I . 023 
3000 1. 705 300 • 170 I 30 • o 17 
2000 1. 136 ! 200 • 114 1· 20 • 011 
1000 o. 56S I 100 • 057 i 10 I . 006 

~-~~-~-------"--~--

TABLE IV. 

Length of a degree of the meridian, in nautical and statute miks, for eack ftftk degree of latitude 
between 20° and 50°. 

1 o of l&titude. In latiiude. IO of latitude. 

------
Nautical mileli. 0 Staiule mikl. 

59.669 20 68.779 
59.706 211 68.822 
59.749 30 68.S71 
59. 796 35 68. 92!1 
59.847 40 68.984 
59.899 45 69.044 
59.951 50 69. 104 

TABLE V. 

Length of a degree of longitude,jor each degree of latitudefr<Ym 19° to 54°, expre88ed in nautical 
and statute miles. 

10 of the equator= 60 nautical miles= 69.160 statute miles= lll,S06. 6 metres. 

10 of l<:>ngitude. In latitude. 1 o of longitude-

Statute miles. 0 0 Nautical miles. Statute miles. 

---6-5.-4-15--1 M. 751 1 __ 1_9_, ___ ...1---

65. 015 I 5~.404 20 
64.594 56.039 21 

37 47.976 M.300 
38 47.341 54.568 
39 46.690 53. 819 

64. 154 55. 657 22 40 46.026 53.053 
63.695 55.259 23 41 45. 348 52.271 
63.216 64.843 24 42 44.666 61. 473 
62.718 54.411 26 43 43.949 50.659 
62, 200 I 63. 962 26 
61. 664 I 53. 497 27 
61.109 I 5~.016 28 
60.636 62.518 29 
59.944 52.005 30 
59.334 51.476 31 
58.YOG 60.931 32 
58. 060 1. 60. 370 33 
57. 396 49. 794 f' 34 
56. 715 49. 203 ~ 
56. 016 I 48. 6:17 86 

I I 

44, -43,230 U.830 
45 42. 498 4,8. 986 
46 41.ns 48.126 
47 40.993 47. 251 
48 40.22:1 46.36ll 
49 39. 4.39 45.400 
50 38.643 44.542 
51 37.836 43.GU 
62 87.016 42. 668 
5S 36.186 41.'110 
M 86.344 40.740 

I 
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TABLE VI. 

Radii aad tx:rm·dinates for the po 'yconic develnpment of a sphei e, the radius of the spliere being 
assumed= 1. 

---·--- --·----------- ---------------- --~-

Latitude. x. y. i Length of lQO of Rad" f 11 1 l parallel ius o para e . 

0 

() 3.142 0.000 o. 1745 Inf. 
10 2.942 0.823 0. 1719 5. 671 
2() 2.416 l. 439 0. 1640 2. 747 
ao 1.732 l. 732 0. 1512 1. 732 
(() 1. 074 1. 709 0. 1337 1.192 
50 0.563 1. 461 0. 1122 0.839 
60 0.236 1. 104 o. 0873 0.577 
70 0.069 0.721 0.0597 o. 364 
80 0.008 0.352 0. 0303 0. 176 
85 0.001 o. 175 0.0152 o. 087 
90 0.000 o. 000 0.0000 o. 000 

APPENDIX No. 59. 
Communication from Assistant Charles A. Schott, of the Uomputing Division, Coast Survey Office, 

on the determination of the probable error of an observation from the differences of the observa
tions from their arithmetical mean. 

w ASHINGTON' November 26, 1856. 
DEAR Sm: The practical value of the following article, taken from No. 1,034 of the Astrono

mische Nachrichten, has induced me to translate it, and to add an example. 
''The det;ermination of the probable error of observation by means of the sum of the differences, 

these being considered as essentially positive .from their arithmetical mean, deserves attention 
on account of its simplicity. It has, therefore, been thought proper to develop the formulm 
referring to this case. 

Let p be the true value of a quantity repeatedly observed. 
ad a" a'" ... , the individual values and obtained under like circumstances 
e ~ i' E"' .••• the true errors of observation, and n the number of observations. 

We then have 
a =p-e 
d =p-i 
a"=p-~' 

(n -- 1} (n -- 1) 
a =p-e 

The arithmetical mean of the observed values is 

+ 1 + ,, + + (n-1) + _, + 11 + (n -- J) a a a ... a e ~ e ... +e ---- ----- --n-~- -- --------- = p - -----~----- --------

and their deviations from this mean are respectively 
(n - 1) e - ~ - ~' - . 

n 
- e + ( n - 1) e' - c'1 

- ••• 

n 
-e-t + _(n-1)~=-.:_:_: 

n 
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We designate these quantities by f /' /" ... and their sum, considering them a.s positive, by 
If. If, as is here supposed, the observations are of the same weight, the same probable error 
p corresponds to each of the true errors e fl E!' , •••• ; also, the probable error p' refers to the 
differences ff' f'' . , .. and is equal to 

p /~(n---2-l~)~' -+-(n---1)-1,.--: . p Jn 1 
V n n n 

The quantities//'/" .•.. are only subject to the condition, that their sum= o, hence the' 
sum of the positive must equal the sum of the negative deviations. According to Gauss, the 
average value of a number of such differences, having the probable error p', equals 

p' == If hence 
0.4:16936 ../re n 

p' = 0.476936 .;-; If b t p'- In- 1 
n . u -Pv--n-

hencep= 0.4'T6936 vnI/ = 0.845347 If __ 
. vn(n-1) vn(n-1) 

We meet generally with the formula 0.845347 n I 11 which give the value of p a little too 

large." 
Example.-The azimuth results at Webb station have been selected on account of the occur

rence of one predominent value (thrown out by the criterion) and their small number, both 
circumstances tending te> bring the formula to a severer test. We have 

Mark E. ofN. 

0 I ff i 

6 07 H.88 ! 
45.65 
45.89 
.4.(.80 
46.55 
44.78 

Dill'. 

- 0.76 + 0.01 lg. 0.845347 •• "--·---= 9.92704 
+ o. 25 lg. 8.20 -·--·-------- o. 91381 
- 0.84 c. lg . .../90........... 9.02288 

P= ±0".73. 9.86373 

and prob. error of menn = ± 0".23. 047, 97 • 
44.03 j 
45. 62 r 

46.25 ' 

+ 0.91 
- 0.86 + 2.33 
- 1.61 bymea.ne of squaring we obta.in for the same± 0".'16 and:±: 0".ll! respectively. 
- 0.02 + 0.61 

Mean 6 07 45. 64 ~ + 4. 11 
- 4.09 

8. 2{) 

I remain, sir, yours, very respectfully, 

Professor A. D. BA.CHE. 

Superintendent U. S. Coast Su1'1Jey. 

APPENDIX No. 60 . 

ORAS. A. SCHOTT.· 

.Description of an apparat'IU for meonring wul>Bidiaf'"v baae-lines. 

Any apparatus for the measurement of base-lines, which does not, in a great degree, combine 
the principles and details of the principal base apparatus of the Coast Survey, must necessarily 
fall far short of it, not only in accuracy, but also in facility of use and despatch. 

a Thrown out by the criterion, but here r~tained. 
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The compensation of the effects of temperature, with all the means for securing uniformity of 
action, the delicacy of the level of contact, the facility of adjustment in line and elevation 
afforded by the elaborate construction of the trestles, cannot be approached by appliances much 
short of that apparatus itself, and to it we must always look for the accurate ascertainment of 
distances. · 

There are many cases, however, of local surveys in advance of the primary triangulation, and 
of check measurements desired in extensive secondary series, in which an accuracy of lineal 
measurement less than that attainable with the compensating base apparatus "is sufficient, and 
where the greater length of time required in using an inferior apparatus is compensated by the 
fact that it requires but little more than the usual force of a triangulation party to operate 
with it. 

For the purposes indicated, different means have, at various times, been devised and used by 
the Assistants having charge of such work, and an apparatus designed by Assistant Boutelle is 
described in Appendix No. 41, Coast Survey Report for 1855. 

The form of construction now presented is the result of a careful study of the subject by 
Assistant J. E. Hilgard and Mr. Joseph Saxton, in consultation with the Superintendent, with 
special reference to the experience with other apparatus. It has been used in the measurement 
of thTee lines during the past two years by different persons, and has given great satisfaction to 
the operators. 

The principal points arrived at were the following: 
1. To protect the iron rod from rapid changes of temperature, and to have a thermometer so 

placed that its indications will correspond to the temperature of the rod. 
2. To effect the contact of the rods, or coincidence of lines by a continuous screw-motion. 
3. In the conBtruction of the supports, to combine a large range in elevation with the means 

of making a nice :final adjustment. 
The manner in which these ends have been attained may be seen on Sketch No. 64, where the 

apparatus is figured. .A round iron rod, of one quarter inch diameter, and four metres long, is 
encased in a solid wooden bar, three inches wide and six inches deep, composed of two pieces 
firmly screwed together, as seen in figures I and 2. Figure 3 shows the manner in which the 
thermometer is inlaid in the middle of the bar, so as to bring the bulb near the iron rod, the top 
of its case closely filling up the aperture. In practice, the thermometer is withdrawn and read 
every twenty minutes or half hour. The temperature of the rod changes slowly; and, while it 
never differs greatly from that of the air, it is unaffected by alternations of sunshine and clouds, 
which greatly affect the indications of an exposed thermometer. 

In figure 1, the upper part of the wooden bar is taken off in order to show the details of the 
arrangement for making the contact; a is the forward end of a rod already in position, armed 
at the end with a plane of hardened steel; a' is a portion of the forward bar about to be brought 
into position, in contact with a. E'ach rod is movable lengthwise in its groove by the action of 
a screw d, counteracted by the spring e; f is a short tube armed with a steel knife-edge which 
slides over the end of the rod, and is pushed outward by a spiral spring rather more than suffi
cient to overcome its friction, (see figure 7,) and has a delicate line drawn on it, the coincidence 
of which with a similar line on the index plate i fastened to the rod, determines that position 
of the slide in which the knife-edge is at the known distance from the plane at the other end of 
the rod. The silver index-plate i is visible through a slot in the sliding piece, called the 
abutting slide. The plate :j passes through a notch in the collar k, and prevents the rod from 
twisting by the a.ction of the screw. 

When the whole bar is nicely adjusted on the trestles or stands in elevation and alignment, 
and within one-eighth of an inch in distance either way, the exact adjustment is effected by 
sliding the rod within the bar by means of the screw d and spring e until the lines on the index
plate and a.butting-slide coincide, the knife-edge on the latter abutting meanwhile against the 
steel plane of the preceding bar, which suffers no pressure except that due to the small spiral spring 
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within the abutting slide. In judging of the coincidence of lines, a magnifyer is made use of, 
which can be conveniently attached to the bar, or carried by the operator. 

Figures 4, 5, and 6 show the improved stand. 
On a tripod stand, with double legs of the usual construction, is screwed a cross-piece l, carry

ing the upright guides m, m, to which can be clamped at any elevation the cross""1>iece n, which 
has a small spirit-level attached, to indicate its horizontal position. A similar cross-piece o, 
can be moved pa.rallel to n, up or down, half an inch from its average position by means of the 
wedge p, as the drawing shows abundantly. 

The bars being four metres in length, the stands are set up at distances of two metres, each 
bar being supported at one-fourth its length from the ends. The height of the stands is approxi
mately adjusted by the spreading of the legs, and the cross-pieces n are clamped at a suitable 
height, which is ascertained by sighting across the top of the pieces o to a bar already in posi
tion, the wedges p being placed in their average position. The bar is next placed on the stands 
in approximate alignment, for which the space between the uprights makes ample allowance, if 
the stands are set with moderate care; it is then adjusted in elevation by means of the wedges, 
and either placed level or at any required inclination. The alignment is now perfected, for 
which purpose a slight piece of brass wire q, is inserted near each end on top of the bar, ~hich 
is merely shifted by hand, and not in any way clamped to the stands, as its weight is quite 
sufficient to insure stability ; at the same time the position in distance is approximately so 
adjusted as to bring the perfecting of it within reach of the screw motion. 

A couple of small spirit-levels attached to each bar, one near each end, where it is con
veniently seen by the persons operating the wedges, expedite greatly the work of adjusting the 
bars to a level, which is, on the whole, the best mode of using the apparatus, considerable 
changes of level in the ground being overcome by making a vertical offset with a theodolite. 
A sector with spirit-level, placed on top of each bar near the middle of its length, may be used 
for measuring inclinations, if desired, and accompanies the apparatus. 

Considerable irregularity of ground can be overcome by means of the stands described, a.s they 
afford a vertical range of about two feet. 

The apparatus is provided with three pairs of stands, and six persons operate it with facility. 
Three persons to carry forward the stands, set them, and approximately adjust the cross-pieces; 
two to carry forward the bars, and, stationed at the stands, manipulate for its nice adjustment 
under the direction of the operator between the bars, who makes the contact. An additional 
hand is required to transport tools, theodolite, water, &c. 

The apparatus was first used in May, 1855, in remeasuring a portion of Dauphine Island Base, 
between marks that had been left in the original measurement with the compensating base 
apparatus. One hundred and eighty-nine bars, or nearly half a mile, were measured at the rate 
of a little over three minutes to the bar, and the distance agtced with that previously measured, 
within two-tenths of an inch. 

In the same year, a line of 'il 7 bars, or one and three-quarters of a mile, was measured on 
Chandeleur Island, at the rate of two and one-fifth minutes to the bar; and, subsequently, a line 
of over one mile was measured, near Pensacola, at precisely the same rate of speed. 

APPENDIX No. 61. 
Metlwd of tating a repeating Theod-Olite, illustrated by .Assistant J. E. Hilgard. 

A new ten-inch repeating theodolite, C. S. No. 79, having been constructed by Mr. Wm. 
Wiirdemann, and graduated with great care on the Coast Survey dividing-engine, it was 
thought desirable thoroughly to test its qualities before taking it to the field, and to compare it, 
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at the same time, with two similar instruments, by Gambey, just received. The same process, 
which will be fully described, was applied to the three instruments, and of the comparisons it 
is only necessary to say here, that in all points of construction, parellelism of axes, power of 
telescopes, levels and clamps, the preference was given to the instrument by Mr. Wiirdemann, 
except in the matter of graduation, in which the Gambey theodolites are, at least, fully equal. 

A brief notice of the principal points in the construction of the instrument will suffice here, 
the main purpose of this article being to give an example of the mode of examining such an 
instrument. 

Theodolite No. 79 was designed not only for the measurement of horizontal angles between 
objects nearly in the plane of the horizon, but also for the determination of azimuth by observa
tions of circumpolar stars ; hence the transit axis of the telescope has been made longer than 
would be requisite for the former purpose merely ; the form of its pivots has received particular 
attention, and the axis is perforated and provided with a mirror for illuminating the field of 
view. A counterpoise to the lamp is provided, to be attached to the opposite pillar whenever 
the lamp is used. The pillars are of sufficient height to admit of revolving the telescope about 
its axis. The focal length of the telescope is 1B inches, aperture of o~ject glass 2:! inches, and 
the magnifying power generally used is 36. The length of the transit axis is 10 inches, and 
the value of one division of the striding level is 111.56, the length of a division being equal to 
one millimetre, or one twenty-fifth imrt of an inch. 

One of the principal novelties in the construction is the form of the lower clamp, which holds 
the circle to its base, it being a circular clamp, similar 1:o that which ie usually employed to 
clamp a telescope in altitude. 

The alhidade carries two "flush" verniers, very little depressed below the plane of the grad
uated circle. On the Gambey circle this depression is considerable, and while it gives rise 1:o 
parallax affecting the reading, which is hardly entirely remedied by the long sight-tube in 
which the magnifying lens is mounted, it does away with the appearance of a dividing line 
between the vernitir and circle, which somewhat impedes our judgment of the coincidence. 
Observers will probably differ in their preference for one of these forms over t.he other, as they 
may be individually more affected by the parallax or the dividing line. 

The verniers in No. '19 are disposed at an angle of 45° with the direction of the telescope, 
and can be read without danger of touching with the hand, either the latter, while remaining 
pointed, or the pillars supporting it. They are carried by a thin, slightly conical plate, with
out perforations, which removes all danger fi:om flexure of the radii or spokes more generally 
employed. 

The alhidade is also pr9vided with two small levels, at right angles to each other, of sufficient 
delicacy to be used in levelling the instrument for the ordinary measurement of angles. 

For the purpose of examining the graduation and determining the eccentricity of the alhidade, 
readings of the two verniers were ma.de at ea.ch 10° of the graduation, vernier A being set each 
time to the precise reading; the circle was brought round 180° for the purpose of reading B 
under the same illumination, and, after setting the verniers forward 10°, the circle was moved 
back through that angle, so that the person reading did nQt change his position. 

The readings, so taken, are recorded below, in Table I, where they are arranged in two sets, 
those readings differing 180° being placed on the same line. 
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TABLE I. 

Readings of every ten degrees on the circle, and determination of angular distance of verniers. 

L n. B-A. I 
I d .o.• 

r 

I A.. i B. A. B. I. II. 
I 

Mean. I 
I 

I I 
'--

0 ' " " 0 ' " 
,. 

" " " .. 
0 00 00 10 180 00 00 55 + 10 - 5 + 2.5 - 1 .. 0 1. 00 

10 00 00 10 190 00 00 I 00 + 10 0 I + 5.0 + 1.5 2.25 
20 QO 

I 
00 05 200 00 00 00 + 5 0 I + 2.5 - 1.0 l.00 

30 00 00 05 210 00 00 00 + 5 0 I + 2.5 + 1.0 1.00 
40 00 ! 00 05 220 00 00 05 + 5 + 5 ! + 5.0 + 1. 5 2.25 
50 ()0 00 05 230 0() 00 05 + 5 + 5 I + 5.0 + 1. 5 2.25 
60 00 00 05 24fl 00 00 05 + 5 + 5 + 5.0 + 1.5 2.25 
70 00 00 05 250 00 00 05 + 5 + 5 + 5.0 + 1. 5 2.25 
80 00 00 05 260 00 00 05 + 5 + 5 + 5.0 + 1.5 2.25 
90 00 00 01) 270 00 00 00 + 5 0 + 2.5 - 1.0 1. 00 

100 00 00 05 280 00 00 00 + 5 0 + 2.5 - 1.0 1. 00 
110 00 00 05 290 00 00 I 00 + 5 0 + 2.5 - 1.0 1. 00 
120 00 00 05 300 00 00 I 00 + 5 0 + 2.5 - 1.0 1. 00 
130 00 00 I 05 310 00 00 00 + 5 0 + 2.5 - 1.0 1. 00 
140 00 00 00 320 00 00 

I 
05 0 + II + 2.5 - 1.0 1. 00 

150 00 00 00 330 00 00 10 0 + 10 + 5.0 + 1.5 2. 25 
160 00 00 55 340 00 00 I 10 - 5 +IO + 2.5 - 1.0 1. 00 
170 00 I 00 55 350 00 00 I 10 - 5 + 10 + 2.5 -1.0 1.00 

I 

18)62.5 17)26. 75 
Angilar dist&noo of verniers= 1800 + 8. "5 + 3."5 mir· = '"T.flf 

m ::::: 1.''25 

The differences of the readings of verniers 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 +).; seeondly, 
to eccentricity of the alhidade, or the centre of its axis not coinciding precisely with the 
centre of the graduated circle; thirdly, t.o errors of graduation on the circle; and, fourthly, to 
the accidental errors of reading. If we designate byµ the effect of eccentricity op. the differ~ 
ence of the verniers, we have, for any position of the verniers, B -A= 180° +). + p.; and, for a 
position differing 180° from the former, B ....:... A = 180° + ). - µ. Thus, if we take the mean 
of the differences B - A for readings 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, but 
each value affected by errors of graduation and reading. The column Mean, under B - A, 
gives these values, the mean of which ie + 311.6, showing that the zero on vernier Bis distant 
from that on vernier A by 180° 00' 03".5. 

