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I¥ SENATE, February 25, 1867.
Resolved, That there be printed two thousand extra copies of the Report of the Superintendent of the Coast Survey for 1366,
of which one thousand copies shall be for the use of the Senate, and one thousand copies shall be for distribution by the Super-
intendent of the Coast Survey,

-

INn THE HOUSE OF REPRESENTATIVES, March 2, 1867,
Resolved, That there be printed two thonsand five hundred extra copies of the Report of the Superintendent of the Coast
S8mvey for the year eighteen hundred and sixty-six, of which one thousand shall be for distribution by the Superintendent
of the Coast Survey, and one thousand five hundred for the use of the members of this House.



LETTER

THE SECRETARY OF THE TREASURY,

A REPORT OF THE SUPERINTENDENT OF THE COAST SURVEY FOR THE YEAR Ixet,

TREASURY DEPARTMENT, February 14, 1867.
Sir: 1 have the honor to transmit, for the information of the House of Representatives, a
report made to this department by J. E. Hilgard, Assistant in charge of the Coast Survey Office,
stating the opera-tioﬁs and progress in the survey of the coast during the year ending November 1,
1866, and the manuseript map of progress bronght ap to the same date, in accordance with the act
of Congress approved March 3, 1853.
I have the honor to be, very respectfully,
HUGH MaCULLOCH,
Secretary of the Treasury.
Hon. SCHUYLER COLFAX,
Speaker of the House of° Representatives.
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ADAMSON, J. B. Services in Section I, 11; Section V, 20.

AGASSIZ, Pror. L. Report on Florida reef (from C. 8. Report,
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B.
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N.J., 15
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N.Y, 15 16,

BAY POINT. Port Royal sound, tidal observations, 20.
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Me., 10; services in Section ViII, 21, 22,

BRADFORD, GERSHOM. Services in Section IV, 1%; io Sectlon
VI, 19, 20,

1I

Section I, 11,

BRADFORD, SUB-ASSISTANT J. 8. Tydrography of Pamplico
sound, N. C,, 18; in Neuse and Trent rivers, N. (0, 19,

BREWERTON, Cot., 17.

BRIGHT, W. T. Services in Drawing Division. 25.
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C.

-CALAIS, ME. Longitude station, 9.
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CAPE HATTERAS. Hydrography, 19,
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CHARTS AND MATS, 2, 25, 33.
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CHESAPEAKE ENTRANCE, VA, Triangulation, 17.
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COOPER, W. W. 1Incharge of lithograplang, 25, 9.

CORDELL, ASSISTANT E. Hydrography of Suisuu bay, Cal., 22:
of coast northward of Toint Reyes, Cal., 23.
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16, 17.

D.

DAMARISCOTTA RIVER, ME. Hydrography of, 12

DANA, (Coast survey schoonrer.) SectionIV, 19,

DAVIDSON, ASSISTANT GEO. Lengitude of Calais, Me., 9, 10
examination of the bar and entrance of Sace river, Me., 13; latitude
and azimuth of Cape Henry light-house, Va., 16.

DAVIS, REAR-ADMIRAL, 15, 16.

DEAN, ASSISTANT G. W. Longitude at Heart's Coutent, 9, 10:
azimuth and latitude observations near Newbern, N. €., 1§, 19,

DENNIS, W. E. Services in Soction X, 22

DENNIS, ASSISTANT W.H. Shoreline survey of 8t. Croix river,
Me., 10; topography between Ocracoke inlet and Cape Lookout,
N.C, 18 .
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I, 15.
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DOXNN, SUB-ASSISTANT J. W. Topography and hydrography of
New Meadows river, Me.. 12, 13; topography of the Potomac
shores, 17.

DORR. ASSISTANT F. \WW. Topography near Pemaquid Point,
Me., 12; railroad lines in the vicinity of Boston, Mass., 13; topo-
graphy of Neuse river, N. C.. 19.

DOWNXNES, J. Services in Tidal Division, 24.

DRAWINXG DIVISION, 25, 33. .

DURHAM, T. V. Chart and map printer. 25.

E.

EAST RIVER, N. Y. Development of rock. 135,

EDWARDS, ASSISTANT W, 8. Hydrography near New York
harbor, 15; of San Carlos bay, Fla., 20, 21.

ELECTROTYPE DIVISION, 25.

ELLICOTT, E. Services in Seetion I, 11; in Section VI, 21.

ELLIOT, Carr. G. H., 23, 24.

EMORY, MaJor GENERAL, 17.
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ENGRAVING DIVISION, 25.
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F.

FAIRFIELD, ASSISTANT G. A. Triangulation of Neuse river,
N.C, 19.

FARLEY, ASSISTANT JOHN.
Jersey, 15.

FARMINGTON, ME. Latitude of, 10.

FAUNTLEROQOY, A. R. Services in Section IIL. 17.

FAUNTLEROY, (Coast Survey brig,} 23.

FATNTLEROY, R. H., 72

FENDALL, SUB-ASSISTANT C. Topography of Barnegat inlet,
N.J., 13; Sharp’s 1sland light-honse, (Chesapeake bay,} 17; Ocracoke
inlet, . C., 18,

FERGUSON, SUB-ASSISTANT CHARLES. Topography of Medo-
mak river, Me., 11,

FLORIDA STRAITS. Report of Assistant Mitchell upen sound-
ings, 35-44.

FOILHOMMERUM, IRELAND. Longitude station, 9.

FORNEY, STEHMAN. Services in Section III, 17,

FORT SPINOLA, near Newbern, N. C. Azimuth and latitude obser-
vations, 19.

Section I, 11.

Triangulation of the coast of New

G.

GEODESY of New England coast, 6.

GEODETIC OBSERVATIONS. Station near Farmington, Me., 10.

GERDES, ARSISTANT F. H. Trianguolation of the Mississippi
delta, 21, 22,

GILBERT, ASSISTANT S. A. Hydrography of West Quoddy
entrance, Me., 10; between Portland harbor and Pencbscot
entrance, 11.

GOODFELLOW, ASSISTANT EDWARD. Lengitude at Heart's
Content, 9; observations for local time and latitude at Fort
Spinola, 19,

GOULD, Dr. B. A. Leougitude operations, 9, 10.

GOVERXNOR'S ISLAND, N. Y. Tidal observations, 15.

GRAFTON, LIECTENANT COMMANDER, 18.

GRANGER, F. D. Services in Section I, 14; in Section Il 17; in
Section IX, 22.

GREENWELL, ASSISTANT W. E.
‘Cal., 22

GULDIN, J, A. Servioces in Section V, 21

Triangulation of Suisun bay.

H.

HALTER, SCB-ASSISTANT K. E. Hydrography of Tenant's
harbor and the western entrance to Penobsocot bay, 11.
HARRISON, ASSISTANT A. M. Topography of Narragansett
bay, R. I, 14,
IHASSLER, (Coast Survey schooner.) Section I, 11,12, -
HEART'S CONTENT. Longitude station, 9.
HEIN, C. 8 Bervices in Section I, 14; in Section VI, 21.
- HEIN, SAMUEL. Disbursing agent, 9.
HELL GATE, 15; report en interference tides, 44; relative elevation
of tidal planes, 46.

HERGESHEIMER, Mk. E. Hydrography of the Damariscotta and
Sheepacot rivers, Me., 12; survey at Chester. Pa., 15; topegraphy
and hydrography at Newport News, Va., 17,

HILGARD, J. E. Report as Asgistant in charge of office, 26.

HOSMER, SUB-ASSISTANT CHARILES. Topography of Narra-
gansett bay, R. 1., 14; of Corpus Christi bay, Texas, 22. /

HYDROGRAPHY of West Quoddy entrance, Me., 10; of Penobscot
bay, Me., 11; of Medomak river, Me., 12; of the Damariscotta
river, Me., 12; of the Sheepscot river, Me., 12; New Meadow river,
Me., 14; of Quohog dbay, Me., 13; of Warren river, R. L, 14; devel
opments near New York harbor, 15; of Barnegat inlet, N. J., 15;
of Patapsco river, Md., 17; at Newport News, 17; of Pamlice
sound, ®. C., 18; of Savannah river, Ga., 19; of Neuse river, N. C.
19; of Trent river, N. C., 19; of Cape Lookout shoals, 19; of Savan
nah river, Ga., 19; of San Carlos bay, Fla., 20; of Charlotte harbor
Fla., 21; of Matagorda bay, Texas, 22; of Suisun bay, Cal., 22
examination of Karquines sirait, Cal., 22; of Poiut Reyes, Cal., 23
of Eoos bay, Oregon, 23; Hydrographic Division, 24.

L

IARDELLA, SUB-ASSISTANT C. T. Plane-table survey and
soundings between Pine island and the main coast of Florida, 21.
INFORMATION furnished from the office, 32.

J.

JOHNSTON, M. T. Obituary, 9; charge of distribution of maps
and charts, 25.

JOSEPH HENRY, (Coast Survey schooner,) 19. .

JUNKEN, SUB-ASSISTANT CHARLES. Hydrography of Penob-
scot bay, Me.. 11; services in Straits of Florida, Section VI, 20,

K.

KARQUINES STRAITS, CAL. Hydrography, 22.

KELLEY, C. Tidal observer at 0ld Point Comiort, Va., 18

KENNEBEC RIVER, ME. Topography, 12.

KINCHELOE, SUB-ASSISTANT JULIUS, Triangulation of Tilla-
mook bay, Oregon, 23; extract of report on Tillamook bay, 23.

KOOS BAY, OREGON. Hydrography, 23.

KREBS, C. G. Services in Engraving, 23.

KREBS, E. F. Tidal observer at Old Point Comfort, Va., 18

L.

LATITUDE. Observations near Newbern, N. C., 16; by the Zenith
telescope, 72-85.

LAWSON, ASSISTANT J. 8. Hydrography of Keos bay, Oregon,
23; extract from report on Destruction island and vieinity, Wash-
ington Territory, Section XTI, 23.

LIGHT-HOUSE at Darnegat inlet, 15; Sharp's island, Chosapcake
bay, 17.

LITBOGRAPHING, 25.

LONDON TELEGRAPH CO.. 9.

TONGFELLOW, ASSISTANT A. W. Triangulation of New Mead.-
ows river, Me., 12; shoreline survey of New Meadows river, 13.

LONGITUDE. Transatlantic, 9, 10

LUBEC NARROWS, ME. Tidal observations, 11.

LYMAN,C. 8, 72

M.

MAGNETIC OBSERVATIONS at Punta Rasa, Fla., 20.

MANUAL of Coast Survey methods, 8.

MAPS AND CHARTS, 2. 7.

MAYP PRINTING, 25.

MARINDIN, H. L. Setvices in Section 1, 10, 11, 13; in Section V, 20,

MARCY, (Coast Survey schooner,) 22, 23.

MARYLAND. Topography of apper Potomac, 17.

MATAGORDA BAY, TEXAS. Hydrography, 22.

MATHIOT,GEORGE. Inchargeof electrotype and photographing.
25; Report, (from Coast Survey Report, 1851,) 130-138.

MAYOR, PAUL. Services in Bection I, 13.

MoCLERY, M. J. Obitaary, 8, 0.

McCORELE, ASSISTANT 8. C.
trance, Va., 17,

Triangnlation st Chosspoake en-
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MeDONNELL, THOMAS. In charge of distribution of maps and
charts, 25.

MEDOMAK RIVER. ME. Topography, 11, 12; hydrography, 12,

METEOROLOGICAT, OBSERVATIONS at Governor's island, N.
Y., 16. .

MISSISSIPPI DELTA. Triangunlation, 21

MITCHELL, A.C. Services in Section V, 20.

MITCHELL, ASSISTANT HENRY. Services in Boston harbor,
13; in East river, N. ¥, 15; in Straits of Florida, 29; report npon
soundings across the straits of Florida, 35-44; preliminary report
on the interference tides of Hell Gate, N. Y., 44-46; observation of
tidal planes, Hell Gate, 46.

MOSMAX, SUB.ASSISTANT A. T. Longitude, 9; services in Sce-
tion VI, 20, 21.

MOTUXT BLUE, ME,, 10.

MOUNT SEBATTIS, ME,, 10.

MUSCONGUS BAY, ME. Topography, 11; triangulation. 11.

N.

NARRAGANSETT BAY, R. 1. Topegraphy. I4.

NAVAL ACADEMY, ANNAPOLIS, MD. Topography. &

NAVY DEPARTMENT, 7. 8.

XES, SUB-ASSISTANT F. ¥.  Services in Section VI, 21.

NEUSE RIVER, N. C. Topography, triangulation, hydrography. 19.

NEWBERN, ¥. C. Azimuth and latitude observations, 18.

NEW HAMPSHIRE. Topography of the coast, 13.

NEW JERSEY. Topography and triangulation of the coast. 15.

NEWMANX, CAPTAIN. Light-house engineer, 17.

NEW MEADOWS RIVER, ME. Triangulation, topography, and
hydrography, 12.

NEWPORT NEWS, VA. Topography and hydrography. 17.

NEW YORK HARBOR. Hydregraphy, 15; wreek in bay, 15.

NULTY, EUGENE. Services in Computing Division, 25.

0.

OBITUARIES, #, 0.

OCRACOKE INLET, N. C. Topography, 18,

OFFICE WORK, 24; officers in charge, 24, 25, 33, 34.

OFF-SHORE HYDROGRAPHY. Cape Lookout shoals and off-shore
soundings between Cape Hatteras and Cape Fear, 19.

OGDEN, H. G. Services in Section I, 12; Section VIII, 22.

OLD POINT COMFORT, VA. Tidal observations, 18,

OLTMANNS, ASSISTANT J. G. Triangulation of Perdido bay,
Fia., 21.

P.

PALFREY, R. B. Serviees in Seetion 1,12,

PAMPLICO SOUND, N. C. Hydrography, 18,

PANTAGRAPH. Use in Engraving Division, 2.

PATAPSCO RIVER, MD. Hydrography, 17.

PATTERSON, CAPTAIN C. P. Hydrographic inspector, 24, 26.

PEARI, A. F. Service in Section III, 17; in Electrotype and Pho-
tograph Division, 25.

PEIRCE, (Coast Survey schooner.)

PEIRCE, PROF. BENJAMIN, 25.

PEMAQUID POINT, ME. Topographical survey, 12,

PENDLETON, ¥F. R. Services in Tidal Division, 24.

PENOBSCOT BAY, M¥. Hydrography, 11.

PERDIDO BAY, FLA. Triangulation, 21.

PERKINS, F. W. Services in Section I, 9, 11; in Section VI, 20.

PHELPS, COMMANDER, 18.

PHOTOGRATH DIVISION, 25.

PHYTIAN, LT, COMMANDER R. L., 18,

PLATES corapleted, continued, or commenced during the year, 34.

PLATT, FRANKLIN. Services in Section I, 12.

PLATT, R, ACTING MASTER T. 8. N. Survey of Cape Lookout
shoals, 19; soundings in the Straits of Florida, 20.

PILLAR POINT, CAL. Topography,22.

TOINT REYES, CAL. Hydrography, 23.

POINT SAN PEDRO, CAL. Topography, 22.

PORTER, ADMIRAL, 18,

POTOMAC, UPPER. ‘Topography, I7.

PORTLAND, ME., Tidael cbservations, 14.

POURTALES, ASSISTANT L. F. Iucharge of Tidal Division, 24.

PRINCIPIO STATION, MD. Astronomical observations at, 16.

PROGRESS during year, 1, 2.

Section 1X, 22.

XI

PUMPKIN ROCES, SACO RIVER. 13.
PUNTA RASA, FLA. Astronomical and magnetic observations

af, 20,
Q.
QUOHOG BAY. ME. Hydrography, 13.
R.

RACKLEY'S ISLAND, ME., 11.

READY, T. E. Tidal observer, Charlestown, Mass., 14,

RICHARDSON, II. W. Tidal observer, Portland, Me., 14.

ROCEWELL, SUB-ASSISTANT (. Topography of Muscongus bay,
Me., 11,

RODGERS, CAPTAIN, 16,

RODGERS, ASSISTANT A. F. Plane-table work by, 22.

ROSS, A, L. Services in Scction 1, 14; in Scction IX. 22.

RUMPF, ;. Secrviees in Computing Division, 25.

s.

SACO RIVER ENTRANCE, ME,, 13.

SAN CARLGS BAY, FLA, Hydrography, 20.

SAN DIEGO, CAL. Tidal observations, 23.

SAN FRANCISCO, CAL. Tidal observations, 23.

SAVANNAH RIVER, GA. Hydrography, 19.

SCHEFTFER, Ji., GEORGE C. Services in Section I, 41; in Engra-
ving Division, 25.

SCHOOLEY, D. Services in Tidal Division, 24.

SCHOTT, ASSISTANT CHARLES A, In charge of Computing Di-
~vision, 94; on primary triangulation, 49-54; on transit instrument,
53; on zenith telescope, ¥2-85; determination of the astronomical
azimuth of a dircction, #86-99.

SENGTELLER, L. A. Services in Section I, 11, 22,

SHARP'S ISLAND LIGHT-HOUSE, (Chesapeake bay,) 17,

SHEEPSCOT RIVER, ME. Hydrography, 12.

SHORE-LINE SURVEY of $t. Croix river. Me., 10,

SPATLDING, J. G. Services in Section IV, 16; in Computing Ih.
vision, 235.

SPRANDELL, J. Serviecs in Tidal Division, 24,

ST. CROIX RIVER, ME,, 16,

STEVENS, (Coast Survey schoouer.}

STEWART, ME, 10.

STRAITS OF FLORIDA, 20; report by H. Mitchell upon soundings,
33; morthern approach, 36; southern approach, 38; difficulties in
the way of laying a telegraph cable, 43; remarks wupon lines and
leads, 42; indicators, 43; soundings across the Straits of Florida
from Sand Key to E]1 Moro, 1862, 43; sections of soundings, 1866, 44.

SUISUN BAY, CAL. Triangulation and hydrography, 22.

SULLIVAN, SUB-ASSISTANT J. A. Triangulation in Muascongus
bay, Me., 11; of New Meadows river, Me., 12,

T.

TABLE of factors for reduction of transit observations, 64-71.

TALLCOTT, CAPTAIN ANDREYW, 72.

TELEGRAPH LINE in Straits of Elorida, 20,

TENNANT'S HARBOR, 11.

THOMAS, M. Services in Tidal Division, 24.

TIDAL OBSERVATIONS. Interference, 7; almanac of tides, 7:
at Lubee Narrows, M., 11; tides at Waldoboro', Me.,12; Broad Cove,
Me., 12; Birch Point, Me,, 13; Portland, Me., 14; Charlestown,
Mass., 14; Governor's island, N. Y., 15; Brooklyn, N. Y., 15; Cld
Point Comfort, Va., 18; Bay Point in Port Royal sound, 20; San
Diego and San Francisco, 23; Astoria, 24; on interference tides,
44-46.

TIDAL DIVISION, 24.

TIDE TABLES for the Atlantic and Facific cvasts of the United
States for the year 1867, 47-49,

TILLAMOOK BAY, OREGON. Triangulstion, 23.

TOPOGRATPHY, inspection of, 14; Muscongus bay, Me., 11; Medo-
mak river, Me., 11; Pemaguid Point, Me., 12; Kennebee river, Me.,
12; New Meadows river, Me., 12; coast of New Hampshire, 13,
Cape Cod bay, Mass., 14; Narragansett bay, R. I, 14; coast of New
Jersey, 15; Barnegat inlet, N. J., 15; Upper Potomac, 17; Mary-
land, 17; Virgioia, 17; Newport News, Va., 17; Naval Academy,
Aunapolis, Md., 18; between Ocracoke inlet and Cape Lookout, N.
C., 18; Neuse river, N. C., 19; Charlotte harbor, ¥la., 21; Corpus
Christi bay, Texas, 22; Point San Pedro and Pillar Point, Cal,, 22.

TORREY, (Coast Survey schooner.) Section I, 12, 13.

Section TX, 22,
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TRANSIT INSTRUMENT. Temarks on use of transit instrument
by C. A, Schott, Assistant, 53-71; description and adjustment, 55;
method of observation, 56 ; method and formul® of reduction, 5759 ;
reduction of observations by application of methed ef least squares,
60, 61 ; cxamyple, 61-63.

TRENT RIVER, N. C. Hydrograpby, 19.

TRIANGULATION of 8t Croix river, Me,, 10; Muscongus bay,
Me., 11; New Mcadows river, Me., 12; coast of New Jersey, 15;
Chesapeaks entrance, Va., 17; Neuwse viver, N. C,, 19; Perdido bay,
Fla., 21; Mississippi delta, 21; Suisun bay, Cal., 22; Tillameok bay,
Oregon, 23; report on primary work in New York and Maryland,
49-54.

.

UVHRLANDT. II. E. Tidal observer San Franeiseo, Cal., 23.
V.
VALENCIA. Longitude station occupied in Ireland, 9.
VARINA, (Coast Survey schooner.) Scetion VI, 20, 21,
VINAL, W. I. Services in Section I1I, 16, 17,
VIRGINIA. Topography of Upper Potomac, 17.
W.
WALDOBORO', ME. Tidal observations, 12,

ALPHABETICAL INDEX.

WALKER, ASSISTANT 8. (., 99-100; 100-102 102-105. 106-102.
109-Fi1, 111, 112,

WARREN RIVER, R. I. Hydrography, 4.

WEBBER, ASSISTANT ¥. . Hydrography of Warrven river,
R. 1., 14; Patapsce river, Md,, 17; Matagorda bay, Texas, 22.

WERNER, T. W. Scrvices in Computing Division, 25. '

TWEST, ASSISTANT P. C..¥. Topography of Cape Cod bhay,
Masa., 14.

WEST QUODDY ENTRANCE, ME. Hydrography, 10.

WETHERILL, A. M. Services in Section V, 20.

WHARTON, EDWARD. In charge of Engraving Division, 25.

WHITING, ASSISTANT H. L. Inspection of topography, 14; ser-
vices at the Naval Academy, 18.

WILLENBUCHER, E. Services in Hydrographic Division, 24.

WILSON, L. Tidal observer at Astoria, Oregon, 24.

WOOD, W. R. Tidal observer at Portland, Be., 14.

WRIGHT, M. F. Services in Section 11T, 16.

Z.

ZENITH TELESCOPE. Determination of astronomical latitude
general remarks ou Talcoti’s method by C. A. Schott, Assistant,
T2-85.



REPORT.

Wasmxarox, D. C., December 22, 1866,

Sir: In conformity with the law, and with the regulations of the Treasury Department, I have
the honor to present the following report on the progress made in the survey of the coast of the
United States during the year ending with the 1st of November.

On the coast of all the States bordering on the Atlantic and Gulf of Mexico, exeepting three,
the survey has been in active operation, and the usnal rate of progress has been maintained on the
western coast.  Such of the results as admit of graphical representation have been added to the
large manuscript map which is presented with the report on progress annually.  The general pro-
gress of the survey, iu its principal features, is shown by the accompanying cngraved sketeh, (No. 25.)
Neither of these maps, however, permit the illastration of a moest hmportant class of operations
pertaining to the work, such as would include the derivation of the laws governing tides on all
parts of the coast; generalizations relating to the variation of the magnetic needle; special deter-
minations of longitude, and processes of like character.  The interesting results devived within the
year from this class, to which the unremitting attention and labor of preceding vears have heen
given, will be referred to move particularly after a briet review of the general operations in the field
and i the office, followed, as usual, by estimates for the serviee to be pertormed during the next
fiscal year.

PROGRESS DURING THE YEAR.

On the coast of Maine progress has been made in the survey of Passamaguoddy bay and the
8t. Croix river; the topography of the shore of Muscongus bay, Medomak river, Joln's bay, Quohog
bay, and New Meadow river has been completed, making the survey continuous from Portland east-
ward to Camden on Penobscot bay. The in-shore hydrography of the same streteh has been
prosecuted so far as to admit of its completion in another working season. An examination has
been made of the entrance of Saco river, with a view to the improvement of the channel.

On the coast of New Hampshire the topography has been advanced tronr Great Boar’s Iead to
above Rye. On the coast of Massachusetts, from Plymouth to Sandwich.  Progress has been made
in the detailed survey of the shores of Narraganset bay.

On the coast of North Carolina the shore between Ocracoke and Cape Lookount has been
surveyed ; the shoals off Cape Lookout, and the approaches to the eoast between Cape Hatteras
and Cape Fear, have been sounded. Progress has heen made in the sarvey of Pamlico sound and
Neuse river.

On the coast of Georgin the bars and channels of the Savannall river have been completely
resurveyed as a preliminary to the removal of obstructions and the re-establishment of the aids to
navigation needed Lelow Savannah. Soundings have been continued in the Straits of Florida.
Progress has been made in the survey of Charlotte harbor, Florida, and of the coast of the Gulf of
Mexico between Pensacola and Mobile Point.

The survey of the passes and delta of the Mississippi has been resumed, and progress has heen
made in the hydrography of Matagorda bay, and in the topography of the shores of Corpus Christi
bay, Texas.
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On the western coast of the United States, the topography has been filled in between Point San
Pedro and Tunitas creck, completing the coast details between Monterey and Bodega ; the triangu-
lation and hydrography of Suisun bay have been completed, as also the off-shore hydrography
between Point Atio Nuevo and Monterey bay, and the in-shore soundings between Point Reyes and
Bodega Head. The survey of Tillamook bay has been commenced, and speeial examinations have
Deen made of a hank off Cape Tlattery, and of the vicinity of Destruction island as a roadstead.

The operations of the Coast Survey oftice, embracing the eomputation of observations, the
drawing, engraving, and publication of maps and charts, have kept pace with the field-work ; six
new charts have been published, and eighteen others, issued in advance of their completion, have
Lieen bronght up to date, and ten charts have been conmnenced.  The entire number worked upon
during the vear has been forty-eight.

Among the details of office ocenpation have been the computing and arrangement of tables for
predicting the tides at the principal ports of the United States.

Several enlls trom the engineer department for special surveys have becen met in the course of
the vear, the expenditives for whicl, ax usual, have been defrayed from the appropriations for the
several objects.

In Part 11 of the report, separate notices will be given of the different field operations, and, as
usual, a recapitulation showing the distrikution of parties on the coast will be found in the Appen-
dix, (No. 1.)

MAPS AND CHARTS.

The titles of maps and charts completed within the year in the Drawing Division are given in
the Appeundix, (No. 3,) together with the titles of those now in progress, and also the names of the
draughtsimen employed in the office. A list, similar in form, (Appendix No. 4,) contains the titles of
plates worked on dwring the year in the Engraving Division, and the names of the engravers now in
employ. .

For engraving purposes the pantagraph is now freely used in the office. Much time and
expense in the tracing of outlines on copper will be thereby saved, the instrument being applied to
copies of the original plane-table sheets, traced on transpavent vellian cloth, and inverted in order
to produce the requisite inversion of the engraving.,  The processes of reduetion heretofore employed,
and transfers ntade by the engraver for his own gnidance, are thus dispensed with.

The following list contains the titles of engraved maps, charts, and sketches which accompany
this report.  As usnal, some of the charts named are new editions of those which have already
bheen issued, bat none are included that have not been revised in consequence of important changes
in hydrography, and in that light vital to the interests of commerce and navigation.

List of charts and sketfches,
No. 1. Progress Sketch, Section I.  Upper part. li No. 14. General echart of the coast, No. V, Cape Hemry to
2. Winter harbor, Maine. Cape Lookout.
3. Tenant’s harbor, Maine. 15. Progress Sketch, Section V.

4. Sassenow river and passage {rom Bath to Boothbay, i 16. Savannah river and Wassaw sound, Georgia.
]
Maine. : 17. Guif-stream soundings.

19. Progress Sketch, Section IX.
20. Brazos Santiago, Texas.

6. Portsmouth harbor, (new edition.)

5. Portland barbor, (new edition.) f 18. Caloosy entrance, Florida.
B
|

7. Boston harbor, (new edition, ) from survey for harbor |

commissioners. I 21, Progress Sketch, Section X.
&, Sippican harbor, Massachitsetts. i 22, Suisun bay, California.
9. Warren river, Rhode Island. | 23. Destruetion island, Washington Territory.
10. Primary trisvgulation between Fire Island and Kent 24. Washington sound, (new edition.)
Island base lines. t’ 25. General Progress Sketch.
11. Coast Chart No. 27, from Capc Henlopen to Isle of 1 26. Thirty-inch theodolite.
Wight., 27. Twelve-inch theodolite and heliotrope.
12. Cosst Chart No. 28, from Isle of Wight to Chinco- || 28. Zenith telescope.
teague inlet. 29. Portable transit.

1

3. Progress Sketch, Section IV. i 30. Tides at Cat island.
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ISTIMATES FOR THE FISCAL YEAR 1867-'63,

The estimates, as usual, will state with considerable detail the progress contemplated in the sev-
cral localities and in the operations of the othice, and constitute the plan of work which is adhered
to as strietly as circumstances will permit. They are the same in amount of the two principal items
as those of last year, which were based upon the adopted scale of expenditure immediately hefore
the war. 1 have no doubt that the work would be done more economically in the aggregate it these
amounts were increased by twenty per eent.; that is to say, the time required for completing the
survey would be lessened in a greater ratio.  In the present state of the publie finances, however,
1 do not feel warranted in urging an increased scale of expenditure.

The item for the survey of the coast and reefs of Florida, of which separate accounts have
always been kept, should be increased, as the experience of the present vear has shown that the
work can be more advantageously prosecuted with a small addition to the estineites of the vear pre-
vious.  With such addition, the item is the same as that appropriated in the year 1861,

For the repairs and maintenanee of vessels, ITam compelled toinerease the estimate, as expenses
of this kind have more than doubled, and it becomes necessary to begin to replace some of the
older vessels used in the work.

Estimates in detail.

For general expenses of all the sections, namely; rent, fuel, materials for drawing,
engraving and printing, and for transportation of instruments, maps and charts; for
miscellapeons ofiice expenses, aund for the purchase of new instruments, hooks, maps,
and charts. il 2

SecertoN 1o Coast of Maine, New Hampshire, Massachnsetts, and Rliode Tsland. TFieLD-
work.—To continue the trinugulation and topography of Dassamcqicoddy bay and its
estuaries, and to extend the work so as to include the northicastern hboundary along the
St. Croix viver ; to continue the topography of Frenchmai's bay ; that of the islands at
the entrance of Penebscot bay, and the western shore of the bay, to include Belfust ;
to continue that of Saco bay, and of the coast of New Hampshive south of Portsnouth ;
to comiplete that of the shores of Massachusetts bay, between Seargo and Orleans : and
to continue the detailed survey of the shores and islands of Narragauset by @ to con-
tinue off*shore soundings along the coast of Meine, and the hydrography of French-
man's bay, Goldsborough bay, Prospect and Winter harbors, Penobscot bay and Muscon-
gus bay ; to continue tidal and maguetic observations. OFFICE-WORK.—To0 make the
computations reguired for and computations from the field observations; to continne the
drawing of coast chart No. 1, (Passconaquoddy bay) and commence that of No. 3,
(Mooseapeck to Mount Desert;) to continue the drawing and engraving of No. 6 aud
No. 7, {(Isle an Haut to Cape Elizabeth ;) of No. 8 and No. 9, (Scguin island to Cape
Ann ;) and of No. 10 and No. 11, which include Massachusetts bay and Cape Cod bay ; to
make the drawing and commence the engraving of a chart of Goldsborough bay, Pros-
peet harbor, and Belfast bay ; to complete the engraving of the chart off St George's
river and Muscle Ridge channel ; to continue the drawings and engraving of that of
Deamariscotta river, Medomak viver, and Muscongus bay ; and those of Casco day, Saco
river entrance, and Narraganset bay, will requive ..o .. o oL i i 40, V00

SecrioxN IL Coeast of Connectient, New York, New Jersey, Pennsybvania, and part of Del-
aware. FrLb-work.—To make supplementary astronomical observations; to con-
tinue verification-work on the coast of New Jersey ; to continue the topography of the
shores of the IHudson river ; to execute such supplementary hydrography as mayv be
required in New York bay and Delaware bay; to continme the tidal observations.
OFFICE-WORK.—T0 make the computations and reductions; to continue the drawing
and engraving of a chart of New York harbor on a large scale ; and of eoast chart No., 22,

(from Sandy Hook to Barnegat,y will require. ... ... . ... . i i 15, 000

SECTION 111, Coast of part of Deluware, and that of Maryland, and part of Virginia.
FreLp-work.—To continue astronomical and magnetie observations in this section;

<1

ofo

), 000
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ta complete the topography of the eastern shore of Virginia, and of the shores of the
Potomae and James rivers ; to make the hydrographic survey of estuaries and inlets
remaining unsurveyed in the section; and to continue tidal observations. OrricE-
WOoRK.—To make the computations from field-work; to continue the drawing and
engraving of coast charts No. 29 and No. 30 (from Chincoteagre inlet to Cape Henry)

and of general coast chart No. IV, (approaches to Delaware and Chesapeake bays,) and B
to make additions of supplementary surveys on the charts of this secetion heretofore
published, will require. - . ... $23, 000

SECTIoN IV. Ceast of part of Virginia and part of North Carolina. FIELD-WORK.—To
complete, if practicable, the primary triangulation of Pamiico sound, and to make the
requisite astronomical and magnetic observations; to make the verification of the sec-
ondary triangulation between Cape Lookout and Cape Fear ; to continue the trian-
gulation and topography of the western shores and estuaries of Pamlico sound ; to
complete the topography of the outer coast of North Caroling hetween Beanfort and
New Rirer inlet ; to eontinue the in-shore and off-shore hixdrography between Ceape
Henry and Cape Hatteras ; to continue sonndings in Curritnek and Pamlico sounds
and their estuaries; and to make observations on the tides and eurrents. OQFFICE-
work.—To make the computations and reductions; to continue the drawing and
engraving of general coast chart No. V, (from Cape Henry to Cape Lookout ;) of coast
charts No. 46 and No. 47, (from Cape Lookout to Barren inlet,) and of eharts of Pamlico
sound, Newse viver, and Pamlico river, will vequire ... ... ... .. o .. . ... . ... 33, 000

Suer1oN V. Coast of South Caroline and Georgia. FIELD-WORK.—To continue the pri-
mary triangulation from Port Reyal to Tybee, and to make the requisite astronomieal
and magnetic observations; to extend the topography from Winyal bay to Cape
Romain; to continue the topography from St Simow’s sound southward to the St
Mary’s river, and to sound the interior water passages among the sea islands from Sap-
clo sound southward, and continue the off-shore hydrography and the tidal observations.
OFFICE-WORK.—To make the computations; to complete the drawing and engraving
of coast chart No. 54, (from Hunting island to Wassme island ;) to continue that of
No. 33, (from Tybee to Alteineha,) and of No. 56, (from Altwndha to St. Mary's ;) to
complete the chart of approaches to Tybee entrance, including the resurvey of the
Savaunal river ; and to continue the drawing and engraving of charts of the inland
tide-water communication on the coast of Georgia, will require ... ... . .. ... ... 33, 000

SECTION VI Coust, keys, and. reefs of Florida~—(See estimates of appropriation tor those
special objects.)

SECTION V1I. Western coast of Florida peninsula norvth of Tampa bay, and coast of West
Florida, FIELD-WORK.~—To continue the triangulation from Cedar keys to the Suwanee
river ; from St. Andreuw’s Day towards Chattahnochee bay, and from Pensacola bay east-
ward; to make snch astronomical and magnetic observations as may be requisite; to
continue the topography to the northward of Cape San Blas, and to the westward of
St. Andrei’s bay, and that of the Gulf eoast adjacent to Sanfa Rosa sound ; to survey
and sound the entrance to the Swicanee river; to complete the hydrography of St
Georgds sound, and to make soundings oft Cape San Blas, and continue the requisite
tidal observations. OFFICE-WORK.—To make the computations from field-work ; to
continue the drawing and engraving of coast charts No.84 and No. 85, (from Ocilla river
to Cape San Blas)y aud of No. 89, (from Densacola to Mobile Point,) and to prepare &
chart of the approaches and entrance to the Swicanee viver, will vequire. ... .. ... ... 23, 000

Secrion VI Coast of Alabama, Mississippi, and part of Louisiana. FIELD-WORK.—To
make the astronomical and magnetic observations required in this section ; to extend
westward from former limits and complete, if practicable, the survey of the shores of
Isle an Dreton sound, including the adjacent banks of the Mississippi river, and the
vicinity of the passes ; to continue the hydrography within the same limits, and com-
plete that of the Mississippi entrances in connection with observations on the tides and
currents,  OrrIcE-woRK.—To make the computations pertaining to field-work; to
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continge the drawing and engraving of the general chart No. XTI, (G ulf coast hetween

Cape Swn Blas and the Souwtioeest Paxs ;) to complete coast chart Naoo 930 (western part

of Mississippi sound,) and to coutinue the drawing and engraving of No, 96, ( Missis-

sippl delta,) Will TRQUITe. ..ol 23, 000
SrorioN IX. Coast of part of Louwisiena and coast of Teras. F1LD-wWoORK.—To continue

the requisite astrononiieal and magnetic observations, and to measnre a primary hase-

line ; to coutinue the triangulation and topography of Madve lagoon, trom Brazos Sant-

ingo northward; to extend the topography south of Aransas Dass, and inelude the

shores of Corpus Christi bay ; to complete the hydrography of Corpus Clristi bay : and

to make the requisite tidal observations,  OFFICB-WworRK.—To make the office compu-

tations 3 to eomplete the engraving of coast chart No. 108, (Matagorda and Larvaced

bays ;) to continne the drawing and engraving ot No. 109, ((ulf coast trom atagorda

to Aransas Pass ;) to engrave a chart of the Brazos Santiago entranee, and to continue

the drawing aud commence the engraving of general chart No. XV, (G ulf ceast from

Galreston to the Rio Grande,) will vequive. ... 0 o o .. 28, 000

Total for the Atlantic coast and Gulf of Mexico. ... . .. ... ... ... 250, 060

The estimates for the Florida coast, keys, and reefs, and for the western coaxt of the United

States, are intended to provide for the following progress in the survey: -
Seoerion VI Coeast, keys, and rveefs of Florida. T1ELD-WORK.~To make such astronom-

ieal and magnetic observations as may be requisite in the section ; to continue the tri-

angulation and topography of the Atlantic coast of the peninsula, south of Matanzas

inlet ; to extend the triangulation and topography northward from Key Biscayne bay

towards Jupiter dnlef, and complete the survey of the main shorve east oft Cape Sable,

and of the inner keys between it and Barres's sound ; (0 extend the survey of the

Gull coast of the peninsula from former limits southward, to incluode Clearwecater hear-

bor ; teo run lines of off'shore soundings northward ot Cape Florida, and to complete

the hydrography of Flovida bay. OrF1eE-wonRK.—To compute results trom the field

observations; to continue the drawing and engraving ot the oft:shore chart No. X1,

(western part of the Floride reefs, including the Tortugas,) and of coast chart No, 77,

(vicinity of Charlotte harbor,) to complete a chart of Caloosa bay ; and to continue the

drawing of coast chart No, 64, (Florida coast neaxr Jupiter inlet,) will vequive. ... ... .. &40, 000
SucrioN X, Coast of Californie. Firp-worK.~—To make the required observations for

latitude, longitude, and azimuth at stations of the primary triangulation, and to make

magnetic observations; to econmect the islands of Sanfa Cruz, Santa Fosa, and San

Miguel with the coast triangulation, and to survey the topography of the same: to

continue the coast topography from Buenarentura to Sewte Darbara; to make sur-

veys of the entrances to Eel river and Salt river ; to continne the off-shore hydrogra-

phy of the coast of Culiforrie and the tidal observations.  OrreE-work.—To com-

plete the drawing and engraving of a chart of the coast from Ioint Pinos to Dodego

Head ; of the chart of San Francisco and San Dablo bays in one sheet, and of the ¢haot

of Suizun bay ; to continue the drawing and engraving of a general chart of the coast

from San Diego to Doint Conception ; also for the operations in—
SECTION X1, Coast of Oregon and Washington Terrvitory. TiELD-woRK.-—To continue the

astronomical and magnetic observations in this section, and the triangulation, topog-

raphy, and hydrography in Waskington sound and in Puget sound ; to make such sur-

veys of special localities as may be ealled for by public interests on the coast of Ore-

gor and of Washington Territory, including those of Tillamook bay, Yaquinal river,

Port Discovery, and Possession sound ; and to prepare and engrave maps and charts of

the same, Will TeqUITe. .. ... oo e 130, 060
For publishing the observations made in the progress of the survey of the coast ot the

United States, per act of Mareh 3, 1843 ... ... . ... 5, (00
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Tor repairs and maintenance of the complement of vessels used in the sarvey of the

coast, peract of Mavele 2, 18533 Lo, £30, 000
For pay and rations of engineers for the sieamers used in the hydrography of the coast

smrvey, 1o longer supplied by the Navy Department, per act of June 12, 1858

10, 000

GEODESY. )

The pritnary triangulation of the coast of the New England States having been completed in
the preceding year hy the occupation of stations Ruland and West Hills which closed the connec-
tion Detween the New York (Fire island) and Maine (Epping plains) base lines, there remained
some additional ebservations of latitude and longitude to be made for the ultimate perfection of the
weodetic work., Mount Blue, in New Hampshire, the northwestern station of the series of great
triangles extending from the northeastern boundary ot the United States to the Hudson, ix the
northern extremity of an are of the meridian, of which Nantucket is the southern; and is the
western end ot an ave of the parallel of 452, extending at present about 3° eastward to the St. Croix
river.  The lengths of both these ares are furnished by the triangulations, and the determinations
of their amplitude by the proper astronomical observations will supply the data requisite for ascer-
taining the actual caavatuare of the earth’s smrface in this region.  Station Mount Blue itself is not,
however, well adapted for making the tinal observations, being difficult of access, and liable to the
etfects of local attraction. A station free from these ohjections has been sclected in its vieinity
and brought into full connection with the series of triangles, so that it remains only to deduce by
computation the lengths of the ares referred to.  Further allusion will be made to this work under
the head of Section 1, in the body of the report.

In last year’s report was given an abstract of the results of the primary triangulation between
the Epping and Fire Island base lines, together with a suimnary statement of the methods of adjust-
ment adopted, by means of which the three measured bases were brought into complete agreement,
and the whole chain of triangles made to vepresent a geometrically pertect figure. In the present
report the same subject is continued, and in Appendix No. 8 the adjustment of the primary trian-
gulation between the Fire Island (New York) and Kent Island (Maryland) base lines is given, show-
ing an agreement no less satisfoetory than in the former work.  Sketch No. 10 shows the scheme of
triangulation. It will be seen from the paper in question that the length of the Kent Island base,
as measured, differed but four inches from the length derived from the Fire Island base through
the triangulation, when in the latter the conditions of form merely were satistied, and that it
required an average correetion of less than five hundredths of a second of are to each angle to
bring the measured Dase lines into perfeet agreement. Sketches 26 and 27 llustrate some of the
instruments used in measuring the angles of the primary triangulations. The former shows the
large theodolite of thirty inches diameter, reading with three microscopes, made for the Coast Sur-
vey by Troughton and Simws, of London ; the Iatter shows, above, a heliotrope used for showing to
the observer a distant station by the reflection of sunlight from a small mirror, and below, a twelve-
inch repeating theodolite by Gambey.

METHODS OF OBSERVATION AND COMPUTATION.

The methods of observation and computation adopted in the Coast Survey, in different branclies
of the work, have been heretofore detailed in the discussions of various subjects forming appendices
to the annual reports.  Engineers, surveyors, and students generally have attached much value to
these publications, as has been evinced by the frequent ealis upon this office for copies of them, by
the use made of them in scientific text-books, and by inqguiries for similar information on branches
in regard to which no such publication had yet been made.  Calls of this nature led to the publica-
tion, in last year’s report, of a treatise on the use of the plane-table in surveying, which is followed
in the present voluine by articles on observations of time, of latitude, and of azimuth, (Appendices
Nox 9, 10, and 11, compiled by Assistant (L A, Schott,) the general aim being gradually to embrace
the whole range of subjects, so that a collection of the articles will form a complete Coast Survey
Manual,
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HYDROGRAPHIC AXD TIDAL RESEARCHES.

An interesting account is given by Assistant Henry Mitehell, in Appendix Noo 3, of deep-sea
soundings across the Florida straits between Key West and Havana, It will be =cen from the table
of results and the diagram that the slope of the bottom is mueh the steepest on the Cuban shore,
and that there is a submarine elevation of =owme 2,800 feet in the middle of the channel, whiclh is,
perhaps, represented by Salt Key bank further ecastward.

In Appendix No. 6 Assistunt Mitchell presents @ preliminary report on the interference of tides
in Iell Gate, which have formed a subject of special study for some yvears past.

Our knowledge of the tides on the ecousts of the United States being deemed by long-continmed
observations at many points sufficiently matured to warrant the computation of predictions, a
Tidal Alnanac has heen prepared and published for the year 1867, giving for all the principal ports
of the United States the times of high water for every day in the year, and its height above the
average low-water level, with reference to which the soundings ave given on the charts. A table
of tidal constants ix added, by means of which the time and height of the tide may be found for ali
ports intermediate to those for which the {full table is givel.  Appendix No.o ¥ gives fuller particu-
lars, and an example of the table for one port.  All vessels in the government =ervice have been
supplicd with these Tidal Almuanacs, and they are for sale to the public at the cost of printing.
The publication of such tables is intended to be continued annually.

EXTRACTS FROM REPORTS OF FORMER YEALS.

The series of Coast Survey reports printed in quarto form. of which a counsiderable number of
copies have Deen published, heging with the year 1852, The reports of preceding vears were pub-
Tished in oetavo form; a small munber only were printed, and no copies of the same can now be
procured.  With the exception of that for 1851, they contained but little matter of permanent
interest, being chiefly occupied by reports of progress. There were, however, several papers of
general scientific interest contained 1 them, which are now reprinted as appendices to the present
volume, in order that they may again be accessible, and with the view of rendering the quarto
series complete as to papers of seientific inguiry published by the Coast Survey. The ouly matter
not now so reprinted is the important table of geographical positions in the report for 1851, the
republication of which is reserved for a time when the eardinal longitude will have been periua-
nently settled. .

MAPS PRINTED IN COLORS.

An attempt in color printing has been made with the map marked No. 2, (Winter Harbor,)
with a view to show how effectively the distinetive features of the map are brought ont in that way.
It is true that the necessity of several successive printings, in which each impression must he acen-

rately registered or made to fit the preceding ones, renders publication in this form more expensive
than in that of the single black impression from the copperplate. Yet the additional expense,
although relatively large, is actually not great for each map, heing about twelve cents for a sheet
of the size presented, and the greatly increased perspicaity of the map seems fully to warrant this
enhancement in cost. A novel feature in this map, in the representation of topography, is worthy
of attention.  The forms and clevations of the hills are accurately indicated by the lines of equal
level, which are here retuined from the original sheet, and the effeet of elevation to the eye is
produced by shading in erayon. The usual expensive system of hachuring is thus dispensed with,
while an increased effect of solidity is attained by easy means withont sacrificing anyvthing of' the
precision of the data as to the conformation of the ground furnished by the original map of the
survey,

NAVY DEPARTMENT.

The facilities available at the opening of the year for carrying on the hydrographic work of
the survey have been increased by the transfer from the Navy Department of a few of the steam
launches which were no longer required for naval purposes. These being exactly adapted for
in-shore soundings, have proved very effective in the operations of the present season, Of the
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number assigned by the honorable Seeretary of the Navy for use in the hydrography, one has heen
in service on the coast of Maine, one on the coast of North Carolina, and one on the coast. of South
Carolina and Georgia,

OBITUARIES.

Edmund Blunt, the first and oldest assistant in the snrvey of the coast, died on the 2d of Sep-
tember, at his vesidence, near the city of New York, in the sivty-seventh year of his age.

The conspicuous services of Mr, Blunt deserve more than a mere expression of personal regret
for the loss of an able associate. Since the organization of the Coast Survey he had acted an
impeortant part in earning, by the extent of his labors and the aceuracy of his resnlts, the reputa-
tion which the work has sustained for efficieney and precision. Inheriting from his father a strong
inclination for hydrographic pursnits, and commencing in early boyhood the practice of his pre-
tession, his entire lite may be said to have been devoted to the security and extension of our com-
merce by determining and describing the dangers in its path.

The law of Congress which provided for the survey of the eoast did not take full effect until
1832, Previous to that date the charts of our coast were based upon the early and cursory surveys
of Dex Barres and others, oceasionally corrected by detached surveys in pursuance of special acts
ot Congress, or by private enterprise. Toremost in this landable work was the father of the
subject of the present notice, Edmund M. Blunt, who, in addition te the Coast DPilot, eompiled and
published at his suggestion in 1796, undertook hydrographic surveys and examinations. In these
Jatter operations his sons took an active part.

Betore he was eighteen years of age, Edmund Blunt made a survey of the harbor of New York.
Tu the years 1819-"20 he assisted in the sounding of the Great Bahama Bank route to the Gulf of
Mexico; atterwards in the survey of Nantucket and George’s shoal.  In 1824 he surveyed the sea-
coast in the vicinity of New York bay; and between the years 1828 and 1830 the shores and shoals
of Long Island sound.

Early in 1833 Blunt was appoeinted an assistant in the Coast Survey, that work, after a suspen-
sion of fifteen years, having been then resunted.  This appointment enabled him fo bring to the
performance of the duties assigned to him, in the systematic operations about to be undertaken,
the skill and experience acquired during his previous career.

In subscquent years, as the geodetic survey advanced, the name of Assistant Blunt became in
suecession identified in its records with the triangulation of Long Island sound and of the adjacent
coast; with the triangulation of Delaware bay and river; with the measnrement of o base line for
verifying the primary triangulation completed previous to 1844; with various detached surveys
between New York and Boston; with the triangulation of Chesapeake bay; and with that of the
valley of the Hudson between New York city and Albany.

The death of Mr. Blunt was sudden and unexpected. He retained to the last day of his life
the viger and activity which had marked Lis early manvhood. In field operations he laid the basis
for the excellent work which he performed by untiring search, and by adopting in all cases the
means suggested in a comprehensive review of the ground features, however extended the area
might be, designated for triangulation. Concerned chiefly in the primary work, on parts of the
coast presenting all the natural difticulties in the way of observing over extended lines of sight, he

“brought into use many of the expedients now regularly employed in similar localities. The regard
for his profession, which scemed to strengthen as time drew on, was befitting in one who had
largely shared from the beginning in the labors pertaining to the geodetic survey of the coast.

Prompt, energetic and successful in the field, and at all times devoted to the interests and
eredit of the work, the example of Mr. Blunt commanded the respect, as his kind and genial dis-
position gained the regards of all his associates on the survey.

In the Drawing Division of the office we have met with a serious loss in the death of Mr. M. J.
MeClery, who had been counected for a Jong period with that branch of the service. His skill as a
topographical dranghtsman was of the highest order, enabling him to delineate the most intricate
details with such elearness and effect as to challenge the art of the engraver in their reproduction.
With great manual proficiency were conjoined a refined taste and complete unity of style, sufficient
to mark the identity of all his productions.
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In private relations Mr. McUlery was high in the regards of a large cirele of acquaintances.
By these, and by his associates in the office, he will be remembered for the steady practice of the
virtues and amenities that adorn social life. He died, after a short illness, on the 24th of October,

Mr. M. T. Johnstone, whose death oceurred in June, was highly esteemed as an intelligent,
industrious, and traly conscientions man. He was called to the oftice in November, 1861, and was
placed in charge of the map room, the issnes from which at that period required the constant
exercise of forethonght and devotion to the welfare of the government. That the publications
subject to order for distribution should serve the interests for which they were designed and none
other, he realized fully. 1In the discharge of that duty he acted with serupulous care. 1n the per-
formanee of others, Mr. Johnstone exercised the resources of his liberal edncation, to tlle stores of
whieh his characteristic industry was constantly adding, notwithstanding the approach of age. He
was widely known as a man of great moral worth, sound judgment, large experience, and nnvarying
kindness of manncr.

PART 11.°

SECTION I.

FROM PASSAMAQUODDY BAY TO POINT JUDITH, INCLUDING THE COAST OF THE STATES OF MAINE,
NEW HAMPSHIRE, MASSACHUSETTS, AND RHODE ISLAND. (SKETCHES No.1 AND No. 2.)

Telegraphic determination of longitude between America and Europe—Soon after the completion
of the telcgraphic junction between Ireland and Newfoundland, the project of determining the
difference of longitude between Valencia and Heart’s Content, by means of the Atlantic cable, was
carried into successful execution. All the preliminaries had been previousiy arranged, plans, in
fact, having been matured before the year 1858, when the prospeet first opened for affording such
facilities as had been freely used in the longitude determinations of the Coast Survey.

By the liberality of the Anglo-American Telegraph Company, the early use of their cable had
been accorded for passing time signals, and permission had also been given by the New York, New-
foundland, and London Telegraph Company for the free use of their lines connecting Newfoundland
with the telegraphic system of the United States.

The purpose of determining the difference of longitude between the ends of the Atlantic eable
was carried into effect by the assignment of observers who had had long practice with the tele-
graphic method-—all the important telegraphic points between Calais, in Maine, and New Orleans,
in Louisiana, having been fixed by their observations.

In September, Dr. Gould, accompanied by Sub-Assistant A. T. Mosman, proceeded to Ireland,
provided with a transit instrument, astronomieal clock, and chronograph register. These were used
in the observations made at Foilhommerwum, on Valencia island. A similar set of instruments was
taken by Assistant George W. Dean, and employed in the ohservations made at Heart’s Content by~
himself and Assistant Edward Goodfellow. A third set was sent to Calais, Maine, for the use of
Assistant George Davidson, who was to be aided by Mr. 8. C. Chandler, jr., and Mr. F. W, Perkins.

Variable weather and other circumstances presented many difficulties in the intended. inter-
change of signals through the Atlantic cable. The obstacles met were, however, inseparable from
the service undertaken at that time, all the facilities possible being afforded for the comfort of the
observers by residents nearest to the stations at Foilhommerum and at Heart’s Content. Dr. Gould
and Assistant Dean succeeded in exchanging satisfactory sets of clock signals on the nights of
October 24 and 28, and on the nights of November 5, 6, and 9. The signals on two nights were
sent by one of the cables only; but on the other three nights both cables were used in telegraphic

* This part of the teport will be made up of short abstracts of the statements turned in at the end of the season by the
field nssistants. Under separate heads the notices will be so arranged as to describe the work in geographical order and as
briefly as possible, mention being made only of the names, localities, and general statistics.

2
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connection without reference to the earth current.  The cable was used during one night in addition
for experimenting on the velocity of the magnetic current in transmitting signals.,

The astronomer royval of Greenwich observatory, Professor Airy, having concerted arrange-
ments with Dr. Gould, the telegraphic operations in Europe were completed by the exchange of
time signals sent respectively from the Royal observatory and Foilhommerum.