The differences ~ of the several values from this mean are due to errors of graduation and 
reading ; if we ascribe to the indicat'ion of one vernier the mean error m, arising from both 
sources, each of the differences B-A is affected by the mean error m v-r, and the mean of two 

such differences is again affected by the mean error m = .J: ~.; = 111 .25. 

Acccording to this table, the errors of graduation appear exceedingly small; indeed, since 
the uncertainty of reading is included in the value of m, and since that cannot be estimated at 
less than ha.If the closest indications of the verniers, or 2".5, m is obviously too small, which 
must be ascribed to a compensation of errors peculiar to this method of treatment. In the 

.sequel, a larger and more probable value is found for the same uncertainty, from the same read
ings that form the basis of the above discussion. 

In order to determine next the eccentricity of the instrument, we subtract from the differences 
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B-A in table I the constant difference+ 311 .5 of the verniers. The residuals will be composed 
of the effect of eccentricity and accidental errors of graduation and reading, and are given in 
table II under the head p. + m. If we now designate bye the angular value of the eccentri
city, or the distance of 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 would be 
designated by a line passing from the centre of graduation through that of motion to the limb, 
then (r-p) is the angle which the verniers make for any reading r, with the line of eccentricity, 
and 2 e sin (r-p) =µwill be the effect of eccentricity in the differences of the vernier-readings. 
Moreover, for any reading r' differing 180° from r, the effect of eccentricity will be the same in 
amount as for r, but with opposite sign, orµ'= - 2 e sin (r-p). In table II, therefore, the 
values in columns I and II should be respectively equal, with opposite signs, if they were not 
affected by the accidental errors m. The ne;ict column gives o =half the difference of the 
preceding values, which correspond toµ= 2 e sin (r-p), affected in a less degree by the acci_ 
dental errors of reading and graduation. 

In order to derive the values of e and p from those of " in the table, we observe that they 
correspond respectively to the following equations: 

For 0°,a,=2esin( 0°-p)=2e(sin .0°cosp-cos 0°sinp). 
For 10°,o2 =2esin( 10°-p)=2e(sin 10°c<>sp-cos 10°sinp). 

For 120°, a3 ::::: 2e sin (120° - p) = 2 e (sin 120° cos p - cos 120° sin p). 
&c., &c., &c. 

Of which equations we have 18, or half the number n of readings made. 
Resolving these equations, by the method of least squares, with reference to 2 e cos p, a.nd 

2 e Bin p, we find 

2 i cos p= * (a1 sin 0° + a2 sin 10° + ... + a16 sin 170°). 
2 e sin p= ~ (a1 cos 0° + <r2 cos 10°+ ... +1718 cos 170°). 

the first of which expressions is the mean of the products of the several values of a into the 
sines of the corresponding angles on the limb, and the second the mean of the products of the 
same values into the cosinee. 

Table II gives these sines, cosines, and products, and the sums of the latter. In dividing 
2 1: sin p by 2 e cos p, the factor : disappears, a.nd we have 

_ 2 (a cos r) _ + 33.4 _ "" o d _"" o 
ta.n P- 2 (a sin r)-+ 6.5 - ta.n i9 'an P- i9 . 

For 1: we have, further, 2 e sin 79°= 3:84
, and a= 111 .9. 

40cs 
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TABLE II. 

Determination of Eccentricity. 

l l'+m l'+m I-II I 
r. Sin. r. i Cos. r. "Sin. r. <1COB. r. 

I. II. ~==u 
I 
l 

--j I 0 i 
0 I + 6.5 -8.5 + 7.5 0. 00 l. 00 (). 0 + 7. 5 

10 + 6.5 - 3.5 + 5.0 . 17 . 98 + ().9 + 4. 9 
20 + 1. 5 - 3.5 + 2.5 . 34 . 94, ' + 0.9 + 2. 3 
80 + 1. 5 - 3.5 + 2.5 . 50 . 87 . + 1. 2 + 2. 2 
40 + 1. 5 + 1.5 0.0 . 64 . 76 o.o o. 0 
50 + ]. 5 + 1. 5 0.0 . 76 . 64 0.0 0. 0 
60 + 1. 5 + 1.5 o.o . 87 • 50 o. 0 0.0 
70 + 1. 5 + ]. 5 o.o . 94 .34 0.0 o.o 
80 + l.i + 1. 5 o.o • 98 ' . 17 0. 0 o. 0 
90 + 1.5 - 3.5 + 2.5 1. 00 I .00 + 2.5 0.0 

100 + 1.5 - 3. 5 + 2.5 . 98 - .17 + 2.5 0.4 
110 + 1. 5 - 3.5 + 2.5 . 94 - .34 + 2.3 0.8 
120 + 1.5 - 3.5 + 2.5 .87 - .50: + 2.2 1. 2 
130 + 1.5 - 3.5 + 2.5 .76 -.64 + 1.9 1. 6 
140 - 3.5 + 1. 5 - 2.5 . 64 - .76' - 1.6 + 1. 9 
150 - 3.5 + 6.5 - 5.0 . 50 l - .87 - 2.5 ' + 4. 3 
160 l - 8.5 + 6.5 - 7.5 . 34 1- .94' - 2.5 + 7. 0 

' 170 - 8.5 + 6.5 ! - 7.5 . 17 - .98 i - 1.3 + 7.3 
I 

'-~-- ----·~--------

+14.4 + 37.4 
- 7.9 - 4. 0 

+ 6.5 + 33.4 

To determine the residual errors of graduation and reading, we form Table III by computing 
µ= 2 e sin r for each reading, and subtracting these values ofµ from those ofµ+ min Table II, 
bearing in mind thatµ has the same value for 180° + r as for r, with reversed sign. We thus 
obtain the values of m, which are compounded of two errors of graduation and reading ·combined, 
being the difference ot readings of verniers A. and B, cleared of ). and p.. 

T. 

0 

0 
10 
20 
!lO 
40 
50 
60 
70 
80 
90 
00 
10 
20 
30 

l 
l 
l 
1 
I 
I 
1 
l 

40 
50 
60 
70 

TABLE III. 

ReBidual error8 of graduatUm, and readings. 

i 
2 •Sin. r. I : I 

I 
Sin. r. r. i m. ' r. m. 

I 
I 

t " I Q I " 0 " 
. 982 + 3.7 i 0 

I + 2.8 180 - 4.8 
. 934 + 3.5 I 10 + 3.0 190 0.0 
. 857 + 3.3 I 20 ! - 1.8 200 - 0.2 
. 755 + 2.9 

; 
30 - l.4 210 - 0.6 

. 629 + 2.4 40 - 0.9 220 + 3.9 

.485 + 1.8 60 I - 0.3 230 + 3.3 

I .326 + 1.2 60 + 0.3 240 + 2.7 
I .156 + 0.6 70 + 0.9 

! 
250 + 2.1 

! . 017 - 0.1 ! f,0 + l. 6 260 + 1.4 
.191 - 0.7 I 90 + 2.2 270 - 4.2 
. 358 - 1.4 100 + 2.9 

I 
280 - 4.9 

. 515 - 2.0 110 + 8.5 290 - 5.5 

. 656 - 2.5 120 + 4.0 300 - 6.0 

. 777 3.0 130 + 4.5 310 - 6.5 

.876 - 3.3 140 - 0.2 320 - 1.8 

.946 - 3.6 150 + 0.1 330 + 2.9 

.988 - 3.8 160 - 4.7 340 + 2.7 
• 999 - 3.8 170 -4.'7 350 + 2.7 

I 
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The sum of the squares of the thirty-six residuals m is 370, hence the mean uncertainty of 

one is J3J5°- ± 3".2, which, divided by the square root of two, gives ± 2".3 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, when such an angle is the sum of six 
repetitions, the uncertainty from those sources to be ascribed to the single angle is one-sixth of 
± 211.3 or± 0".4. 

We have thus ascertained that the angular distance of the verniers is 180° 00' 03" .5, that the 
eccentricity of the centre of motion is 1".9 in the direction from the centre of graduation to the 
reading of 79° on the limb, and that the mean uncertainty of the indication of one vernier is 
± 211 .3. 

Paralleli8'1n of vertical axis.-lt is a point of great importance in a repeating circle that the 
axis of the alhidade should be, as nearly as possible, parallel to that of the circle, since, unless. 
such is the case, the instrument will be changing its plane during the repetition of angles, and 
the effect of this is very sensible in observations of azimuth. An obvious mode of testing this 
point is by levelling the instrument by reversals on one axis, and then examining whether the 
indications of the level will remain uniform while it is revolved about the other axis. But a 
simpler mode is the following : after levelling the instrument as nearly as may he, revolve the 
circle about the alhidade, the latter being held in its position by the hand, and watch the indi
cations of the striding level, which will not change if the two axes are parallel. The following
ex:periment was ma.de in this manner with the instrument in question: 

Circle reads ·0°; level reads E. 42.2, W. 52.0 
" 90° " 41.8, 52. 7 
" 180° " 43 .1. 51. 3 
" 270° " 42.2, 52.2° 
'' 360° 42 .. 3, 52al 

The greatest difference of indication in opposite directions is between the readings 0° and 180°, 
and amounts in the mean of both readings to 0.8 divisions, which is equal to about one second 
of arc ; a degree of accuracy seldom attained. 

Figure of pivots.-The cylindrical form and equality of pivots of the telescope is ascertained 
by means of the striding level. 

The telescope can be turned into all positions in which it is actually used, while surmounted 
by the level, the varying indications of which, while the telescope is gently and slowly revolved 
through such arcs as the position of the level will admit of, will show how far the figure of the 
pivots deviates from being perfectly circular. A number of experiments showed that their form 
was perfect within half a second of arc. 

The effect of any inequality in the diameters of the two pivots is compensated by the reversal 
of the instrument, which is necessary in all classes of observations; but, as a point of work
manship, this should also be examined into. 

The instrument being :firmly mounted and levelled, the striding level is placed on the pivote 
and read in direct and reversed positions ; the telescope is next lifted out of its bearings and 
reversed so as to interchange pivots e.nd bearings; the level being again read in both positions, 
the difference in the indications is ca.used by twice the difference in the diameters of the pivots. 

This proceeding is too simple to require illustration by an example ; in the case before us, the 
~verage inequality was found to be 111 .2, by which the pivot at the illuminated end of the axis 
is s~aller than the other one, amounting in linear measure to one seventeen·thousa.ndth part of 
~n inch. Investigations like the foregoing will greatly tend to increase our confidence in an 
instrument, or, if there are material defects, will point out their nature. The actual perform
ance, however, of a theodolite in the measurement of angles, must always be the ultimate test of 
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. ite qualities. The comparison of the means of repeated measurements of an angle between two 
well defined objects, in different positions of the circle, and of the results of repetitions of the 
same angle, will always constitute the best criterion of its merits. 

APPENDIX No. 62. 
Report of .Assistant Geo'rge .Mathwt, on the resiilts of an experiment made in printing maps /rum 

their electrotyped plates. 

Co AST SURVEY OFFICE, ELECTROTYPE DIVISION, 

December 1, 1856. 
DEAR Srn: A short time before your return to the charge of the office, I commenced, by direc

tion of Professor Bache, a set of experiments on the use of thin electrotypes of engraved plates 
for printing, instead of the castings equal in thickness to the original engraved plates heretofore 
used.· 

The plate of "Horn Island Pass" was selected for the trial. The alto was prepared and 
placed in the vertical va.t on one afternoon, and removed on the second morning following, in 
which time it received a thickness of about that of our map paper, which was more than· I 
desired to have, for I am satisfied that even the half of that thickness may be used. The eleva
tions of tbe work on the back of the plate were rubbed down by Mr. Patterson with a piece of 
pumice-stone, and the edges of the thin plate were folded under the edges of an old alto, from 
which the elevations were erased, and the plate placed io. the hands of Mr. J. Rutherdale to 
print under my direction. I instructed him to note any changes he might observe in regard to 
the plate while under pressure. The printing has been several times suspended to give place 
for more urgent work ; bftt over three hundred copies are now off, and Mr. Rutherdale reports 
that he observes nothing more in printing from this plate than from the usual thick electrotypes, 
and should have known no difference but for my intimation in reference to its peculiarities. 

This plate cannot, however, be tested as to its capabilities for printing, as it would furnish 
several thousand impressions, and that number is not wanted. 

The time actually consumed in the production of the plate was not over half a day ; this 
included the battery-work, the rubbing down the back, the cutting and smoothing the alto used 
for the support-plate, and the whole was in the hands of the printer in leas than forty-eight 
hours from the time it was commenced. 

I hardly think anything remains to prove that the basso plates may be used to great advan
tage, that the process described will facilitate the production of the charts of the survey, and 
greatly economize the time and labor of the electrotype di vision. 

I have the alto of "Nantucket Shoals" in course of making, and, when finished, I propose 
(with your approbation) to make a thin basso of it for printing the edition now wanted. 

After the preliminary experiments had shown that thin plates might be used to print from, I 
a.pplied it to a number of chart plates for testing its value and discovering any peculiarities 
which might be required in the use and manufacture of these plates. The plates in the follow
ing list were thus produced and UBed for printing : 

Horn Island Pass printed 250 charts, is still good. 
Portland harbor printed 250 charts, is still good. 
Nantucket shoals printed 280 charts, is still good. 
Port Townshend printed 250 charts, is still good. 
Cedar keys printed 430 charts, split in the border. 
Minot's ledge printed 250 charts, split on the edge. 
Boston ha.rbor printed 450 charts, apli.t on tlle edge. 
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These plates printed precisely as the ordinary plates, in regard to facility of handling and the 
number of copies they could furnish. The splitting, I supposed, was owing to the peculiar 
quality of the metal, which was brittle in all those which split. Of course this was at my com
mand, as I can make the metal malleable or brittle ; but I discovered that, as I had necessarily 
to use the \'ertical vat to make them, the illow diffusion of the newly formed salt at the con
stantly decreasing temperatures then prevailing woutd not allow me to work at the rate 
required for the most plastic metal, and at the same time keep the backs of the plates smooth. 

When I began making the thin plates the temperature was 90 in the solutions, and then I 
found it very easy to make good plates which would not split i but as the temperature fell to 60 
I found it entirely impracticable. 

The thin plates weigh from a sixth to a fourth of the thick ones, and, of course, they require 
only a proportionate amount of copper, zinc, acid, &c., and time for their production. I 
stretched them on plates of zinc, one-tenth of an inch in thickness ; but iron would be better, if 
we could procure a suitable article. This makes the whole expense probably one-fourth or one
third of the thick ones; but one stretch plate will always answer for the thin plates of the same 
chart. 

Very truly, yours, &c., 
GEORGE MATHIOT. 

Lieut. A. P. HrLL, U.S. A., 
.Acting .Assistant in charge of Coast Survey Office. 

APPENDIX No. 63. 
Letter to the Superintendent, communicating resultB of anol,ysis made of specimens of the water of 

New York harbor, by Professor Wolcott Gibbs. 

NEW YORK, Apri"l, 27, 1856. 
DEAR Sm: Agreeably to your request, I have determined the specific gravities and the quan

tities of saline matter in eleven samples of water taken from different parts of New York harbor. 
The samples were delivered to me in corked wine bottles, carefully labelled, the date, the place 
from which the water was taken, the depth beneath the surface, and in some cases the tempera
ture and time of collecting (hour of the day) being given. The state of the tide was alao noted. 
The results of my examination are as follows : 

Sample 1. Off Vanderbilt's landing, Staten Island, March 8, 1856, 1 foot below the surface, 
temperature 33° Fahrenheit: spec. grav. 1.0205, at 15° 5c., saline matter 2.706 per cent. 

Samjile 2. Station No. 4, off the foot of 11th street, East river, March 5, 2 p. m., 1 foot below 
the surface: spec. grav. 1.01 '18, at 14°c., saline matter 2.463 per cent. 

Sample 3. Station No. 'i', mouth of Navesink river, N. J., March 19, temperature 33° Fa.hr., 
5 feet below the.surface: spec. grav. 1.01'17, at 15°c., saline matter 2.513 per cent. 

Sampl,e 4. Station No. 1, off Washington Heights, March 13, 5 feet below the surface: spec. 
grav. 1.0126 at 15° 25c., saline matter 1. 702 per cent. 

Sampte 5. Station No. 3, olf pier No. 1, North river, :March S, a. m., one foot below the sur
face: spec. grav. 1.0182 at 15° 2c., saline matter 2.348 per cent. 

Sampl,e 6. Off Vanderbilt's landing, Sta.ten Island, March 8, 5 feet below the surface: spec. 
grav. 1.0188 at 10°c., saline matter 2. 707 per cen.t. 

&,,,.ple 7. Station No. 31 off pier No. I, North river, March 6, 5 feet below the surface: spec. 
grav. 1.0192 at 18°c., saline matter 2.533 per c~nt. 

Sampls 8. Station No. 3, off pier No. 1, North river, March 6, 1 foot below the surface: 
spec. grav. 1.0183 at lf)0 c., salin~ ~ 2.351 per oout. 
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Sam'[ile 9. Station No. 5, Buttermilk channel, March 6, 5 feet below the surface: spec. grav. 
1.0155 at 16°c., saline matter 2.132 per cent. 

Sample 10. Station No. 1, off Washington Heights, North river, March 13, 6 inches below the 
surface: spec. grav. 1.0111at15° 5c., saline matter 1.585 per cent. 

Sample 11. Station No. 4, off foot of 17th street, East river, 5 feet below the surface, March 
5, p. m.: spec. grav. 1.0185at16°c., saline matter, 2.461 per cent. 

It is proper to remark that the specific gravities given above all refer to that of pure water at 
the temperature of 14°c. 

Very respectfully, yours, 
TVVOLCOTT GIBBS, 

Professor of Chem1-stry and Physics in the Free .Academy in New York. 
A. D. BACHE, LL. D., 

Superintendent Coast Survey . 

.Analysis of specimens of water from New York harbor and vicinity. 
-- - - - ---~·--- -

I 
o:i :. ., 

~ 
"" 

,_ ...: Temperature,! 0 0 "' E 2 ;:> .; 
o; . ,_ 0 

~ i A8 bJl "' .... J<'ahr. j 

o~ ::: I "' .... ...; 
Date. Time. 00 : 0 te 8 0 El ""' General position in chan-'""'" ""'-.... !§ E s 0 

------ -~--1 0 
""'~ "' 

Water.I Air. I 
,_ nel. 0 ·c "" .s ., 

~ 0 , .... "' "' ""' -:;; 1.~ .... z 1;=. p, ::;; ... 00 rn 00 I I ' r£J. 