Between Heart’s Content and Calais, great difficulties were experienced in efforts to pass signals,
owing to the coudition of the lines. Assistant Davidson remained at Calais until the 4th of
December, his services being then due in the prosecution of a special survey across the Isthmus
of Darien, arrangements for which had been previously made. During his stay at Calaig, all the
requisite means tor the speedy completion of the work had been provided, dependent, however, for
suecess, upon the repairs which had been for some time in progress along the telegraph lines to
Newfonndland. The lines being veported as in working order suitable -for longitude purposes,
Assistant C. O. Boutelle reached Calais on the 1ith and exchanged time signals with Mz, Dean, the
observer at Heart’s Content, on formr nights, closing on the 16th of December the observations
required for determining thé? difference of Jongitude Letween Washington and Greenwich by the
telegraphic method. .

Geodetic observations—The primary triangulation of the coast of New England having Deen
completed, that work has been made available for deterrnining the length of an arc of the meridian
by bringing into the serles a station near Farmington, New Hampshire. This point was selected
by Assistant Boutelle for its easy geodetic connection with Mount Blae, the north end of the are, and
with the adjaceut points of the main friangulation, and as being convenient for astronomical obser-
rations, and in telegraphic connection with the most eastern astronomical station in the United
Stutes.

In the course of the sununer, Bannock Hill (see Sketeh No. 1) was occupied as a trigonometrical
station, and in snceession Mouut Blue, Mount Scbattis, Farmington, and Stewart in the immediate
vicinity of the new geodetic station, of which the latitude was to be determined by special obser-
vations. Mr. Boutelle measured with the 12-ineh theodolite No. 30, the horizontal angles that counect
the new stations with the primary triangulation, recording in the aggregate 1,186 observations. The
relative heights of the stations were determined by 276 measurements for vertical angles.

The observations and resulting field computations for latitude are thus reported: ¢ The latitude
at Farmington has been determined by 388 observations on 64 pairs of stars upon 22 nights of
October and November. Of the G4 pairs, 12 were observed 5 times each, 40 were observed 6 times,
8 pairs 7 times, und 4 pairs 8 times eacl.  The resulting latitude of the zenith telescope at Farm-
ington is 440 407 19708 & 07137 .

Assistant Boutelle is now making arrangements for determining the latitude of the south end
of the meridian arc which terminates at a geodetic station in the vicinity of Nantueket.

Triengulation of St. Croix river, Maine—The secondary triangulation having embraced Passa-
muaquoddy bay in previous seasons, was this year extended about cighteen miles upward from the
entrance of the St. Croix river by the party of Sub-Assistant C. H, Boyd. In its progress, a careful
connection was made with the station which had been used for astronomical observations at Calais
in 1837, Twelve positions were occupied with the theodolite. The results of the observations
have furnished twenty-six points for use in the topographical survey of the shores of the St. Croix
river. Mr. Boyd eommenced on the 24th of September, and closed work at the end of the following
mounth.

Shore-line survey of 8t. Croix viver, Maine~The shore lines of Passamaquoddy bay and of its
islands in the vicinity of the boundary having been traced by Assistant W. H. Dennis, field-work
was reswned at the end of August, at the entrance of the St. Croix river. Proceeding npwards,
Mr. Dennis traced in the course of the season both shores of the river to a point within two miles
of the head of navigation. Thirty-eight miles of shore line are defined on the plane-table sheets,
exclusive of the outline of low water, of which there is an aggregate of eleven miles,

Hydrography of West Quoddy entrance, Maine~~The progress sketch (No. 1) shows the advance
made this season in the hydrography of the approaches to Lastport. In October, Mr. H. L.
Marindin, under the immediate direction of Assistant S. A. Gilbert, with a party in the schooner
Caswell, sounded the West Quoddy entrance, and the roads between the entrance and Lubec Nar-
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rows. Above the Narrows he joined with the inside hydrography previously done by Assistant
Boutelle, in the waters known as Johnson’s bay.

The great rise and fall made it difficult to observe the tides, vet they were successfully recorded
both above and below the Lubee Narrows while the soundings were in progress. Mr. Marindin
noted the fact that two hours before high water the tide ebbed through the Navrows, while i1 was
flood near the West Beacon, showing that the level between Johnson’s bay and West Quoddy roads
must differ materially at different stages of the tide.

The hydrographic party put aup nine signals and recorded about eleven thousand soundings.
Mr, G. C. Scheetfer, jr., was attached to the party as aid.

Hydrography.—In order to complete the hydrography whielr in several localities between Port-
land harbor and Penobscot entrance was ontstanding at the opening of the season, Assistant S. A.
Gilbert was placed in c¢harge of that work, and took the general direction of the parties ussigned
to execute the same. These will be referred to in geographical order. By the arrangement just
alluded to unity of method was secured, and completeness in connecting the additional work with
the hydrography previously executed, Assistant Gilbert having made a careful study of the data
and means requisite in each of the localities.

Hydrograply of Penobscot bay, Maine—The soundings at the entrance of Penobseot hay have
been extended by the party of Sub-Assistant Charles Junken in a direction northward and eastward
from the previous limit of work near Metinie island.  Rackley's island on Sketeh No. 1 marks the
upper limit of the sheet of thisseason. The approaches to the ledges coming within the Yimits of work
were carefully defined. The soundings, seven thousand five handred in number, were made with
the steamer Endeavor, hetween the 6th of September and the 1st of November, Messres, H. M,
DeWees and L. Al Sengteller served as hydrographic aids,

Sub-Assistant R. E. Halter, with the boats of the schooner Bailey, sounded Tenant’s harbor
and the western entrance to Penobscot bay, between Ruackles’s island and the main, counecting
throughout with the hydrography outside, which had been performed in a previous season.  Messrs.
J. B. Adamson and Eugene Ellicott aided in the service of this season, but the former, taken ill
before the close of work, was replaced by F. W. Perkins. The principallines of soundings were run
with the steam launch Barataria, Forty-seven signals were put up, and an aggregate of nearly
-thirty thounsand casts of the lead were recorded. These include the supplementary soundings made
in the immediate vicinity of the islands off the entrance to George’s river, The work was com-
menced on the 19th of August and concluded at the end of October.

Trivngulation in Muscongus bay, Maine.—The subsidiary triangulation required for the survey
of the islands in Muscongus bay was taken up by Sub-Assistant J. A. Sullivan, on the 1st of Sep-
tember, with a party in the schooner Hassler, The stations occupied, nine in nwmber, range from
Pemaquid Point (Sketeh No. 1) in @ northeast direction, and include the islands lying in the upper
part of the bay. Twenty-nine points were determined iu position, by eleven hundred observations
with the theodolite. This work was concluded on the 29th of September.

Topography of Muscongus bay, Maine—By the work of the party of Sub-Assistant Cleveland
Rockwell, and that which will be noticed under the next head, the shore-line survey of Muscongus
bay and its islands has been completed, and the detailed survey nearly so.  Mr. Rockwell has returned
two plane-table sheets containing the outline and most of the topographical features between Croteh
island on the east and Round Pond (see Sketch No. 1) on the west side of the sound. In thelatter
part of the season his work was turthered by the transfer to him of the schooner Bowditeh. The
main and islands represented on the two sheets sent in by Mr. Rockwell show an aggregate of sixty-
two miles of shore-line, ten miles of road, and about eleven square miles of detailed topography.
This work was prosecuted between the 6th of August and the 10th of November,

Topograpky of Medomak river, Maine—~This work has been extended southward from former
limits by the party of Sub-Assistant Charles Ferguson. The sheet which at its upper limit included
the survey of Waldebore’ now embraces the topographical details of Dutch neck, and the shores
and interior adjacent to Broad cove and Delno’s cove. For the work of this season Mr. Ferguson
determined eighteen points by a subsidiary triangulation in advance of taking the field-work with
the plane-table. These served also for the uses of the hydrographic party.

The plane-table work was prosectited between the 1st of June and the 8th of October, when
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the schooner Bowditch was turned over to Sub-Assistant Rockwell for use in the topograpluedl sur-
vey of Muscongus bay.

Hydrography of the Medomak river, Maine.—~The upper part of this river was sounded in Sep-
tember and October by a party in charge of Sub-Assistant Horace Anderson. The tides were
observed at Waldoboro® and at Howard’s whart in Broad cove. In the intermediate part of the
Medemak about twenty-one thousand soundings were made. The numerous ledges which render
the navigation intricate in passing up to Waldobore’ were carefully defined. Mr. Anderson closed
work on the 1st of November, after completing the sounding of the three difficult passages below
Broad cove.  The locality of the work is marked on Sketch No. 1.

Mr. . G. Ogden was attached to the hydrographic party as aid, and Mr. R. B. Palfrey served
in that capacity temporarily.

 Lopographical survey near Pemaquid Point, Maine—The outline and interior features of the penin-
sula terminating in Pemaquid point were traced by Assistant F. W. Dorr, between the middle of
August and the end of October.

At the head of Joh's river (Sketch No. 1) he joined with previous topographical work done by
Sub-Assistant Doun, and passing southward traced the shores of Pemaquid river, and the outlines
of the islands at its entrance, as well as the shore of Johw’s bay. Turning northward at Pemaquid
light-house the western shore of Muscongus bay was traversed as far as Round Pond harbor, where
a junction was made with work of this year done by Sub-Assistant Rockwell. The roads and water-
courses of the peninsula appear on the plane-table sheets turned in by Mr. Dorr, and all the details
within an area of twenty square miles. The two sheets present about forty-three miles of shore-
line, sixty miles of road, and about thirty-seven miles of water-courses. Assistant Dorr was
efficiently aided in field duty by Mr. Franklin Platt.

Hydrography of the Damariscotta river, Maine.—The hydrographic survey of tlns river was com-
pleted in August by a party in charge of Mr. E. Hergesheimer. The soundings then made develop
that part of the river which is included between Damariscotta and the limit of previous work,
which had been extended from the entrance upward to a point about eight miles below the town.
An aggregate of nearly eight thousand soundings was recorded.

Hydrography of the Sheepscot river, Maine.—The supplementary soundings required in the east-
ern branch for completing the chart of the Sheepscot river were made by Mr. Hergesheimer in Sep-
tember. The sites of work referrved to in this and in the preceding notice are shown on the Prog-
ress Sketeh No. 1. Eight thousand soundings were made in completing the hydrographic survey of
the Sheepscot river,

Topography of Kennebéc river, Maine—The plane-table survey of the Kennebec has been con-
tinued in the vicinity of Merry-meeting bay by Assistant R. M. Bache. In the course of the season,
which commenced on the 1st of August and was closed on the 3d of November, ten miles of shore-
line were traced, and a margin of topography mapped, making in the aggregate two square miles.
The details of survey given on the plane-table sheet are quite intricate and difficult, comprising,
among other features, fifteen islands, of which the largest is about a mile in length.

Triangulation of New Meadow river, Maine.—Assistant A. W. Longfellow took the field in the
latter purt of June, and after making a reconnaissance, erected eight signals for the determination
of working points on the shores of Quohog bay and New Meadow river. Defore the close of July
Ie had occupied the stations of his own selection with the theodolite, his party using the schooner
Torrey in going from point to point.  After the 26th of July the needful triangulation was continued
by Sub-Assistant Sullivan, the plane-table survey being then taken up by Mr. Longtellow. In
August working points were furnished for the topographieal survey of New Meadow river, and for
completing plane-table work at the head of Quohog bay and on the shores of Harpswell sound.
The party of Mr. Sullivan erected thirty signals. Over four thousand measurements were made
with the theodolite in determining ninety-one positions for the use of the plane-table parties. Mr.
Sullivan clesed work in this section at the end of October, and after laying up the schooner Hags-
ler at Portland, made arrangements for field service in Seetion V1.

Topography and hydrography of New Meadow river, Maine.—This work was taken up in the first
weck of Angust by the party of Sub-Assistant J, W. Donn, and was completed at the end of
October. The soundings made, about six thousand in number, complete, with the exception of the
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upper part of Muscongus bay, the hydrography of the eoast of Maine between Cape Elizabeth and
Penobscot entrance. Thirteen square miles of area were mapped, showing ou the plane-table sheets
fifty riles of shore-line and over thirty miles of road.

‘While sounding in New Meadow river, tidal observations were made regularly at Birch Point.
For the work in Quohog bay, with which the soundings required to be connected, the tides were
observed by a staff favorably situated in the middle of the upper bay.

Mention will be made, under the head of Section 111, of the occupation of Mr. Donn during
the earlier part of the working year.

Assistunt Longfellow extended the shore-dine survey of the New Meadow river northward,
from the limit reached in a previous season, to and including the Three islands, and to a junction
with the work of Sub-Assistant Donn already mentioned. The plane-table sheet comprises the
Phippsburg basin and Winnegance bay, with their islands and ledges. It also includes a portion
of the head of Quohog bay, and shows in the aggregate thirty-nine miles of shore-line. For the
use of the hydrographic party, Mr. Longfellow furnished a complete tracing of bis work of this
season. His party used the schooner Torrey for transportation and quarters.

Hydrography of Quokog bay, Maine~—~This work has been completed by boat soundings made in
the upper part of the bay by Mr. H. L. Marindin, with a party in the schooner Caswell. Several
localities were also examined within the limits of the work last exeeuted in the vieinity, and where
shoal water occeurred additional soundings were made. Mr. Paul Mayor was attached as temporary
aid to the party of Mr. Marindin.

An examination of the progress sketch (No. 1) will show that the in-shore hydrography is now
continuous along the coast of Maine from Cape Elizabeth as far eastward as the entrance to Pen-
obscot bay.

Saco river entrance, Maine.—At the request of public authorities communicated by the repre-
sentative of the first congressional district of Maine, a special examination of the bar and entrance
of the Saco was made in May by Assistant George Davidson., The object being to determine the
practicability of improving the chaunel for purposes of commerce, all features having reference or
bearing on such an end were noted and commuticated to the authorities in the question. In the
course of the examination, Mr. Davidson determined the exact position and developed the depth of
water on the ledge locally known as the ¢ Pumpkin Rocks.” Great changes were found to have
oceurred in the channel of the Saco since the year 1839. In this special survey, Mr. C. P. Dillaway
served as aid.

Topography of the coast of New Hampshire.~—Assistant Hull Adams took the field on the 11th of
June to fill an interval in the detailed topography of the coast north of Hampton river. In the
vieinity of Great Boar’s Head, a junction was made with the plane-table work dene to the south-
ward by Assistant Whiting in a previous season. Mr. Adams, aided by Sub-Assistant T. C. Bowie,
advanced the survey towards Portsmouth as far as Rye church, tracing thirty-five miles of water-
line and mapping within an area of twenty-two square miles. The topography was made conformable
in breadth to the work already done on this part of the coast. When closed for the season, the
detailed survey had been extended one mile north of Locke’s Point.

Environs of Boston, Massachusetts.—On three of the original plane table sheets containing the
survey of the vicinity of Boston, Assistant F. W. Dorr has added the lines of railroad construeted
since the date of the topographical survey. Seven different lines centering at the city were care-
fully traced within the limits of the sheets, making in the aggregate a length of fourteen miles.

Mr. Dorr was subsequently employed in topographical daty on the coast of Maine, as already
noticed, and also in Section 1V,

Boston harbor.—Assistant Henry Mitchell has rendered, as heretofore, the aid required in the
physical survey by the United States commission, at first in the capacity of consulting engineer
and subsequently as a member of the commission. He has collected and promptly furnished data,
as needed from time to time, and has prosecuted the physical survey, the details of which are
retained in his hands. Under the direction of the comiissioners, the topographieal and hydro-
graphic work needed in the special inguiries have been performed by Mr. A. Boschke, formerly

+ attached to the Coast Survey.
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The tenth report of the United States commission concludes with the following remarks:

¢In the further discharge ot our obligations we have to say, that without the efficient co-opera-
tion of the Coast Survey of the United States, without its vessels, its instruments, its assistants,
its books, its training, its methods, and its accumulated resources and stores of information, we
should never have ventnred to invite the city governmert to engage in our enterprise, * * * *

“ Our debt to the Coast Survey does not consist only of the means and instruments of suryeying
and of competent persons to use them, but it embraces aiso the data for making (through its former
labors in the same field) comparison maps, showing the changes which have actually taken place,
and which are constantly in progress in that part of Boston harbor which we have had under
consideration. These maps are of inestimable value, the information they contain is becoming
every day of more importance, and in them the engineer will always find a safe instructor and
guide.” ’

Topography of Cape Cod bay, Massachusetts—The cetailed sirvey of the shores of Cape Cod
bay was taken up by Assistant P. C. F. West, in Augnst. In the vicinity of Plymonth he joined
his work with the topographical sheet of that harbor, and completed the survey of the coast between
Eel river and Ship Pond. By the end of November he 1ad mapped the details within an area of
eight square miles. The plane-table sheet shows over ten miles of the outline of the bay, and
twenty-eight miles of road. .

Mr. C. 8. Hein was attached as aid during part of the working season.

Topography of Narraganset bey, Rhode Istand—~Under the general direction of Assistant A. M.
Harrison, the detailed topography has been continued by Sub-Assistant Charles Hosmer, the
impaired health of the chief of the party not permitting him to keep the field during the season.
Between the latter part of August and the 3d of November the sheets comprising the shores of
Providenee river and Prudence island were filled in with details, making an area of about ten square
miles. They represent also twenty-five miles of road, five miles of water-courses, and six miles of
marsh line.

Hydvography of Warren river, Rhode Island—The Liydrography of Narraganset bay has been
advanced this season by the thorough development of the channel and bed of the Warren river.
For this service a party was organized by Assistant F. P, Webber, at the end of August. The
work was completed on the 22d of September, the journal then showing that about ten thousand
2asts of the lead had been recorded. The numerous rocks found in the river are believed to be all
marked in place on the chart.

Assistant Webber was aided in the soundings by Messrs. . D. Granger and A. L. Ross.

Inspection of topography.—The plane-table parties working in this section west of the Penobscot
were reviewed in their places in the course of the present season by Assistant H. L. Whiting. In
each locality Mr, Whiting observed the natural features, criticised their representation on the plane-
table sheets, discussed the expedients for attaining rapidity in execution and precision in eontour,
and in general advised with reference to the means for securing uniformity in the character of the
plane-table details. The result expected from this special co-operation of Assistant Whiting is the
return of sheets with details determined by the most judicious selection, when, by reason of
redundancy, some of the details must be of necessity generalized. That this object has been to a
great extent already attained is due to the past exertions of this accomplished topographer.

In April and May, and again in October and November, Mr., Whiting rendered special service
in the line of his profession at the United States Naval Academy, of which mention will be made
under the head of Section IT1.

Tidal observations~—The series of tidal observations with a selfregistering tide-gauge at Port-
land was kept up by Mr. H. W. Richardson until April, when he withdrew, and was succeeded by
Mr. Horace Anderson, temporarily. Since the beginning of May the observations have been con-
tinued B¥ Mr. W. R. Wood.

At the Charlestown navy vard, Massachusetts, Mr. T. E. Ready has continued observations on
the tides with an ordinary hox gange. Meteorological observations have been regularly recoréed
at this station.
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SECTION T1.

FROM POINT JUDITH TO CAPE HENLOPEN, INCLUDING THE COAST OF COXNECTICUT, NEW Yplﬁ(,
NEW JERSEY, PENNSYLVANIA, AND PART OF DELAWARE. ‘

Hydographic developments near New York harbor.—At the request of the engineer departinent,
Assistant W, S, Edwards made a special examination of the <« Frying Pan,” the + Heel Tap,"and < Pot
Rocks,” in October and November. Ilis soundings have been plotted and presented to the depart-
ment in the form of a ¢hart, 8o as to admit of ready comparizon with previous surveys.

A wreck lying in the vieinity of the main channel into New York bay was determined in posi-
‘tion, and soundings were made in its vieinity so as to exhibit its character as an obstacle to the
navigation of that channel, In the former part of the season the party of Mr. Edwards had been
on duty in Section V1. X

While prosecuting the special Oxaminm'gn in Eastriver, Assistant BEdwards discovered a yvock
having only ten feet of water on it at low tide. This rock lies about one hundred yards due south
of ¥ Holmes' Rock.”

Hell Gate.—In the course of a thorongh survey made of this part of East river, in previous
seasons, by Assistant Henry Mitchell, a ]l]&t‘ amonnt of inﬁ)rmm%relul‘i\'e to the tides and cur.
rents was gathered and placed in the archives. That the data referrefl 8 may become available for
future purposes, Mr. Mitchell has been directed to collate hLis results in eonnection with the former
investigations of that locality by Lieuterant Commanding (now Rear-Admiral) Charles H. Davis,
and to report thereon. A preliminary report made by him will be found in Appendix No. 6.

Topography of the evast of New Jersey.—The coust topography below Shrewsbury inlet hus been
continued by the party of Assistant C. M. Bache. In the course of the summer and antumnn the detailed
survey was pushed to a point below Long Braunch. The ground passed over includes the most
intricate field-work likely to be met south of Navesink, with the survey of Whl( b the work of the
present year is in connection.

The two sheets returned to the office by Assistant Bache represent t‘\'(me%lght miles of shore-
line and the surface features within an area of nine square miles.  Mr. H. M:De Wees served during
part of the season as aid in the plane-table party.

Iriangulation of the coast of New Jersey—The coast triangulation has been continued by Assist-
ant John Farley. Io the work of revision between Barnegat and Absecom light, eight stations
were occupied during the course of the season, at which eleven hundred observations with the
theodolite were recorded.

Topography and hydrography of Barnegat inlet, New Jersey.—At the request of the Light-house
Board, eommunicated by Colonel Hartman Bache, of the corps of United States engineers, a special
examination has been made of the vicinity of the light-house at Barnegat. The objeet of the board
being to determine the rate at which the site of the light-house is suffering eneroachment, Sub-
Assistant Clarence Fendall made a careful topographical survey of a limited area specitied bv Col-
onel Bache, and by continuous tidal observations in May and June, in connection with soundings
and observations on the currents, completed the data required for the engineering purposes of the
Light-house Board.

The results of the survey made by Mr. Fendall point to the conclusion that the inlet as an open-
ing is moving to the south, the shoals in the vicinity, of course, advancing with it in that direction.

Special survey at Chester, Pennsylvania.—For the use of the engineer deparfluent a very eareful
survey has been made of the water frout aut Chester, in September and October, by Mr. E. Herges-
heimer. The outline of the government piers was accurately traced, including the mouth gf Chester
creek and the ground surface in their vicinity was surveyed and mapped on a Lu*g(ﬁﬁ. Litts
) ,._3“ were run, and sections of the piers were drawn on the map, to show their present bmlq,;_tmn.
er gebhelmer also plotted on the map soundings made in the course of the survey to show the
 of wateF out to a line one hundred and fift ¥ yards from the piers.
idal observations—The self-registering tide gauge at Governo’s island, New York harbor, has
Pen successfully kept in operation during the year by Mr. R. T. Bassett. For comparison with the
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, the nsual observations with a box gange at Brooklyn have been regularly contiuued by

T. Bd&@eh‘ in the day time.
PMeteorological observations have been steadily recorded at the permanent tidal station on Gov-

ern(¥owmisland.
SECTION III.

FROM CAPE HENLOPEN TO CAPE HENRY, INCLUDING THE COAST OF PART OF DELAWARE, THE
COAST OF MARYLAND, AND PART OF THE COAST OF VIRGINIA.

Astronomical observations at DPrincipio station, Maryland.—The reciprocity treaty between the
United States and Great Britain having expired on the 17th of March, 1866, in accordance with
notice to that effect given by our government, the comipission authorized under the first and second
articles of that treaty closed its labors on the 1st of *1 and Assistant Richard D. Cutts, who
had been detailed as United States surveyor under thé treaty, and who had served in that capaclty
since 1855, and also as colonel and aide-de-camp in the army from November, 1861, until the close of
the rebellion, returned to active duty in the Coast Survey. .

In July, August and Sepiem the geodetic station Principio, near the head of Chesapeake
bay, in Maryland, was ocﬁmr Assistant Cutts.» #i~ observations there are in continuation of
the series of astronomieal detérminations made between the Fire island base and the base on Kent
island, with reference to their probable application in the measurement of an arc of the meridian,

The local time at Principio was determined with transit No. 11 from 127 series of observations
on 36 high and low stars. Sidercal chronometer No. 1276, used in the observations, was kindly lent
for the purpose by Rear-Admiral Davis, superintendent of the Naval Observatory.

Latitude—For:the determination of the latitude of the station 243 observations were made on
40 puairs of close zepith stars with zenith telescope No. 5. The arc value of the micrometer was
tested by observa#ions on Polaris at its eastern elongation.

Azimuth~—The asteonomical meridian and bearing of the primary triangulation line from Prin-
cipio to Turkey-Point wére determined by 201 observations on Polaris at and near its eastern elonga-
tion, in combination with 228 measurements between the star and azimuth mark, and 20 series of
6 observations each between the mark and the station at Turkey Point. The instrument employed
was the 24-inch Troughton theodolite.

At Cape Henry light-house, Virginia, observations of a similar character were commenced by
Assistant George Davidson in August. For the astronomical observations an eccentric station was
occupied and another determined for the azunuth and magnetic observations, on the line Cape
Henry light-house—Cape Charles light-house.

Mzr. Davidson made the latitude observations with zenith felem@e No. 1, obtamlngl& determina-
tionsof the latitude by 40 pairs of stars upon an average of fivenights. Some of the stars were observed
three times each night: at 30 scconds before meridian passage ; at culmination ; and at 30 seconds
after. In connection with these, observations for time were made with the 26-inch transit No. 11.
All the records were duplicated and part of the star places were reduced with the annual precession
in north polar distanece recalculated with Peters’s Elements. TFor value of the micrometer, observa-
tions were made upon 4 Urse Minoris at elongation. To these Assistant Davidson had added the
preliminary caleulations for azimuth, of « and 4 Ursse Minoris at elongation, when it became neces-
sary for him to proceed to Section I to take charge of the Calais end of the telegraph line intended
to be used for determining longitude.

The gids in service w1th Mr. Da v1dsnn at Cape Henry were Messrs. W. I Vinal andM F anht

Near the close of the season Assistant Cutts pr(;ceeded to (;ape Hem‘g, and in the €0t
the following month made the remaining observations. e ;

The time at the light-ouse was determined by 68 series of observations on 25 high a
stars arranged in groups, using transit No. 11 and sidereal chronometer Hutton Nos: 311.

Azimuth.—The azimuth of the primary line from Cape Henry light-house to Cape Charles light

-~
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house was determined by the use of the revolving light at Cape Charles as the azimuth mark. For
this purpose 90 observations on the light and 106 observations on 51 Cephei at eastern elongation,
and 90 observations on the light and 96 on 4 Ursee Minoris at eastern elongation, were taken with
the Gambey theodolite No. 16.

Assistant Cutts also measured the horizontal angles between Pleasure-house Point and Back
River light, and between Back River light and Cape Charles light-house, using for that purpose the
Brunner theodolite No. 93. Eight series of observations were made, consisting of 103 repetitions.
Mr. A. ¥. Pearl served as recorder.