Feet,.; 
--!--1 

1856. P. M. 0 Per Cf/TU. 0 0 

Mar. 13 4.00--4.3() 1 . sl 1. 0111 15. 5 c. l. 585 3() 31 Sla.ck •• 1-~ ebb -1 Off Washington Heights, 
' 2 I H. R. 

A. ll 

6 10.30-11.15 3 1. I 1. 0182 10. 2 c. 2.348 34! S6! Slack •• fll' ebb-! Off pier No. 1, H. B. 
5. ! 1. 0192 18. c. 2.533 
1. i 1. 0183 15. c. 2.351 

l'. M. 
5 2-2.45 4 5. ! 1. 0185 16. c. 2.461 31 31! Slack __ Slack--\ Ea.st river, off 17th street. 

1. 11.0178 14. c. 2.463 31 31! I 
6 3l--4t I 5 5. 1. 0155 16. c. 2. 132 35 41! Flood .• t flood • l Buttermilk channel. 

p, }{. 

/,;ebb .1 Off Va.nderbilt's landing, 8 12h.-lh. ' 6 : 1. 1. 0205 15. 5 c. 2.706 33 39! Ebb ---
A.}{, 

7:i: 
i S. I. 

19 . ' 7 : 5. 1.0177 15. c . 2. 513 33 33 Flood._ i·a ebb -1 Meuth Navesink river, 
I N.J. I 

I : 

NOTE.-The columns of "temperature, wateT and ai:r," represent the state a.t time of obtaining the wa.ter. 
The column "state of tide," shows proportion of total rise or fall at time of obtaining the water. 
The !pecific gravities given a.hove all refer to that of pure water a.t the temperature of 140 c. 

APPENDIX No. 64. 
Letter to the Superintendent /ram Professar Wolcott Gibbs, communicating res'Ults of examinationB 

ma<k of sands taken from the sites of Coast Survey bases at Key Biscayne ( Oape Flori.da) and 
Cape Sah'le. 

NEW YORK, JvJ,y 21, 1855. 
DEAR Sm: I have taken the earliest opportunity of examining the Oe.pe Sable sands, which 

you placed in my hands, and find them to consist essentially of mixtures of sand, organic 
matter, and carbona.te of lime. All the specimens effervesced strongly with muriatic acid. A 
quantity of a very white sand remained undissolved, while much ftocky organic matter was 
tmspended in the solution, and could be separated by filtration. The :fi.ltrate was yellow, and 
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contained much lime, a little magnesia, and peroxide of iron, and sometimes traces of alumina. 
The flocky ·matter examined under the microscope showed abundance of organic forms. The 
specimens from Cape Sable base, end of the second mile, six inches below the surface, contained 
much very dark colored organic matter in addition to the ingredients mentioned above. The 
two specimens of coarse sand from Key Biscayne contained a large quantity of clear white 
sand, little organic matter, and perhaps twenty per cent. of carbonate of lime, &c., as above. 
I did not find phosphoric acid in any of the samples, even by testing with molybdate of 
ammonia ; still there may be a trace. There was a remarkable similarity between the samples, 
so that the same description applies to all. 

Very respectfully, and truly, yours, 

. WOLCOTT GIBBS . 
Prof. A. D. BACHE, 

Superintendent U. S. Coast Survey. 

APPENDIX No. 65. 
Abl!tract of an historical memoir concerning the progress of expl,oration ()'JI, the Atlantic coa.~t of the 

United States, from its discovery to the present time. 

[Prepared by Dr. J. G. Koni., for the archives of the U. 8. Coa.st Survey.] 

WASHINGTON, D. C., November I, 1856. 
DEAR Sm : In compliance with your request to compose for the Coast Survey a work on the 

history of the eastern or Atlantic coasts of the United States, similar to the works on the 
Pacific and Mexican Gulf coasts, which I delivered to you at a former occasion, I have now 
the honor and pleasure of presenting to you the complete manuscript of the work desired. 

I have arranged it according to the plan adopted for the other works, and it is therefore like 
those divided into three parts-a historical, a treatise properly termed hydrographic, and a 
bibliographical part. 

THE FIRST OR HISTORICAL PART contains a history of the discovery and exploration of the coast 
from the time of the expeditions of the Northmen to the time of the final settlement of the 
coast, in ten chapters. 

The first chapter contains a review of the time before Columbus, and a short sketch of the 
history of the Scandinavian expeditions towards the east coast in the t~nth and eleventh 
centuries. 

The aerond chapter relates in substance the result of the :first English expedition to the coast 
under Sebastian Cabot, at the end of the fifteenth century, which in extent, fame, and impor
tance stands quite alone, and was not soon followed by a similar enterprise. 

The third chapter contains the histol'y of the early Spanish, French, and English expeditions 
towards the eastern coast during the first quart€r of the sixteenth century, and shows the 
relative merit of Ponce de Leon, Alaminos, Ayllon, Verrazano, Estevan Gomes, as compared 
with. certain English navigators, in regard to the early exploration of the coast. All these 
expeditions followed each other at short intervals, and therefore form, as it were, one historical 
group. 

In the fqu,rtk chapter I have reviewed the operations of Fernando de Soto and his naval 
captains· Diego Maldonado and Gomez Arias, so far as they relate to the east coast, and have 
given an abridgement of the remarkable geographical description of the coast by Oviedo, which 
was written after the expeditions just named. 

The filth chapter contains the history of the French expeditions to the east coast soon after 
the middle of the sixteenth century, by Ribant, Le.udonni&e, and Gourgue, and likewise of the 
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English and Spanish expeditions, commanded by Hawkins, Don Pedro Mencndes de Avila, 
which were more or less connected with the former. Through this connection with.the French 
expeditions a knowledge of the southern half of the east coast was more rapidly developed. 

The mxth chapte:r contains the history of the first English expeditions to Virginia. at the end 
of the sixteenth century, under the direction of Sir Walter Raleigh, and commanded. severally 
by Amadas, Barlow, Greenville, Ralph Lane, John White, and others. 

The seventh chapte:r relates the early French and English discoveries on the shores of New 
England at the beginning of the seventeenth century, and gives the history of the expeditions 
under Captains Gosnold, Gilbert, Pringe, De Monts, Champlain, Weymouth, &c. 

The eighth chapter containB accounts of the early English voyages to Chesapeake bay, under 
Captains Newport and Smith, and shows how the regions round Chesapeake bay were explored 
during the first quarter of the seventeenth century. 

The ninth chapter contains the history of a second series of more minute explorations of the 
coast of New England, under the direction of the Plymouth company, during the first quarter 
of the seventeenth century, by the English captains Topham, Gilbert, Argall, Smith, Dermer, 
Levett, and others. 

The tenth chapter contains the history of the Dutch discoveries and of expeditions to the 
regions between Virginia and New England, executed likewise during the first quarter of the 
seventeenth century, by the navigators, Hudson, Block, Christiansen, Hendricksen, May,.Vries, 
and others. 

By these numerous expeditions of the French, English, Dutch, and other nations, during the 
first quarter of the seventeenth century, the hydrography of the eastern coast became known and 
settled in its principal features, in a remarkably short period; and the more minute work of 
exploration and survey of the details commenced here much earlier tha.n on the coasts of the 
Mexican Gulf and the Pacific. · 

In a "conclusion" to the historical memoir, I have given reasons for preferring to give the 
history of the subsequent numerous small expeditions which explored all the different single 
points and localities, not in a uhronological, but in a geographical order, and why they are 
treated under each particular name in the second part of the work. The historical memoir is 
illustrated by a historical map of the Eastern Coast, executed according to the principles of 
similar maps which accompany the works on the Mexican Gulf and Pacific Coasts. The tracks 
of the principal discoverers and explorers of the coast are given on it in different colors. Their 
names, the dates and the points of commencement and termination of the several expeditions 
are marked. To all the principal bays and harbors is appended a list of the name.s of their 
principal explorers. 

THE SECOND PART OF THE WORK contains a review of the names .of the principal points, capes, 
ba.ys, ports, islands, &c., of the Atlantic Coast of the United States, ftom Passamaquoddy bay 
to Cape Florida. To every name is added a little essay or note, giving the origin and cha.ngeit 
of the name and the history of the exploration of the indicated locality. 

The names are put in geographical order, from the North to the South, and are di-vided into 
twenty chapters. As the primitive divisions of the Ea.stern Coast were neither so definitely 
marked, nor .so~ generally known and admitted as those of the Mexican Gulf, I preferred. to 
adopt the political sub-divisions into States. It is, however, difficult to cling to one principle 
of division exclusively, and therefore, a.sin the case of Long lsla.n.d, I resorted to the natural 
division, and in some others to very important localities, a.saigning to the names of New York 
harbor, &c., special chapters. Most of the na.mes occurring on the Eastern Coast ar.e arranged 
under the following twenty he&ds or chapters ~ 

1. Coast of Maine.-From Passamaquoddy bay to Portsmouth harbor. 
2. Coast of New Ha.mpshire.-From Portsmouth harbor to Hampton. 
3. Coast of Ma.ssa.chu.setts . ....:..From Newburyport to Ma.nomet Point. 
4. Barnstable Peninrmla..-From lJa.rnstable harbor to :Monomoy isla.n~. 
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5. The islands and bays south of Barnstable peninsula.-From Monomoy island to Elizabeth 
islands. 

6. Coa.st of Rhode Isla.nd.-From Saughkonnet Point to Stonington Point. 
7. Coa.st of Connecticut.-From Stonington Point to Norwalk. 
8. Northern shore of Long Isla.nd.-From Montauk Point to Manhasset. 
9. Southern shore of Long Island.-From Easthampton to Jamaica bay. 

10. New York ba.y. 
11. New York harbor. 
12. Ea.st River. 

T3. East coa.st of New Jersey.-From Shrewsbury inlet to Cape May. 
14. Dela.ware bay and river. 
15. East coast of Delaware peninsula.-From Cape Henlopen to Cape Charles. 
16. Chesapeake be.y. 
17. Coast of North Carolina.-From Currituck inlet to Cape Fear river. 
18. Coast of South Ca.rolina.-From Little River inlet to Savannah river. 
19. Coast of Georgia.-From Savannah river to St. Mary's river. 
20. Coast of Florida.-From St. Mary's river to Cape Florida. 
The THIRD OR BIBLIOGRA.PHICAL PART OF THE WORK gives, in a jirBt chapter, a chronologically 

arranged list of the titles of the hooks which treat on the history, geography, and hydrography 
of the Ea.stern Coast, or of some part of it. To the titles of those books, with which I could 
make myself acquainted, a.re added a few critical notes, in which I have tried to point out their 
value and merit for hydrogra.phy. These notes are, however, omitted in reference to worh 
which may be supposed to be generally known. 

The aeoond chapter contains a similar chronologica.l list of the maps and surveys which have 
been ma.de of the East Coa.st, or of parts of it. 

About forty of these maps, which have a particular historical interest, have been selected, 
and reduced copies of them have been added, a.ccompanied by historical notes on each particular 
map, showing the time of its composition, and pointing out its principal features and the pro
gress of hydrographic knowledge visible upon it. 

The task of giving a history of this coast had its peculiar difficulties, and needed much more 
reirearch and labor than that of the Mexican Gulf and Pacific Coast. For though the Eastern 
Coast is better known than those, and though more has been learned respecting it, more also 
has been lost or forgotten. The explorations and surveys of the Pacific Coast have been 
executed in later times by scientific expeditions, and hence information respecting them is to he 
found in comparatively but few works, by the aid of which the history of discovery and the 
changes of names can be traced. On the Pacific Coast only two or three principal nations at 
the outset recognized the features of the country, and applied n!Lmes to them derived from their 
own languages-the Indian aborigines, the Spaniards, and the Anglo-Saxons, (the Britons and 
Americans.) On the Eastern Coast, on the contrary, many different nations followed each 
other: the ancient Northmen, the Indians, the Spaniards, the English, French, Dutch, Swedes, 
&c. Each of these built up its own system of geography and information of the coast, to be 
afterwards modified or destroyed either partly or entirely by its successors. In consequence, it 
happened. that old Indian names, wandering as it were from mouth to mouth, were in such a 
degree disfigured, that it be.comes sometimes utterly impossible to trace their origin. Sinee 
the first quarter of the seventeenth century, a period of more than two hundred years, the 
hydrogra.phic affairs of the coast, minute e;x:ploratfons, and the application of names, have 
been in the hands of numerous little communitfos, cities, States, State founders and colonists. 
As settlements followed. or displaced each other, the names of places have accumulated. Old 
designations have l>een, in some c8ses, obliterated by new ones, and the records of their history 
have either boon lost or scattered. through the great ·mass of provincial and local documents yet 
extant in the archives of historical societies in different towns and State oa.pitals a.long the CO&St. 

41 CB 
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In consequence of these and other circumstances, it happens that our information on the 
history of many points on the Eastern Coast is less complete and less certain than those on the 
Pacific or Mexican Gulf Coast. I have no doubt that much local information and historical 
tradition could be gained by resorting to each particular locality on the coast. This would, 
however, be the work of many years, if the lifetime of one individual would at all suffice for it. 
In the meantime, I have done what was possible under the circumstances, and hope I may be. 
allowed to repeat here what a celebrated author said in concluding his work: "If in this work' 
it shall be found that much has been omitted, let it not be forgotten that something likewise is 
performed.'' 

With this essay on the hydrographic history of the Eastern Coast presented to you to-day, 
is now finished the work on the history of the coasts of the North American Union, for which I 
would propose the general title of Hydrographic Annals of the United States. 

Yourself and others will be competent judges of the question as to its worth, and of the 
public interest involved in its publication. 

* * * * * * * * * * * 
I have, dear sir, the honor to be yours, most obediently and sincerely, 

J. G. KOHL . 
.A. D. BACHE, LL. D., 

Superintendent U.S. Coast Survey. 

APPENDIX No. 66. 
Abstract of an historical account of expl,orations made &n tke coa8t cf the Gulf of Mexico from the 

earliest times to the present. 

[Pr,,pared for the archives of the United States Coast Survey, by Dr. J. G. Kohl.] 

w .ASIIINGTON, D. c., April, 11, 1856. 
DEAR Sm: In conformity with your request to have prepared for the United States Coast 

Survey a work on the history of the coWJts of the Gulf of Mexico, so far as they belong to the 
United States, similar to a historical description which I prepared and delivered in the preced
ing year relating to the Pacific Coast of the United States, I have now the honor and pleasure 
of sending to you the complete manuscript of the work in question. 

According to the plan adopted for both, the entire work relative to the Gulf Coast is divided 
into three principal parts. 

The first or h-istorical part contains the history of the discovery and exploration of the 
Mexican Gulf Coast from the time of Columbus down to the present. 

The second or more particularly the hydrographic portion contains a list or review of all the 
principal points and names occurring on the coast, with notes explanatory of each of them, and 
attempts at settling their orthography. 

The third or bihliographical part contains chronological and critical lists of maps and books 
which relate to the Mexican Gulf Coast. 

In the FIRST OR HISTORICAL PART I have tried to review and develop the whole maritime 
history of the Mexican Gulf in eight chapters, of which the first contains the early Spanish 
discoveries in the Gulf during the first part of the sixteenth century, and relates the manner in 
which the discoverer of the New World, Columbus-the circumna.vigator of Cuba., Ocampo; 
the discoverer of Florida, Ponce de Leon; the first explorer of the Gulf Stream, Alam.inos
and other heroic navigators, opened the gates and approaches of the Gulf; .and how Grijalva, 
Cordova., Cortez, Garay, and others, navigated by degrees round its whole circumference, and 
settled the question of its being an enclosed part of the ocean. 
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This chapter further gives the history of the great land expeditions and conquests of the 
Spanish Generals Narvaez, Soto Luna, &c., :so far at:J their expeditions had influence on the 
progress of discovery on the Gulf, and it shows, also, with how many interesting naval expedi
tions, which furthered this knowledge, they were combined. 

In the second chapter I give the history of the first English travels and voyages to the waters 
and coasts of the Gulf of Mexico, after the middle of the sixteenth century, at the time of 
Queen Elizabeth and her naval heroes Hawkins, Drake, and others. 

Those great expeditions of the Spaniards to the Gulf shores and these first attempts of the 
English navigators to enter the Gulf were, for different reasons, not soon followed by similar 
exertions. During more than a century the northern parts of the Gulf were much neglected, 
though the King of Spain, at different intervals, ordered better surveys of the coast to be made. 
The missionary cause, or misfortune by shipwreck, sometimes also became the occasions of 
voluntary or forced tours of exploration, and this gave to the world accounts of some parts of 
those regions then unknown. In the third chapter I have collected the history of these uncon
nected expeditions, these shipwrecks, these miRsionary tours and smaller travels, which were 
made either from :Mexico or from the peninsula of Florida towards the northern regions of the 
Gulf, at the end of the sixteenth and during a greater part of the seventeenth century. 

The discovery of the Mississippi by the French from Canada, and the appearance of the great 
French discoverer, La Salle, at the mouth of that river, (in the year 1682,) led at once to 
renewed efforts for the better exploration of the Gulf, and occasioned a series of different expe
ditions to its northern coasts, executed on one side by the French, who wished to take possession 
of these countries, and on the other side by the Spanish government, which wished to defend 
its ancient rights and pretensions. In the fourtli chapter I have given the history of the first 
series of French expeditions to the Gulf; and in the fifth chapter, the history of those Spanish 
expeditions which were occasioned by them at the end of the seventeenth century. 

The first attempts of the French ended unhappily, and the Spaniards remained in quiet pos
session of the Gulf. But with the beginning of the eighteenth century commenced a new series 
of more effectual French expeditions to the Gulf of :Mexico. These induced, like the former, a 
new series of Spanish enterprises and of renewed efforts for exploration, conquest, and settle
ment. In the si.rcth chapter I have given the history of this second series of French expeditions; 
and in the seventh chapter, the history of the corresponding Spanish expeditions during the first 
quarter of the eighteenth century. 

These latter expeditions ended in the division of the Gulf dependencies between France and 
Spain, who now both made permanent settlements. Through these and the different military, 
naval, astronomical, and geodetic operations, wl1ich were necessary in defining them, the whole 
Gulf and its principal features became better known. We may say that with those settlements 
the rough work of discovery and primary exploration ended, and the more minute and scientific 
research of the detail, and of every particular locality of the coast, commenced. In the eighth 
chapter, which contains the conclusion of our historical memoir, I have alluded to these minute 
researches and explorations of every part of the coast, and have given the reasons which induced 
me not to include them in my memoir on the history of the discovery, and why I preferred to 
relate what we know of them in the second part of the work under each particular name and 
locality. 

The historical memoir is accompanied and illustrated by a historical map of the .JJfexican Gulf, 
in which I have tried to represent, in colors, the tracks and routes of the principal explorers 
and discoverers, On this map I have ind"icated their names, the dates of their expeditions, and 
the part of the coast which their expeditions covered. Besides this, to every principal bay, 
port, or river mouth are added also the names of those navigators and travellers who may be 
considered as having the principal merit in the better exploration of the point in question. 

The SECOND PART of the memoir contains a. series of historical notes or short essays on all the 
principal divisions of the Mexican Gulf and its different points, capefl, ir.lani!s, hankR, hayr;, 
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ports, and river mouths. The notes or essays are put in geographical order, beginning with 
the Cape of Florida, the easternmost point of the Mexican waters, and ending with the mouth 
of the Rio Bravo, the southwestern limit of the United States gulf shore. 