Hydrography of the Patapsco river, Maryland.—The engincer departinent having under consid-
eration plans for improving the Brewerton channel of the Patapsco, a resurvey of that river was
commenced carly in November, at the instance of the departinent. Assistant F. P. Webber was
assigned for that service, and at the present date has completed soundings eastward and southward
of the entrance, and has included the southern part of the river. The work is still in progress, the
intention being to develop completely the approaches to Baltimore from the Chesapeake. A return
made by Assistant Webber on the 19th of December shows that 21,000 soundings had been recorded.
He is aided by Messrs, T, D. Granger and W, 1. Vinal '

Topography of the Upper Potemac, Maryland and Virginia—The reconnaissance survey of the
Potomac river above Harper's Ferry was resumed by Sub-Assistant J. W, Donn, opposite Shep-
herdstown, on the 25th of Novewber, After tracing a central traverse line the details of ground in
the direction toward Harper's Ferry were added during the winter, to include Shepherdstown and its
vicinity, The weather was then very unfavorable for field-work. When the spring opened the
survey was resumed, and early in June Mr. Donn joined with the limits to which he had extended
the work in 1864. A belt of about half a mile on each side of the river was nwapped in conformity
with the earlier sheets of the survey, and, as before, contour lines to show successive elevations of
twenty feet were carried over the. entire ground. These lines were veferred to the lockage of the
canal, the various heights of which were known, and by that means to the line of mean high-water
at Georgetown, D. C. '

Sub-Assistant Donn was aided during part of the season by Mr. Stehman Forney.

Within the lwits of the military district of western Maryland the survey in charge of Mr.
Donn was much forthered by details of men and facilities for tramsportation supplied to him by
order of Major General Emory. The two plane-table sheets of this seasoh, completing the intended
reconnaissance, present twelve square miles of topographical detail.

Sharp’s 1sland lght-house, (Chesapeake bay.)—The bluft on which the light at Sharp’s island
was first erected having wasbed away to the extent of thirty yards inland of the site, anotber
structure was projected by Captain Newman, the engineer in light-house service, to be secure in
position, with reference to probable changes in the shoreline. At the end of the surveying year,
the new light-house being then in order, Sub-Assistant Clarence Fendall determined its position,
and marked the same on the engraved sheets, furnishing also the bearings needed for the purposes
of the Light-house Board.

Topography and hydrography at Newport News, Virginia.—In November and December, 1865, this
locality was specially surveyed at the request of the Navy Department. Mr. E. Hergesheimer
traeed the shere-line, and with the plane-table filled in all the details formed within an area of five
square miles. Abreast of the ground represented on his topographical sheet, he carefully sounded
the James river to a depth of six fathoms, and combined the results of his work on a single sheet
for the uses of the department., In surveying, lines of level were run, and the sheet is marked,
throughout with contour lines showing successive elevations of ten feet. Mr. Hergesheimer was
aided in duty by Mr. A. R. Fauntleroy.

Triangulation at Chesapeake entrance, Virginia—For the extension of the system of main
triangles southward from the Chesapeake entrance, three points have been determined in position
on the shore of Lynn Haven roads, viz: Cape Henry light-house, Pleasure-house Point, and
Wiloughby’s Point. All of these were occupied in the course of the summer and autumn by
Assistant 8. C. MeCorkle, and in connection with them the stations Old Point Comfort Hght-

ouse and Baek river. The results furnish a reliable basis for continuing the main triangulation
along the outer coast helow Cape Heunry.

In determining the horizontal angles over four thousand measurements were recorded.

Mr. McCorkle specially mentions in his report kind offers of assistance from Colonel Bre verton

3
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of the corps of engineers, and from Commander Phelps and Lientenant Commander Grafton, of the
navy. The last-named officer rendered material assistance in the work by a detail of men and boats.

Tidal observations.—The series of observations at the permanent tidal station at Old Point
Comiort, Virginia, has been continued during the present year with a self-registering tide-gange, as
heretotore. Mr. C. Kelley, who had charge of the gauge at the beginning of the year, was succeeded
in February by Mr. E. F. Krebs. Y

Topography at the Naval Academy, Annrapolis, Maryland.—With the view of giving greater
practical value to the course of studies pursued by the first class of naval cadets, graduated under his
superintendence in May last, Admiral Porter made a request in April for the services of Assistant
H. L. Whiting to give practical illustration of the use of the plane-table as employed in the survey
of the coast and harbors of the United States. The detail of the duty desired was arranged by
Lieutenant Commander R. L. Phythian, who had charge of the department of astronomy and
navigation at the Naval Academy. After a division of the class into sections of sixteen to eighteen
students, Mr. Whiting took the sections into the field on successive days, and demonstrated the
principles and methods of work by making an actual survey of part of the harbor of Annapolis
and of the grounds of the Academy.

These exercises were closed by the annnal examination of the cadets, which took place at the
close of May. Much interest having been manifested, Admiral Porter renewed his request in
October. A class, numbering in the aggregate nincty, was taken into practice by Mr, Whiting;
each day, for a period of several weeks, being devoted to a party of about twelve cadets. Of
his experience as an instructor in the field during the month of November, Assistant Whiting ;
remarks: “The interest and attention of the class, and the alacrity with which each cadet took
part in and executed all the co-operating details which I assigned to them, were proofs of the merit
and advantage of this popular method of instruetion.”

In connectien with the plane-table exercise, a scheme elaborated at the outset in consultation
with Captain Phythian, for making hydrographic surveys, was executed by the cadets under his
direction. .

In addition to the field-work with the class, and as an example for their future practice, Mr.
‘Whiting made an extended survey of interior details, employing as aids a crew of sailors. This
survey was desired by Admiral Porter to cover certain grounds north of the city of Annapolis,
within limits considered favorable for extending the grounds of the Naval Academy. The sheet
was made eluborate in details, and when completed was left for the use of the admiral.

In the interval between the two periods of service at Annapolis, Assistant Whiting inspected
the plane-table parties working in Section L

SECTION 1IV.

FROM CAPE HENRY TO CAPE FEAR, INCLUDING THE COAST OF PART OF VIRGINIA AND PART OF
NORTH CAROLINA.—(S8kETCH No. 13.)

Topography between Ocracoke inlet and Cape Lookout, North Carelina.—The topography of the
coast of North Carolina was resumed at Cape Lookout in June, by Assistant W. H. Dennis.
Proceeding in the direction towards Ocracoke, the plane-table survey was made to include the
peninsula which separates the Atlantic from Painlico sound and the islands inside of the peninsula.
Assistant Denuis being taken seriously ill in Jnly, was relieved by Sub-Assistant Clarence Fendall,
who carried forward the topography to a junection with the limits reached by the survey in a
previous year at the north side of Ocracoke inlet. The completed sheets were tarned in by Mr.,
Fendall early in September.

Hydrography of Pamlico sound, North Caroling.—~Sub-Assistant J. 8, Bradford, with a party in
the schooner Arago, has extended the hydrography of Pamlico sound below Ocracoke inlet and
from thence westward to Brant island and Neuse River entrance. The position of signals for nse in
this work he determined by careful triangulation. Eighteen thousand soundings were recorded
before the close of June. At the approach of the sickly season the hydrography was discontinnea.

At the request of the Light-house Board a special hydrographic survey was made of the
viemity of Long Shoeal, in Pamlico sound, the object of the board being the location of a screw-pile
light-house. .

Azimuih and latitude observations near Newbern, North Carolina.—Early in May, Assistant G. W,
Dean proceeded with the requisite instruments to determine the latitude of a station near Newbern,
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and also the azimuth of lines of the triangnlation in that vicinity. Fort Spinola, about a mile and a
half from the city, was selected as a favorable point for the proposed operations.

The azimuth was determined by Assistant Dean by means of 236 observations upon Polaris
near its lower culmination, and upon Delta and Lambda Ursa Minoris near their eastern elongation.
In determining the bearings of the lines of triangunlation 208 observations were made on four of
the signals and an elongation mark with a 24-ineh theodolite.

The observations for local time and for latitude were made by Assistant Edward Goodfellow,
between the 19th of May and the G6th of June. With a 26-inch transit 76 observations were
recorded for time, and with zenith telescope No. 5, 1G5 observations upon 30 sets of stars for deter-
mining the latitude. My, F. H. Agnew was assigned to act as recorder, but was taken seriously ill
at Newbern before the commencement of operations.

The party of Assistant Dean returned to Washington on the 13th of Junc. Mr. Goodfellow
then made the computations, completed the records, and forwarded them to the office, My, Dean
proceeded to Newfoundland to await the arrival of the Atlantie cable, and to make the arrange-
ments necessary for its use in determining the difference of longitude between Foilhommerwn and
Heart’s Content, of which mention has been made under the head of Seetion I in this report.

Topography of Neuse river, North Carolint~—The plane-table survey of this river was commenced
by Assistant F. W. Dorr on the 11th of June at points about two miles above Newbern, the lower
part of the Trent river being within the limits of the upper plane-table sheet, The topography of
the banks of both rivers was mapped to their junction at the city, and that of the Neuse to points
about twelve miles below, Of the obstructidns placed in the river during the war, enough have
been removed to afford a good beating channel, but everything of the sort which yet shows above
water was carefully marked on the plane-table sheets.

Most of the field-work of the lower sheet of the survey was done by Mr. Frauklin Platt, whose
aptitude and efficiency are again warmly commended by Assistant Dorr. The two sheets represent
nearly sixty miles of shore-line and about seventy miles of road within an area of fifty-nine square
miles.

The plane-table party used the schooner Dana until the 10th of July, when the vessel was
transferred to the charge of Assistant Fairfield.

Triangulation of Neuse river, North Carolina—This work was resumed early in June by Assistant
G. A. Fairtield, and continued in the direction towards Pamlico sound. It was brought into
connection with the stations used for that survey at Neuse River light-house betore the close of
September. The triangulation has now included nearly forty miles of the course of the Neuse
river. The party of Mr. Fairfield occupied twelve stations this season.

Before taking up the triangualation, Mr. Fairfield joined the party of Assistant Dean and aided
in the determinations of latitude and azimuth in the vicinity of Newbern.

Mr. J. G. Spaulding served as aid in the triangulation party. The schooner Joseph Henry was
used for transportation.

Hydrograply of Neuse réver and Trent river, North Carolina.—Beginning at Fort Anderson, Sub-
Assistant Bradford thoroughly sounded the Neuse river and defined its channel as low down as
Johnson’s Point. In connection with it the lower part of the Trent was sounded, or so much of
that stream as fell within the plane-table limits. Thirty-one thousand soundings were recorded by
the party in the Arago before the end of July.

Off-shore hydrography : Cape Lookout shoals and off-shore soundings between Cape Hatteras and
Cape Fear.—During the months of March, June, July, and August, Acting Master R. Platt, U. 8. N,
assisted by Mr. G. Bradford and Mr. G. W, Bissell, in the steamer Corwin, completed the survey of
Cape Lookout shoals, determining 800 positions, making 8,900 soundings, and running 350 miles of
sounding lines in the execution of this work. Afterwards the same party continued the off-shore
hydrography between Cape Hatteras and Cape Fear, running 237 miles, in which 1,000 casts of the
lead were taken.

SECTION V.

FROM CAPE FEAR TO ST. MARY’S RIVER, INCLUDING PART OF THE COAST OF NORTH CAROLINA,
AND THE COAST OF SOUTH CAROLINA AND GEORGIA. (SkercH No. 15.)

Hydrography of Savannah river, Georgia.~At the opening of the surveying year, Assistant
C. O. Boutelle, with an efficient party in the steamer Bibb, was working in the vicinity of Tybee
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entrance. After making the triangulation necessary for revising the hydrography of the Savannah,
the river was sounded from the bar at Tybee to a point above the city. The vicinity of the
obstruetions and the channel were carefully defined. The impediments placed in the river having
totally changed the direction of proper sailing lines, a copy of the new chart in manuseript, by
authority of the department, was furnished to the mayor of Savannah for the nse of the river pilots.

Assistant Boutclle during the war having given close attention to lighting and other facilities
for navigation, concluded the hydrographic survey of the Savannah by submitting for the considera-
tion of the Light-house Board a report embodyiug the results of his study in regard to the require-
ments tor that river.

In this section, Mr. Boutelle was aided at intervals by Messrs. A. C. Mitchell, A. M. Wetherill,
J. B. Adamson, H. L. Marindin, and J. A. Guldin.

Tidal obsercations—In connection with the hydrographie survey under his charge, Assistant
Boutelle for several months of the present year maintained a series of observations with a self-
registering tide-gauge at Bay Point, in Port Royal sound.

SECTION VI

FROM ST. MARY'S RIVER TO ST. JOSEPH’S BAY, INCLUDING THE COAST OF FLORIDA, WITH THE
REEFS AND KEYS.

Straits of Florida—A call from the International Telegraph Company in the spring for infor-
mation relative to the lay of the bottom between Key West and (fuba, was met by the assignment
of a hydrographic party, in the steamer Corwin, for making the requisite soundings. Assistant
Henry Mitechell was placed in eharge of the work, in which he had the co-operation of Aecting
Master Robert Platt, and of Messrs. Charles Junken and Gershom Bradford, attached to the party
as aids. The season proving favorable for deep-sea soundings, the line was soon run satisfactorily.

Thirty casts were made in positions well determined along the proposed track of the telegraph
cable; and a variety of incidental observations upon temperature, density, velocity of current, &e.,
was recorded. Some of the developments of this survey are interesting. It appears that the
north bank of this part of the straits ot Florida falls away in terraces to the depth of 853 fathoms;
and that between this maximum depression and another of 748 fathoms near the Cuban coast, there
rises a mountain within 400 fathoms of the surface, over which flows the Gulf stream with a velocity
of 2% miles per hour,

Full details of the work will be found in Mr, Mitchell’s report, (Appendix No. 5.)

Astronomical and magnetic observations at Punta Rasa, Florida.—The geographical position of a
station at Punta Rasa, the southern entranee to Charlotte harbor, Florida, (Sketch No. 18,) was
determined in June and July by Sub-Assistant A. T. Mosman. Itslongitude, relative to Key West,
was ascertained by transporting, in the schooner Varina, five ehronometers, after carefully rating
them at Key West. Observations with transit No. 8 had been previouslv made for time on six
snecessive nights at that port.

On reaching Punta Rasa, the chronometers were at once taken to the intended station, and
Mr. Mosman made observations for local time on the night of their arrival. The return of the
Varina to Key West in July offering another opportunity, the observations were repeated, but with
less success, the vessel being six days at sea between the two places.

At Punta Rasa, the latitude was determined by 115 measures of difference in zenith distance,
using 22 pairs of stars, and observing with zenith telescope No. 6.

The azimuth was ascertained by 120 measures of the angle between Polaris and an elongation
mark on “ Sword Point.”

The magnetic declination, dip, and intensity were determined by full sets of observations made
in the usnal way.

Mr. ¥. W, Perkins effectively aided in the operations at Punta Rasa and Key West.

Sub-Assistant Mosman is now at Valencia, (Ireland,) and engaged, under the direction of Dr.
B. A. Gould, in. observations for determining the difference of longitude between the telegraph
station there and the station at Heart’s Content.

Hydrography of San Carlos bay, Florida—~This, which is the southern entrance to Charlotte har-
bor, was sounded between the middle of June and middle of August by the party of Assistant W.
8. Edwards, working with the schooner Varina. The soundings were extended so as to embrace



THE UNITED STATES COAST SURVEY. 21

on the hydrographic sheet the mouth of Caloosabatchee river and the approaches to the bay from
the Gulf of Mexico. Sixteen thousand soundings were recorded.

Sub-Assistant F. F. Nes and Mr. C. S. Hein were attached to the party in the Varina, but the
last named being disabled l)y illness soon after the arrival of the vessel at her worknig ground, was
relieved and assigned to duty at the north.

Assistant Hdwards, with the arew of the Varina, co-operated in putting np a temporary obser-
vatory and in arranging a shore station, intended to be occupied by Sub-Assistant Mosman, at
Punta Rasa.

Topography and hydrography of Charlotte harbor, Florida.—The plane-table survey and sound-
ings of the passage between Pine island and the main coast of Florida was resumed on the 3d of
June, by a party in charge of Sub-Assistant C. T. lardella, with the schooner Agassiz. The work
was energetically pushed mnder many disadvantages, the sickly character of the scason having
disabled all but the chief of the party. Notwithstanding the difficulties thus arising, Mr. Iardella
traced eighty-one miles of shore line and mapped twelve square miles of detailed topography.
The passage is about twelve miles long. Having set up and determined in position seveuteeiL
signals, the passage was carefully sounded out by an aggregate of more than seven thousand casts
of the lead.

Mr. E. Ellicott was attached to the party as aid, but being taken seriously ill, was relieved and
returned north in August. -

Sub-Assistant Tardella, after suspending operations for a few weeks, resumed work at the end
of November, and is now prosecuting the survey. While at Key West recently with the schooner
Agassiz, he furnished transportation at the request of the engineer of the International Ocean
Telegraph Line, who was then making arrangements for laying a cable along the edge of the keys.

SECTIOXN YVII.

FROM ST. JOSEPH'S BAY TO MOBILE BAY, INCLUDING THE COAST OF PARYT OF FLORIDA AND ALA.
BAMA.

Triangulation of Perdido bay, Floride.—With the view of pushing the triangunlation westward
from Pensacela, so as to connect with the completed survey of Mobile bay, Assistant .J. G. Olt-
manns was assigned to duty in this section. During the antumn he examined the stations near
Pensacola that had been relied on for eontinning the work, but found that most of the marks had
been destroyed. Fortunately, however, the city authorities, at Lis instance, retained in place a
screw-pile which had been sunk in the public square in Pensacola, and thus preserved a station
mark of cousiderable importance.

It is to be much regretted that at Barkley’s Peint no trace whatever remained oi the screw-pile
and granite post set as marks of the astronomical station in 1836, Two of the subsidiary marks
that had been merely displaced were reset by Mr. Oltmanns so as to identify the locality.

TUnder the circumstances just noted, the stations at Fort Iickens and Fort MeCree, not
having undergone any change, were deemed the most eligible as startiug points in the triangula-
tion intended to be pushed over Pexdido bay. Assistant Oltmanns accordingly selected and oecu-
pied nine stations, from wlich he observed with the theodolite on thirteen signals, and by means
of the points-thus determined traced in the shoreline of the lagoon extended westward from the
entrance to Pensacola bay, and part of the adjacent Gulf coasts, making in the aggregate thirty-
nine miles,

To insure acceuracy in connecting with the survey of Pensacola bay, a subsidiary hase-line of
about a mile and a half was measured and included within the new triangulation.

SECTION VI1II.

FROM MOBILE BAY TO VERMILION BAY, INCLUDING THE COAST OF MISSISSIPPI AND PART OF THE
COAST OF LOUISIANA,

Triangulation of the Mississippi delta.—An efficient party was detailed for the intended hydro-
graphic survey of the delta, to work under the direction of Assistant F. H. Gerdes, but in conse-
quence of detention, from dd\emL vauses, in the passage of the two vessels despatched for the
service from Baltimore and Norfolk, the attention of Mr. Gerdes and Sub-Assistant C. 1. Boyd was
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limited to the determination of points to serve for tracing the shore-lines, and for hydrographic
signals. Mr. Gerdes identified two of the stations which he had previously occupied, and from
them extended the triangulation by observiug at seven new stations, He was aided in the field
by Sub-Assistant C. H. Boyd, and by Messrs. L. A Sengteller and H. G. Ogden.

SECTION IX. .

FROM VERMILION BAY TO THE RIO GRANDE BOUNDARY, INCLUDING PART OF THE COAST OF
LOTUISIANA AND THE COAST OF TEXAS. (8kercn No, 19.)

Hydrography of Matagorda bay, Texas~An interval in the hydrorraphy between the entrance
and the port of Matagorda was filled in by the party of Assistant F. P. Webber, in July. TFor this
service the schooner Stevens was assigned, and eontinued in the work until the 1st of August, when
the vessel was laid up at Indianola. Eight thousand soundings were recorded.

Assistant Webber was aided in the hydrography by Messrs. H. Anderson and F. D. Granger.

During the latter part of the season all the members of this party were on duty in other sections
of the coast.

Topography of Corpus Christi bay, Teras.—The regular topographical survey of the coast of
Texas was resumed at Aransas Pass on the 18th of June, by Sub-Assistant Charles Hosmer, with a
party in the schooner Peirce. Owing to the damage received in her very stormy passage, the vessel
was found to be unavailable for the usunal service in moving from place to place as the plane-table
work advanced.,  Signals were however set up and other preliminaries arranged for the successful
prosecution of the work. After tracing twenty-four miles of shore-line at the northern end of
Corpus Christi bay, the condition of the schooner required that she should be sent to Mobile for
repairs.  Seven square miles of topographical area were mapped before closing work at the end of
July.

Sub-Assistant Hosmer was aided in this section by Mr. A. L. Ross.

SECTION X.

COAST OF CALIFORNIA FROM THE SOUTHERN BOUNDARY OF THE UNITED STATES ON THE PACIFIC
TO THE FORTY-SECOND PARALLEL. (SkercH No. 21.)

Topography beticeen Point San Pedro and Pillar Point, California.—The coast topography between
San Francisco entrance and Monterey bay has been completed by the addition of an elaborate sheet of
plane-table work turned in by Assistant A. F. Rodgers. The bold features which mark that part of
the Pacific coast are expressed on the sheet by contour lines, the directions of which were carefully
determined by levelling. Twelve square miles are thus represented, the topography having an
average breadth of nearly two miles. Assistant Rodgers was aided in the ficld by Mr. Alexander
Chase.

Triangulation of Suisun bay, California.— Assistant W. E. Greenwell resumed this work at the
limits to which it had been extended in a previous season by Assistant Lawson, and completed the
triangulation of the bay in March and April of the present year. In the upper part of the bay his
stations were selected so as to include the entrances of the Sacramento and San Joaquin rivers.
The points requisite for the purposes of the hydrographic party were furnished by Assistant
Greenwell, ]

Hydrography of Suisun bay, California.—This work was commenced in November, 1865, and was
completed in the month of February following, by the party of Assistant Bdward Cordell. The
soundings, of which an aggregate of twenty thousand were recorded, were made with the schooner
Marey.

At Army Point, (Sketch No. 22,) where the work joins with the hydrography of Captain Alden,
day and night observations of the tides were recorded for a complete lunation, and as the work
advanced similar observations were made at two stations in the upper bay. In the lower part of
the bay the soundings were extended quite into the entrances of the Sacramento and Joaquin rivers.
By the heavy rains in January, the water at Sacramento was raised to a Ievel of twenty-two feet
above low-water mark.

Mr. W. E. Dennis was attached as aid to the hydrographic party.

Hydrographic examination of Karquinas strait, Californic.—In March, Assistant bordell exam-
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ined the strait for the purpose of comparing the soundings with the depth fonnd at particular loeali-
ties in the survey of 1863.

Hydrography novthward of Point Reyes, California—The hydrography of the coast of California
has been continued in the vicinity of Point Reyes by Assistant Cordell, and hax heen kept in con-
nection with the sonnding of the approaches to San Francisco entrance. Muoch of the present
season proved unfavorable for outside work. The hydrograptsv. notwithstanding, has been
advanced to Bodega Head by using every favorable interval for sdub.fiye. The general progress
sketeh (No. 25) shows the advanee which has been made by the party in this vieinity.  Mr. Cordel]

ras employed in this work, with the schooner Marcey, between the Ist of June and the 11th of
November. The lines of soundings were run broad off from the coast-line to depths varying from
65 to 80 fathoms, or about 16 nautical miles from the land. The in-shore hydrography also was
extended from Point Reyves to Tomales Point.  All the soundings weréredueced for the chart to the
mean of the lowest tides derived from day and night observations during-two lunations at a station
in Drake’s bay. The journal shows entries of six thousand fonr hundred casts of the lead.

Tidal observations,.—Under the supervision of Captain G. H. Elliot, of the corps of engineers,
U. S. A., the tidal stations at San Diego amd San Francisco have been kept up very sneeesstully
during the present year, and no delay has oceurred in the receipt of the records at the office in
Washington. The self-registering gauge at the first-named station has been, as heretofore, in charge
of Mr. A. Cassidy, and that near San Francisco in charge of Mr. H. K. Ubhrlandt. The usual
meteorological eobservations were also recorded by these observers, and have been regularly
forwarded with the tidal records. v

The third permanent tidal station of the western coast will be referred to under the head of
Section XL

SECTION X1,
COAST OF OREGON AND COAST OF WASIIINGTON TERRITORY.

Triangulation of Tillamock bay, Oregon.—In August, Sub-Assistant Julius Kincheloe measured a
base-line of about seven hundred metres, and with it connected a trianguiation, which, in the course
of that month, was made to include the entive bay. In order to provide for the thorough develop-
ment of the loecality, day and night observations were made of the tides. He thus reports in
reference to the Lar and entrance of Tillamook bay :

¢ In coming over the bar I found about fifteen feet of water, aud, as near as could be judged,
at half tide. The bar is a short one, and the entrance makes in nearly east and west. Inside of
the bar there is a depth of ten fathoms, but most of the bay is very shoal, and a large part of it is
bare at low water.”

Sub-Assistant Kincheloe oceupied 16 stations with the theodolite, determined 42 points in posi-
_ tion, and traced 26 miles of shoreline with the plane-table. The survey oceupied the party until
the middle of November, the latter part of the season being employed in the hydrography. Means
will be provided as soon as possible for determining the character of the bar, its development not
being practicable with the boat used by the party in triangulation.

Hydrography of Koos bay, Oregon—This work was still in progress at the date of my last
annual report, but was completed soon after hy the party of Assistant J. 8. Lawson. His party
then returned to San Francisco with the brig Fauntleroy. About five thousand soundings were
made and recorded in addition to those included in the previous reports.

Destruction island and vicinity, Washington Territory—In the hope that a close examination of
the vicinity of Destruction island might develop a harbor of refuge for the coast of Washington
Territory, that neighLorhood was carefully examined in July by Assistant Lawson, the brig IFaunt-
leroy with his party being then on their way for duty in Puget sound. The results arve given below
in extracts from a report forwarded by Mr. Lawson in September:

“ Destruction island is three and a. quarter miles from the main land. Its surface at the highest
point—about ninety feet above the sea-—is covered with a very deuse pgrowth of bushes. Sinall
patches are cleared, in which the Hooch Indians enltivate meagre crops of potatoes. The length of
the island is seven bhundred metres. A series of large detached rocks, with deep water Letween
them, extends about fourteen hundred metres from the edge of the blufl at its northern end, and west-

ward from that end of the island a ledge runs out six hundred metres, beyond which are a few
detached rocks awash. '
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“Along the western side the bottom is rocky and very uneven, and entirely unfitted for
anchorage with such distance as might afford protection from southerly winds or seas. More
than a guuarter of 4 mile seaward of the middle of the island I found a small rock with only thirteen
feet of water on it, the depth alongside being four and a half fathoms, and a little to the north-
ward of it another with eighteen feet water. Off the southern end was found a rock having
sixteen feet water, in a positi~u less than two hundred metres from the outer reef of the ledge.
No other dangers wo ..., ., .ud outside of the three ledges that make off like fingers.

¢“The eastern s. " sestruction island affords the only proper anchorage, but, if resorted to,
vessels must put to se_ at the first indication of a southerly wind. As an anchorage, it is safe only
during neortherly or northwest winds. From a half to three-quarters of a mile off, the soundings

are quite regular in ;g ol - twelve fathoms with hard bottom, but in-shore the bottom is broken,
though not so muc? i~ -ere.  1n places the wall of rock is so Dold at low-water mark that
vessels might moor ~ ;.. ¢ sea swell.”