According to the great natural division of the Gulf, we have divided this second part into :five 
chapters: 

The first chapter contains the points of the Florida gulf and keys from Cape Florida to Cape. 
Sable. 

The second chapter, the points and names of the west coast of the Peninsula of Florida from 
Cape Sable to .Apalache bay. 

The third chapter, those of the northern gulf shore from Apalache bay to the Rigolets, or the 
beginning of the Mississippi delta. 

The fourth chapter, those of the Mississippi river and the shore of its great Delta, from the 
Rigolets to th.e River Mermentau. 

The fifth chapter, those of the coast of Texas from the River Mermentau to the Rio Bravo. 
The note or essay which is attached to ea.ch name gives a short sketch of the exploration of 

the point in question, and the history of its original name and subsequent changes. An effort 
is made, at the same time, to define the name which should be adopted and how it ought to be 
written. 

Jn THE THIRD OR BIBLIOGRAPHIC.AL P.ART of the work, I give, in the first chapter, the titles of 
the historical, hydrographic, and geographical works which relate to the Mexican Gulf or pa.rte 
of it, and which have been produced through the course of the last three and a half centuries. 

These titles are put as much as possible in chronological order, a.nd rel~ting to those works, 
with which I could make myself acquainted, are added a. few critical remarks, showing their 
value and degree of importance for the hydrographic knowledge and history of the Gulf. 

In the second chapter of this bibliographical part is given a chronological list of e.U the hydro
graphic and geographical maps and surveys which have been made of the coa.s.ta of the Gulf or 
parts of them. 

Of about forty maps I have appended reduced copies. This collection of reduced copies com
mences with the first indications of the Gulf in the old editions of Ptolemmus, and with the 
first rough sketch of the Gulf shores sent home by the Spaniard Garay in the year 1520, and 
concludes with the more modern representations of the Gulf by Humboldt and the hydrogra
phic depot at Madrid. To every reduced copy of a map is added an explanatory note or es~,Y, 
which gives the history of the map, so far as it is known to us, and points out the principal 
features, and the progress of knowledge observable on it; so that, by looking over these maps 
and notes, the reader may form to himself an idea how the Gulf was represented at different 
times, and how its hyd:rography was gradually developed from the discovery until our owD. 
time. 

Yours, mo11t respectfully and sincerely, 
J. G. KOHL. 

A. D. BACHE, LL. D., 
Superintendent U. S. Coast Siwvey. 
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APPENDIX No. 67. 
ReptYrl on an index of reference to memoirs and papers on subJects related to the Ooast 8ur1Jey 

cperations, by Lieut. E. B. Hunt, U. 8. Corps of Engineers, .Assistant U. 8. Coast Survey. 

NEWPORT, R. I., October 9, 1856. 

DEAR Sm: In complying with your request of September 16, for a report upon the index of 
references now in progress, I propose to permit myself such latitude of treatment as the presenta
tion of the subject appears to demand. 

As an assistant in the Coast Survey, I had on various occasions to make some special researches 
on subjects of practical importance to the field and office work. The first desideratum in such 
cases was to ascertain the extent and character of prior analogous researches, and thus to estab
lish sure bases of departure, so that I might proceed confidently to digest, recast, and amplify 
the ideas and facts pertaining to the subjects in hand. Experience and common sense alike 
testify to the folly of trusting solely to one's personal inspirations on important topics, without 
tak\ng the pains first to establish an effective acquaintance with the recorded inspirations of 
those fine intellects which we may at the outset safely assume to have either touched or 
thoroughly investigated whatever subject may engage our studies. Themes are rare, indeed, 
on which the earnest thoughts and studies of many generations have cast no illumination. It is 
a most judicious rule, and one scarcely admitting of exceptions, by which an investigation, on 
taking up a new sU'bject of study or research, is first of all remanded to a thorough review of 
whatever is already an record concerning this subject. 

Here arises a great practical difficulty. The investigations on any subject of Rcience are 
scattered through a va.;t number of series of transactions, memoirs, periodicals, annals, reports, 
special treatises, collected works, and irregular records. By what fine sense is the beginner 
or student of a special subject to single out from among the hundreds of thousands of 
miscellaneous papers on record the very limited number which are important to his immediate 
purpose? Is he to turn over the myriad volumes in which such papers may be imagined 
a priori to exist? Is he to sweep the whole domain of scientific records from the Almagest 
to Peirce's Analytical Mechanics? If so, he must begin a youth and end a Humboldt in 
years if not in knowledge. Yet, anything less than an actual sweep over all this vast range 
of records must leave the seeker somewhat uncertain as to his omissions. He is likely enough to 
pass unnoticed the very memoir most pertinent to his needs, and then this unknown judge will 
rise from its dust to convict him of labor in vain, or perhaps to accuse him of plagiarism, when 
ignorance or ill luck is the true extent of his offending. 

The obvious and natural remedy for this difficulty is to inde,x all memoirs and important 
papers under the subjects treated by each; to arrange all the titles of such records under duly 
assorted headings, and to bring those headings into a natural and easily accessible consecution, 
by so classifying subjects as to disentangle each speciality from all other generalities and 
specialities. True policy requires that a. grand sweep of all these records of research should be 
made once and forever, and that a digested index should be formed by the systematic organiza
tion of all the titles thus g&thered from a.11 sources. This labor once done, it would be easy to 
extend the general index by the additions of ea.ch year. As the astronomer, by concerted 
arrangement, sweeps zone after zone of the celestial spaces, framing at first partial star catalogues, 
and finally one complete celestial sphere of star records, so may one complete catalogue ultimately 
give the co-ordinates of reference for every original or important paper on each scientific, econ
omic, and artistic subject. This is a possible and most desirable result ; but that it may be 
achieved, several competent persons must co-operate, libraries must be at command containing 
all needful series quite complete, and there must be a reliable wealth of means to sustain the 
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workers through years of undivided toil for this one end. Meantime, men of science and 
investigators in all fields must grope on and serve themselves as best they can by the imperfect 
bibliographic aids now extant, and by partial realizations of the great and ultimate plan. The 
rapid yearly accummulation of scientific records will perpetually increase the already great need, 
until it will grow too unendurable to be borne, and then, if not before, the true remedy must be 
applied. .All civilized nations are contributors to the perpetually growing mass of acienfri.fic 
leaves, and the rapid maturing of manifold sciences is already producing a class of special " old · 
mortalities," whose function is to keep the present acquainted with the past. The noble. 
memoirs of the Newtonian age are too full of matter to be forgotten in any coming age without 
damage to its manliness and vigor of mind. 

There is now no index of memoirs at all approaching to completeness. Among the partial 
catalogues, one of the earliest and best is that prepared by the illustrious Dr. Young, in 
which references are given both to memoirs and separate treatises, and including abstracts of 
many of the papers cited. The whole extends to 434 quarto pages in the second volume of 
Young's collected works. It was published in 1807, and therefore lacks references for the 
prolific half century since that date. This catalogue is omitted in the late edition of Young's 
works. The Repertcrium Gommentationum a Societatibus Litterariis Editarum, by J. D. Reuss, 
is far the most complete index of memoirs extant up to the dates of publications, its references 
being limited to memoirs. It is in sixteen quarto volumes of over five hundred pages each, the 
successive volumes having been published at Gottingen through the score of years succeeding 
1800, and the physical volumes ranging from 1805 to 1808, so that this, like Young's index, 
is a half century behind our time. Each volume embraces one or more general subjects, 
thoroughly sub-classified, volumes 4, 5, 6, and 7 being on matters more or less pertinent to 
mathematical and physical science. The field of natural history is in "part occupied by the 
work of J. Dryander, prepared as a catalogue of Sir J. Banks' library; but the great work of 
Agassiz, entitled Bibliographia Zoowgire et Geol.ogire has left zoologists and geologists little to 
desire except its supplements from year to year. The references gathered by .Agassiz have 
besides been incorporated with additions by H. E. Strickland, and, under the editorship of the 
latter, published by the Ray Society in London; the first volume being dated 1848, and the 
last some two years since. This elaborate. work includes references to treatises and memoirs, 
and is arranged under the names of authors. Dr. Schubarth has just published in Berlin, 
bearing the date of 1856, a Repertory of Technical Literature from 1823 to 1853, in which a 
vast number of references on subjects of Technology in all its subdivisions are distributed under 
subject headings. This product of thirty years' labor extends to 1,050 double column pages. 
Its materials are drawn only from magazines, journals, annals, &c., the transactions of learned 
societie!I being wholly omitted, and the interval of time covered leaving a great gap between 
Reuss and Young and this Technological Index. It is a specially valuable contribution to the 
aid!! for investigation, (especially of patentable matters,) and has relieved me of the need of 
turning through many volumes. I ought to mention Poole's Index to Periodical Literature, 
published in New York in 1853, and containing 523 double column pages. The contents· of the 
leading popular and critical magazines are made easily accessible by this volume, under well
chosen subject headings; and though science forms but a small portion of the subject-matter, 
the work is of decided value even in this regard. I might specify numerous special indexes to 
particular scientific series, and some general indexes on branches foreign to the present purpose, 
but I know of nothing preventing the need of my completing the work on which I have '!Jeen 
engaged. It will be seen, from what has been said, that the immense mass of records of 
physical science since 1800, is almost wholly without a general, clue to its contents. 

Hoping somewhat to aid this noble cause of scientific progress in our midst, but especially 
sure of giving essential aid to those various branches of practical and scientific pursuit involved 
in the diversified operations of the Coast Survey, I have expended considerable labor in 
gathering materials for a Classified Index of References to all-important detached papers on 
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subjects directly or approximately involved in the present and future progress of this great 
national enterprise. 

The organized operations of the Coast Survey bring under tribute a large portion of the 
arena of physical science, and over this extent it is a thing of almMt daily consequence to this 
work that all existing records should be readily accessible. A clear perception of this fact led 
me to propose to you a special index of references for Coast Survey use. I need only remark, in 

. this place, that the heartiness of your response to this suggestion was the most complete proof 
of the extent to which you had felt the need of such a grouping of references, and that the 
liberal facilities extended by you, and your patience with the delays consequent on the labor of 
the undertaking, and my divided public duties, will not be forgotten by me. I expected to 
finish within the year what has now consumed near three years. I began, little appreciating 
the extent of ground to be gone over. I have done what I could under my burden of engineer 
and light-house duties ; and though I have essentially exceeded my original intent, both in time 
consumed and in extent of results gleaned, I am constantly more conscioUB of the imperfect 
character of the promised result. .As I sweep through one series after another, selecting such 
titles as come within the prescribed limits, I :find subjects, which at first I little regarded, swell
ing to substantive importance, so that the temptation to enlarge my bounds is one perpetually 
recurring. To pass by some treasure just adjoining my territory, never again to recall a title 
expressing some most interesting research, seems an ingratitude to the author, and an injustice 
to those who may expect from me some intelligence on this slighted theme. In truth, I just 
begin to feel myself :fitted to begin this labor anew, and to do it thoroughly. 

I am now drawing near the close of the list of series which I propose to examine. Some I 
must pass by as not sufficiently germaine to my object ; some as already analyzed by Reuss and 
Schubarth, and others. Some, which I would gladly inspect, are not accessible in this country ; 
and others, which embrace various real contributions to the special subjects on hand, are burden
some, fragmentary, and ill adapted for reference. I trust, during the coming winter, to sha1)e 
my gleanings for the press. The result will be, on some accounts, too voluminous; on others, 
quite too little so. My object will be substantially accomplished, if, on trial, each person 
employed on the Coast Survey is able to say that its references serve his purposes. I venture to 
express the hope, also, that persons interested in geodesy, geography, navigation, hydrography, 
hydraulic engineering, physics of the earth and sea, practical astronomy, meteorology, electri
city, magnetism, electro-metallurgy, photography, optics, themics, meteorology, the graphic 
arts, printing, technology and general physics, and many other minor subdivisions of science 
and art, will :find some useful references, though certainly not all they may desire. It will not 
be at all a reference index for separate treatises, and for these the existing bibliograpl1ical appa
ratus must still be used.. This field is quite well presented in such catalogues as Englemann's, 
Murhard's, Brunet's, Kayser's, Bossange's, Appleton's Library Manuel, &c.; while, for academic 
transactions, I know of nothing more complete than Part I of Agassiz and Strickland's Biblio
graphia, and nothing so convenient as the lists in Dr. Cogswell's Astor Library Catalogue. 

It would be ungracious in me here to omit an expression of thanks for the uniform courtesy 
and assistance extended to me at the several libraries I have had occasion to visit. I have used 
the facilities afforded by the Congress, Smithsonian, Engineer Department, and Coast Survey 
libraries in Washington, the .Astor library in New York, Brown Univerl'lity library in Provi
dence, the .Athenamm and American Academy libraries in Boston ; and I soon expect to examine 
some series in the Boston city library rooms. The Boston Athenieum and the .Astor libraries 
have been of especial service for the extent and completeness of their series of transactions. 
The Astor library, despite its Minerva-like birth, has fewer gaps than any other, and is indeed 
80 fully realizing the hopes of its friends that I feel safe in denominating it the best library of 
reference in our country, and better, in fact, than some possessing a much larger number of 
Yolumes without selection. 

Mr. Charles A. Schott, of the computing division, has examined some Germ.an series, as a 
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co-laborer, in so satisfactory a manner that I particularly hope he will be enabled t.o complete 
those yet remaining. 

I subjoin a. list of the series hitherto examined, in whole or in part, with brief titles. This 
report, though utterly unworthy the subject, must now suffice. My engineer duties at Fort 
Adams, and my charge of light-house constructions in the Rhode Island subdivision, have left 
me little leisure during the past season to bestow on the consummation of my appointea Coast , 
Survey work. To this fact the present report owes somewhat of its discursive and incomplet.e 
character. 

Very respectfully, yours, &c., 
E. B. HUNT, 

Lieut. Gorps EnginMY'B, .Assistant Ooaat Survey. 
Prof. A. D. BACHE, Superintendent U. S. Coast Survey. 

Liilt of series of TraASactions, Journals, Reports, &c., examined for the Ooast Survey Reference 
Index, prior to October 9, 1856. 

AMERICAN SERIES. 
VOLi!. 

American Association for the Advancement of Science........... ................................... 6 
American Philosophical Society Memoirs................................................................ 15 
American Academy Memoirs................. . . . .. •. . .. . . . . . .. . . .•. .. . .. .. .. ..... •• . . .. . . .. ... . . . . . .. . . .. .. 9 
Smithsonian Contributions.................................................................................. 6 
American Astronomical Journal. ................................... ·"..................................... 4: 
Ame~ican Almanac....................................................................... . .. . . .. . . . .. . . . .. • . . . 23 
American Nautical Almanac................................................................................ 2 
American Journal of Science................................ . . . .. .. .. . . . .. .. . . . . . . . . . .. .. ... . .. . . .. . . . . . .. . 66 
Franklin Institute Journal.................................................................................. 60 
Appletons' Mechanics' Magazine........................................................................... 3 
Hunt's Merchants' Magazine......................................................................... ..... 34 
De Bow' s Commercial Review ..................................................................... : . . . .. .. . 21 
North American Review.................................................... .. . . . . . . . . .. . .. .. . .. .. .. . .. • .. . .. 'T 4 
American Quarterly Review................................................................................. 21 
Southern Review............................................................................................... 6 
New York Review.............................................................................. ... .. . ..... . .. 6 
American Whig Review ........................ ;............................................................. 16 
Harpers' Magazine ...................................................................... ;................... 9 
Putnam's Monthly............................................................................................. 4 
Public Documents of the Senate and House of Representatives, 1831-'32 to 1853 ....... say 250 

Total American........................................................................... 645 

BRITISH SERI.ES. 

British Association Reports ............................... ,................................................. 22 
Philosophical Transactions.................................................................................. 142 
Transactions Cambridge Philosophical Society......................................................... 7 
Transactions Royal Society, Edinburgh.................................................................. 15 
Transactions Royal Irish Academy.................. . . . .. . . .. .. . .. .. . .. • .. .. .. .. . . .• . . . . .. . .. .. . .. .. . . . •. 22 
Memoirs and Notices of London Astronomical Society ......... ;..................................... 31 
British Nautical Almanac...................................................................................... '11 
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VOLS. 

Journal Royal Geographical Society, London.......................................................... 23 
Transactions Bombay Geographical Society............................................................. 2 
Hakluyt's Voyages and Hakluyt Society Publications................................................ 18 
Asia tic Researches............ . . . . . . . . . . .. . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . .. . . .. . . .. . . . . . . . . . .. . . .. . . . . . . . . . .. . . . 20 
'l'ransactions Institution of Civil Engineers........................... ................................. 3 
Royal Engineer Papers................................................... . ................................. 12 
W eale' s Quarterly Papers on Engineering ....................................................... ".... 6 
Transactions Society of Arts................................................................................ 56 
Taylor's Scientific Memoirs. ..... ...... ...... ...... ... ..... .... .. ... ... .. .. ............. .. .................. 5 
Cambridge and Dublin Mathematical Journal.............................................. .. . . . ...... 6 
Journal London Statistical Society............................................... . .. . .. .. . . . . .. . . . . . . . . .. 17 
London Repertory of Arts and Manufactures........................................................... 26 
Tilloch's and London, Edinburgh, and Dublin Philosophical Magazine........................ 119 
Jameson's Philosophical J\'1agazine........................................................................ 54 
Brewster's Edinburgh Journal of Science............................................................... 16 
Nicholson's Journal........................................................................................... 41 
Nautical Magazine............................................................................................. 25 
North British Review ............................................................. :........................... 24 
Transactions Geological Society...................... .. . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Art Journal.................... . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. ... .. . . . . . . 18 

Total British............................................................................... 807 
= 

FRENCH SERIES. 

l\femoirs of the Academy and Institute.................................................................. 204 
Comptes Rendus... ... ...... .......... ... .. ............. .. .. ... .. .. . . . .......... .. .... .. ...... .. .. .... ... . .. ... 42 
Connaissance des Temps............... .. . .... .. . . . . .. .. . . . . ...... .. .. . .. .. ... ... . ...... .. ......... .. . ... .. . 61 
Academic Collections.......................................................................................... 29 
Liege Academy Memoirs.............................................................. . . .. .. . . . . . ... .. . . . . . . 9 
Memoirs of the Royal Society of Science~ of Lille.................................................... 16 
Gergonne's Annals of Mathematics....................................................................... 17 
Terquem & Gerono's New Annals of Mathematics................................................... 13 
Journal of Mathematics...................................................................................... 20 
Journal of the Polytechnic School......................................................................... 35 
Annales de Physique et de Ohimie ........................................................................ 163 
Memoirs of Annales des Ponts ct Chaussccs............................................................ 49 
French Patent Specifications................................................................................ 82 
1\femorial de I' officier du Genie.. . . . . . . .. . . . .. . .. . . . . . . . . . . .. . . . . . . . . . . . . . .. .. . . . . .. . . . . . . . . . .. . . . . . . . . . . .. . 16 
Memorial de l' Artillerie............... .. . . . .. .. . . . . . . .. .. .. .. . .. . . . .. . . . .. .. ... . . . . .. . .. . . . . . . .. . . .. . . . . . . .. . 5 
Memorial du Depot de la Guerre........................................................................... 7 
Bulletin of the Paris Geographical Society.............................................................. 65 
Rozier's Observations......................................................................................... 89 

Total French .............................. ~................................................ 922 

42 cs 
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BELGIAN SERIES. VOLS. 