In counectiomwa. . survey of the island, the shoreline of the main land of Washington

Territory, in the vicinils . as traced for several miles,and a few lines of soundings were run between
the island and the main.’ The results are given in a sketch (No. 23) accompanying this report.
Eleven hundred soundings were recorded in the progress of the survey.

Tidal observations.—The tidal station at Astoria has been, as heretofore, in charge of Mr. L.
Wilson, under the general direction of Captain G. H. Elliot, United States engineers. The
meteorological observations at this station have also been recorded by Mr. Wilson with the usual
care and completeness.

Besides the station in Oregon, Captain Elliot has directed the observers employed at the two
stations on the coast of California, already mentioned under the head ot Section X.

COAST SURVEY OFFICE.

In the several divisions of the oftice in Washington the duties allotted to each have Dbeen
performed with but slight change in the arrangements previously made for the service. As stated
in former reports, data and material received from the field, admitting of classification, are appro-
priastely referred, and after being worked up are subsequently conjoined under the direction of the
assistant in charge for the intended publications. The divisions are designated as follows :

Hydrographic Division, in which, under the direction of Captain C. P. Patterson, hydrographic
ingpector, all the adjunets required for the final issue of chgrts are prepared and arranged, as the
inspection and verification of original matter, selec..on of characteristic soundings, designation of
dangers to navigation, sailing lines, and sailing directions. During the year but one draughtsman,
Mr. E. Willenbvre® o, has been attached to the division. .

The equipmec..¢ and care of vessels, and their readiness for service with ~rveying parties,
are amongst the duties devolving upbn the hydrographic inspector. o

Tidal Division.—The tidal data previously collected in this division, ana retained in the charge
of Assistant L. F. Pourtales, have been digested within the present year into the formm of tables
showing the tides for every day of the year 1867, at ports on the Atlantic, Gulf, and Pacific coasts
of the United States. An edition printed and bound in convenient form has been furnished for the
use of the naval and revenue service. Mr. R. S. Avery was in charge of the division during the
latter part of the year, in the temporary absence of Assistant Pourtales, and much eredit is due to
him for the good judgment and energy manifested, particularly in the preparation of the manuscript
of the tide-tables for publication.

The observations pertaining to this division, maintained at regular stations on the coast, are
reported under the sections to which the stations severally belong.

In oftice details Assistant Pourtales has been aided also by J. Downes, J. Sprandell, D.
Schooley, M. Thowmas, and F. R. Pendleton.

A specimen showing the arrangement of the tidal ephemeris for 1867, applicable to the port of -
Eastport, is given in the Appendix, (No. 7.) For the use of the merchant marine an edition of the
tables has been provided for sale at the principal ports.

Computing Division.—The charge of this division has been continued with A ssistant Charles A.
Schott, whese personal attention has been given to the refined computations connected with the
adjustments of the primary triangulation of the coast, and to other special processes required in

.



THE UNITED STATES COAST SURVEY. 25

the deduction of results from extended series of observations. Amongst these was the establish-
ment of final equations, derived from occultations of the Pleiades for the verification of longitude
and for correcting the lunar elements, a work prosecuted under the general direction of Professor
Benjamin Peirce, of Harvard.

The routine work, such as office adjustments of the observations made by triangulation parties,
reductions required in determining latitude, longitude, azimuth, and the magnetic elements, has
been kept up, each part when completed being made the subject of a special report by the chief of
the Computing Division.

The computers attached to the office are Messrs. T. W. Werner, Eugene Nulty, G. Rumpf, and
I. H. Courtenay. Mr. R. 8. Avery was on duty in the division until May, and Messrs. J. G. Spaul-
ding and F. H. Agnew for limited periods previeus to their assignment to field service.

Drawing Dirvision—This braunch of the service, as during several years past, has remained ander
the immediate supervision of the assistant in charge of the office. Mr. W. T. Bright, as heretofore,
has aided in conducting the office details connected with the division.

The names of the draughtsmen, their employ, and the titles of the drawings on which they
have worked during the year, specified as completed or yet in progress, will be found in tabular
form in the Appendix, (No. 3.)

Engraving Division~TUnder the immediate direction of the assistant in charge of the office,
the supervision of work in this division has heen continued in the eare of Mr. Edward Wharton.

The pantagraph has been used with effect during the year in engraving directly on copper at
the proper scale, from the outlines of tracings taken from the original sheets; and punches have
been further employed for making the figures to express soundings on charts of the second class.

A synopsis of the operations of the division, including the names of the engravers, is given in
the Appendix, (No. 4.)

The clerical duty was performed by Mr. George C. Schaeffer, jr., until August, when he was
assigned to duty in the field.

Electrotype and Photographing Division.—By the electrotype process thirty-two of the most
recently engraved plates have been duplicated within the present year by Mr. George Mathiot. For
use in the Engraving Division fifteen photographic glass positives and thirty-four glass negatives
were made, as reductions from original sheets of the survey. In duplicating maps intended for the
engraver, and for other purposes, 184 paper prints have been made by the photographic process.
Mr. A. F. Pearl aided in the duties of this division until July, when he was attached to a field party.

Lithographing—Within the year the reconnaissance sheets of the Mississippi river between Cairo
and St. Mary’s, six in number, have been engraved by Mr. (. G. Krebs, as also nine of the sheets
representing the reconnaissance of the Tennessee, and four diagrams. The services of Mr. Krebs
have also been in requisition for the preparation of charts issued in colors, and for miseellaneous
engraving, as notes and titles of preliminary charts of which ounly the shore-line and soundings had
been engraved on copper. The details of work in this division, as also the chart and map printing,
have been directed by Mr. W, W. Cooper.

Chart and map printing.—On the copper-plate press 15,820 copies of charts and sketches have
been printed in the course of the year ending on the 1st of November. With the lithographie
press 5,150 copies have been printed by transfer, of which number about one-third were printed in
colors. Karly in the year that press was used for final editions of special maps which had been
engraved on stone and issued during the war; and of this class 7,922 copies were printed.
Exclusive of circulars about 21,000 impressions were printed on the lithographie press during the year.
The copper-plate press has been worked by Mr. T. V. Durham, the lithographie press by Mr. A. Brown.

Distribution of maps and annual reports—An aggregate of 10,900 copies of charts have been
distributed within the year. The map-room was in the charge of Mr. M. T. Johnstone until a short
time before his death, which took place in June. The duties pertaining to it are now performed by
Mr. Thomas MecDonnell.  Of 5,000 copies of annual reports for various years, distributed within the
last twelve months, about one-fifth of the nomber was forwarded to institutions.
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CONCLUSION.

The duty of issuing directions for the prosecution of the survey in all its branches, and the
responsibility of acting in behalf of the Superintendent was devolved upon me in the autumn of
1864, when he found his health toc much impaired to permit him to continue the active direction of
the ﬁeld-wmk

It is a pleasure to record that in this arduous service, superadded as it was to the charge of
office details, I have had the hearty co-operation of the officers who during previous years acted
under the immediate orders of the Superintendent.

My acknowledgments are especially dune to the hydrographic inspector, Captain C. P, Patterson,
who in addition to his duties in the office has had charge of the direction of the hydrography, and
has constantly aided me with his advice in matters of administration.

In the disbursing agent, Samuel Hein, esq., I have ever found the ready and intelligent expo-
nent of the fiscal arrangements best adapted to the interests of the survey, with reference both to
economy and efficiency in the operations of the field parties.

I am likewise indebted to W. W. Cooper, esq., for valuable aid in the conduct of the work, in
connection with his duties as chief clerk to the Superintendent, which have made him famxhar
with the details of administration.

Respectfully submitted by
J. E. HILGARD,
Assistant in Charge for the Superintendent,
Hon. Buer McCurLocH,
Secretary of the Treasury.
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APPENDIX No.

surveying season of 1863-766,

Limits of sections.

i

Parties Operations.

Persons conducting opera- [

tions.

1.

the United States during the

Localities of operations.

SecTioN 1.

From Passamaquod-
dy bay to Point Ju-
dith, including the
coast of Maine, New
Hampshire, Massa.-
chussets and Rhode
Island.

|
|

No. 1 | For longitude by
the telegraphic
method.

2 | Astropomical ob

servations.
3 | Trianguiation.....
4 | Topography......

|
;
|
|

5 { Hydrography; in
charge of 8. A.
Gilbert, assist.

Dr. B. A. Gould, assistant;
A.T. Mossman, sub-assist-
ant, (at Valencia, Ireland;)

Geo. W. Dean, assistant;
Edward Goodfellow, assist-
ant, (at Heart’s Content;) |
Newfoundland.

George Davidson, assistant,
(part of season;) C. O. |
Boutelle, assistaut, (part of
season;) F.W . Perkins and
8. C. Chandler, aids, at !
Calais, Maine.

C. O. Boutelle, assistant ...

|
i
i
i
i
1

C. H. Boyd, sub-assistant )

W, H, Dennis, assistant ...

H. L. Marindip, in charge: [
Geo. C. Schaeffer, jr., aid.

Charles Junken, sub-assist-
ant; H. M. De Wees and |
L. A. Sengteller, aids. !

R. E. Halter, sub-assistant;
J. B. Adamnson and Eugene
Ellicott, aids.

|

J. A. Sullivan, sub-assistant I
: |

I

Charles Ferguson, sub-assist~
ant. :

Observations of time at each station, by
astronomical transits, compared by
signals made under the direction of the
astronomer roval from Greenwich, in
exchange with signals from Valencia,
by Dr. Gould. From Valencia to
Heart's Countent, by exchange of signals
between Dr. Gould and Mr. Dean; and
from Heart’s Content to Calais, by ex-
changes between Mr. Dean and Mr.
Boutelle.

Bannock hill, K. H,, occupied and con-
nected with the primary triangulation
at Mount Blue Latitude determined
at & station near Farmington, N. H.
(See also Section V.)

Triangulation of the 8t.C'roix river,Me.,and
connected with the astronomical station
at Calais, Me. (See also Section VIIIL.)

Shore-line survey of the St. Croix river,
from its entrance upwards, nearly to the
head of navigation. (See unlso Section
)

Hydrography of West Quoddy bay and
approsches, including the Narrowg and
soundings above, connecting with the
survey of Eastport harbor. (See also
Section V.)

Soundings in the approaches of Penob-
scot bay, extendeg northward to Rack-
ley’s island. (See also Section V1.}

Tennant’s harbor, sounded in connection
with Muscle Ridge channel, and sup-
plementary bydrography in the western
approaches to St. George’s river, Me.

Triangulation for the plane-table survey
of islands in Muscongus bay, Me,

Detailed survey of the shores of the Med-
omak tiver, Me., extended southward
to the vicinity of Lopg island,
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Limits of sections.

I

: Parties. .

Operations.

APPENDIX No. 1—Continued.

Persons conducting opera-
tions.
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|
t
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Localities of operations.

SecTION I—Cont'd.

i
I
1
i
t

H

| | |
10 | Hydrography ; in | Horace Anderson, sub-assist-
: charge of 8. A, | ant; H. G. Ogden, aid.
Gilbert, assist. |
11 Topogmphy..-...[ Cleveland Rockwell, sub-
| assistant. |
\
; i |
12 ' Topography...... i I".'W.Dorr, assistant ; Frank- ‘
! ! lin Platt, jr., aid. ‘{
| |
13 | Hydrography; in | E. Hergesheimer. «.......c..]
[ ‘charge of 8. A. | |
Gilbert, assist. !
z ‘1
14 | Topography ......| R. M. Bache, assistant...... i
| | |
15 | Triangulation..... ‘ J. A. Sullivan, sub-assistant.,
l H
| !
| |
16 | Topography and | J. W. Donn, sub-assistant. ...
| hydrography; in ‘
charge of 8. A.
‘ Gilbert, assist. : :
17 Topography . ....% A. W. Longfellow, assismm..i
! , |
18 | Hydrogrephy; in . H. L. Marindin, aid ........ !
; chargeof 8. A, !
. Gilbert, assist. i
19 ‘i Special survey....! George Davidson, assistant; »
i C. P. Dillaway, aid. !
|
20 ‘Topography .. ... Hnll Adams, assistant; T. C.
Bowie, sub-assistant.
21 | Topography ...... F. W. Dorr, assistant .......
922 | Special survey....| Henry Mitchell, assistant....
|
23 | Topography ... P. C. F. West, assistant ....
24 | Inspection of to- | H. L. Whiting, assistant ....
| pography.
25 1 Topography...... A. M. Harrison, assistant;
i Chas. Hosmer, sub-assist-
l ant.

Hydrography of the upper part of the
Medomakriver, from Waldohoro® south-
ward to Long island. (See also Sec
tion IX.)

Shore-line survey of the main and islands
of Muscongus bay, from Crotch island
and Round Pond.

Plane-table survey of the peninsula, ter-
minating at Pemaquid Point, Me., in-
cluding the adjacent islands. (See also
Section IV.)

Supplementary soundings, completing the
hydrography of the Damariscotta and
Shecpscot rivers, Mc. (See also Sec-
tions 1I and 1I1.)

Extension of the plane-table survey of
the shores of the Kennebec river, in-
cluding islands in the vicinity of Merry-
meeting bay. Me.

Determination of points for the plane-
table survey and hydrography of New
Meadows river, in connection with the
upper part of Quohog bay.

Plane-table survey and hydrography of
New Meadows river and upper part of
Quohog bay, Me. (See also Section
1IL)

Shorte-line survey of Phippsburg basin and
‘Winnegance bay, Me,, with interven-
ing islands and ledges.

Supplementary soundings, completing
the hydrography of Quohog bay, Me.
(See also Section V)

Hydrography of the bar and approaches
to Saco river, Me., and development of
changes in shore-line and depth.  (See
also Section I1I.)

Detailed plane-table survey of the coast of
New Hampshire, continued from Great
Boar's Head northward to Locke’s Point.

Plane-table survey and addition to topo-
graphical sheets of the lines of railroad
centring at Boston, Mass. (8ee also
Section IV.)

Surveys and compilation of data continued
for the use of the United States com-
mission on Boston hsrbor. (See also
Section VI.)

Topographical survey of the western shore
of Cape Cod bay, between Eel river and
Ship pond.

Inspection of field parties on the coaat of
Maine.

Detailed survey of the shores of Providence
river a?d lll’mvidence island, in continu-
ation of the topography of Narraganset
bay, R. I. (See also Beetion IX.)
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Localities of operations.

SEcrioN I—Cont’d.

SecrioNn II.

From Point Judith to

Cape Henlopen, in-

cluding the coast of

Connecticut, New

York, New Jersey, ;
Pennsylvania, and :

part of Delaware.

SecTioN I1L

From Cape Henlopen
to Cape Henry, in-
cluding the coast of
part of Declawere,
the coast of Mary-
land, and psart of
the coast of Vir-
ginia.

2% |

27

2

S

Hydrography . . F.P ‘Webber, assistant; F.
D. Granger and A. L.
| Ross, aids.
Tidalnbservations.% W.R. Wood covnenunaan .
........ do.eeoo i TVE. Ready.cooniioninnos
| Hydrography -_ wlos Edwards, assistant:
¢ F. F. Nes, sub-assistant:
8. Forney, J. B. Adam-
son, aids, (part of season ;)
H. G. Ogden, W. 1. Vinal, !
i aids, {part of season )
Topography ------ : C. M. Bache, assistant; H.
I M. De Wees, aid.
Triangulation ... .| John Farley, assistant- ... ...
. Topography and Clarence Fendall, sub-assist-
hydrography. ant.
Topography and | E. Hergesheimer............
hydrography. '
|
“ ‘
Tidalobservations.| R. T. Bassett. ... ......... :
Astronomical ob- | Richard D. Cutts, assistant:
servations. | A. F. Pearl, aid.
........ do..cc....} George Davidson, assistant,
(part of season;) Richard
D. Cutts, assistant, (part of
season:) W. 1. Vinal, aid;
A. F. Pearl, aid.
Special survey . ..
Granger, W. I. Vinal, aids.
Topography ...... \ J. W. Down, sub-assistant. ..
Triangulation .._.: Clarence Fendall, sub-assist-
ant.
|
Topography end | E. Hergesheimer in charge;
hydrography. A. R. Fauntleroy, aid.
Triangulation 8 McCorkle, assistant....

Tidal observations.i E. F. Krebs

Hydrography of Warren river, R. 1. (Mee
also Section IX.)

Series continued with self-registering tide-
cauge at Portland, Maine.

Observations continued with box-gauge at
i Charlestown navy yard, Mass.

Development of the “ Frying Pan,” « Heel
Tap.” and *‘Pot Rocks™ by soundings in
East river, and of the vicinity of a wreck
near the main ship channel at the en-
trance of New York bay. (See also
Section VI.)

- Detailed plane-table survey of the coast of

i New Jersey, extended from Shrewsbury
inlet southward to and including Long
Branch.

! Triangulation of the outer coast of New
i Jersey continued in the vicinity of Ab-
secom inlet,

i Plane-table survey and seundings to de-
termine the ses encroachment at the site
of Barnegar light-house. (See also Sec
tious 111 and IV.)

i Detailed survey of the vicinity and sound-

| ings in the Delaware river, off the gov-

¢ ernment wharves at Chester, Pa. (See
also Sections I and IIL.)

Series continued with a self-registerin,
tide-gange at Governor’s island, an
with a box-gauge at Brooklyn, N. Y.

Principio station, Md., occupied for the
determination of latitude and azimuth.

i Determinations of latitute and azimuth at
Cape Henry light-house, Virginia.

F.P. Webber, assistant; F. D.j Soundings in the southern part of the ap-

proaches and lower part of the Patapsco
river, Md., for the engineer department.
i (Bee also Sections I and IX.)
I

| Reconnaissance survey of the shore of the
i Potomac river hetween Shepherdstown
{ andHarper'sFerry. (SeealsoSectionl.)
i

¢ Determination of the position of the new
light-house at Sharp’s island in Chesa-
;I)gid;e bay. (See also Sections I and

Planc-table survey at Newport News, and
hydrography of the vicinity. (See also
Sections I and I1.)

; Stations occupied on the south side of
| Chesapeake entrance for extending the
| primary triangulation of the coast below
I Cape Henry.

i

i Series continued with & self-registering
| gauge at O1d Point Comfort, Virginia.
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Limits of sections.

Parties.

|
|

Persons conducting opera-

Localities of nperations,

SeEcTroN 1IV.

From Ca.Pe Henry to
Cape Fear, includ-
ing the coast of part
of Virginia and part
of North Carolina.

SECTION V.

From Cape Fear to
8t. Mary's river, in-
cluding part of the
coast of North Car-
olina and the coast

of South Caroiina |

and Georgia.
Section VI

From St. Mary’s river
to Bt. Joseph's bay,
including the coast
of Florida, with the
reefs and keys.

Secriox ViI.

From 8St. Joseph's
bay to Mobile bay,
including the coast
of part of Florida
and Alabama.

| Operations. tions.
\‘ |
|
! 1
1 | Topography ...... W. H. Dennis, agsistant, (part
: | of season:) Clarence Ken- |
dall, sub-assistant, (part of
5eas0M. )
|
| ;
2 | Hydrography.....! J. S. Bradford, sub-assistant.
!
3 | Astrouomical ob- George W. Dean, assistant;’
| servations. Edward Goodfellow, assist-
! - antk
4 4 Topography .. ... ¥.W. Dorr, assistant; Frank-
! i lin Piatt, jr., aid.
! i
i :
5 1| Triangulation .... C. A. Fairfield, assistant; J.
“ ' G. Spaulding, aid.
6 § Hydrography..... ' J. 8. Bradford, sub-assistant .
i
|
|
i
7 | Hydrography.....| Robert Platt, acting master
1 U. 8. N; Gershon Bradford
‘ and G. W. Bissell, aids.
1 Hydrography ....| C. O. Boutelle, assistant; A,
! {  C. Mitchell, A. M. Wethor-
ill, J. B. Adamson, H. L.
| Marindin, and J. A. Gul-
| din, aids.
l
)'
l

Robert Platt, acting master
U. 8. N.; Chas. Junken,
sub-assistant;  Gershom
Bradford, aid.

|
Henry Mitchell, assistant;{

l
2 | Astronomicel ob- | A. T. Mosman, sub-assistant.

serveations.

3 | Hydrography .. ..

4 | Topography and
Hydrography.

1 | Triangulation ....

i
|

|

‘W.

8. Edwards, assistant;
F. F. Nes, sub-assistant.

C. T. Iardeils, sub-assistant ; |
E. Ellicott, aid, (part of
BEAson.) i

J. G. Oltmannps, assistant ...

1
Plane-table survey of the outer coast of
North Carolina between Ocracoke inlet
and Cape Lookout, including the adja-
cent islands in Pamlico sound. (See
also Sections I, II, and IIL.)

Hydrography of the southern part of
Pamlico sound, including the entrance
to Neuse river; and special development
of the vicinity of Long shoal.

Determination of latitude and azimuth
near Newbern, North Carolina. (See
also Section I.)

Topography of the shores of the Neuse
and Trent riversin the vicinity of New-
bern, North Carolina,and survey of the
shores of the Neuse extended southward
to Beard’s creek. (Secalso SectionI.)

Triangulation continued inthe lower part
of Neuse river and nearly completed.

Hydrography of Neuse river and Trent
river in the vicinity of Newbern, North
Carolina, and sounding of the Neuse
extended below to Beard's ereek.

Hydrography of Cape Lookout shoals,
and off-shore soundings between Cape
Hatteras and Cape Fear.

Hydrography of the Savannah river, in-
cluding its bar and approaches; and
thorough development of the change
caused by obstructions in the channel.
(See also Section I.)

Deep-sea soundings in the straiis of
Flovids, made in & line directly between
Key West and Havana., (See also
Section 1.)

Determinstions of latitude and azimuth
at Punta Rasa, (Charlotte harbor,) and
approximate determination of longi-
tude, by means of chronometers. (See
also Section I.)

Hydrography of the agproaches and
southern entrance to Charlotte harbor,
including the mouth of Calogsahatchie
river, Florida. (See also Section II1.)

Plane-table survey of the shores and
hydrography of the passage between
Pine island, in Charlotte harbor, and
the inner coast of Florida.

Triangulation extended westward of
Pensacola entrance, intended to inclade
Perdido bay.
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i
| Persons conducting opera-

Limits of sections. | Parties. Operations. ! " Localities of operations.
I

tions.
i
SgcTiow VIIL ‘ ;
i 1 1
From Mobile bay to ' 1 | Triangulation ....! F. H. Gerdes, assisiant; C. ' Determination of points for the detailed
Vermilion bay, in- ’ i H. Boyd, sub-assistant; L. |  plane-table survey of the passes of the
cluding the coast | - A. Bengteller and H. G. | Mississippi. (See also Section 1.)
of Mississippi and I Ogden, aids. !
part of the coast of ° :
Louisiana.

!
Secrion IX. | |

From Vermilion bay ! 1 | Hydrography .. ..| F. P. Webber, assistant; H. Supplementary soundings in Matagords
to the Rio Grande | ! . Anderson, sub-assistant; bay, between the entrance and the port
boundary, includ- | ! | F. D. Granger, aid. | of Matagorda. (See also Sections I
ing part of the coast ! ! ! I and IIL)
of Louisiana and : i
the coast of Texas. | 2 | Topography......  Chas. Hosmer, sub-assistant; . Topography of the coast of Texas resumed

i i A. L. Ross, aid. | at Aransas Pass,and extended to include
the north shore of Corpus Christi bay.
i i (See also Section I.)
SecTION X. i i

Coast of California 1 | Topography.-..... A. F. Rodgers, assistant; i Detailed planc-table survey of the coast
from the southern Alex. Chase, aid. ! of California, between Point Pedro
boundary of the ¢+ and Pillar Point.

United States, on ‘

the Pacific, to the 2 | Triangulation ... W. E. Greenwell, assistant .. Triangulation completed in Suisun bay,
forty-second par- | | and uwmde to include the mouths of the
allel, ’ | Sacramento and Joaguin rivers.

3 | Hydrography .. ..| Edward Cordell, assistant; | Hydrography of Suisun bay, including
W. E. Dennis, aid. | the emtrances of the Sacramento and
| | Joaquin rivers. Hydrography of Kar-

i quines strait examined and compared
¢ with previous survey. In-shore and
| off-shore soundings extended from Point
i Reycs, northward, to Bodega Head,

| !
4 | Tidal observations.! Capt. G. H. Elliot, U. S. en- | Series continued with self-registering tide-

| gineers; A. Cassiday; H. ! gaunges at San Diego and near San
E. Uhrlandt. i Francisce.
SecrioNn XL, ‘
Coast of Oregon and 1 | Triangulation ....| Julius Kincheloe,sub-assistant. Triangulation of Tillamook bay, Oregon.
coast of Washing- | !
ton Territory. 2 | Hydrography .. ..| Jas. 8. Lawson, assistant....| Completion of soundinrgs in Koos bay,

! | Oregon. Hydrographic examination of
! the vicinity of Destruction island,
‘Washington Territory.

3 | Tidalobservutions.! Capt. G. H. Elliot, U. S. en- | Series continued with a self-registering
i gineers; L. Wilson, E tide-gauge at Astoria, Oregon,
l {
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Tuformation furnished frowm the Coust Survey office, by tracings from oviginal sheets, &e., in reply to

special ealls, during the year ending November 1, 1866.