Memoirs of Brussels Academy..................................................... .. . . . . . . . .. . .. ... .. .. .. 55 
Annals of the Universities of Belgium............ ...................................................... 6 
Quetelet's Mathematical and Physical Correspondence............................................... 11 
Bulletin of the Brussels Museum of Industry.......................................................... 25 
Annals of the Public Works of Belgium................................................................ 1'4 

Total Belgian....................... ............ ...... .................................... 111 

MISCELLANEOUS, 

Memoirs of Geneva Physical and Natural History Society.......................................... 13 
Memoirs Society of Natural History, Neufchatel...................................................... 3 
Batavian Academy ]}femoirs.. ....... .. ... ....... .. .. . .. .... ... .. .. ..... .... .. ......... ... .. ..... ..... ...... 20 
Leipsic Transactions........................................................................................... 2 
Turin Academy Memoirs..................................................................................... 48 
Berlin Academy ~Iemoirs.................... ................ ..... .............. ........ ... ............ ...... '7'7 
Lisbon Academy J.\.Iemoiri;;................................................................................... 14 
St. Petersbmg Academy Memoirs and Bulletins....................................................... 84 
Memoirs Royal Society of Northern Antiquarians, Copenhagen................................... 5 
Kupffer' s Meteorological Correspondence, St. Petersburg........................................... 2 
~.\.stronomische Nachrichten ........................................................................... , .. ":.. 42 
Poggendorf's Annalen... ....................................................................... ............ 66 
Berlin Astron. Jahrbuch. .................. ...... ... ...................................... .................. 38 
l\Iemoirs Gottingen Society.................................................................................. 37 
Berlin Geographical Society Proceedings................................................................ 4 
Gumprecht' s Geographical Journal....................................................................... 5 
Vienna Academy Transactions.............................................................................. 13 
Grunert's :Mathematical and Physical Archives........................................................ 6 
Transactions Bavarian Academy, Munich............................................................... 16 
Gilbert's Annals of Physics................................................................................. '76 
Miscellaneous publications. .. .. . .. ..... ..... .. ..... .. ... .. .. ......... .... .. . .. .. .. .. ... . .. .. ..... .. ... .... .. 41 

Total miscellaneous...................................................................... 612 

General aggregate of volumes examined.................................... 3,06'T 

E. B. HUNT, 
Lieutenant 0<WpB of Engineers. 
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APPENDIX No. 68. 
On systematizing the abbreviations of titles of periodicals, transactions, &c., by Lieutenant E. h. 

Hunt, U. S. Corps of Engineers. 

NEWPORT, R I., August 23, 1856. 
DEAR Sm: In preparing, under your direction, an index of titles of pa11ers on su1ijccts 

involved in the operations of the Coast Survey, gathered from all the scientific periodicals, 
transactions, memoirs, &c., to which I can obtain access, one unanticipated difficulty has again 
and again perplexed me. Every title which I take out must contain an abbreviation of the 
title of the work from which it is taken ; hence I have been obliged to write many thousands of 
these abbreviations while gathering the materials for this Coast Survey Index. It is therefore 
a matter of considerable moment that these abbreviations should be ai; brief as possible, while 
serving their primary purpose. The s1iecial difficulty to which I refer is, that there is no 
authentic code of abbreviations in general URe, and that many of those particular forms which 
I have encountered are long, unwieldy, indeterminate, and conflicting. In many instances I 
have to coin abbreviations, and in many others there are insuperable objections to such as are 
now more or less in vogue. This subject is more important than 'it might at first appear ; 
for these abbreviations are not only written and printed thousands of times each ~·car, but every 
cultivator of science mu~t, as a part ()f his special training, become familiar with the abbre
viations which concern his own departments of research, as a kincl of special alphabet. Hence 
the abbreviated forms ought to be as short as possible, without losing distinctness, to save 
needless writing and memorizing. This will be better ap1ireciated when we hear in miml that 
the list of Agassiz and Strickland contains 1,284 titles of acts, journals, and collcctionR of 
papers on zoology and geology alone, without being complete, even on those su~jects ; while 
each of these titles must probably have one or more abbreviations in use. W c ought not to 
forget that we are even now but at the beginning of scientific expansion, and that each 
succeeding year is bringing into being aucessions to the long arra~' of scientific records. It is 
therefore of the greatest prospective importance that principles for abbreviating titles should 
now be settled, and that practice should as rapidly as possible be brought to a uniformity based 
on these principles. In 1856 we should bear in mind that the year 2000 is to come, and that 
then the records of science will be found under at least a myriad of separate periodical titles, 
and each series will contain matters for reference, as now we refer to the Academia del Cimento; 
records of the French Academy for French scientific issues ; the German Association of 
Naturalists and Physicists for German issues; the St. Petersburg Academy for Russia; the 
Italian Scientific Association for Italian issues, &c. The results, on being aggregated, would 
doubtless make a proper subject for publication by the Smithsonian Institution. It seems to me 
that some plan of this general character would be feasible. Should the American Association 
share this impression, it is in its power to initiate the measure, and test its practicability, with 
no fear of bad results. The demand of coming generations will be for freedom of memory, and 
our duty is to make their memoric burdens a minimum. I will cite here a few instances, and 
these not the worst, to show how unsettled and chaotic our existing practice of abbreviation is. 

The American Journal of Science is abbreviated to-
r Am. J. Sci .......... by Prof. Dana, one of the editors. 

Am.J., ~ 
Amer. J., 
Amer. Jaur., 

by Agassiz and Strickland, in the Index. 

Jour. of Sci ...•••••• by Poole, in his Index. 
Sill. Am. J .......... by Liebig and Kopp, in Annual Report, &c. 
SUlim. J ............. by Dr. Schubarth in his New Repertorium. 
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The Philosophical Transactions of the Roy. Soc., London, are abbreviatcd--

f PPh~ll. TTr.' ( by Agassiz and Strickland. 

1 
ln . rans., ~ 

Philos. Transact ... by Reus~, in his. Re~ertorium. 
Ph. tr ................ by Dr. Young, m lns Index. 

The Comptes Rendus, as follows : 

J 

Compt. Rend .......... by Liebig and Kopp. 
Compt. r ............... by Schubarth. 

C. r., 1 
l CC. R.,t R d by Agassiz and Strickland. 

ornp es en us J 
Compt. Rend, 

The French Academy and Institute Memoirs are thus abbreviated-

~ 
Mcm. de Paris, by Preuss. 

A. P. ~ by Young. 
S. E. S 

r Mem. Acad. Sc. Par., ) 
Mem. Acad. des Sc., l b A . d St . kl d J M~ S t ( y gass1z an nc an . 

1 em. av., e c., 
I Mem. pres. al' Acad., J 
l Mem. Inst. is common for the later memoirs. 

This chaotic diversity :is common to nearly all abbreviations in the above cited works, where 
they must have received rather special deliberation; and by referring to individual modifications, 
by separate investigators, a perfect Babel of usage will be found. That this is a real evil, I assume 
none will question. Can it be corrected, is a question on which different opinions will probably 
be found to exist. Certainly, correction cannot come without some effort, and without the aid of 
time. There is time enough; there ought to be effort enough. Things cannot be worse, for 
there is now nothing ftxed. Conservatism has nothing to fear in this instance. It has occurred 
to me, as a plan which would stand a respectable chance of success, for the American Association 
to initiate a reform by consigning the subject to a special committee with instructions to invite, 
in behalf of the Association, the co-operation of other countries concerning their own periodicals, 
&c. · Thus, for instance, the American Association for the Advancement of Science might fix 
such abbreviations for all American scientific issues. It might, by correspondence, invite the co
operation of the British Association, or Philosophical Society for British periodicals, &c. 

Some principles of abbreviation might here be elaborated, but I shall only say, in brief, 1st. 
That abbreviations should be as brief as pmisible, without becoming obscure. The motto should 
be" abbreviations that are abbreviations." 2d. Only the leading characteristic words of a title 
should find place in an abbreviation. Connecting particles should be thrown out. The posses
sive or genitive form, which is by far the most frequent, can be easily disposed of by using the 
apostrophe or possessive sign for of or of the, thus: Am. J. Sci.-J. ' Soc. ' Arts. 3d. Certain 
words of very frequent occurrence should be reduced to their initial as an abbreviation, as J. for 
Journal, M. for Memoirs, N. for New, Nouvelle, Nuovo, Neue, Nova; others to two initials, as 
Ph. for Philosophical, Tr. for Transactions, An. for Annual, Ac. for Academy, &c. In general, 
the same word, when frequently occurring, should be constant, and a practical minimum in 
all combinations, and, when possible, in different languages. 4th. Location should, as a general 
rule, enter each abbreviation in some form, as M'. Ac'. Par., for the Paris Academy Memoirs; 
Am. Ph. Tr., American Philosophical Transactions. These hints will suffice to show that there 
are principles in this matter which should be carefully elaborated and weighed. 

It may be that the coinage of abbreviations under compulsion, which has fallen to my lot, 
leads me to attach an undue importance to the subject; but I am con:fi.dent that a like expe-
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rience would make most persons quite as desirous of seeing an established code of abbreviations for 
all the world, as I have been. 

Very truly, yours, &c., 

Professot A. D. BACHE, 
Superintendent Coast Survey. 

E. B. HUNT, 
Lieut. Corps of Engineers. 

APPENDIX No. 69. 
Letters to the Secretary of the Treasury, transmitting a communication frmn Lieut. Gomg. S. D. 

Trenchard, U. S. N., .Assi.stant in the Coast Survey, relative to the re,.~cue, by his party, of the 
British barque "Adieu," and testimonial from the consigneeJS relative thereto. 

ALBANY, .August 25, 1856. 
Sm : I have the honor to transmit herewith a copy of a communication from Lieut. Comg. 

Stephen D. Trenchard, U.S. N., assistant in the Coast Survey, stating particulars of the rescue 
of the British barque Adieu, found in a sinking condition by his party in the surveying steamer 
Vixen, while engaged in the prosecution of hydrographic work on the coast of Massachusetts. 

Very respectfully, yours, 

Hon. JAMES GUTHRIE, 
A. D. BACHE, Superintendent. 

Secretary of the Treasury. 

U. S. CoAST SenVEY STEAMER VIXEN, 

Gloucester, Mass., August 14, 1856. 
DEAR Sm: I have the honor to report that at noon to-day, in passing the Sunken Salvages, 

we fell in with the British barque Adieu, from Glascow, bound to Boston, laden with railroad 
iron and sugar, and in a sinking condition-her officers and crew much exhausted from constant 
labor at the pumps. 

I placed Mr. Morrison, master, U.S. N., and a party of men on board the barque-with buckets 
&c., took her in tow, and succeeded in bringing her in safety to this port. 

Great credit is due to the efficient services and strenuous efforts of :Mr. Morrison and his 
party, through whose exertions, by pumping a,nd bailing, the Adieu was kept afloat until towed 
by ihe Vixen into port. 

I am, very respectfully, your obedient servant, 

Professor A. D. BACHE, 

STEPHEN D. TRENCHARD, 
Lieut. Gomg. U. S. N., and .ABSt. Coast Survey. 

Superintendent U. S. Ooast Sui·vey, Washington. 

UNITED STATES COAST SURVEY STATION, 

Near Ellsworth, JJ:faine, Septembe1· 22, 1856. 
Sm: I have the honor to enclose herewith a copy of a communication bearing testimony to 

the services of Lieut. Comg. S. D. Trenchard and the officers of the Coast Survey steamer Vixen, 
in towing into Gloucester, Mass., the British barque Adieu, found in a sinking condition off 
Cape Ann. 

Yours, respectfully, 
A. D. BACHE, Superintendent. 

Hon. JAMES GUTHRIE, 

Secretary of the Treasury. 



 

334 REPORT OF THE SUPERINTENDENT OF 

BosTON, September 12, 1856. 
Sm: vVe beg leave to make known to your department our sincere thanks for the highly im

portant services rendered to the British barque Adieu, P. S. Corbett master, by the United 
States Coast Survey steamer Vixen, under charge of Lieut. Comg. S. Decatur Trenchard, on 
the 14th of August last; said barque was in a sinking condition, near Cape Ann, when the 
Vixen took her in tow and got her safely into Gloucester. 

The conduct of Lieut. Trenchard and his officers and crew merits our warmest commendations. 
Very respectfully, your obedient servants, 

Professor A. D. BAC:HE, 

ISRAEL, LOMBARD & CO., 
Consignees qf British barque Ad,ieu, and Agents for 

ITit~urance Companies at St John's, N. B. 
FRANCIS BACON, 

P1·esident Oliina Mutual Insurance Company. 
JAMES STURGES, 

.Agent of Lloyds. 

Superintendent Coast S1trvey, TVashington, D. 0. 

BosToN, September 10, 1856. 
DEAR Sm: I enclose herewith copies of letters received from E. A. Grattan, Esq., Her Britannic 

Majesty's consul at this place, the master, consignee, underwriters, and others, connected with 
the British barque Adieu, acknowledging the services rendered by the Coast Survey steamer 
Vixen to that vessel while in a sinking condition, off the Salvages, near Cape Ann, on the 
14th instant, a report of which I have previously made to you. 

I am, very respectfully, your obedient servant, 

Professor A. D. BACHE, 

Superintendent U. S. Coast Survey. 

STEPHEN D. TRENCHARD, 
Lieut. Comdg. U. S. N., and .Asst. Coast Survey. 

BRITISH CONSULATE, BosToN, .August 20, 1856. 
Srn: Having seen, in the Boston papers of this date, a card, signed by the master, consignees, 

and underwriters of the British barque Adieu, tendering their thanks to yourself and the 
officers and crew of the vessel under your command, for the valuable assistance afforded by you 
to said barque, while in a sinking condition off Cape Ann, on the 14th instant, I beg -to add 
thereto the expression of my own thanks, in acknowledgment of the efficient services rendered 
by you on the occasion referred to. It will give me much pleasure to represent to her Majesty's 
Government the friendly conduct of yourself and officers in this matter, and I have the honor to 
be, sir, 

Very respectfully, your obedient servant, 
EDMUND A. GRATTAN, 

Her MaJeBty' 8 Consul. 
Lieut. Comg. S. D. TRENCIIARD, U. S. N., 

U.S. Steamer Vixen, Ipswich, Mass. 

BoSTON, August 20, 1856. 
Srn: We beg to offer to yourt1elf, and to the officers and crew under your command, our 

hearty thanks for the prompt and efficient services rendered to the British barque Adieu, when 
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in great danger of being lost, near Cape Ann, on the morning of the 14th instant. \Vi th senti
ments of personal respect, we remain, 

Your obedient servants, 
P. S. CORBETT, 

lffaster Britisli barque Adieu. 
ISRAEL, LOMBARD & CO., 

Consignees of British barque Adieu, and Agent for the 
New Brunswick Marine Insurance Company. 

JAMES STURGES, 
Agent of Lloyds' and British Underwriters. 

FRAKCIS BACON, 
President China Marine Insurance Company. 

Lieut. Comg. S. D. TRENCHARD, 

U. S. Coast Survey Steamer Vixen. 

APPENDIX No. 70. 
Letter of the Superintendent, tranrmiitting report of the Commission, called at the request of the 

Hon. Secretary of the Navy, to investigate the causes which led to the explosion of a boiler of 
the Coast Survey steamer Hetzel, in August, 1855. 

NEW YoRK, November 26, 1855. 
Srn: I have the honor to acknowledge the receipt of your communication of September 12, 

enclosing copy of a letter from the Hon. Secretary of the Navy, requesting that an investigation 
should be made to ascertain the causes which led to the explosion of the boiler of the surveying 
steamer Hetzel. 

In accordance with the request from the Navy Department, a commission, consisting of Com
mander H. S. Stellwagen, U. S. N., Cliarlcs W. Copeland, Esq., consulting engineer, and First 
Assistant Engineer W. Holland, U. S. N., met at Baltimore, on board the steamer Hetzel, on 
the 16th, 17th, 19th, and 20th of November instant; and I enclose herewith their joint report, 
made aner examination of the wreck of the boiler, and in connection with the testimony of 
persons who were on board the Hetzel at the time of the disaster. 

Very respectfully, yours, 
A. D. BACHE, Superintendent. 

Hon. J .AME'l GUTHRIE, 

Secretary of the Treasury. 

NEW YoRK, November 6, 1855. 
Sm : By direction of the Treasury Department, and at the request of the Hon. Secretary of 

the Navy, an investigation will be made into the causes and circumstances which led to the 
explosion of the boiler of the Hetzel. 

You are hereby detailed as a member (senior member) of a commission to make the above 
investigation. Your colleagues are Cha:rles W. Copeland, Esq., consulting engineer, and First 
Assistant Engineer William Holland, U.S. N. 

You will please proceed to Baltimore, and meet your colleagues on board of the steamer 
Hetzel there, on the 13th day of November. Lieutenant Commanding Almy has instructions 
to furnish you the nooessary facilities for meeting and for discharging the duty entrusted to you, 
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and to retain the officers and men of his party together, in case they should be needed as 
witnesses. 

On the close of the investigation of the commission, please report to me the results, jointly 
with your colleagues. 

Yours, respectfully, &c., 

Commander H. S. STELLWAGEN, 

A. D. BACHE, 
Superintendent United States Ooaat Survey. 

United States Navy, Assistant Coast Survey. 

I certify the above is a true copy, and that orders to the same effect were addressed to Charles 
W. Copeland, Esq., and Mr. Holland, first assistant engineer, U. S. N., varied slightly m 

the second paragraph. 
H. S. STELLWAGEN, 

Commander United States Navy. 

Proceedings of a " commission of investigation into the causes and circumstances which led to 
the explosion of the boiler of the Hetzel," held on board the United States Coast Survey 
steamer Hetzel, in the month of November, 1855, by order of Professor A. D. Bache, Super
intendent 1'.Jnited States Coast Survey, (issued by direction of the Treasury Department, and 
at the request of the Hon. Secretary of the Navy,) a copy of which is appended: 

The commission met, in pursuance of directions of Professor A. D. Bache, Superintendent 
Coast Survey, at Baltimore, Maryland, on board the Coast Survey steamer Hetzel, on the 13th 
day of November, 1855. Members present-Commander H. S. Stellwagen, U. S. N., and 
First Assistant Engineer William Holland, U.S. N.; Charles W. Copeland, Esq., consulting 
engineer, not present. 

At 1 p. m. adjourned, to meet again on the 14th of November, at 9 a.m. 
On the 14th, met at 9 a. m., and received a communication from Charles W. Copeland, Esq., 

a member of the commission, stating that he was unavoidably detained as a witness before the 
United States circuit court, in the city of New York. Adjourned at 12 m., to meet again at 
9 a. m. on the 15th. 

November 15.-Met at 9 a. m. Charles W. Copeland, a member of the commi"sion, still 
absent. Adjourned at 12 m., to meet on the 16th November. 