Date. Names. ‘ Data furnished.
|
1865. ;
November 1¢ | Tench F. Tilghman, chief engineer, Maryland | Hydrographic survey of the Delaware river, near Bombay
and Delaware railroad, i Hook.
December 1 - Navy Department. oo ovevnnione o aan. i Map showing site for navy yard, at Port Royal, S. C.
11 Co J. Gilman, esqeceeeee i iinneeiiieneianan ¢ Hydrographic survey of Blackbird creck and vicinity, Dela-
1866. : ‘ ware river.
January 8  San Francisco Dock Company ...... ... . .. i To\Fographic survey of Yerbs Buena island, San Francisco
; i ay; Cal.
8 ' San Francisco Dock Compary................ . Mydrographic survey of San Francisco bay, Cal.
12 - Light-house Board . oocoevennoieann o oot i Hydrographic survey, vicinity of Sharp’s island, Chesapeake
ay.
19 | Navy Department..ooo.oooooo oo | Topographical end hydrographic survey, from Port Royal
| | entranee to Port Royal ferry,
30 | Light-house Board._ ... ... .______._.__. ! Hydrographic resurvey of main entrance to Cape Fear river,
. N.C.
Yebruary 1 Light-house Board ..o ...l unn ¢ Hydrographic resurvey of New inlet, Cape Fear river, N. C.
3 Jeint conimittee on harbors of Massachusetts. ..| Part of hydrographic survey of Taunton river, Mass.
3 J. D. Mitehell, e8g.cceenioamaeiiaaai it oan Sketch of Perdide bay, Fla.
6 Sir Churles Lyell, England ... ._ ............ . Copies of surveys of delta, Mississippi river, in 183R and 1860,
25 0 Navy Department. .. ... ... . ... : Tu}[))ogmphiml and hydrographic resurvey of Newport, News
; oint, Va.
24 * Dr. W, Gunton, president Bank of Washington.| Topographical survey, country southeast of and adjoining
; . ! Distriet of Columbia :
28 | Major C. 8. Stewart, corps of engineers. ...... Hydrographic survey of the Delaware river, from New Castle
i to Reedy Point.
March 3 | Colonel Hartman Bache, corps of engineers.... H_yNdr?Igmphic and topographical resurvey of Barnegat inlet,
15 ¢ Captain W. P. Craighill, corps of engineers....; Tracing of north and south shores of Patapsco river, from
\ Fort McHenry to Fort Carroll.
22 i How. R.J. Walker ... ool Hydrographic survey of eastern branch of DPotomac river.
24  J. C. Hoadley, 88¢. «-.cuvcocanvnnnnnanan....| Hydrographic survey of Charles river, Boston, Mass.
31 . Hou. John A. Griswold. ..o ceon. .. .1 Bydrographic survey of the Hudson river from Albany to Troy.
April 3 | Captain P. C. Hains, corps of engineers....... : Comparative map of Cape Fear River entrances, from surveys
| of 1852, 57, 'O, and '65.
16 . Lieut. Col. H. W. Benham, corps of engineers.: Comparative map of Cape Cod, Mass.
May 12 | Light-house Board .. ..cvoinm i iiia . { Hydrographic and topographical survey of Assateague and
i Chincoteague islands, and entrance to bay.
28 . Lieut. Col. John Newton, corps of engineers..., Topographical and hydrographical survey of Staten and Long
: islands, vicinity of Narrows, N. Y.
June 5 | Quartermaster General's Office................ | Road map of approaches to Washington city.
8 : Light-house Board -.....vccooeaeoe.oaooo.....| Hydgographic survey in the vicinity” of Upper and Lower
| I Cedar Points, and Smith's Peint, Potomae river.
9 | Hon Secretary of the Navy..................| Compiled map of League island, Delaware river.
21 | Hon. G. V.¥ox, Assist. Secretary of the Navy..! Compiled map of League island, Delaware river,
30 | Brvt Major W. P. Craighill, corps of engineers.’ Topographical survey of upper Potomac, frem Bolivar Heights
; | to Shépherdstown.
30 ! Brvt. Msjor W. P. Craighill, corps of engineers.; Topographical survey of Baltimore and approaches,
July 26 | Light-house Board ... .. oo o oo Hydrographic survey of Great harbor, Wond's Hole, Mass.
August 2 | Light-house Board ... ... ... ... L Hydrographic resurvey of Barnegat inlet, N. J.
2 1 Brvt. Lt. Col. C. 8. Stewart, corps of engineers.] Hydregraphic survey, vicinity of Chester aud Marcus Hook,
i Delaware river.
16 | ¥. Huderboff, esq., Mississippi....cccaoovnn o i Topographical survey of the Chandeleur islands, La.
16 | J. W. King, chief engineer U. 8. N | Compiled map of League island, Delaware river.
16 | A, Y. Sears, chief engineer New York and New- | Hydrographie survey of Newark bay.
ark railroad.
September 1 . Oscar Smetberg, €8¢..coce coemceaienancncaaeas Tide-table of the Hudson river. .
17 | Light-house Board «.cvvevecmmnicaocnaana... Hydrographic survey of part of Bachelor’s bay, entrance to
| Roanoke river, N, C.
22 ° Brvt. Brig. Gencral H. Brooks, U.8. A....... Hydrographic survey of Patapsco river, from Fort. McHenry
: to Sparrow’s Point.
October 20 : Hon. Th(ﬁma,s A. Doyle, mayor city of Provi- | Hydrographic survey of the Seekonk river, R. L.
i dence, R. 1. |
November 24 : Light-house Board ... ... coovvniamaiiannann. i Hydro%mNphié survey of outer end of Long shoal, Pamlico
{ | sound, N. C,
December 1 | Brvi. Col. George Thom, corps of engineers . - Hydrographic resurvey, entrance to Saco river, Maine.
5 | Light-house Board .o.oveoiios imaeivnoaanen i Hydrographic survey, vicinity of Hooper's Straights light.
.‘ i _ vessel, Chesapeake bay.
15 ; Light-honse Board ... ... ... ...l | Hydrographie survey, vicinity of Jane’s Island light-veasel,

Chesapeake bay.
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Charts completed, continued, or commenced during the year.
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1. Hydregraphy. 2. Topography. 3. Drawing for photograpbic reduction. 4. Tracing for pantagraphic reduction. 5. Pan-
tagraphic engraving. 6. Verification. 7. Lettering.
Titles of charts. Scale. i Draughtsman. Remarks.
COMPLETED. l
Camden and Rockport harbors, Maine ... ....__..... 1-20, 000 i‘ L. A. Lindenkohl. 7. E. Hergesheimer.:
Coast chart No. 3, Cape Small Point to Cape Cod ..... l 1-200, 000 ; 1,6. A Lindenkohl. 6, E;Willenbucher.: Additions.
1-20,000 11,2, A, Lindenkohl . ... ... ....... ... _do.

Portland harbor, Maine. .. ..o ... iiiannn.. l
Portsmouth harbor, New Hampshire

Isles of Shoals, New Hampshire_. ... .___ .. ____ _.
Boston harbor and approaches. ...
Coast chart No. 12, Monomoy to Muskeget channel. .
Sippican harbor, Massachusetts. .. ......ccoau.a L.
Newport harber, Rbhode Island.... ..o oo oL
Providence harbor, Rhode Island
Bristol harbor, Rhnde island.__ . . ..o _.__._.
New York bay and harbor, coast chart No. 21
Hudson river, from New York to Teller’s Point.......

Delaware and Chesapeake bays. .. ... ... oo ...
Coast of Maryland, coast chart No. 28
Potomac river, from Indian Head to Georgetown. .. ..
Lookout shoals, North Carolina. .. .. ... ._.___...._.
Cape Fear river, entranees__..__. ... _._.___._._._...
Coast chart No. 48, vicinity of Cape Fear.._.........
Coast chart No. 53, Rattlesnake shoals to 8t. Helena
sound.

Port Royal, Broad,and Beaufort harbors,South Carolina.
‘Wassaw sound, Georgia_ ... ___..

Half Moon bay, California - ... ... ... __.......
Pacific coast, Point Pinos to Bodega Head. ..........

San Francisco, upper bay, California
CONTINUED.

General Chart No. ], Quoddy Head to Cape Cod......
8t. George’s river and Muscle Ridge chaunel

Kennebec snd Sheepscot rivers, Maine

Coast chart No. 7, Muscongus bay to Portland

Coast chart No. 8, vicinity of Portland harbor..... ...
Coast chart No, 10 Boston bay and approaches;

Const chart No. 11, Cape Cod bay - vvvueennrennnn..
Coast chart No. 14, Narraganset bay. ... ............
Coast chart No. 27, dis, entrance to Delaware bay ....
Coast of Virginia, coast chart No, 20... ... . .. ......
Iake Borgne and Lake Ponr.chartram, Louisiana......
San Antonio and Aransas bays, Texas. .. ............
Keos bay, Oregon

COMMENCED,

Coast chart No, 6, Isle-au-Hsut to Muscongus bay....

Damariscotta river, Maine. . ..ocoeooeeenuomoeannn..

gmzcoY bag bMame .................................
ew York bay and barbor, (lower plate

Charleston harbor, South C:(m)lma}?. . .) .............

Genern.l chart No. XIII Cape 8an Blas to Southwest

Wuhwgton Sound, Washington Territory. .....

1-30, 000 | 2 . Hclg«'shelmer

i

1—2(), 400 {1,2. F. Fairfax. 7. E. Hergesheimer.

1-40, 000 l A. Lmdenkohl 2. E. Hergesheimer.. New edition.
1-50, 000 2. A, Lindenkobl cooov. oo ool i Additions.
1-20, 000 | 1. H. Lindenkohl. ... ... oo viiionas: . Corrections.
1-20, 000 | 1. J. H. Logan. 2. F. Fairfax. !

1-10,000 | 1. A.Lindenkohl. 2,7. E.Hergesheimer.

120,000 16,7, E. Hergesheuner

1-80,000 | 3,6,7. E. Hergesheimer.

1-60, 000 1,12) A. Lindenkoll. 6,7. E. Herges- ; Additions.

eimer,

1-400,000 | 1. F. Fairfax ......... ....,F____do.
1-80,000 | 1. A. Lindenkohl. 7. E. Hergeshexmer i

1-40,000 | I,2. A. Lindenkohl.

1-80, 000 | 1. H. Lindenkohl. 1. E. Willenbucher.

1-30,000 |1,2. A. Lindenkohl ..................] New edition.
1-80, 000 | 1. A. Lindenkohl,

1-80,000 | 1. A, Lindenkohl. 3,6,7. E. Herges-

heimer.

1-60,000 | 1,2. A, Lindenkohl............._....1 Additions.
1-40, 000 ] 9.'A and H. Lindenkohl. 7. E. Her-

gesheimer.

2. ¥. Fairfax. 6. A. Lindenkohl.

1, 2. A. Lindenkobl. 7. E. Herges-
heimer.

2. A. Lindenkohl.

1-20, 000
1-200, 000

1-50, 000

1-400, 000 11,2. A. Lindenkohl.
1-40, 000 | 1. A Lindenkohl. 3,4,5. A, Molkow.
,7. E. Helgeshelmer

1-40,000 1. A Lindenkohl. 3. J. H. Logan. 3,
7. E. Hergeshcimer.

1-80,000 |1. A. Lindenkobl. 3,6,7. E. Herges-
heimer.

1-80,000 |2. F. Fairfax. 3. E. Hergesheimer.

1-80,000 {1. A. Lindenkohl. 2,6,7. E. Herges-

heimer,
1-80,000 | 1. L. Karcher. 2. M. J. McClery. 6,
i 7. E. Hergesheimwer.
1-80,000 {1. A. Lindenkohl. 3. E.Hergesheimer.
1-80, 000 | 1. L. Karcher.
1-80,000 | 1,2, F. Fairfax. 7. E. Hergesheimer.
1-80, 000 ;1. A. Lindenkoll.

1-80,000 ' 2. M. J. McClery.

1-30, 000 ll L. Karcher. 2. F. Fairfax.

1-80, 000 | 1. A. Lindenkohl. 3. E. Hergesheimer.
1-40, 000 ‘4 A. Molkow.

1-40, 000 ;4. H. Lindenkohl. 4,5. A. Molkow.
1-40,000 [4,5. A. Molkow.

-% 000 11,2. A. Lindenkobhl.........ccoo.....

1-400,000 ' 2. M. J. McClery.

|

1-200, 0600 J 1,2. A. Lindenkohl.... ... ..........

Neow edition.

ee..do.

b
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ENGRAVING DIVISION.
 Plates completed, continued, or commenced during the year.

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. g

Titles of plates, &ec. Scale. Engravers. Remarks.
L]
COMPLETED.
Camden and Rockport harbors, Maine . ... 1-20,000 | 3. W. A. Thompson. 4. A. Petersen .. | Preliminary edition.
Poriand Larbor, Maine. ... ... ... ... 120,000 | 1,2. A. Maedel. 3. R. F.Bartle. 4. E. | New edition.
A. Maedel.
Isles of Shoals, New Hampshire. .......... 1-20,000 | 1. A.Maedel. 2. W.A.Thompson. 3. F.

W. Benner. 4. A. Petersen. 4. J. G.
Thounipson.

Sea coast United States, No. 3, Cape Small 1-20¢,000 | 1,4. J. G. Thompson .... ... ........| Corrections and additions.
Point to Cape Cod.
C(m}st chart No. 12, Monomoy to Muskeget 1-80, 000 | 3. A. Sengtelier. 4. E. A. Maedel. .... R Ut
chanuel.
Coast churt No, 13, Muskeget to Buzzard’s 1-80,000 | 1,2,3. A. Sengteller. 4. E. A. Maedel, |........ do.
bay. 4. J. Knight.
Bristol harbor, Rhode Island........... ... 1-20,000 [ 2. W. A, Thompson. .. .. ........... ‘With hill curves only.
Newport harbor, Rhode Tsland .. ... _____. 1-20,000 | 1,4. W_H. Davis. 3. F. W. Benner. .. | Preliminary edition.
Potomac river, sheet No. 4, Indian Head to 1-40, 000 | 2. A. Maedel. 3. F. W. Benner. 4. A.
Georgetown. Petersen.
Delaware aud Chesapeake bays........... 1-400, 000 | 3, 4. A. Petersen.
Core sound, North Carolina ... .......... 1-40,000 {1,4. J. G. Thompson..ee ceonnaenooo Figures punched.
Key West harbor, Florida ................ 1-50,000 4. W. H. Davis. ...ccocociannaioann New edition.
St. Mark's river, Florida._. ......o....._... 1-30,000 | 1,2,3,4. C. Klakeing .... .... ...... [ On contract.
Helf Moon bay, California. ... ..___..____.. 1-20,000 | 1,2. W. A. Thompsou...__........._| Preliminary edition.
CONTINUED.
Coast chart No, 7, Muscongus to Portland. . 1-80,000 | 1,2. H. C. Evans.
Coast chart No. 8, Portland barbor and 1-80, 000 | 3. H. 8. Barnard. 4. A. Petersen.
vieinity.
Coast chart No. 10, Boston bay and ap- 1-80,000 | 2. J. Enthoffer. 3. H. 8. Barnard. 4.
proaches. : J. Knight. .
Coust chart No, 11, Cape Cod bay._... ... 1-80,000 | 2. H. C. Evans. 4. E. A. Maedel.
Cuﬁsst chart No. 21, New York bay und har- 1-80,000 | 2. J. Enthoffer. 3. H. 8. Barnard. .... Nearly finished.
or.
Coast chart No. 28, Isle of Wight to Chin- 1-80, 000 | 2. A. Rolle. 4. E. A. Maedel.
coteague.

Coast chart No. 29, Chincoteague to Hog 1-80, 000 | 1,2. A, Rolle. 4. J.Knight.
Island Hght.

Coast chui'tdl\'o, 34, Potomac entrance, Tan- 1-80,000 | 1,2,3. R. F. Bartle. 4. E. A. Maedel.
gier sound.

Coastchart No. 37, Cape Henry to Currituck. 1-R0,000 | 1,2, A. Sengteller.

Coast chart No. 53, Charleston barbor end 1-80, 000 | 3,2. A. Sengteller. 3. A. Rolle. 4. J.
St. Helena sound. Knight.

Const chart No. 54, Hunting island to Ossa- 1-80,000 | 2. A. Sengteller.
baw sound.

Coast chart No. 93 Lakes Borgne and Pont- 1-80,000 | 1,2. A. Sengteller.
chartrain.

Coast chart No. 106, Galveston to Oyster bay - 1-80, 000 | 2. R. F. Bartle.

Coast chart |08, Matagorda and Lavacca bay - 1-80,000 | 1,2. J.C. Kondrup.

Eastport harbor, Maine. .. ... ............ 1-40,000 | 2,3. A. Rolle. 4. E. A, Maedel.

St. George's river and Muscle Ridge channel. 1-40,000 { 1. W. A. Thompson. 3. H. S. Bar- | Pantagraph outlines,

nard. 4. E. A. Msedel.

Kennebec and Sheepscot rivers, Maime .... . 1-40,000 1 1,2. H.C. Evaps. 3. F.W. Benner. 4,

E. A, Maedel.
General coast chart No, IV, Cape May to 1-400,000 | 2 A. Maedel.
Cape Henry.

Upper part S8an Francisco bay, California .. 1-50,000 | 1,2. J. C. Kondrup.
Pacific coast, Point Pinos to Bodega Head .| 1-200,000 | 1,2, H. Lindenkohl.

COMMENCED.
Port of Providence, Rhode Island......... 1-10,000 { 1,4, J. G. Thompson ........._..__..| Figures punched.
New York bay and harbor, lower .......... 1-40, 000 | 1. W. A. Thompson. .... Pantagraph ountlines.
Entrances to Cape Fearriver, North Carolina. 1-30,000 | 4, A, P e New edition.
Cape Lookout shoals, North Carolina ...... 1-80,000 | 1. W. H. Davis, 4. A. Buckle Figures punched.
Kovs bay, Oregon._ ... ... ... .. . ..., 1-30,000 | 1. W, A B do.
Diagram tides, western eoast. ... ... oo f oL 1,4. E. H. Sipe ... ... .|l do.

Miscellaneous work, such as borders, scales, compasses, sand, eurves, lights, and buoys, has been exe;nted. generally, by
Messrs. J. G, Thompson, F. W, Benner, E. H. Sipe, and W. H. Davis. Ruiing atint on plates and punching figures, by A. Buckle.
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APPENDIX No. b

REPORT BY HENRY MITCHELL, ASSISTANT UNITED STATES COAST SURVEY, UION SOUNDINGS ACROSS
THE STRAITS OF FLORIDA.

DEAR SIr: By reason of a call for information relative to the form and character of the bottom

of the Straits of Florida, along the proposed path of the oceanic telegraph, which it ix designed

shall connect the United States with Cuba, it hecame necessary to increase the number of sound-
ings between Key West and Havana.

Several years had elapsed since the Coast Survey had made deep-sea .smmdmgs, and therefore
no suitable lines and leads remained for this new call. I was obliged, consequently, to prepare an
entire outfit, which, in the leisure from other work, occupied me during the month of March of the
present year, In the concluding portion of the report T shall comment npon the materials com-
posing the outfit, and discuss briefly the merits of my lines, which were manufactured very care-
fully and laid up in a different manner from those to he fmlnd ready in the market.

When this work was first suggested {o me it was proposed that one of the naval vessels from
the Gulf squadron should be temporarily detailed for my use with the officers and crew. To this
arrangement the Secretary of the Navy was consenting, hut after mature inquiry and consideration
it appeared that no vessel of suitable character was available trom this squadron. The plan was
accordingly changed, and Acting Master Robert Platt, commanding the Coast Survey steamer
Corwin, was instrueted to take me from Savannah to the scene of operations and lend every effort
which his vessel and party could afford. I take pains to say in advance of my report upon the
result that the officers and the Coast Survey assistants of his party carried out the letter and spirit
of their instruetions, and not only brought to the aid of the work much practical knowledge which
I did not myself possess, but also that earnest personal interest which is not always secured in
official relations.

On the 7th of April I left Boston with my freight by packet, and on arriving at Savannah on
the evening of the 12th, found the Corwin waiting at her anchor and in readiness for sea. Two
days sufficed for transferring the freight and completing necessary purchases, and we dropped
down the river to Pulaski roads on the night of the 14th with the inteution of going out at day-
break on the following morning. Stormy weather followed, so we did not actually cross the bar
till the morning of the 17th, and it is scarcely an exaggeration to say that from thlb time till our
return, nearly a month, we had scarcely a ¢ cap-full of wind.”

The Corwin makes but little steam, and with the current often against us, our journey down
the coast was slow. I did not regret this, however, because it afforded me opportuniiies for study-
ing carefully the sarface densities and temperatures of the sea. I made very frequent trials with
the hydrometer in the vain expectation of finding some of those “fresh-water spots” which bhave
been frequently reported by vessels cruising along the coast of Florida inside the stream. As we
crossed and recrossed the edge of the stream, before reaching the latitude of Cape Florida, I was
able to acquire a knowledge of those contrasts of temperature which have been made so interesting
and useful to navigators by your elaborate investigations in former years. As these observations
were not mentioned among the objects of the expedition, I shall not report upon them at this time,
1 presume they would develop nothing new, but they will prove useful to me in the better compre-
hension of the former Gulf Stream explorations which you have placed in my hands for compilation.

On the 218t we came to anchor in the harbor of Key West, and after cleaning hoilers and coal-
ing we commenced to make soundings on the morning of the 25th, and worked to the southward.

Since it would involve many useless repetitions o describe our operations in the order of dates,
1 shall refer you at once to the table (annexed) of thirty stations at which successful casts were
made, and to two recapitulation tables in which the results are summed up—first, accor dmg to
number of station, and again by distanee along a section line.

The pomi:ums of the stations were determined by dead reckoning, checked by observations for
latitude and longitude, and by horizontal angles when the coast was visible.

Being satisfied that these positions are very close, I have required Mr. Charles Junken, who
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discussed the ship’s reckoning, and Mr. G. Bradford, who observed and computed the altitudes, to
compile their notes, over their own signatures, that I might hand them in, as I do, with this report.

In the process of sounding the line with “detaching lead” and “indicator” was suffered to
ron freely out over a sheave secured to one of the awning stanchions at the stern of the ship. In
most cases the lead was secured and the various signals given personally by Captain Platt, while
I, with a chronometer by my side, recorded the out-run of every fifty-fathom tag and made notes
upon the trend of the line, its direction, and the lay of the ship. When bottom was felt, or when
the lead was supposed to have reached it, the line, in the absence of a proper steam reel, was haunled
in by a single purchase winch and by hand. In some cases the time of hauling in each fifty fathoms
was recorded, with a statement of the number of men employed, the trend of the line, &c. On
Diagram I the curves of the out-run and in-come of the line, in feet, per second are plotted. These
have proved useful in the discussion of the results.

The track of our soundings was designed to be, a8 near as practicable a straight line from Sand
Key light to El Moro light; and although our work was not continuous, and spaces were filled in
our different dates, an inspection of our diagram of positions II, shows that we did not wander
often from the right pathway. A very good section line is made possible by the positions of our
stations, and upon Diagram IIT the profile is given. '

Our deepest sounding was 833 fathoms, at a station about three miles to the westward of our
section line and about 24 miles from the Moro. The interpolations among the stations on either
side of our line gives the greatest depression for the profile; 845 fathoms, 37 miles from the Moro.
It should be remarked here that the casts in this portion of the straits show that the line of greatest
depressgion has a northeasterly course, perhaps very well marked by stations 28, 14, and 10, Dia-
gram 1I, at which we have 853, 845, and 794 fathoms. This course is parallel to neither coast and
makes an acute angle (about 20°) with our section line, so that our profile is not, strictly speaking,
that of a eross-section of the channel way. This course of the main channe) does not eorrespond
with that of the surface current, but it would seem to be a natural one for the under-running polar
current, so called.

The approaches to the Great Valley from the two coasts are dissimilar in their general features.
From the northward the bottom falls away in terraces whose intervening slopes are nowhere abrupt;
while from the southward an irregular and hilly approach is developed by our survey, with indica-
tions of abrupt, if not precipitous changes of elevation. Above the terraces of the north shore the
sea lies almost motionless, while among the banks and cafions of the southern half of the straits
flow the Gulf Stream and its counter-currents.

I think I am authorized by these natural distinctions to take up separately the descriptions of
these approaches to the deep-channel way.

Northern approach~—Leaving Sand island the water deepens to eight fathoms, then shoals again
to seven fathoms upon a narrow coast bar, which lies parallel to the reef, and distant from it three-
fourths of a mile. Seen from the deck of a ship, upon a pleasant day, this bar is marked by a strip
of pale-blue green water, in beautiful contrast to the rich blue-black of the ocean outside. The
bottom can be seen on cressmg it and appears to be of a pure white rock, in situ, strewn over with
loose fragments of the weathered and brown reef rocks. Two and three-fourths miles from the
“light” carries us to sixty fathoms, (A, Diagram IIIL,) in which neighborhood the bottom is
generally hard, but covered here and there with loose debris of shells and corals. ¥From the 7-fathom
reef to the 60-fathom ecurve, the fall is 1 foot in 37. Beyond this the fall is about 1 foot in 103 to
the point B, (74 miles from Sand Key light,) which is a little beyond the 100-fathom curve. Here
we reach a plain or terrace which I have deemed worthy of particular notice. In this neighbor-
hoed, over a district of eight miles in longitude by one mile in latitude, we made five casts, feeling
the hard rock bottom with the hand each time. The respective depths were 117, 105, 117, 116, and
111 fathoms. In one of these casts a few chips of the white coral rock came up in the Berryman
specimen cup. In all of them the lead detached. Further on at C (11 miles from Sand Key light)
we still find but 129 fathoms, showing a decline of but 1 foot in 195 for 23 miles; and here one of
the specimen cups was broken, as the lead suddenly detached upon the hard rock. We seemed to
have reached the brow of the terrace for the next 3} miles to D, (14 miles from Sand Key light)
the decline is 1 foot in 22, and the depth reached 289 fathoms, where the hard rock was still felt
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by the hand, as the lead detached. We have two soundings from which the depth at D is com-
puted, which lic on either side of section line, about in the same parallel, but differing over four miles
in longitude. These two casts gave, respectively, 2874 and 290 fathoms, and from this agreement
I argue that the coral terrace above referred to lies east and west, or nearly parallel to the adjacent
reef, to which formation it certainly belongs. I think we ean safely conclude from the many casts
we have made and from the yielding nature of the rock, that the coral terrace does not terminate in
a precipice.

From D to the next point E, 3§ miles, the decline is more gradual, 1 foot in 48,

At E the rock is no longer felt, but a specimen of bottom is procured from 369 fathoms—a gray
mud differing in consistency and ecolor from specimens obtained from the coral terrace, and also
from those hereafter to be described as characteristic of the bottom beyond; another peculiarity of
the specimen is this, instead of setting like the white coral muds, it has a somewhat granulated
charaeter on becoming dry. 1 coneeive that the coral terrace may once have been a dry reef, covered
over like Sand Key with dark fragments of agglomerated reef rock, and that a subsequent submerg-
ence has cansed all this loose, sand-weathered material to be swept down to the foot of the fore
slope. Between D and E, in about 300 fathoms, lies the foot of the swept portion of the Florida
reef, if not also the base of the formation.

Krom E to F, six miles, the slope is still gradual, only 1 foot in 97, while the specimen obtained
at F, in 422 fathoms, is a white coral, which sets in drying. From F to C, nearly five miles, the
decline increases, becoming 1 foot in 69, with the same kind of bottom, exeept that at C a few dashes
of red appear in the mud brought up from 504 fathoms.

This point C {(about 29 miles from Sand Key light) brings us to the 500-fathom curve. Wehave
two casts from which this part of our profile is drawn; station 6, about a mile from the westward
of our line, gave 500, and station 12, a mile farther off to the west-northwest., gave 508 fathoms.
Between the 400 and 500 contours there seem to be indications of another grand terrace, which
might lead us to suspect that the solid coral rock still underlies the mud found by our lead.

Do these features belong to the history of the Gulf Streaw or to the geology of the coral reef?
As these slopes and terraces are now scarcely within the limits of the stream, I am inclined t)
regard them as exhibiting the order through which in successive ages the reef alternately subsided
and stood still. As far as the swept portion of the reetf apron extends 1 see no evidence of any
undermining and carrying down of the reef; but, on the contrary, I recognize a connected forma-
tion without trace of violence. I hope the examination of specimens of bottom by Mr. Pourtales
may throw some light nupon these speculations.

Beyond the 500-fathom curve another rapid decline appears; in & distance of 4% miles from C to
H, it is 1 foot in 47, the material of the bottom remaining the same in 687 fathoms. The next
space H to I (four miles) carries us nearly to the 800-fathom curve, along a slope oi 1 foot in 38.
The depth given in the profile at I is 794 fathoms, from a cast at Station 10, which is at some dis-
tance from our section line at the eastward. The specimen obtained at this station is similar to
that found at E, and is also from near the foot of a grand slope.

From I to the lowest point on our profile, 74 miles, the deecline is but 1 foot in 150—a slope
which the eye would scarcely perceive were the bottom laid bare.

The ample specimens obtained in this maximuwm depression from 8435 to 833 fathoms are white,
with a delicate red or rose-colored tint—not unlike the freshly cut stone from the quarries near
Havana. .

The soundings whiceh I have described along the northern approach to the main channel way were
made with great care, and since in all of them the best evidences of bottom were obtained, no doubt
rests upon the results. The bottom was felt by the hand as far out as 500 futhoms, beyond this the
out-run of line is no criterion of the depth, since our simple purpose was to make sare of reaching
the bottom by the most ample supply of line, paid out freely. Iu the southern approach which I am
about to deseribe, the result was not so completely satistactory. In the axis of the stream we were
obliged to usea heavy lead of faulty construction which did not always detach, even when a specimen
found in the cup bore evidence to its reaching the bottom; and in one or two cases, where the lead
came home without a specimen, a serions doubt hangs on the results; although we were unsparing
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of line, having, in some cases, three or four times as much out-run as the Massey indicator showed
the depth to require. I shall refer to these matters, however, in detail presently.