Friday, November 16, 1855.-The commission met, in pursuance of adjournment. The 
senior, acting as president. Members all present, viz: Henry S. Stellwagen, commander 
United States Navy; Charles W. Copeland, Esq., consulting engineer; William Holland, 
first assistant engineer, United States Navy. 

The board then proceeded to business, and it was decided, after a preliminary examination of 
the wreck of the boiler and vessel, to take the evidence of those of the officers e.nd crew whoie 
testimony might throw some light upon the subject under investigation. There being no 
member of the commission legally empowered to administer oaths, that preliminary was dis
pensed with. 

The following witnesses were called and examined in the order named : 

November 16- 1. J. J. Almy, Lieut. Comg., U.S. N. 
2. Stephen B. Minor, Pilot. 
3. Charles H. Williamson, Passed Assistant Surgeo11.1;< 
4. Charles P. McGary, Lieutenant, U.S. N. 
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November 16- 5. J. T. Little, Carpenter's Mate. 
6. Albert Allmand, Lieutenant U. S. N. 

November 17- 7. R. H. Walton, Coal-heaver. 
8. B. F. Van Horn, Second-class Fireman. 
9. R. L. Nelson, Second-class Fireman. 

10. Andrew DeVeau, First-class Fireman. 
November 19-11. John Bunting, First-class Fireman. 

12. William C. Wheeler, Second Assistant Engineer U. S. N. 

The board met daily, except Sunday; on the 16th, 17th, and 19th took evidence of the 
witnesses, and on the 20th examined fully and carefully the wreck of boilers and vessel, 
obtaining all information regarding any changes in the same since the accident, and beg leave 
to make the following report : 

1st. Cause of the accident. 
After a careful consideration of the evidence, and a thorough examination of the remains of 

the port boiler, we have concluded that the immediate cause of the accident was the closing 
of the steam stop-valve upon it, on the evening of the 23d of August, with a view of more 
thoroughly cooling that boiler preparatory to making the repairs, and that this valve was 
forgotten and neglected on the morning of the 24th of August, and the steam having no other 
outlet (there being no safety-valve on this boiler) the internal pressure of steam increased until 
it was too great for the resisting powers of the boiler, and an explosion was the consequence. 

Further, we are well aware, from examination and testimony of witnesses, that the boilers 
were old and weak; but had they been new and strong, it could onl¥ have affected the result so 
far as a remote probability that a very little further time before the exfllosion might have given 
a slightly increased chance of its attracting the attention of some one to the fact of its being 
closed, and giving them an opportunity to open it in time to relieve the boiler, and thus avoid 
the accident; but, on the other hand, had the boilers been thus new and strong, and the stop
valve not opened, it must have eventually exploded, and the results would have been much 
more disastrous. 

2d. The nature and course of rupture of the boiler. 
The leak :first started about point X, upon the drawing accompanying this report, (see Sketch 

No. 67,) at whjch place the iron is in thickness about No. 3 wire gauge. The rupture, however, 
appears to have commenced at the bottom of the boiler, near point P upon the drawing. 
The after or front end of the shell of the boiler, with steam drum, was torn from head sheet 
and thrown upwards and forwards, tearing asunder nearly in the direction shown by the line 
L L, &c., in the drawing, the forward or back part of boiler remaining comparatively 
undisturbed and uninjured. Several places a.long the line of rupture were gauged by us, and 
were found to vary in thickness from No. 6 t.o No. 10 wire gauge. 

The order of the explosion we judge to have been thus: a.U a.round the furnace, through the 
water space, the legs were braced by screwed brace bolts tapped into s}Jell and furnace sheets, 
and slightly riveted on the ends by cold riveting. The heads or riveting of all these brace bolts 
were more or less rusted away, and in many cases the threads were also rusted. When tapped 
into sheets, theim bolts appear to have first drawn through the sheet, the furnace sheets collapsing, 
and the shell expanding, until ruptu~edjust at point Pin the drawing, as already explained. 

That portion of the boilers back of the furnaces was braced by riveted braces and socket bolts, 
and when the longitudinal rupture arrived at these braces, they appear to have been sufficient 

·to resist the strain, and the Iin.e of rupture then took an upward and forward course, as already 
described 

This is not the first case of a.ooidents of a fatal character having occurred. from this same 
?a.use-the insufficiency of the screw brace bolts, particularly after being for a length of time 
ln use and subject to oxidation, &c. We desire to express, in the strongest manner, that, in our 

43 cs 
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opinion, braces of this description should not be permitted in the construction of steam boilers, 
where they will be subjected to the action of salt water, or from other causes liable to rapid 
oxidation. 

3d. The improper arrangement of appurtenances to the boilers. 
One of the causes which remotely has led to this accident is, in our opinion, the very improper 

arrangement of the appurtenances. 
With but one safety-valve, and that on the main steam-pipe, arranged as shown by the 

accompanying drawing at K, the shut-off steam valves ought, instead of being screw valves, to 
have had plain stems, so as to have been self-acting ; had they been thus made, as soon as the 
pressure within the port boiler was greater than in the starboard one, the stop-valve would have 
been opened by the excess of pressure and the boiler relieved. Again : If it .was deemed neces
sary, from any cause, that the stop-valves should be screw-valves, then, instead of there being 
but one safety-valve upon the main steam-pipe, there should have been one upon each boiler: 
in which caRe, the stop valve being neglected, the boiler would be relieved by the safety-valve. 

It will be seen, by reference to the accompanying drawing showing the arrangement of the 
boilers, that the scrci,p stop-valve being shut, and the safety-valve upon the steam-pipe unable to 
relieve the boiler, there being, also, no safety-valve or other outlet for steam from the boiler, 
except through this stop-valve, the safety of those on board depended entirely upon the 
thoughtfulneRs and vigilance of those connected with the engineer department, as there was no 
possible way in which the boiler could be relieved of the increasing pressure of steam but by 
rupture. 

Had there even been a steam-gauge connected with each boiler, independently, it would have 
greatly added to the safety of the whole arrangement, as the difference of pressure indicated by 
the several steam-gauges would have attracted attention, and the error or neglect have been 
corrected in time to avoid the disastrous result. In fact, there, was, by the arrangement of the 
appurtenances to the Hetzel' s boilers, no possible way in which they could be relieved by any 
automatic action of any of those appurtenances. Nor was there any way provided by which 
the daNgerous condition of the boiler could be indicated to the eye or ear, or in any way 
brought to the notice of the attendants. We cannot but condemn, in the strongest terms, such 
improper, injudicious, and unsafe arrangements, and have no doubt that had they been such as 
we have stated above· as desirable, we would not have been called upon, by so serious a disaster, 
to record at this time these opinions, or report upon this accident. 

4th. The probable 'cause and circumstances which, combined, led to the accide.nt. 
That the ca.use of 'the explosion could not have been low water in the boiler, is shown by the 

testimony of all the'w!tnesses who could testify upon that point. (See testimony of ·Wheeler, 
De Veau, Nelson, Bunting, and Walton.)* 

That there was not a gradual increase of pressure on both boilers, until the port boiler, being 
the weakest, gave way, is evident from the fact that the highest pressure on that morning, 
testified to by every witness, is 29 pounds ; and it would appear, by a proper consideration of all 
the evidence, that the maximum was not over 23 to 26 pounds, whereas there had been previ
ously 30 carried in several instances. This is the more strongly confirmed from the present 
condition of the starboard boiler, which shows no indication£ of yielding, straining, or weak
ness. (See Mr. Wheeler's testimony, also Nelson, Bunting, De Veau, and Mr. Allmand.) 
And, further, it is Hhown that there was no delay in getting under way, and therefore no 
probability of such increased pressure. 

Again: that it could not have been caused by a malicious or vindictive tampering with shut
off valves, we think to be clearly shown by the universal good feeling existing between officers 
and men, as fully and clearly testified to by every witness. Further : there was a standing 
order that no one should enter the boiler-room (whe-re the shut-off valves were). but those 

0 Omitt ... 1. 
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belonging to the engineer department ; and it is in evidence by Mr. Wheeler that he had 
punished but one man of the engineer department this season, and had punished him blit 
once, several weeks previous, by making him stand an extra watch ; that this man could not 
have tampered with the valve is clear, from the fact that he was in the most exposed position 
when the accident occurred, viz: in the fire-room, washing clothes, although not his watch at 
the time, and hence voluntarily in this exposed condition. 

Having thus narrowed down the probable cause of the explosion to the fact of the stop-valve 
on the port boiler being closed, in the regular course of duty, and not again opened previous to 
getting up steam, we will now explain what, in our opinion, was the order of circumstances by 
which the disastrous result was brought about. 

It appears (see testimony of Wheeler) that, on the evening of the 23d of August, Mr. Latimer 
was anxious to make the repairs to the port boiler that night, but the boilel' was too hot ; that 
in conversation with Mr. Wheeler, he (Mr. W.) suggested that, by closing the steam stop-valve, 
so as to shut off the heat from the starboard boiler, the port boiler would be rendered more com
fortable and cool more rapidly; Mr. Latimer then left Mr. Wheeler, was gone a few minutes, 
and returned to Mr. W., saying the boiler was too hot, and he would leave the repairs till 
morning. 

We suppose that at this time, when Mr. L. left Mr. °"7 heeler, he went and directed the stop
valve to be closed, to learn if by so doing the heat of the port boiler would be so far reduced as 
to enable them to make tlrn repairs. Finding that the closing of the valve did not produce the 
beneficial effect anticipated, he returned to Mr. "'Wheeler to report it to him, without having 
re-opened the valve. 

The next morning, in the hurry and bustle of making the repairs, and getting the vessel 
under way, the fact of the valve being closed the evening previous was entirely forgotten. 
Bulger, who aided in making the repairs, was relieved from his watch at. 8 a. m., at which time 
the leak had not. yet broken out, (sec testimony of Wheeler;) finding, after he (Bulger) came off 
watch, that the forward man-hole plate was leaking, he went down the fire hatch to screw it up, 
(see testimony of Nel.son and De Veau,*) and about this time the leak broke out. Bulger then 
came up and went aft, on the port side, and was last seen alive near the entrance to the boiler 
room on the port side, (see testimony of Nelson;) we suppose that it had occurred to Bulger's 
mind that the valve was shut, and when last seen alive he was about entering the boiler room to 
examine the valve, (see testimony of De Veau and Nelson,*) and if so, he was probably on the 
top of the boiler, but had not time to open the valve before the terrible catastrophe occurred 
which so suddenly deprived him of life, (see testimony or"De Veau.) 

Such, in our opinion, was the order in which the circumstances occurred. There is but one 
point in the testimony that appears to conflict with this theory: it is the remark made by 
Bulger, in the presence of Mr. Wheeler and Mr. Latimer, and also repeated to Nelson, "that 
the steam would pass through the connecting pipe, from one boiler to the other, and thus there 
would be no difference in the time of getting up steam" in the two boilers, (see testimony of 
Wheeler and Nelson.*) The inference to be drawn from this is, that Bulger was confident the 
stop-valve was open, or that he knew that it had been shut and he intended to open it, or thought 
he had already opened it. The repeating of this remark by Bulger would lead to the opinion 
that his attention had been specially called to it during the repairs. 

With the evidence elicited before us, this theory can only be modified as to the time of the 
valve being closed; that, instead of its being closed the evening before, it might have been 
closed. by Bulger in the morning, after he had commenced work on the boiler, as it is testified 
by Bunting that he (Bulger) suffered much from the heat in the boiler and came out once before 
the work was completed; it is not improbable that, on ac.count of the heat being so great, he 
may at that time have closed the valve to shut the beat from the starboard boiler. 

Ci Omitted. 
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The supposjtion that Bulger did go into the boiler mom for the purpose of opening the steam 
stop-valve is strongly sustained by the fact of the valve being found about one-quarter of an 
inch open, upon examination in the afternoon of the day on which the explosion occurred. (See 
testimony of Bunting.) 

One circumstance we should mention, as showing the position of the shut-off steam-valves at 
the time of the explosion, is, that the stem of the starboard valve is bent upward for about_ 
eight or nine inches of its length) showing that it projected that distance beyond the crossbar' 
at the time of the explosion; whereas the port valve stem is only bent for about three inches of 
its length, showing conclusively tha;!; the valve must have been screwed shut, or nearly so, at 
the time of the accident. 

From the testimony of the witnesses, there can be no doubt that those men who were killed, 
belonging to the engineer department, were very capable, industrious, and efficient men, more 
especially Gardner and Bulger; the latter is spoken of by Mr. Wheeler as a very excellent man 
in these respects, not only in performing thoroughly his watch duties, but being at all times 
very attentive and reliable-ready for any work that appeared necessary. 

l\fr. Wheeler testified in the strongest manner to the ability and efficiency of Mr. Latimer, 
the assistant engineer, and the alacrity and vigilance with which he attended to his duties; and 
all the officers pay a just tribute to the fortitude and heroism displayed by him subsequent to 
the explosion, when suffering the most intense bodily pain, and knowing that he could live but 
a very short time. 

The notes of the evidence taken from the several witnesses named,* and also a sketch or 
drawing of the boilers and appurtenances, are forwarded herewith, for the further information 
of the Department. (Sketch No. 6'7.) 

Having thus traced the causes of the accident to the neglect or forgetfulness of the duty of 
opening the stop-Yalve, it may be required to know the amount of culpability, and on whom it 
may rest. These points can never be fully explained; and though the effect was so sadly disa.s

. trous, yet it must be borne in mind that no positive order had been issued to close the valve; 
that it had not been customary, and in fact had not been done before during the whole season ; 
and hence that such forgetfulness was more probable and excusable. 

The suggestion to close the stop-valve may have been made or repeated in presence of William 
Bulglµ', who is represented as a highly capable, industrious, and willing man, with a reliance 
that he would attend to it fully, a.swell in opening again as closing it, it being a simple act of 
duty, or he might have closed it of his own accord to facilitate the repairs ; let this be as it 
may, whoever was in fault, he or they have paid the penalty, either in loss of life or in mental 
anguish, more than commensurable with so involuntary an offence. 

The engineer in charge, Mr. Wheeler, appears to -have taken a. very commendable and unusual 
precaution against accidents generally, and particularly against ignorance of the use or unskilful 
manipulation of these stop-valves, as shown by the evidence of his instructing his firemen in 
their objects and modes of use. His general attention to duty is fully established, and his con
duct on this occasion has elicited the admiration of officers and men. 

The commanding and other officers and crew generally displayed self-possession and good 
conduct throughout, and a feeling of sympathy and kindness for the injured, which redounds to 
their honor. 

Having thus performed the duty assigned to us, we respectfully submit the foregoing report. 
H. K STELLWAGEN, PretJident. 
CHAS. W. COPELAND, O~ng Eft,giMer. 

B.u.TIMoll.B, No-vember 21, 1855. 
W. HOLLAND, FfrBt A.alfistmtt Eft,gineer, U.S. N. 

o Omitted. 
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APPENDIX No. 71. 
Report of .Assistant .A. M. Harrison, on the circumstances attending disaster to the surveying 

schooner Benjamin Peirce, by the drifting to lier quarter8 <if the burning steamer Seminole, at 
Jacksonvule, Florida. 

UNITED STATES SCHOONER BEN.JAMIN PEIRCE, 

Qff Jacksonville, East Florida, January 7, 1856. 
DEAR SIR: I send you the report of Mr. Hawley to myself, of all the occurrences connected 

with the Peirce up to the day of my arrival here. After reading this report, and instituting a 
thorough inquiry into all the circumstances connected with the unfortunate disaster which 
occurred to the Peirce by the burning of the steamer Seminole, I can, in justice, but come to 
the conclusion that Mr. Hawley, by his energy, coolness, and courage, saved the schooner from 
total destruction, as well as the brig Iza, mentioned in his report. Upon examining the 
schooner, I am only astonished that she was saved at all. The entire starboard quarter must 
have been in flames, besides the starboard rigging, and the deck on the quarter is completely 
charred. There was no wind, nor would the short interval which elapsed after the burning 
steamer had been drifted to the Peirce admit of getting the schooner under way and moving 
out of the reach of danger; hence, there was but one course left for him to pursue, and that one 
he followed, namely, to endeavor to tow the Seminole away from the schooner. 

That the exertions of Mr. Hawley were not unattended with personal danger, you can judge 
from the fact that his clothing and hands were burned. I can but sorely regret so serious a 
casualty to the vessel under my charge, but, at the same time, a sense of justice obliges me to 
free Mr. Hawley from all cause of censure, and to give him the well-earned credit of having 
acted with judgment and courage; and I hope, sir, :tfter these repyesentations, you may be 
pleased to look upon it in the same light. 

Respectfully submitted by your obedient servant, 
.A. M. HARRISON, Assidant. 

Prof . .A. D. BACHE, 

Superintendent U. S. (Joa.st Survey, Washington, IJ. 0. 

UNITED STATES SCHOONER BENJAHIN PElBCE, 
Jacksonville, FWrida, .Taniw,ry 6, 1856. 

Sm: The following is a report of the passage of the United States Coat!t Survey schooner 
Benjamin Peirce, from New York to Jacksonville, and also all the circum&tances eonneeted with 
her up to the time of your arrival at this place. We sailed from the Quarantine at New York 
on December 12th, standing down the bay with a. light N. W. wind, and, by the time we had 
cleared Sandy Hook, the wind shifted directly ahead. It was snowing, and the weather became 
very thick; so much so, that, although we were some ten or twelve miles from Sandy Hook, we 
were obliged to put back and come to anchor just inside the Hook. It snowed all night and 
most of the next day, with the wind ahead, and blowing very strongly. The wind shifted 
about dark, and, getting under wa.y, we stood out to sea again. We had a goOO. run down a.s 
fa.r as Cape Charles; but the wind coming out directly ahead again, we ca.me to anchor about 
dark, just inside of Cape Henry light. 

The next afternoon, with wind still ahead, we started down the coast, but did not make 
Hatteras light until the night of December 17th. On the morning of the 18th, at four o'clock, 
we lost sight of the light, hut kept close into the land all the way down the coast, so that we 
saw a number of the lights. Our run from Cape Hatteras to the St. John's river wa.s a. very 
fine one, only fifty-six hou.rs from light to light. We lay to off St. John's bar for a pilot two 
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hours. After we arrived inside the bar the pilot left us, and I piloted the vessel myself up the 
river to Jacksonville, where we arrived between eight and nine o'clock. After the sails had 
been furled, and the decks cleared up, the men went below. 