Southern approack.~The mouth of Havana harbor has rather a low ragged shore upon its
southern point, while upon its northern, the rocky cliff of the Moro rises abruptly from the water to
heights of GO to 80 feet. The northwestern extremity of the Moro rock, as seen from the opposite
point, is perpendicular at the water-line, but retreats at points higher up, so as to present to the
obgerver a convex profile whose mean dip from the eastle wall to the sea is nearly 45°. On
near apﬁr()ach the rock is found to be ragged, but I observed no talus at its foot. As might be
expected, the waves, acquiring very little motion of translation in the deep approach to this rock,
rise and fall upon it with little noise and violence in ordinary weather. I cannot conceive that the
undertow or reflex of the sea ever disturbs the bottom at a distance of 100 yards, so that no appre-
hensions may be entertained by the telegraph company in regard to the séi’cty of their eable once
laid along the entrance to the harbor, if it follows the déep water.

Leaving the Moro and advaneing to the northward (see profile Diagram TII) the bottom declines
1 foot in 7, in our first space of 13 mile to the point marked «. The bottom is rock in 243 fathoms;
it was felt by the hand, and the specimen cup brought up onlya dead shell. No eddies were observed,
but a bodily movement of the water to the northeastward was apparent.

In the next space from « to b (2 miles) the depth increases at the rate of 1 foot in 6, and the
foot of the Moro is passed. At b the Berryman specimen cup came up full, although the lead, failing
to detach, did not ¢lose the cover. ’

The material is reddish brown mud, which becomes in part granulated in drying; in many
respects it resembles the specimen found at the foot of the slope from the coral terrace on the north
side of the stream; it has, however, the red hue whichis not characteristic of the Florida side. It
is, no doubt, weathered debris of the Moro rock.

There can be no question that the dip of the rocky part of this space, between a and b, is
much greater than the average we have given; because, 1 foot in 6 is unnatural for the material
which was found at d. I had hoped to make many casts on this rock, and develop its profile
minuotely. We could not do this, however, without determining the positions of objects, and putting
theodolite observers on shore, and our consul did not seem able to assist us in getting the necessary
permits without correspondence with Washington, for which we could not wait.

It is hardly likely that a soft and yielding rock like the Moro can terminate in a precipice,
although at these great depths there is no agitation, and the stream is perhaps constant in direction
and velocity. .

Beyond b the slope is gradual, 1 foot in 32, and terminates at ¢ in the nearly horizéntal bed
of a depression, which I shall call the Moro channel, Here at ¢, 9 miles from the ¢ Light,” we
found 784 fathoms. Our lead did not detach, but one of the hooks was knocked off, showing that
bottom had been reached; there was mud also in the specimen cup.

Six miles further on at d the depth obtained was 710 futhoms, with the same behavior of the
lead, and evidence of dragging on bottom. In this case the specimen cup was empty, but as we
had a heavy lead, and over a thousand fathoms of line out, which seemed to run down perpendicu-
larly, no doubt of bottom is admissible, especially as the hook was again knocked off. We have
passed across the Moro channel and the water is shoaling. ’

Further on at ¢ and f we find ourselves near the summit of a hill or bank, which presents a
marked feature in our profile, and, lying so near the axis of the (iulf' Stream, may be claimed as a
point in the survey of peculiar interest.

This elevation is scarcely 21 miles from the shore of Cuba, whese hills are in view if the weather
is fair. "We made six casts upon it near our line, three of whieh were eomplete failures: first, the
line was found snarled about the indicator, which read but 20 fathoms; second, the line was cut,
(probably by a shark,) when all but 10 fathoms had been hauled in; third, we tried a drop-line
with a linen cord, and its rate of descent proved too slow to yield a sign.

Of the three casts which did give results, only one yielded a specimen, and detached lead.
These three casts gave the following depths by indicator: at e 380 fathoms; at f 461 and 448. The
last named yielded a specimen of fine mud, having a light reddish brown hue, stiff when first
procured and hardening or setting on becoming dry.
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The failure of the two leads to detach I attribute to their lightuess, upon the theory that the
different rate of the current below prevented their rapid descent, the bight of the line being held
back by the stronger surface drift. In the case of detachment we had double the weight used in
the two other cases. ’

The three casts were made upon difterent dates, using two different indicators and lines. The
day on which the specimen was procured there seemed to be less cuarent in this locality than on
previous dates, as far as we could judge from the behaviour of the lines on hauling in.  We let the
ship lie at rest for first 700 fathoms, and paid out the line freely to 1,677 fathoms. Of course, in the
current we had no hope of perceiving bottom by the line,

‘When 600 fathoms were out, the line seemed to run away rapidly, but not by reason of the
descent of the lead, for I find in my statement the record that ¢ the line trails out astern 150 feet,”
the outrun was evidently from the drift of the vessel away trom the grounded lead. 1 am partienlar
to mention these details, because the existence of a hill, composed of the material we obtained, in
close proximity to the axis of the stream, might well be doubted, it any evidence of insufficiency
or carelessness of observation appeared. My own record shows how suspicious I was of the results,
and how I endeavored to explain away the hill, even when no ground for doubting a cast appeared.

On looking over the works of former years, I find that Captain B. F. Sands, in 1838, made some
deep-sea soundings between Havana and Tortugas, and that he struck a sounding of only 320
fathoms in the same latitude with our ridge, but some 12 miles further to the westward he had
found 802 fathoms in the Moro channel. His shallow soundings I can but regard as the first
discovery of this bank, upon which we expended so muech labor. Captain Sunds, like myself,
obtained a specimen of bottom, and in addition made observations upon the temperature of the
bottom. It had occurred to me, while suspicious of my results, that the fault might be with the
indicator ; that a counter drift, the polar eurrent, perhaps, might have caught the lead below a
certain point, and caused the premature closing of the lid, which stops the fans. But Captain
Sands’s observations of temperature removes the least doubt; he found 60° the temperature belong-
ing to that depth in many parts of the stream before explored, and the same as that found by
myself in station No. 3—in 287 fathoms, the “polar current” is known to be below 400,

It might perhaps have been supposed that an obstacle of this kind would have caused the
sub-current to ascend and flow over, but when we consider that this hill has not the nature of a
bar, and that the deepest channel-way is ample, there appears to be no reason for the ascension of
the cold sub-current. The lowest temperature found by myself was 44C in 845 tathoms, north -of
the bank. It appears to be triangular in its general figure, presenting at its west angle a bold
prow to the stream. This form of bank has been familiar to me, in my stadies of channels, traversed
by strong currents; but it is not that of a deposit in a current already rapid and still acquiring
velocity. The slope on the northwest side is 1 foot in 14, and on the southwest 1 foot in17. These
are too great for a deposit, too great also for the material found in our specimen enp,  This bank must
have, like the adjacent coast, a firm constitution. It is an interesting question whether this bank
belougs to the mountain system of Cuba, as its line of least water running east and southeast may
indicate, or whether it is an ancient reef now wearing and crumbling away in the stream. Its
depth on the summit is about that of the swept portion of the reef apron to the north side of the
straits. The depth may also be that of the Gulf Stream, and if so, this bank, being only abraded
near its base by the eounter stream, should have precipitous slopes.

In order to haul in our line from casts near the axis of the stream, we found it necessary to
steam up against the current to overtake our lead, from which the ship had drifted away with the
surplus line. T took particular pains to note the stage at which the steaming became unnecessary ;
that is to say, the time when the line came up perpendicularly. At station 9, (743 fathoms,) which
lies on theMoro channel, I made the following notes while the line was being hauledin: “On check-
ing the out-run the vesselrode to eastward of the line, showing that the lead was on hotton***#*
In pulling in the line, it trailed very much to the westward, wind E. NE. 4. It would seem that
the current down below is quite different from the surface****. With 600 fathoms out, the line
still tends strong to westward—i. e., we drift to eastward against the wind***. With 300 fathoms
out, the line ceases to tend westward—hangs out astern. This is the depth of the stream; its
velecity is that of the surface, minus the westwardly drift of the ship.” There is a want of logic in
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this last note, but I give it as made, since the facts show that the depth of the stream is not much
over 30 fathoms at any rate.

At station 20, (728 fathoms,) I find similar notes; theline hauled perpendicularly when only 300
fathoms remained, but the station lies due east of our bank, under its lea, if we may so speak, so
that the local depth of the stream might properly be that of the water or dam above.

It would seem that the Gulf Stream is an overflowing of water—not a profound seaward move-
ment under a contrast of pressures. I am reminded here of some observations made upon similar
phenomens in New York harbor, where, although the causes were different, the mode of operation
was the same. In making a physical survey for the advisory council of the harbor commissioners,
I discovered that at the mouth of the Hudson a constant inflowing stream prevailed along the
bed of the channel-way, while upon the surface the seaward flow predominated, Onfurther study
1 found that the sub-current was salt, while the surface drift was nearly fresh. On running a line
of Ievels up the river, I ascertained that the head of fresh water had so declined during the season
that the heavier sea-water was pouring in to restore the balance, and yet the elevation of the river
was still sufticient to give to the surface water a seaward flow. It was a change of regimen in pro-
gress—the river was being converted into an arm of the sea. 1 offer this simply as an illustration.

We made no observations with the express design of measuring the surface velocities of the
Gulf Stream, but some incidental information relative to them was gained in the checking of our
reckoning as well as in the process of sounding.

Mr. Junken’s estimates made in plotting our position are probably very close, especially near
the Cuban coast, where he had horizontal angles ; and my own estimate from the outrun of the
line, with the lead at the bottom, confirmg them pretty well.

The strongest current was found in the Moro channel. Mr, Junken makes it 25 miles, and 1
make it 27 miles, with a surface temperature of 773°.  On the Juroco bank itself Mr. Junken makes
it 23, aud I make it 2%, with a surface temperature of 782°. Beyond the bank, in the main channel,
Mr. Junken and myself agree upon 2%, with a surface temperature of 79. As we advance to the
northward a very rapid decline of velocities takes place. At station No. 10, (794 fathoms on the
north of the main channel-way,) I made the following note: ¢ When the lead reached bottom, the
vessel did not incline to ride over to the eastward, indicating no stream.” 1 find, however, there
was a light breeze from the eastward, which, I preswmne, balanced the feeble drift. I find in another
note of the same cast, that the trend of the line as it came up indicated the difference of veloeity
for different depths. In 500 fathoms the drift was quite feeble, so that bottom was felt by us, and
I find in my record the following note: ¢No evidence of strong current; where the lead strikes
bottom the lines stop in great measure.”

We kept a carefal lookout of the westwardly drift, which has been said to prevail near the
north shore of the straits. On every occasion except one, we detected only a feeble eastwardly
drift, which prevailed in spite of the opposing wind. One very calm day we watched our wake as
we steamed south from Sand Key light, and believed we discovered a westwardly drift, but on
stopping to sound, 14} miles from the reef, the ship fell to the eastward, after the lead reached the
bottom. If, as we supposed, we met some westwardly drift, I have no doubt it was under the influ-
ence of a tidal current. The very quiet period of our survey cerfainly afforded an opportunity for
seeing the Gulf Stream pursuing its natural course.

Our repeated soundings near the axis of the stream made us praetically acquainted with the
notorious fact that the current has nowhere a constant velocity. On the first day of our casts npon
the Juroco bank, when we were s0 perplexed by the stream, a fleet of vessels (as we learned after-
ward) was prevented from making Havana in the usual time, under similar circumstances of wind
and weather. A Cuban pilot informed us that ‘“the stream had been much complained of” for sev-
eral days by in-bound ship-masters. I questioned the pilot closely as to the periods of these
changes in the stream, and endeavored to connect them with the ebb and flow of tides, and with
the half-monthly changes of sea-level, but got no clue. I cannot believe that these variations are
subject to no law of recurrence. They present points of great interest. It may be that alterations
in the width and depth of the moving water stratum are concurrent with the variations of surface
velocities, as T onee observed in current observation of Fire island. ‘

The proximity of the Gulf Stream to the elevated shores of Cuba offers peculiar advantages for a
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systematic inquiry upon many interesting points. Two observers acting in concert at different well-
determined points on shore could angle upon vessels becalmed within fifteen miles, and not only fix
the exact position of the axes of the stream in this important part of its comrse, but determine the
velocities and variations in these. To any one who has visited this locality, and noticed the fre-
quent calms, and the fleets of heavy vessels drifting away, the plan of inguiry that I have proposed
will seem reasonable,

The surface temperatures along the 100-fathom line, near either shore of the straits, was found
to be 779, while in the harbor of Havana it was 799, and in the harbor of Key West it varied from
823° to 873°. This variation at Key West depended upon the tidal currents ; the ebb from the
westward being the warmer.

I have attempted to construct the curves of temperature from twelve hours’ observations.
The ebb-current, lowing off from shallow coral banks, is heated, while the flood from the ocean is
cool.  The night-¢bd, which has not Iike that of the day been exposed to the sun, is the cooler, but
still it is warmer than the night-flood. It would seem that the identical water whieh erosses the reef
with the flood does not return with the ebh. A circulation is probable. The flood crosses the har-
bor with 823C at 1 a. m., bat the ebb at its earliest stage, 4 to 5 a. m., crosses with 842, while the
temperature of the air is 770,

I will digress a little from my proper subject in this place to say that as we returned home we
found the surface temperature in the northern part of the Straits of Florida quite 2° warmer than
in the neighborhood of Cuba. The waves crossing portions of the heated Bahama banks may
afford by their acqnired motion an increase of warm water to this portion of the stream, which
would raise its temperature and aungment its flow, but this would be very small. Again, this part
of the straits is less exposed to the sea, especiaily in thie month of May, than other portions, so that
there is less forced circulation among the particles in the upper stratum. Its surface is perhaps
heated, as stagnant water might be, notwithstanding its bodily motion to the northward.

The failure of our Saxton deep-sea thermometers, after the first two days’ work, was unfortu-
nate. I unwittingly exposed them to injury by fastening them to our lead-lines, and subjecting
them to shocks upon the rocky bottom ; we had no men to spare for separate lines except oceasion-
ally for 100-fathom trials; and our time at any station was limited by the necessity of making ap
our drift on a diagonal to the next, without losing our reckoning.

Along the track of our soundings between Key West and Havana we saw few of those phe-
nomena which to sailors are the familiar tokens of the Gulf stream. We had usually a smooth and
well-defined horizon, a placid sea, and a serene sky. In the latitude of Florida cape, however, I
was able to witness some of the palpable signs of the stream : the “serrated horizon,” the ¢ break-
ers ahead,” which vanished on near approach, and the quick suceession of distant squalls at night,
each of which originated in a single black speck in the clear sky, but rapidly swells til it bursts in
wind and rain, then vanishes.

T was surprised to find the gulf-weed a rare object in our journeys acrossto Cuba. A single spray
was sometimes all that we saw for an entire day.

No other drift material was seen. The water beyond the reef is very elear. 1 find in my record
frequent statements that our indicator was seen glistening in the sea, 10 fathoms below the surface,
In the approach to the shores the telegraph engineers will be able to see the lay of the cable long
before it comes within the agitation of the waves. In the event of rupture the ends of the cable
can easily be caught and spliced.

DIFFICULTIES IN THE WAY OF LAYING A TELEGRAPH CABLE.

The proposed crossing of the Florida straits with a telegraph offers to the experience of engi-
neers but one class of difficulties, viz., those to be met with in laying a cable in a current, or system
of currents, extending to great depths. The space, however, in which these new difficulties appear
is essentially but twenty-four miles, and over the larger part of this distance the hills of Cuba are
in full view, so that every step of progress may be accurately measured as the work advances.

Since the course of the surface drift is about east-northeast, and that of the true course from
Havana to Sand key north by east § east, there may be a great advantage in starting from the

6 .
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Cuba side with the somewhat favoring strcam. Having considerable confidence in the existence of
a westerly sub-drift through the Moro channel, I believe it will be found advantageous in spite of
the great length of cable suspended from the ship to stem the eurrent somewhat for a distance of
about fifteen miles, then put the ship on a course more acuate to that of the stream till the bank is
passed.

A great deal may depend upon the lay of the cable on the slopes of the bank, around. which
eddies and races of great magnitude may be presumed to exist, although none appear on the surface.

T trust the Coast Survey will not lose the opportunity that the laying of the cable will afford
for making further inquiries, especially as the knowledge may be immediately useful to those prac-
tically interested in this noble enterprise,

REMARKS UPON LINES AND LEADS.

The difficulties that 1 had in obtaining knowledge from the experience of others, for the prepar-
ation of a proper outfit for deep-sea soundings, has induced me to add to this report some brief
remarks upon my owu experience.

Lines—The lines to be found ready made in the market are defective in many particulars,
aside from the bad quality of the raw material. The hemp is not sufficiently cleared of tow and
the yarns are not sutficiently twisted, so that in the final laying up, several ¢ after turns” are forced
upon the line which weaken it by straining the halttwisted yarns.

These forced “after turns” come out gradually in the use of the line, and in so doing cause a
rotation of the lead and erroneous registry upon the indicator. James Shandon, whom I tempo-

arily employed as a quartermaster, is guite an expert in the use and inspection of lead lines, and
it was from him that 1 learned the points I have stated.

Our lines were made by Sewell, Day & Co., of Boston, who use the standing steam machinery,
which not only lays up the line in very long pieces, (250 fathoms each,) but gives everywhere an
equal tarn.  In the old style “ropewalk,” the yarns are stretched out the entire length, (60 fath-
oms usually,) and then twisted from one end; of course the twist is very unequal, greatest neax
the wheel, and least at the further end. In the standing machinery of Sewell, Day & Co., the whole
line is laid up and coiled in the space of less than 10 feet. I had supposed that there was an advan-
tage in * hawserlaying” for lead lines, but after full discussion of the matter with the manufac-
turers, whose sincere personal interest I was so tortunate as to secure, it appeared plain to me that
in ¢ hawserdaying” there is no gain of strength, and a decided loss of pliability. Our lines were
made of thoroughly combed Italian and Russian hemps. The yarns are well twisted, so that in
laying up, the natural back turn sufficed for making a close but pliant rope. On wetting they
became somewbat hard, but on again drying, exceedingly soft and limp, without the least disposi-
tion to kink or snarl, IfI were to undertake deep-sea work again, I should want to be provided
with several sets of line, so that T could always use them dry.

Our smallest line used with the detaching lead was of Italian hemp, three-quarters of an inch in
circumference—that is, half the size of the deep-sea lines used by the larger class of sea-going
steamers. This line was used in 20 casts, beyond the 100-fathom curve. Its entire length of
1,050 fathomns, was run out seven times and on one occasion it brought up from the bottom in 828
fathoms, by registry, the Berryman lead, weighing 96 pounds, besides the indieator, spindle and
cup tull of mud. A winch turned by four men, and 13 men abaft, were employed at this time in
hauling in. It never parted. Of the next larger line, which was one inch in cireumference, we had
1,400 futhoms of Italian hemp, and the same length of Russian. In a few casts where great outrun
of line was necessary, these two were spliced together.

At the last sounding of the cruise, with the entire length of the Italian line out, 22 men failed
for 10 minutes to start it, and the Corwin swung to it as if at anchor by her stern.

Leads—The Brocke sounding apparatus, as improved by Berryman, was the instrument most
used by us, although in the matter of defaching the lead it is not so certain as that invented by
Captain Sands, which we also carried. (For deseription and sketches of these instruments, see
Coast Survey Report of 1857.)

The elief value of the Berryman-Brooke is its excellent specimen cup, which makes no
selection of the material. I find fault with the Sands cup on the ground that it does not open
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freely, and then when open it receives exclusively, or in great proportion, the fine semi-fluid mate-
rial—it does not give a fair sample of the material just as it is found in the hottom.

As a matter of experiment I provided myself with a small apparatus of’ my own, in which the
weight consisted of small leaden shot enclosed in a flint-glass flask, which on reaching botiom
should be shattered by a piston playing up through a barrel.  To the piston Sandx’s specimen cup
was attached. As a lead it was convenient, being simple and easy of manipulation, and its form,
an eccentric ellipsoid, was favorable for rapid deseent, but it failed in one trial out of six on hard
bottom. It may, no doubt, be improved by using thinner glass, with heavier weight of shot,
but I must confess its decided inferiority to Sands’s apparatus.

Indicators—We took with us several Massey’s, Walker’s, (old style,) and Trowbridge’s indica-
tors, and the steamer Corwin had a Walker’s indicator of the new style. One of the Walker’s was
selected as the most accurate, and with it most of the easts were made. The Trowbridge indicators
furnished to me were rendered useless in deep casts by faulty workmanship. The fans were too
heavy and detached prematurely. The graduation seemed accurate.

¥ was very sorry that Professor Trowbridge’s sounding apparatus did not arrive at Key West
in time to give me more data for the Jaruco bank. T waited for it several days, when our work
was over, but I have learned within a few days that it arrived at Havana about two weeks after
we had left for the north.

Very respectfully, yvours,
HENRY MITCHELL,
Assistant United States Coast Survey.
Professor A. . BACHE,
Superintendent U. 8. Coast Survey.

Soundings across the straits of Florida, from Sand Key to El Movo, April and May, 1366.
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NoTe.—Diagrams II and III, referred to above, are combined in Sketchk No. 17, appended to this report, showing the
positions and depths and the cross-section constructed from the next following table. Diagram T, which bas been accidentally
omitted in its proper place, is given at the end of the letter-press in a supplementary note. Errate.—On page 36, on line with
Northern approach, read thirteen iustead of eight fathoms. Page 39, fourth line from bottom, read 300 instead of 800 futhoms.
Page 40, lines 23 and 24, read 2.5 and 2.7 miles, instend of 25 and 27.
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Section of soundings across the straits of Flovida, from Sand key to El Moro, 1866.

Distance from-— Drepths. J i
- — | .
€ o .1k
E i . H Bz ; | 3 Remarks.
PR T - g | 2
. = | £ iElsgy B 2
A =t | = N = i = :
& & | 8 ‘& . & z | & |
S i : , - O S -
U Miles, | Miles. Fack's Faidts! 7 |
A4 | 2% TUE Lo b6y 123 Coral ...: Rock bottom, with covering of shells, &e.; lead detached; rock bottom fell.
B Tito#d 7 12| 12 24and 27 ..de. |
¢ 1 V1% 124 ‘ 132 . 2 Coral (1).. Oue specimen of coral debris procured ; lead detached; no specimen ; Toek felt.
D ‘ 14% 67% 280 a0y 3-11 | Coral ... One specimen of coral debris ; [ead detached; rock bottom felt.
E 184 64 d69 1 89T | 4 Mud ._..! Specimen of gray material ; lead detached.
F o 244 58 1 432! 466 5.-do..... | Specimen nearly white; lead detached.
[ [ R9% | 534 . 504 ‘ 553 . 6and 12 1eado o i Spceimen nearly white, with dashes of red; lead detached.
" 31 ! 4@y i 13 ..do ... Specimen nearly white, and stiff; lead detached.
I 38 | 443 10 {..do.
i ’ 458 ! 36% L 14 E..do ..... Specimen nearly white, with tinge of red; lead detached.
A 51 ’ 31 842 ‘ ...... 14,15,98 |..do ..... Specimen nearly white, with tinge of red; lead at 28 detached.
€ | §5% 26+, RI3 ( T8and28 ..do ..... Specimen nearly white, with tinge of red ; lead at 28 detached.
f ‘ 6o | 22 455 | Specimen of fine drab mud ; lead at 29 detached.
e | 613 20F - 380 . .! No specimen ; some doubt of this cast,
d 674 } 5 | 7o ] .| No specimen, but evidence of coral bottom ; lead came up hanging by one hook.
[ B 9 | 48 | . ‘ Specimen doubtful ; lead came up hanging by one hook ; the bottom was felt.
& g 33 . 583 B Sgnd... “ Or mud of reddish brown color ; good specimen, though lead did not detach,
a ‘1‘ 80} | 14 243, 244 . 7 ‘ R()ck._..a,‘ Roek felt ; one small shell in specimen cup ; lead detached.

/ ‘ j

APPENDIX No. 6.

PRELIMINARY REPORT ON THE INTERFEREKNCE TIDES OF HELL GATE, WITH DIRECTIONS FOR
REDUCING THE SOUNDINGS.

NEEDHAM, MASSACHUSETTS, November 7, 1866,

DEAR Sir: In view of the proposed work in Hell Gate, I submit a preliminary report upon the
more prominent features of the tidal interferences in that locality.

The tide wave propagated from the sea by way of Loug Island sound, meets that which ispro-
pagated from the southward through New York harbor, in the space between Forty-second street and
Pot Rock; and in this space the observed tide is a compound of the two waves. No single point can
be designated as the meeting place of these two tidal systems, because, since the two waves differ
in range and in their laws of change, they combine at different points from day to day. .Again, at
no single point can the observed tide be said to be a true compound of the two waves, because the
different phases of each wave travel at different rates as the depth increases or diminishes, and
since their ranges are unequal, the sound wave predominates further westward at and near high
water than at lower stages.

Theé southern tide—that which enters by way of Sandy Hook—secarcely modifies the form of the
observed tide of the sound to eastward of Pot Cove: but the sound tide is distinetly traced to Gov-
ernot’s island, where, although much reduced in range, it is frequently found to affect the observed
tide mostly in the way of lessening the rise and fall. In other words, the southern tide after com-
ing up through the Narrows meets a small propagation of the sound tide whose lunar interval
differs nearly six hours; the result is a rednction of range. This is the principal reason why the
Governor’s island tide is less than that of Sandy Hook.

It is only in the space between Forty-second street and Pot Rock that the two waves struggle
for the mastery; and here, although the ¢ntervals differ several hours, there have never been
observed four distinet high waters in a day as at the interference in the Vineyard sound. The
currents of Hell Gate restore the differences of elevation in some measure,
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In the interference of two tide waves of different range, the most uncertain phases are those of
high and low water. They are inconstant in interval and elevation, so that as datum planes for
soundings they are practically of little value. The most constant plane is that off mean sea level.
In the Vincyard sound interference this plane is eommon to both tidal systems; but in Hell Gate
the result of the greater westwardly journey of the higher phases of the sound tide is an apparent
elevation of the mean sea level in the East river at Blackwells island. The Ravenswood tidal
observations (made in the southern ehannel nearly opposite the penitentiary) bave a mean sea level
0.4 higher than that of the sound, according to our levellings. Ifeel some doubt of this figure, and
would not trust it for engineering purpeses without repeating the examination.

I have annexed to this report a schedule of the datam planes about which I feel absolutely
certain, It will be seen from this, that mean level is essentially a common plane from IHell Gate
ferry (foot of Eighty-sixth street) to Bounty's dock, in Pot Cove, aud that this can be recovered Ly
levelling down 1o the sea from any one of the four benches named.

1 take oceasion to urge upon you the use of mean sea level as the datum plane for all depths
and elevations measured and mapped for engineering purposes. Mean low water, however inde-
pendent of time and epochs, is not a plane, but a warped suifuce. 1If 1 find. for instance, that there
is a 4-foot rock upon our chart, among the ¢ Hen and Chickens,” and a 7-foot rock on “Way’s Reet,”
I can not conclude that these two objects are 3 feet different in elevation—on the contrary, assum-
ing that they are correctly reduced to local low waters, I compute the difference to be .33 feet.
When T look at the depths at Hallet’s Point, I know they must be relatively correct ; but if but one
gauge has been used in reduction, and the casts made during the same slack water, (which is prob-
able,) the depths upon one side of the point are all wrong, because not what they assume to be.