Just before twelve I heard the cry of ":fire" on shore, which I found was caused by the 
burning of the steamer "Seminole." There being no wind at the time, I did not attempt to 
get the vessel from her anchorage, nor could I if I had desired to do so; within a few moments 
after the alarm was given, the steamer was ablaze from stem to stern, and, having been cut 
from her moorings to prevent the adjoining buildings and wharves from catching fire, she 
was drifting down the stream. By the time I could collect the men on deck, the burning wreck 
was within :fifty yards of the "Peirce," heading directly a.thwart her bows. Leaving one-half of 
the men on the "Peirce," all prepared with buckets and axes to prevent, if possible, the 
steamer becoming entangled in the rigging of the '' Peirce,'' I manned the largest boat and 
started for the steamer, which, by this time, was close aboard, made fast a tow line and 
commenced towing her. The steamer struck the vessel just abaft the starboard fore-chains, 
but, having got a little headway by towing, she did not, as I feared she might, become 
fastened to the riggir.g of the '' Peirce.'' In the short space of time occupied in towing her 
past the "Peirce," the intense heat destroyed the foresail, mainsail, and main gaff-topsail; 
also the starboard main shrouds and main topmast back-stay, with some of the running 
rigging ; most of her spars and both masts were much charred, and also the starboard 
bulwarks, galley, cabin quarter-house, and deck. A new boat belonging to Mr. Huger, 
which was lying on the deck, was also considerably dama~ed. The glass in the skylight of the 
cabin was broken by the excessive heat, and the taffrail crushed by the falling of the main 
boom, the topping lift which supported it being destroyed. From six to eight hundred dollars 
will, I think, put the vessel in as good condition as formerly. Seeing that the flames on the 
'' Peirce'• were all extinguished, I continued towing the steamer to keep her clear of a brig 
which was at anchor a short distance astern of us. After a severe struggle the steamer was 
towed clear of the brig, and I went on board of her to render what assistance might be 
required. The captain of the brig not being able to control his men, and being very much 
alarmed himself, turned the command of the vessel over to me ; and I do not hesitate to say, 
that, with the assistance of our own men from the Peirce, we succeeded in saving the brig 
"lza," with a full cargo, from being totally consumed. Since the fire I have had carpenters 
at work planing down the masts and spars of the Peirce, which were all charred to the depth 
of a quarter of a.n inch; also in making new dead-eyes, &c., a new taffrail, and a rudder for 
the boat, which was lost. 

As the main shrouds were nearly burnt through, and knowing that it would endanger the 
safety of the mast if it came on to blow very heavily with a rough sea, I took the responsibility 
of ordering immediately such standing rigging as was necessary. I have not ordered either 
sails or running rigging. 

Regretting sincerely this misfortune, and believing that I have done my entire duty, I trust 
that this report may meet with your approval. 

Very respectfully, 
P.R. HAWLEY. 

A. M. HARRISON, Esq., 
A.ssistaftt U.S. OOORt Survey, Jack801n:vi1,le, East Fwrida. 
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APPENDIX No. 72. 
Correspondence with the Secretary of the 'I'reasury relative to the necessity of transferring Coast 

Survey parties from the main la'ltd of Florida peninsula, in consequence of threatened Indian 
hostilities. 

COAST SrRVEY OFFICE, January 30, 1856. 

Srn: In consequence of reports which have reached this office, I am induced respectfolly to 
request that inquiry may be made of the honorable Secretary of "\Var, in order to ascertain 
whether any information recently received at the War Department would lead to the supposition 
that Coast Survey parties employed near Cape Sable, and on the small keys between the South 
Florida main and the southern line of keys, are exposed to danger from Indian hostilities. 

Very respectfully, yours, 
A. D. BACHE, Superintendent. 

Hon. JAMES GuTIIRIE, 

Se.cretary of the 1:'reasury. 

TREASURY DEPARTMENT, February 1, 1856. 

Srn: I am informed by the Secretary of War, under date of the 5th instant, that no intelli
gence has been received at that Department indicating the presence of Florida Indians in the 
immediate vicinity of Cape Sable ; but from the character of the Indians, and from the fact that 
they are likely to approach the coast for supplies, it is considered that the continuance of the 
Coast Survey parties near Cape Sable may be attended with danger. 

Very respectfully, your obedient servant, 

Prof. A. D. BACHE, 

Superintendent of Coast Survey. 

APPENDIX No. 73. 

JAMES GUTHRIE, 
Secretary of the Treasury. 

Correspondence with the Treatlfl,ry and Navy Department.'1, and letter of Commander James .Alden, 
U. S. N., asaistant in the CoaBt Survey, on Joining the Pacific squadron to etigage in repelling 
Indian h08tilities in WQ..'Jhington Territory. 

CoAST SURVEY OFFICE, January 2, 1856. 
Sm: I believe you will be gratified, as I have been, to see the promptness with which Com

mander Alden volunteered the services of the Coast Survey steamer Active to go to the north, 
placing her under the direction of the commander of the squadron for service. I enclose you 
a. copy of Commander Alden's letter to me, and of the orders which he received from Commo
dore Mervine. 

I would respectfully suggest that a copy of this letter, and of its enclosure, be transmitted 
to the honorable Secretaries of War and of the Navy, that they may be aware of the co-operation 
thus afforded by the use of the Coast Survey steamer Active. 

Very respectfully, yours, 

IIon. J .. ums GUTBRIB, 
A. D. BA.CHE, Superintendent. 

&claetary of the 2\-eaaury. 
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U. S. CoAsT SURVEY STEAMER .ACTIVE, 

San Francisco, December 3, 1855. 
DEAR Srn: The enclosed communication from Commodore Mervine will explain itself, and I 

trust my course in placing this vessel at his disposal will meet your approval. I hesitated to 
do so till the necessity of the case made my duty so apparent that I should have proved recreant 
to the call of humanity if I had remained passive. Independently of my knowledge of thos~ 
localities which are so much exposed, I am satisfied that this vessel is more capable of affording 
aid and comfort to our citizens, by moving with celerity from one point to another, than two or 
three sloops of war, without the aid of steam, in such warfare. Our capacity, too, for towing 
vessels of that class which may be operating there, will be felt; for the transportation of troops 
and supplies, I think the .Active can hardly be equalled by any vessel of her size. It is my 
intention to carry out these views, and I trust that, if action and energy will accomplish any
thing, you will never have cause to regret onr participation in this affair. Commodore Mervine 
has done everything in the way of furnishing all the means and appliances in his power to stop 
this disastrous warfar13., and has supplied this vessel with everything for the successful prosecu
tion of so desirable an end. 

I leave Lieutenant Cuyler in command of the Ewing, with sufficient force to carry on the 
hydrography of the bay, (the work laid out for the .Active this winter,) and knowing well, as 
you do, his long experience and peculiar aptitude for the work, I need hardly add that I have 
the most sanguine expectations that he will produce many and highly satisfuctory results. My 
instructions to him are also herewith enclosed; and you will pereeive that, as my absence may 
be more or less protracted, I have directed him to communicate directly to you. 

Before closing, I desire to record the high sense of obligation that I feel towards Lieutenant 
T. G. Corbin, U. S. N., the executive of the navy yard at Ma.re isla.nd, who has so promptly 
volunteered his services, and is now temporarily attached to this vessel as first lieutenant. Our 
preparations are almost completed, and we expect to leave here on to-morrow or next day. 

With great respect, I remain, very truly, your obedient servant, 

Prof . .A. D. BACHE, 

JAMES ALDEN, 
Commander U.S. N., .Assistant Coast Survey. 

Superintendent Tl. S. Coast Survey, Washington, D. 0. 

Uz.."ITED BT.ATES FLAG-SHIP INDEPENDENCE, 

San Francisco, November 29, 1855. 
Sm: The savage demonstrations of the Ind!ans in Washington Territory, in murdering many 

of the settlers, the concert of action between the different tribes, together with their. attacks 
upon the regular troops, seem to indicate a general Indian war, the declared object of which is 
the extermination of all the white population. 

This alarming state of affairs calls for all the available naval force which can be spared from 
other duties . 

.As you have promptly tendered the services of the United States surveying steamer Active, 
under your command, which you state can be spared during the .winter without detriment to the 
service in which she is engaged, yon will therefore prepare her for sea with all possible despatch, 
and, so soon as you shall be ready, proceed to Puget's Sound, where you will act in concert with 
the sloop of war Decatur, and the forces under the command of Major General John E. Wool, 
in affording aid and protection to the inhabitants residing o:a the Sound, wherever the same 
mas be required. . 
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You will take on board as large a supply of stores, especially bread, as your vessel can stow. 
Upon falling in with the Decatur at Seattle, transfer to her all your surplus stores. 
Commander Sterett reports that, in consequence of the settlers being without arms, he has 

supplied them with all those belonging to the Decatur ; you will therefore make a requisition 
upon the ordnance officer of the United States army at Benicia for forty muskets, and the 
same number of pistols and cutlasses, if they can he furnished, for her use. 

I shall, in all probability, sail from this port very soon ; you will therefore communicate all 
matters of importance, through Commander Gansevoort, direct to the Honorable Secretary of 
the Navy, as circumstances shall render expedient, transmitting to me duplicate copies thereof, 
to Valparaiso, by the way of Panama, addressed to the care of the Unit€d States consul at the 
latter place. 

Very respectfully, your obedient servant, 

Commander .Tarns ALDEN, 
U. S. Coast Survey Steamer .Active. 

Wl\I. MERVINE, 
Oomma,nding Pacific Squadron. 

NAVY DEPARTMENT, January 5, 1856. 
SIR: I have the honor to acknowledge the reoeipt of your communication of the 4th instant, 

enclosing copy of one to your address from the Superintendent of the Coo.st Survey, "expressi,,e 
of his gratification at the promptness with which the services of the Coast Survey steamer 
Active were tendered by Commander Alden to Commodore Mervine to act under his direction, 
as commander of the Pacific squadron, to quell the Indian disturbanceR in \Vashington Terri
tory; also, a copy of Commander Alden's letter to Professor Bache, and of the orders issued by 
Commodore Mervine on accepting the services of the Active. 

I am extremely gratified with the zeal and energy of Commander Alden, and his promptness 
in placing his vessel at the disposal of Commodore Mervine. His course meets the hearty 
approval of the Department, and it is hoped it will not interfere materially with Coast Survey 
duties. 

With very great respect, I am, sir, your obedient servant, 

Hon. JAMES GUTHRIE, 

Secretary of the Treasury. 

APPENDIX No. 74. 

J. C. DOBBIN. 

Letter to the Secretary of the Treasury, transmitting, for the files of the War Department, copy of a 
letter addressed to Capt. A. A. Gibson, ll. S. A., on his detachmentfrom Coast Survey service. 

COAST ST.'"RYEY OFFICE, DecemlJer 21, 1855. 
Sm : I have the honor to inform the Department that the direction to relieve Captain Gihson, 

U. S. A., assistant in the Coast Survey, from duty, and to request him to report to the Hon. 
Secretary of War, has been complied with. In justice to this useful officer, I enclose a copy 
of my remarks on relieving him, for the files of the Department, and would respectfully request 
that a copy thereof may be transmitted to the Hon. Secretary of War. 

Very respectfully, yours, 

H1;m. J ,lM,ES Gum1m:, 
Secretary pl tM Treasury. 

44 cs 

A. D. BACHE. Superintendent. 
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COAST SURVEY OFFICE, December 21, 1855. 
Sm~ I have the honor to enclose a copy of a letter from the Treasury Department and its 

accompanying inclosure from the War Department, and, in accordance with the directions of 
the Secretary of the Treasury, to relieve you from duty on the Coast Survey, and to instruct you 
to report by letter to the Hon. Secretary of War. 

In doing so, I must express the reluctance with which I part with one who has made himsylf 
so useful upon the Coast Survey. The sketches of parts of the coast have been made with 
consummate skill and a just appreciation of the purpose for which they were intended. The 
projects of maps and charts have been studied with great industry and attention, und an aptness 
rarely found. The correct taste in arrangement and execution which you possess, and which 
has with praiseworthy zeal been exercised in the Coast Survey office, deserves acknowledgm!mt 
and 1mch reward as praise may be considered to afford. I shall miss very much your varied 
talent in sketching in the field, in drawing in the office, and in connection with the drawing 
and engraving divisions of the office. In the study of the pTOjects of maps and charts, your 
experience and information will also be very much missed and cannot soon be replaced. 

I shall send a copy of this letter to the Hon. Secretary of the Treasury, and, through him, to 
the Hon. Secretary of War. 

Y ery respectfully and truly yours, 

Captain A. A. GrnsoN, U.S. A., 
Assutant Coast Survey. 

A. D. BACHE, Superintendent. 

APPENDIX No. 75. 
Communication to the Secretary of the Treasury, transmitting copy of a lette'I' addressed to Captain 

W.R. Palmer, U.S. Topographical Engineers, on the occaaioo of his ddachment from Ooast 
Survey service. 

CoAsT ScRVEY OFFICE, May 21, 1856. 
Sm: I have the honor to communicate to the Treasury Department, for its files, a copy of a 

letter addressed to Captain W. R. Palmer, U. S. Topographical Engineers, recently relieved 
from Coast Survey duty, and would respectfully request that a copy may be transmitted to the 
Hon. Secretary of War, for the files of the War Department. 

The efficiency of Captain. Palmer while engaged in the dutie11 of the Coast Survey, in my 
judgment, merits this expression of the value of his services. 

Very respectfully, ·yours, 

Hon. JAMES GUTHRIE, 
A. D. BACHE, Superintendent. 

Secretary of the Trt1WJUry, 

CoAST SURVEY 0FPICE, May 21, 1856. 
DEAR Sm: By direction of the Treasury Department, I communicate to you the orders of the 

War Department, referring to your detachment from the Coast Survey under the four years' 
rule. 

I take this occasion to express my high sense of the value of your services to the Coast Survey, 
and the great regret with which rpa.ri with them. Your duty has invariably been discharged 
with zeal, efficiency, a.nd ability, and with a. scrupulous care worthy of the highest :praise. 
The triangulation which you ~e of the Rappahannock river) in Virginia, lli one of the best of 
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its kind in the Coast Survey, and your services as assistant in charge of the Coast Survey office, 
in the absence of Captain Benham, have been highly acceptable. Having taken -occasion to 
inspect the office soon after you took charge of it, and at the present time, I bear testimony to 
the success of your administration of it. 

I propose to place this letter on file in the Treasury and War Departments. In parting with 
you, allow me to wish you continued success in your new field of service. 

With great regard, yours, truly and respectfully, 
A. D. BACHE, Superintendent. 

Captain W.R. PALMER, U.S. Top. Engrs., 
Assistant in charge of Goa.st Survey Office, ad int. 

APPENDIX No. 76. 
Letter of tlie Secretary of the Treasury, notifying of the detachment for special service of Lieut. 

Oomg. 0. H. Berryman, U.S. N., Assistant Ooast Survey, and Mid,shipman John S. Barnell. 

TREASURY DEPARTMENT, June 24, 1856. 
Srn: The Secretary of the Navy has notified the Department, under date of the 23d instant, 

that, in consequence of the services of Lieutenant 0. H. Berryman* and Miili!hipman John L. 
Barnes being immediately required on special duty, under the act of Congres3 of 3d March, 
1849, these officers have been detached from Coast Survey duty, and that their places will be at 
once supplied, upon a requisition from your office. 

Very respectfully, your obedient servant, 
JAMES GUTHRIE, 

Secretary of tlie Treasury. -
Prof. A. D. BACHE, 

Superintendent Coast Survey, Washington, D. 0. 

CHAP. CIII.-An act making appropriations for the Naval service for the year ending June 30, 1850. 

* * * * * 
SEc. 2. And be it further enacted, That the Secretary of the Navy be directed to detail three 

suitable vessels of the navy, in testing new routes and perfecting the discoveries made by Lieu
tenant Maury in the course of his investigations of the winds and currents of the ocean, and to 
cause the vessels of the navy to co-operate in procuring materials for such investigations, in so 
far as said co-operation may not be incompatible with the public interests : Provided, That the 
same can be accomplished without any additional expense. 

* * * * * 
Approved March 3, 1849. 

APPENQ,IX No. 77. 
Oorrespqndence ·with Lieutenant Oolonel R. E. De Russy, United States Engineers, in reference to 

the engagement of Lieutenant N. F. Alexander for the continuance of tidal o"bservationB on the 
Western Ooast. 

CoAST SURVEY OFFICE, March 1, 1856. 
DEAR OoLONEL : I understand from General Totten that he will write to you, authorizing-if, 

in your ~dgm.ent, it will not interfere with the performa.nce of engineer duties-the engagement 

o Since reassigned. 
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of Lieutenant N. F. Alexander in the supervision of tidal observations at three stations already 
established on the Western Coast. 

Lieutenant Trowbridge will, at my request, call and explain to you the nature of the service 
desired of Lieutenant .Alexander. It is my intention that it shall not interfere ; so that if, in 
practice, any interruption of regular duty is likely to occur in any part, I will make ·a change 
at once in my request to Lieutenant Alexander, on learning that it is desired by you. 

Yours, respectfully, 
A. D. BACHE, Superintendent. 

Col. R. E. DE RussY, United States Engineers. 

SAN FRANCISCO, CALIFORNIA, .April 4, 1856. 
l\fy DEAR Sm: Your letter of the 1st of March was handed to me by Lieutenant Trowbridge; 

I had previously received General Totten' s letter on the same subject. 
I found my assistant, Lieutenant Alexander, willing and ready to relieve Lieutenant Trow

bridge in the supervision of the tidal observations at the stations already established on the 
Western Coast, and I did not hesitate to accede to your request, although much pressed for time 
and assistance. I need not add, that in common with the officers of the corps, I feel that we 
owe much to your department for valuable information and useful assistance, and that I will 
al ways be happy to lend my aid in the performance of services which can in any way reciprocate 
the kind feelings which I trust will always exist between the two departments. 

With great respect and esteem, I am, my dear sir, 

Prof. A. D. BACHE, 

Superintendent U. S. Coast Survey, Washington, D. C. 

R. E. DE RUSSY, 
Lieutenant Col,onel Engineers. 

CoAST SUR.VEY OFFICE, Washington, May 6, 1856. 
DEAR COLONEL: On my return from the south I received your very kind letter of April 4th, 

and beg at one© to return my thanks for the promptness of your action in reference to the 
matter. I appreciate fully all that you say in regard to the pressure already existing upon the 
time and talents of your assistant, Lieutenant Alexander, and value accordingly the aid which 
you and he have consented to render in regard to the tidal observations on the Western Coast. 

Reciprocating entirely your expressions of kind feeling, and sincerely thanking you for those 
relating to the Coast Survey, 

I remain, very respectfully and truly yours, 
A. D. BACHE, Superintendent. 

Lieutenant Colonel DE RussY, Corps of Engi1wers. 



 

APPENDIX No. 78 . 
.Aids to navigation recommended in reporl8 made to the Superintendent by assistants in the Coast Survey. 

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

Seetlon. Object. By whom recommended. Date of report, &le. 
------- --~-------·--·~~ - -- -- ----------- . --------- -----

I. Buoys at entrance tp the Kennebec river __________________ Lieut. Comg. B. D. Trenchard, U.S. N _____ Referred to Light-house Board October 15, 1856. 

I. Buoys on rock near Half-way rock, Caeco bay---·----····-- Lieut. Comg. S. D. Trenchard, U. S. N __ . __ Referred to Light· house Board October J, 1856. 
No. 9.) 

(Append 

I. Buoy on Stdlwagm'a ref, between .Minot's light and Scituate 
light. 

Commander IL S. Stellwagen, U.S. N _____ September 26, 1856. (Appendix No. 10.) 

I. Buoys on ridges fifteen miles eastward of Sankaty Head light Commander H. S. Stellwagen, U. S. N ..... Referred to Light-house Board August 16, 1856. (Append 
Ntn. 11, 79.) 

I. Buoy on Edwards' shoal, near BOUthern Cross Rip •••• -----· Lieut. Comg. C.R. P. Rodgers, U.S. N .•••. Referred to Light-house Board December 8, 1856. (Ap~ 
dU: No. 12.) 

v. Buoys for channel ways, Port Royal entrance .............. Lieut. Comg. J. N. Maffitt, U. IS. N. (Append;.; Ne. 15.) 

v. Designation of buoys on Atlantic coast south of Savannah ... Lieut. Comg. 'I'. A. Craven, U. S. N ........ Referred to Light·house Board April 21, 1856. 
No. 80.) 

(A~ 

v. Buoy on shoal eastward of St. Simon's bar, Georgia ... - - - - - Lieut. Comg. A. D. 'l'renchard, U.S. N ..... Referred to Light-house Board July 26, 1856. (Am-i 
No. 81.) 

VI. Buoy on reef between Cape Florida light-house and Fowey Lieut. Cumg. T. A. Craven, U.S. N ....... Referred to Light-house Bollrd September 20, 1856. (A, 
rocks. pendix No. 82.) 

~---- ------------~-----··--~-----·-- - ---------- -----~·--~------" 
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APPENDIX No. 79. 
Letter of the Superintendent, communicating the recommendation of Commander H. 8. Stellwagen, 

U. S. N., assistant in the Coast Survey, for placing buoys on shoal spots found eastward of 
Sankaty light-house. 

CoAST SuRVEY OFFICE, August 16, 1856. 
DEAR Srn: In a letter received to-day from Commander H. S. Stellwagen, U. S. N., assistant 

in the Coast Survey, he recommends the placing of a large buoy on a narrow ridge E. 3° N. 
(true) from Sankaty Head, fifteen miles and a half distant, and one on a sixteen feet spot, two 
miles north of this. He also states that no time should be lost in placing these buoys. The 
positions are marked on the accompanying proof. 

Yours, respectfully, 

Commander T. A. JENKINS, U.S. N., 
Searetary Light-house Boatrd. 

A. D. BACHE, Superin-tendent. 

AFPENDIX No. 80. 

Letter to the Searetary of the Treasury, transmitting the recommendation of Lieut. Oomg. 1'. A. 
Craven, U.S.N., assistant in the Coast Survey, for dedgnating the buoys on the .Atlantic coast, 
southward of Savannah river entrance. 

SAVANNAH, GEORGIA, .April 21, 1856. 
Sm : I have the honor to communicate to the Department an extract from a letter recently 

received from Lieut. Comg. T. A. Craven, U.S. N., assistant in the Coast Survey, suggesting 
such practicable modification in the designation of buoys along the Atlantic coast southward of 
Savannah as would seem to add to their value as aids to navigation. 

" In the frequent fogs of winter, navigators are in the habit of running in by the lead and 
searching for the outer buoys, which, however, are not distinguished one from the other. I 
would suggest, therefore, that all the prominent buoys from Savannah south be distinctly 
marked with the name of the place. I have often, in running down the coast, approached near 
enough to the buoys in question to distinguish the rivet heads without being able to see the 
land." 

Being of opinion that the general object referred to by Lieut. Comg. Craven is an important 
one, I would respectfully request that a copy of this communication may be transmitted to the 
Light-house Board. 

Very respectfully, yours, 

Hon. JAMES GUTHRIE, 
Secretaru of the Treasury. 

A. D. BACHE, Superintenderit. 
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APPENDIX No. 81. 
Letter from, the Secretary of the Treasury, transmitting thfi recommendation of Lieut. Comg. 

Stephen D. Trenchard, U.S. N., assistant in the Cowit Survey, for placing buoys on the shoal 
eMtward of St. Simon's bar, Ga., and on the south breaker. 

BANGOR, MAINE, July 26, 1856. 
Srn: I have the honor to append, for the information of the Light-house Board, the following 

extract from a report made under date June 18, by Lieut. Comg. S. D. Trenchard, U. S. N., 
assistant in the Coast Survey, having in charge the execution of hydrographic work on the 
coast of Georgia. 

"About two miles to the eastward of the light-house (St. Simon's bar, Georgia) there is a 
narrow shoal running east and west with fifteen feet upon it at mean low water. The shoal 
has an area of four or five hundred square yards, with a channel upon either side of it. A 
buoy should be placed on the shoal, and one also upon the outer point of the south breaker." 

I would respectfully request that a copy of this communication may be transmitted to the 
Light-house Board. 

Very respectfully, yours, 
A. D. BA.CHE, Superintendent. 

Hon. J .A.MES GUTHRIE, 
Secretary of the Treasury. 

APPENDIX No. 82. 
Letter to the Secretary of the Treasu1y, tmnsmitting the recommendation of Lioot. CIYln[J. T . .A. 

Craven, U. S. N., assi.stant in the Coast Survey, for a buoy on the reef between Cape Florida 
light~houee and Fowey rocks. 

DNI'illl:D STATES COAST SURVEY STATION, 

Near Ellsworth, JJfe., September 20, 1856. 

Sm: I have the honor to transmit herewith an extract from a letter of Lieut. Comg. T. A. 
Craven, U. S. N., assistant in the Coast Survey, recommending the placing of a buoy in the 
channel over the reef between Cape Florida light~house and Fowey rocks, and would respect
fully request that it be forwarded to the Light-house Board. 

Very respectfully, yours, 

Hon. J..un:s GuraRm, 
A.. D .. BACHE, Superintendent. 

Secretary of the Treasury. 

DEAR Sm.: * * * 

(EXTRACT.] 

* 

Co.AST SURVEY STEAMER CORWIN, 

Harlem river, September 16, 1856. 

* * * * * * 
If I have not previously recommended it, I now advise placin.g a buoy in the channel over the 
reef between Cape Florida light-house and Fowey rocks. The anchorage inside of the rocks is 
an excellent harbor of refuge, which has often been resorted to by those acquainted with it. 

Prof. A. D. BA.cm:, 

Respectfully, your obedient servant, 
T. AUG. ORA.VEN, 

Lieut. Comg. U.S. N., .A&ietant Coast Survey. 

Superintendent U. S. Coaat Su:rvey. 



 

APPENDIX No. 83. 
Rew.lts ef examinations for sites of Ught-houses, beacons, buoys, &:c., made by the Coast Survey at the request of the Lig"At-house Board under 

directions from th,e Secretary of the Preasury, and in accordance with laws of March 3, 1851, August 31, 1852, and .A.uquat 3, 18S4. 

---- -· 
-~---------------~·---

Section. Locality. Object. By whom exatnined. rintendent. Report of Supe1 

- -----~ ------ --------·----~--

II. Bowers' beach, western side of Delaware Re-examination for light-house site._ Lieut. Corng. C.R. P. Rodgers, U. S. N. Iteported June 30, · 18 
bay.· 84.) 

56. (Appendix No. 

II. Mouth of Old Duck creek, western shore Re-e:mrnlnation for ligh t-houEe sl te .. Lieut. Corng. 0. R. P. Rodgers, U. S. N. Reported June 30, H 
of Delaware bay. 84.) 

56. (Append~ No. 

vn. St. Andrew's bay, western con.st of Florida Gcnerl\l eu.mination for aids to nav!- I.ieut. Com,g. 0. H. Berrymllll, U.S. N. Aicls recommended l\11 
gation. pllndw No. 85.) 

rch 26, 1856, (Ap-

x. Sand-spit, southeast of San Buenaventura, Re-examination for light-house site •. Lieut. Comg. Archibalrl Macllae, U. S.N. Recommended Decern 
Sant& Barbara channel. pendix No. 86.) 

ber 22, 1855, (Ap-

Do ••.• - ___ •• --do ___ •• ---- - ____ - - ______ do.----·--------do •••••••••. \ Commander James Alden, U.S. N _____ Reported February H ' 1857. 
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APPENDIX No. 84. 
Letter to the Secretary of the Treasury, communicating results of re-examina.tions made by Lieut. 

Comg. C. R. P. Rodgers, U. S. N., assistant in the Coast Survey, with reference to the 
expediency of e,staUishing lights at Bowers' beach, and tlte mouth of Old Duck creek, De/,aware 
bay. 

NEW YORK, June 30, 1856. 
Sm: In pursuance of the request of the Light-house Board, I have had a re-examination made 

in reference to the question of light-houses at Bowers' beach '.1.nd Old Duck creek, in Delaware, 
and have the honor to enclose a copy of the report relating thereto, of Lieut. Oomg. C. R. P. 
Rodgers, U.S. Navy, Assistant Coast Survey. .. 

I concur in the conclusions smted by Lieut. Comg. Rodgers. 
Yours respectfully, 

Hon. JAMES GuTmtIE, 

Secretary ef the Treasury. 

A. D. BACHE, Superintendml. 

UNITED STATES ScnooNER GALLATIN, 

New York, June 9, 1 56. 
SIR: I have executed your instructions which directed me to make an examination for the 

selection of sites for light-houses at Bowers' beach and Old Duck creek, in Delaware bay. 
At Philadelphia I obtained valuable information from the Collector of the Customs, from the 

chairman of the Board of Trade, committee on the navigation of Delaware ltay, and from the 
Light-house Inspector for the district. 

From Philadelphia I went to Old Duck creek, whose waters enter the bay at three points; at 
Smyrna creek or the Thoroughfare, where there is already a light-house; at Leipsic creek, of 
which I shall speak hereafter; and at the mouth of Dona river, where its channel is no longer 
navigable by even the smallest vessels. Dona river has no trade whatever, but is sometimes 
visited by small vessels seeking shelter in bad weather. There is, however, a more generally 
frequented port of refuge at Mahon's river, which possesses an excellent light, and is only three 
miles distant from the mouth of the Dona. 

I am well satisfied, by abundant evidence, -that Congress granted the late appropriation for a 
light-house at or near the mouth of Old Duck creek, in compliance with the petition of citizens 
of the town of Leipsic and its vicinity, which was presented and urged in their behalf by the 
representative from Dela~are. Through that mouth of Old Duck creek, now called Leipsic 
creek, passes the trade with Leipsic and its neighborhood; transient vessels occasionally visit 
that town, and its citizens own eight small schooners, constantly engaged in carrying freight. 
To these vessels a light-house at Leipsic creek will undoubtedly prove convenient ; but they now 
enter that stream by night, as well as by day, without any such aid, guided by their leads and 
by the excellent lights at Bombay Hook, Cohansey, and Mahon's river. 

Should it be deemed ad.visible to build a light-house at or near the mouth of Old Duck creek, 
I respectfully recommend that it be placed on Kent island, sixty yards from Leipsic creek, 
with the tavern at Dona landing, bearing, by compass, S. 45° 30' W., and the Lower Thrum 
Cap N. 19° W. .At this point I have driven stakes to mark the proposed site, and I have made 
its precise position known to the Light-house Inspector for the district. 

Bowers' beach is about three quarters of a mile long, and lies between the mouths of Jones' 
45 c 8 
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and Murderkill creeks, which are very nearly dry at low water. I am informed that much 
valuable produce is sent from the banks of these creeks in small vessels of light draught; to 
these small craft a light-house would be of service, by marking with precision the position of 
Bowers' beach, and might be of use should they attempt to enter the creeks at night. 

Should a light-house be built on Bowers' beach, I respectfully recommend that it be placed 
about forty-five yards from high water mark, near the tavern, and to the southward and east
ward of it, in the cultivated field adjoining the road on which the tavern stands. This site will 
be about six and three-quarter miles from the light-house at Mahon's river, and about nine and 
a quarter from that at Mispillion. 

In conclusion, I beg leave to state my opinion that these proposed lights, though they might 
be useful to the small vessels navigating the creeks in their vicinity, would be of little or no 
service to the general navigation of Delaware bay, and I cannot perceive that any exigency 
exists which requires their erection. ,, 

No general system oflighting our coast can be rendered so comprehensive as to afford light-
houses to every locality possessing a small trade in vessels of light draught. 

I am not aware that any other improvement to facilitate the entrance of the crooks referred to 
is either needed or asked for. 

I have the honor to be, respectfully, your obedient servant, 

Pruf. A. D. BACHE, 

0. R. P. RODGERS, 
Lieut. U, S. N., .Assistant U. S. Coast Survey. 

Superintendent U.S. Coast Survey, Washington. 

APPENDIX ·No. 85. 
Letter to the Secretary cf the Treasury, transmitting a communication from Lieut. C<Yrng. 0. H 

Berryman, U.S. N., aslfistant in the Coast Survey, with recommendations/or aids to navigation 
in St. Andrew's bay, F'lorida. 

TREASURY DEPARTMENT, OFFICE LIGHT-HOUSE BOARD, 

January 3, 1856. 
Srn: Application having been made to this office, by the Secretary of the Treasury, for 

information touching the necessity for aids to navigation in St. Andrew's bay, Florida, I have 
respectfully to request to be furnished with any data which you may have and which it will be 
proper to communicate to assist in answering the call. 

Very respectfully, your obedient servant, 
T. A .• JENKINS, Secretary. 

Professor A. D. BACHE, 

Superintendent of Coast Survey, Washington, JJ. C. 

COAST SURVEY OFFICE, March 26, 1856. 
Sm: The request of the Light-house Board for information relative to aids to navigation 

desirable in the vicinity of St. Andrew's bay, Florida, as stated in your letter of January 3, 
was referred, without delay, to the officer charged with the execution of the hydrography of 
that section. 

I have now the honor to enclose a copy of the letter of Lieut. Comg. Berryman in reply to 
the call for information, and would much regret if inconvenience should have been occasioned at 
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the Light-house Board in consequenoo of the late receipt, by Lieut. Berryman, of the communi
cation which for better security was addressed to him in duplicate. 

Very respectfully, yours, 
A. D, BACHE, Superintendent. 

Commander T. A. JENKINS, 

Secretary Light-house Board. 

u. 8. SCHOONER v .A.RINA, ST. MARK'S RIVER, FLORIDA, 

Marek 14, 1856. 
Sm: Your letter of the 8th January, enclosing a copy of one from the Secretary of the Light

house Board, requesting information relative to any aids which it may be deemed expedient to 
establish at St. Andrew's bay, Florida, I did not receive until to-day. 

In answer to those inquiries, I have the honor to state that the commerce of St. Andrew's 
bay is very small and that it is confined almost entirely to lumber, tar, and turpentine. 

The bay is an excellent resort for vessels of small draught of water for shelter, and a light-house 
and buoys would greatly facilitate their entering across the bar at night, which cannot now be 
attempted without great danger, if at all. 

A light-house may be conveniently placed at a point to enable vessels to steer in over the ba,r 
and get into good anchorage on one oourse, either N. by W. or N.N. W. Two buoys on the bar 
and one inside between the breakers would be useful, and others placed so as to lead vessels over 
the deepest part of a long sand bar, which obstructs the further entrance to this fine bay, are 
indispensable, as there are no pilots to be had. Two posts, such as are placed on the edges of 
the channel of this river (St. Mark's,) would be advisable to mark the passage across this sand 
bar, where thirteen feet may be found at full tides. All the other parts of the channels to the 
saw-mills and St. Andrew's city are very deep, and a few stakes or buoys would be quite suffi
cient for present purposes. 

I am, very respectfully, your obedient servant, 
0. H. BERRYMAN, 

Lieut. Oomg. U. S. N., and Assistant Coast Sur·vey. 
Professor .A. D. BACHE, 

Superintendent Coast Survey, Washington, D. O. 

APPENDIX No. 86. 
Letter to the Secretary of the Treasury, transmitting copy of report made by Lieut. Comg . .A.rcli'd 

Mac.Rae, U. S. N., asB'istant in tke Coast Survey, upon concluding his examination of Santa 
Oruz and .A.nacapa islands, California, and q/ the adjacent main/or a lighi-lwuae site. 

Co.AST ScRVEY OFFICE, Decemher 22, 1855. 
SIR: Under date of October 11, 1855, I had the honor to report, in part, in relation to the 

examination of Banta Cruz and Anacapa islands, off the Santa Barbara channel, California, for 
light-house purposes, stating that a further examination was directed and was in progress, be
fore a final report 11hould be made. 

I have now the honor to recommend as a site for a sea-coast light in this vicinity, a point 
twelve to :fifteen miles S.E. of San Buenaventura. The reasons given for establishing this 
light, by Lieut. Comg. Archibald MacRae, U.S. N., assistant in the Coast Survey, are fully 
stated in his report, a copy of which is now enclosed. The coast of the main has been carefully 
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examined by him, as well mi the islands lying off it, and he renews his previous report against 
the placing of a light on the island of Anacapa or on the east end of Santa Cruz . 
. I would call attention to the remarks of Lieut. Comg. MacRa.e in regard to the height of the 
light above the sea, and would request that a copy of this letter may be forwarded with a copy 
of the enclosed report of Lieut. Comg. MacRae to the Light-house Board. 

Very respectfully, yours, 
A. D. BACHE, Superintendent. 

Hon. JAMF.S GUTHRIE, 

Secretary of the Tre';'1JUry. 

u. s. SURVEYING SCHOONER EWING, 

Off Santa Barbara, California, NO'IJember 5, 1855. 
Sm: As we have now concluded work in the Santa Barbara channel for this season, I beg 

leave to make the following report with regard to a proper light-house site. 
If the object of establishing a light-house be to guide vessels from the southern coast, a light 

on the south end of San Nicolas or of San Clemente would be preferable to either Santa Cruz 
or "Anacapa," but the rock on "Cortez Shoal" makes it imprudent for vessels to attempt that 
passage. If they go to the eastward, I think the light on Point Loma will be sufficient; if to 
the westward, a.nd another light be ddermined on for that special purpose, the ea.st end of San 
Miguel appears to have the preference. Should, however, the object of the light be to guide 
vessels channel bound, I think there can be no doubt that a sand-spit abont twelve or :fifteen 
miles S.E. of San Buenaventura is the best, if not the only place for any light beyond those 
already determined on. From San Buenaventura, for about three miles, there is a Band bea.ch 
backed by low cliffs, the high hills receding to the northward and eastward. Thence the cliffs 
cease, and a low sand beach partially wooded and backed by hillocks, very much re11embling the 
coast of North Carolina, extends for about twelve miles. In this beach line there are three 
lights separated by sand-pits, the second one of which makes out furthest to the southward, 
and is, I think, the place for a light, for three reasons: First, that a direct courl!e from Point 
Vincent, near San Pedro, to Santa Barbara cuts the edge of the point; second, because the 
high land back is remote; and third, because the approach to it, although shelving and gradual 
to the westward, is steep and abrupt to the eastward. 

I have already, under date of July 2'1, given my reasons for thinking a light unnecessary on 
either '' Anacapa '' or the east end of Santa Cruz. Since then we have passed between Santa 
Rosa and the west end of Santa Cruz, and I can see no reason for a light there, or for changing 
my former opinion. Indeed, I believe that all vessels except coasters make the passage, north 
or south, outside of the islands. 

With regard to the class of light, I think it should be strong but placed low down, say forty 
feet, for the reason that the haze frequently settles down at night obscuring everything above, 
but leaving a line of coast visible below. Mr. Stone, sailing ma.ster, Mr. P. C. Johnson, passed 
midshipman from the Active, temporarily attached, and Mr. E . .A. King, watch officer, concur 
with me in the foregoing opinion. 

"' "' * * * * * * * * * 
I have the honor to be, very respectfully, your obedient servant, 

ARCH'D MAcR.AE, 
Lieut. Oomg. U. 8. N. 

Commander JAMES ALDEN, 

O hie/ of hydrographic party W. Ooast of the U. 8., San. Francisco, Cai. 
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