For the survey of Nantucket and Vineyard sound, I furnished Captain Raymond Rodgers
with a map cut wp into tidal districts, so that his soundings in each district, reduced by a local
gange, should be essentially correct. In the same way, 1 purpose to indicate for Hell Gate suitable
tidal districts.

A. From Polhemus dock to Way’s reef, (inclusive,) use a gauge at Bounty’s wharf, in Pot Cove.

B. Shell Drake Rock and Pot Rock should be referred to the mean of tidal observations at
Hallet’s Point and Bounty’s dock, or else to a strietly local gange on the Astoria shore.

C. Holmes’ Rock, Hog’s Back, Frying Pan, and east side of Hallet’s Point, may be referred to
gauge at last-named place.

D. The whole distriet between Hallet’s Point and Horn’s Hook, including the group of rocks
from the Heel Tap, inclusive, to Flood Rock, may be referred to a gauge on the Astoria shore,
opposite Flood Rock.

E. From Horn’s Hook to the House of Correction, on Blackwell’s island, a gauge at Hell Gate
ferry (city side) may be used.

The currents of Hell Gate are interchanges of water between two interfering tides ; their peri-
ods are referable to the epoch of restored surface level. The eastwardly current, usually called the
Jood, commences to run through the Gate about 50 minutes after the restoration of level between
adjacent bodies of water on the sound and harbor sides. The westwardly current (ebd, as it is
called) follows the restoration of level at a smaller interval.

The greatest contrasts of elevations between the waters of the two sides of the Gate occur
usnally soon after the times of high and low waters in the sound; Lut the maximum currents
occur later. From the relations of these hLeads to the height of the tide (i. e, to the depth of
water off Hallet’s Point) a curious effect appears. The flood current flows at a lower stage than
the ebb, and is consequently very much stronger than the ebb. Other eauses concur in this, but I
am inclined to regard the one given as the most important and dircct. Af the time when the flood
current reaches its maximum flow to the eastward, the depths through Hell Gate are two feet less than
they are at the time when maximum ebb prevails.

Two questions offer themselves for solution, upon which my own mind is not yet made up.

1st. Would the removal of rocks from Hell Gate increase or diminish the rash of water through
the dangerous pass at Hallet’s Point ¢

2d. Would the enclosure of Hallet’s Point, Hog’s Back, &c., by fender piles, inerease or dimin-
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ish the flood eurrent whose bewildering whirls are not so much due to rocks as to the abrupt change
of course at the point of greatest fall.

I use the terms flood and ebb as they are applied by pilots, &e. In truth, the words are not
applicable to interference eurrents,

If the above brief statement is not clear, itis not because the data are insufficient, but because,
without diagrams, the simplest distinctions between the phenomena of waves and runnipg water
are not easily conveyed.

Very respectfully, yours,
r H. MITCHELIL.
J. E. HiLcArD, Esq.,

Assistant in charge Coast Survey

RELATIVE ELEVATIONS OF TIDAL PLANES IN HELL GATE, NEW YORK, FROM OBSERVATIONS MADE
UNDER DIRECTION OF ASSISTANT H. MITCHELL.

Datum plane.

Bench-mark on stone gate-post at Ravenswood ... . ... ... ... .. 00
Bench-mark (copper nail) on east end lower step of Howe’s hotel ........................ 2.13
Beneh-mark on stone building at Hell Gate ferry, Eighty-sixth street, New York ...... .. 4.63
Bench-mark (copper nail) on head of pile, Bounty’s whart ... ... ... ... e 5.44
At Bounty’s wharf, Pot Cove....... ... .. ...... ... .. ... 8.50
Mean high water, y Bast side of Hallets Point ... oo 8.96
{Hell Gate ferry, Eighty-sixth street, New York city ...... ..... ... 9.06
Plane of maximum westward (ebb) eurrent .. ... ... ... L 10.56*
Memﬂwd’s Hell Gate ferry ... .. .. e 11.30
Bounty’s whart . . .. e 11.35
Plane of maximum eastward (flood)current. .. .. .. .. ... ... ... . ...l 12.50*
{' Hell Gate forry .. ..o o e 13.57
Mean low water,{ East side Hallet’s Point . . . oo ien i m et e e e e 14.04
Bounty’s dock . .. ... i 14.20

* These figures are relatively correct, and apply to the space between Blackwell's island and Hallet's Point. These
planes are widely different for a. m. and p. m., and for different phases and declinations of the moon.

Tides and curvents of Hell Gate, New York, from observations of 1857.
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Observations for semi-lunation.

North Blackwell’s channel, (west of Hell Gate) ... 15 49 4.2 4.3
South Blackweil’s channel, (west of Hell Gate) .. ! 15 42 £3 4.0
Off Polhemus dock, (east of Hell Gate)....oooauoiiiiiiiiiial, ’ i 16 39 3.1 2.3
In Hell Gate proper, i ¢., between Hallet's Point and Hog's Back 15 50 85 4.4
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APPENDIX No. 7.

TIDE TABLES FOR THE ATLANTIC AND PACIFIC COASTS OF THE UNITED STATES FOR THE YEAR 1567,

PreracE.—The following tables give for every day of the yvear 1867 the approximate time and
height of the tide at the principal ports on the Atlantic coast of the United States,  Their use will
be readily understood from the headings and foot notes. Tor intermediate ports a table of tidal
constants is appended, in which the names of the prineipal ports, or ports of veference, are printed
in capitals, and are followed by the names of the ports in the neighborhood, which are to be referred
to thel respectively. Thus, for instance, Wiscasset is to be referred to Portland, Salem to Boston,
&c. If the time and height of the tide are wanted for a given day at one of these intermediate
ports, find the time and height for the principal port next preceding it in the table, and add or
subtract the figures opposite to the name of the intermediate port, according to the signs 4 or —.

The eolumns headed ¢ duration of rise or fall” give the means of obtaining the approximate
time of the preceding or following low water, by subtracting in the first case the duration of rise
from the time of high water, and in the second case adding the duration of tall.

For the first year of publication the predictions are made simply by means of the tables given
in the Coast Survey reports, and entitled Tide-tables for Navigators,” (corrected by the observa-
tions made up to date;) they include, therefore, only the halfmonthly ineguality tor the Atlantie
coast, and in additional to that the diurnal inequality for the Puacific coast and the western coast of
TFlorida. Hence the resalts may differ from observations by quantities, dependent on the solar and
lanar parallax and declination, which are frequently masked by thie irvegularities caused by wind,
and which, for the general purposes of the navigator, are quite inconsiderablie. It is nevertheless
intended to obtain in subsequent years a nearer approximation by applving all the corrections
which can be satistactorily deduced from long series of observations. The eomputations tor the
purpose are in progress. {Coast Survey Office, Washington, December, 15066.)

Nor1e.—The predictions for Eastport only are reprinted here as a specimen of the tables.
EASTPORT.—HIGH WATER, 1867.
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) VR [ R e R A R L R A L B I B 17.6 g3 | 159
7. 834 176 | 858 | 179 | 939 | 183 Kt WOl | 186 @ g7 | ITs EB43 | 1TT | 0u2  IR1 9 46 184
921 182 | 94y 1 184 (102 0 129 10 2 07 TR0 P 0321 1R2 JooR 185 1030 0 10,0
006 | 187 {1027 @ 19.0 |[1104 192 |11 a4 [ 185 1016 T IRR 1052 . 10.2 114 19.4
1048 1o.2 (1108 | 19.4 | 1143 - 194 ... T - 19,1 P1058 § 1903 0 1135 1.4 1157 19. 4
1198 164 1147 | 1.4 [ 004 184 | 0 814 13 194 o 0 1.3
................ l bog | 194 | 044 | 302 | 1 58 0 104 Lo d. 043 w2 107 191
028 | 190.3 | 050 | 19.¢ 1926 ; 18.9 1 20 1.3 | 041 |12 713w 1’9 157 1”7
109 | 191 | 120 18. 9 208 | 185 2 04 1491 ‘ 195 | 18y | 2 18.4 2 51 181
149 188 | 210 | 185 | 258 ! 120 | 3 ® Y | 202 ‘1 ws |31 nT 3 51 17.5
232 1 183 : 254 | 180 | 46 | 175 | 4 37 182 D302 | 100§ 4w 1T 457 17.0
318 | 177 | 343 | 175 1 446 1.1 | 5¢ 3000 186 | 40k 1nd a3 16 6 U4 16. &
409 {173 . 438 | ITL | 35 . 168 | 6 33 0192 bR 170 L 638 we Tl 17.0
568 ¢ 17.0 ; 540 6.8 | TOG | 1.0 | 7 @ D 6sr | 619 | 168 43 e 812 174
613 . 16.8 | 648 16,9 ] g8 16 17.5 B 54 16. 4 ‘ T2 17.1 E 38 17. 7 403 1.9
72 | 17.4 | 757 7.3 | o9y 1R 9 03 Yoy P B3 ) 16 ) 9 18,2 9 50 18.5
82 | 17.6 | 900 | 179 [1012 | 188 |10 o 1 1T.9 | 92F . 82 (101 87 1031 19.0
l : 186 |1Lo0 | 193 |11 52 0 185 Paes w032 1 ame ol e
! [ 1903 ;1143 | 104 ...l 37 1191 301129 0 194 11 48 164
104} 0es L 194 ) o2r | 1118 9.4 2 I ST Lo 14
194 | 047 | 19.2 | 1 58 ¢ 194 jeeeeiandoiioan |02 193 1 048 142
191 { 1es | 189 | 1 18 | 193 L2 1 168 5 19.0 ! 198 8.9
w8 | 209 | 186 | 2 581 191 0 | 148 1ET L 210 18,5
o184 ) 282 ) 180 | 038 37 188 SEEE 183 . 254 1.0
1.9 § 338 | 1T.6 | 4 18 8. 5 L2 3 17.8 342 15
17.4 | 428 1.2 | 4 at .9 L7 ] 407 IT3 4 17.2
1y | 524 0 169 | 5 30 L3 s 1.0 - 53l 16.9
511 1 1o | 538 | 168 | 622 ; 168 | ¢ 43 L0 600 16E 6 L 169
607 ¢ 168 | 635 | 16.9 |.... 2 | .8 ] 658 ¢ 169 1 T2 | 1.1
703 | wo | 7m | 172 40 0 b Tae 1m3 - 82 17.5
759 | 17.3 1 825 | 11.5 7 36 4

1dings are given on the Coagt §

The beighit of high water is rec);;;ed from the level of average low water, to which the s
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The height of high water is reckoned from the level of average low water, to which the soundings are given on the Coast Barvey charts,
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Eastport.—High water—Continued.
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The height of high water is reckoned from the level of average low water, to which the soundings are given on the Coast Burvey charts.

APPENDIX No. 8.

REPORT ON THE GEODETIC CONNECTION OF THE TWO PRIMARY BASE-LINES IN NEW YORK AND
MARYLAND, THEIR DEGREE OF ACCORDANCE AND ACCURACY OF THE PRIMARY TRIANGULA-
TION INTERVENING, WITH THE RESULTING ANGLES ANl» DISTANCES AS FINALLY ADJUSTED.
PREPARED BY CHARLES A. SCHOTT, ASSISTANT. N

The report on the operations and results of the Coast Survey of last year contains an abstract of
the discussion of the lengths of the Fire 1sland, Massachusetts and Epping base-lines, together with
the resulting angles and distances of the primary triangulation, and an estimate of its accuracy,
throughout its extent in the New England States. In the present paper it is proposed to give a
similar aceount of the primary triangulation in its continuation to the sonthward and westward,
together with a branch (inelnding subordinate primary triangulation,) reaching Washington city.
(Sketch No. 10.)

The distance measured along the triangulation, between the Fire Island and Kent Island base-
lines, is 263 miles; the number of triangles connecting them is 40 to the junction-line Pool-Finlay,
from which line Kent island is reached direetly by five additional triangles. The Washington city
braneh triangulation, from Kent island to Washington city, is 40 miles in length, and contains 18
primary triangles, (also 11 subordinate ones.)

The reduction by the method of least squares was made in two sections: the first one between
the lines West Hills-Ruland and Pool-Finlay; the second between the last-named line and Caus-
ten—Seminary, The probable error and weight for each direction were determined and introduced
in the adjustment. At stations occupied with the 30-inch and the 24-inch theodolites the probable
observing error of a direction was arrived at by the method explained and illustrated by an example
in Coast Survey Report of 1864, page 120, paragraph 3. The method given there in paragraph
4, applicable to repeating instruments, was, however, not followed, but the shorter method of writing

-out the results by repetitions, as it they were single measures, was substituted; the results were
then obtained precisely as explained in paragraph 3, involving the formation of the diagonal coef-
ficients. 'We have the following statistics :

Conditional equations of—
., Equations of | Normal equa-

Part. Locality. . .

correlatives. tiona.
' Angles. Sides.
3

v 1 Fire island to Pool’s island.! 28 5 107 34
VI ‘ Washington branch....... 14 ! 4 53 18
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The resulting length of the junection Pool-Finlay from the base measures aud carried througlh
the triangulation, is as follows:

Trom Fire Island base. .. ... ... ... ... ... 26268. 07 metres, [4. 4194281 2]
From Kent Istand base. .. ... .. ... .. . .. ... 26267, 76 metres, [4.4194231 1]

The difference is nearly equal to 14, of the length. The direct comparison of the base-lines
. 5 - . g ~r . .

is as follows: Starting from the measured length of the Fire Island base and carrying the distances
thivongh the triangulation to the Kent Island base—

The length of the latterisfound ................. 8687. 645 metres, [3. 9339020 595]
Same by diveet measure. - .. ... .. L 8087, 545 metres, [3. 9338970 472]
Difference. . ...l 0.100 [ 50 123]

This cdiscrepancy amounts to a little less than four inches, In connection with the logarithmie
difference, 50 units in the seventh place of decimals, it may be stated that the probable error of the
measure of the Fire Island base amounts to 4 18 and that of the Kent Island base to £+ 19 such
units.

In the report of 1863, Appendix No. 21, the length of the TFire Island base is given as measured
and as computed from the two eastern base-lines; to these three values we may now add that
derived from the Kent Island base, viz: 14058.809 metres.

To make this difference disappear, an additional equation (length-equation) was introduced
between West Hills—-Ruland and Pool-Finlay, making the number of normal equations 35. In
consequence of this condition the former angles {and sides) were found to ¢hange but slightly (less
than (/.05 ou the average), and computing with the newly adjusted angles, the length of the Xent
Island base, as derived from the Tire Island base, through the triangulation, was found to agree
with the measured length.

The computation of the probable error of the sides of the triangulation was conducted in the
sanie manner as explained at length in last year’s report. The probable error of the measure of
the Fire Island base is its 53055 part, that of the Kent Island base its 53556 part, of the line
Pool-Finlay its {57555 part, and that of the line midway between its g+3qy part; the approximate
average probable error of the whole intervening triangulation is its ;3555 part, or nearly 0.55 inch
in a statute mile, which value, when compared with the corresponding one of the northeastern
branch of the primary triangulation, indicates a smaller degree of aceuracy of the southern work,
due principally to the much smaller number of measures of the primary angles, and partially to
the use of inferior instruments and a much less number of geometrical conditions in the figure of
the triangulation. From the Fire Island base to the side Bethel-Lippencott, the work was
executed by the late superintendent, I, R. Hassler, who used the 30-inch and the 24-inch Troughton
theodolites; between the line mentioned and the Kent Island base the measures were taken by
Assistants Juames Ferguson and Edmund Blunt, the former using the 24-inch theodolite, the latter
a 12-inch Simms repeating theodolite. Notwithstanding the use of these varions instruments the
character of the triangulation is throughout its extent tolerably uniforme. The execution of the
work falls between the years 1333 and 1848,

‘With respect to the Washington branch triangulation, there being an uncertainty of 55554
part in the Kent Island base, and of ;55'%y part in the terminal line Seminary—Causten, the
approximate average uncertainty of the distances is 495y part. This fraction amounts to 0.45
inch in 2 statute mile.  We have also for the extension of the triangulation south of Kent island
the probable wncertainty in the line Marrioti-South base = 4+ 0,165 = 335es part of its length,
The triangulation (Part V1) was executed by A.D. Bache, Superintendent, and by Assistants James
Ferguson and Edmund Blunt, between the years 1844 and 1851. The instruments used were the
30-inch, 24-inch, and 12-inch theodolites mentioned above.

In econformity with last year’s report a few statistical results are added, by which the degree of
the accuracy of the measurves may further be judged of ; designating that portion of the primary
triangulation lying between Fire island and Pool-Finlay as Part V, and that between Kent island
-and the District of Columbia as Part VI, we have:
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i . I
! No. of | Greatest error in No.o |No.of Probableerrorofa Angles measured |
'NO' triangles, sum of angles of | — direction, derived | apparently too Instruments used.
any triangle. rerrors.errors.” from A residuals. . great. i
i : H 1 i i ’
V. 35 3.351 S 17 16 ¢ 40,412 : — 0,226 | A 30-iuch, 24-inch, and 12-inch
: } repeating, theodolite.
VI. 18 2.964 o7 10 : 4-0. 423 : — 0, 145 ; A 30-inch, 24-inch, and 12-inch
| ! : | repeating, theodolite.

The positive and negative residuals in the sum of the angles Dalance near enough, but there
appears to be a slight bias in the angular measures, whiel appear too small by (//.155, which may
may be due in part to the use of the smaller instruments, (the smallest was bnt little used,) and in
part to accident. A slightly erroneous value of the spherical excess, a diminution ot which is
highly probable, since the cllipsoid of Besscel, which was employed in our computation, must now
be regarded as superseded by the ellipsoid deduced by Captain Clark, though affecting the preced-
ing number, is not sufficient to account for its amount. Thus, in owr largest triangle, (Gunstock,
Wachusett, Thompson,) with a spherical excess of 26.7040, this value is only changed by ¢7.008 by
the substitution of Clark’s ellipsoid of rotation for that of Bessel's. The length of the sides of the
triangles is, of course, not affected by any such change.

If we deduct the probable observing error of a direction at each station from fhe probable
error of a direction resulting from the_closing of the triangles we tind the following values for the

triangle combination error ¢ A viz:
i

Part ¥V 4 0.328
VI 4 0,376
values nearly double those given for the preceding parts; the average length of sides, however, is
much less, and the probable observing error of a direction reached.in Part V 1L 07.250, and in Part
VI 4 07,205,

The above combination error was combined with the special observing error of each direetion
for the computation of weights to each direction, and employed in the adjustment of the geometrical
figure. The extreme weights to a direction are in the proportion of 1 to 5.3 in Part V, and in the
proportion of 1 to 2.3 in Part V1.

The corrections to the observed directions, as demanded by the least square adjustment of the
geometrical tigure of the triangulation, are as follows:

1

! Greatest correction to | Average correction to

any direction, I a direction.
" "
Part V.o et e eeae e 2.02 =+0. 39
Part V..t i eceaaes 1.09 =+0.41

The average length of a triangle side (between stations Ruland and Seminary) is 18.0 miles,
the longest side 42.6 miles, and the sum total of lengths 1456 miles.

The table of observed and resulting angles and of distances is arranged as for the preceding
Primary triangulation; all distances are expressed in units of our committee metre, and the
numeration of the triangles is continued from last year’s report.
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Resulting angles and distances of the primary triangnlation extending from New York to the District of Columbia.

T
. £ g, | £ | ¢ g g £
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bt Name of station, b 28 = | 3 o < zE ]
2 % Tz 5 g @ B g g 8
E 2 £ I g ® = E
= A 5 © % 2 3 = z
z | (=3 [ [ | w2 [ a ", a
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Bald Hill vocave vvnvreeeenceoncnnnnn. 36 51 27. 977 —1.5%0 26, BHT 'eeeeeeenns 4. 5223968 9 33296. 370 20. 69
112 | Ruland ...... . 53 14 54.171 +0. 048 54.219 ; 3. 759 4.6181352 6 44476. 977 27. 64
West FIAIS . cce vcecnmeeiecaneannn. 89 53 43. 044 +0. 109 43,153 leanrreanennn 4.7443754 8 55510, 544 34.49
Buld Tl cnee veaereeennnianannans 99 31 40. 835 + .39 41230 |eaerernennnn 47125612 5 51589. 492 32.05
113 | Tashua .. 58 14 16. 937 — 412 16. 525 2. 204 4.6481352 5 44476. 977 27, 64
| West Hills 22 14 04.340 + .109 04,449 [vrveennnnoos “4.2965406 1 19794. 321 12.30
Bald ITill . .on ciaivramiaa i aen 62 490 12.858 -+1, 985 T4 R43 e inan..s i 4. 6338476 7 49641, 817 30. 34
114 | Tashtis coveacrienaer cvesivemanenens 96 34 39. 411 1 — . 413 58, 998 2.478 4. 7THITH T 55510. 543 34.49
! RUIAUA «neeee vemcnevmemin cmeeannan - 20 44 48,684 | — .047 48,637 foecneeneaens 4. 2965406 0 19794. 320 12. 30
| Round Hill coooinoovvnamniiiiannss 93 33 38. 504 —1.539 B7.005 |- cavrrnnnnnn 4.6481352 5 44476, 977 7. 64
115 | Bald Hill coceee covevaneoneeomenonans 59 05 13.167 — .521 12. 646 1.983 4.5824337 8 38232, 595 23.76
West Hills - cocnenennensansemmescanas 2112705 — .42 12,982 |caiiinan... i 4.3112359 4 20475. 567 12,712
]
HAITOW +ane o cnmmme comecmeeean e e ‘ 67 45 27.724 |+ .444 98,168 [+eauenannnnn | 4.6481352 5 44476, 977 27.64
136 | Bald Hill «oon ovoeoiiom el 22 10 37.774 —1.389 56. 385 2. 048 4, 2585808 1 18138. 017 11. 927
West Hillg . oo ooeie e, 90 03 57. 639 — .164 57.495 |- veceacenens 4.6817158 7 48052 487 29, 86
HATTOW «aceeee s oo emmcamn e eeens R8 58 17.503 + . 984 17787 {eeeeaen.o. 4. 5824337 8 382732, 595 23. 76
uw j Round Hill covn covuveineniaaanaans) 28 18 56.336 49,229 3R, 565 1. 564 4, 2585898 2 1R13R. 017 197
West Hills - oenvneeeneoneamaenaens 62 42 44. 954 + 258 45.212 |oooeean 4. 5312670 5 33983, 417 2L 12
HAITOW «cnncesvmnnncnnmansareenennn 2112 49.779 |~ .160 | 40.619 Joeerennnnnn. 4. 3112359 4 20475. 567 12,7
U8 | Round Hill cevven ooverencmrecnnnan 121 52 34.930 |+ .690 35. 620 L 499 4. 6817158 6 48052, 485 29. 86
Bald Hill vacuun vamacmccneaeeaennas 36 54 35,393 + 867 36,260 1. eerennnnan. 4. 5312670 4 33983. 416 21.12
BUermilK - oevnnnemeaeaaranaeeas 63 46 44. 026 + 087 40,113 ol 4. 5312670 3 33983. 417 2L 12
119 | Round Hill ceeome vomeenciaceennecns 98 30 13.760 —1.146 12. 614 0. 934 4. 5736279 2 37465. 188 23, 28
TEATTOWY +om e aceameemnmmmeamnaannas 17 43 04. 194 + . 063 04,257 foomnianeinn 4. 0617708 8 11528. 449 7.16
R 7T SN 49 54 10.775 — 135 10,640 [eaunninnn.nn 4. 5736279 2 37465. 188 23, 28
120 | Buattermilk «oonecceerenanirinasrenea. 73 30 35.167 — AT 34, 691 3. 728 4, 6717522 7 46962. 615 29,18
HATTOW ©aneecnecnnnmessersammecsecns 56 35 18,472 — 075 18,897 fevarenennans 4.6115422 9 40882, 957 25, 40
BeaeoRill - eeananenn eeeincaaa s 42 48 12.925 —.210 12,015 )oceeanes 4, 6717522 7 46962, 615 29. 18
121 | Weasel..... €3 08 60. 868 — 4R 60. 456 6. 622 4. 8364663 & 68622. 476 42,64
HATTOW 1eneaeranearnenecccassanenan 54 02 54.270 — 118 54,150 leeorranann-n 4. T4TTIRY 7 55949. 79L 34.76
Springfield ... 84 13 25,199 + .67 95,800 |- cmeniennnn. 4. 8364663 8 68622. 476 42. 64
122 | Harrow —_...... 32 07 60. 764 + .378 61, 142 5.726 4. 5644978 0 36685. 784 2.79
Beaconhill . onn ooe e 63 38 38. 461 + .3923 38,784 |eecreeaeann 4. 7910005 5 61803. 000 38. 40
MU ROBE «eoeemmmeceame e ameaeaeaes 47 58 30.192 — .038 30,134 |oooiiio 4.5644978 0 366835, 784 22.79
123 1 Springfield 58 27 49, 651 - .33 49. 314 3,760 4. 6341995 § 42091 32¢ 26.15
BeBCOuhill . coo ot icar et e 73 33 44. 488 — .17 44.312 ). ccve oo 4. 6754720 7 47366. 683 29, 43
DISDOTOUZN o ocev v veniseravnanen 44 09 20.943 + .197 IR T () 3 PR 4. 5644978 0 36685. 784 2.79
124 | Springfield - eeveceieerrannimenanaan 27 10 (eonclu/ded) 15. 493 2 121 4. 3810858 5 24048, 371 14.94
BeBCONhill - onnny cerramiiaenn s 108 40 25.77L — 283 25,488 |venrecenines 4. 6980221 3 49890. 991 31.00
DISDOTOURE + - vaneea sormmernasnrennen 113 12 55.470 |  — .034 55,436 |+earravornn- 4, 6241925 9 42001, 324 26.15
125 | Mt. Rose ... 31 40 24.904 ~— . 038 24. 866 1,418 4. 3810858 5 24048. 371 14.94
Beaconhill cvavny canerennisnnennineas 35 06 41. 283 — 307 G176 | eoermaninen 4. 4206564 0 26342. 464 16.37
Disborough ..... 69 03 4. 527 — .23 34,296 |- cevioneen-. 4. 6754729 7 47366. 633 29.43
196 ) Mt. Rose -. .. 79 38 55. 096 — 096 55, 000 3.117 4. 6980221 3 49890. 991 31,00
| Springfeld . voeune.eentons oniananaa. 31 17 (concluided) 33,821 [-veerenninns 4. 4206564 0 26342, 464 16.37
Stonyhill coveue aiirnresasiennnnnnnes 60 40 11.864 + .137 12,001 [acriecannn. 4, 4206564 0 26342. 46¢ 16. 37
127 | Mt ROSO ceecereneivraaen cannamneean 35 36 10.(85 + .169 10. 254 1.169 4, 2452173 0 175496. 464 10.93
DisbOTONZR e e v vacvrmmrianennenans 83 43 38. 698 + .26 38,914 | enricninnn. 4. 4776257 4 30034, 868 18. 66
Mt. Holly «oveveannnnss 45 45 41.983 + .883 42,866 |.ceeranonne. 4. 4TIB5T 4 30034, 868 18.66
128 | Mt. RoSe - vecnnnnnan 31 38 20. 410 — 055 20, 355 1.636 4, 3422405 6 21900. 776 13.66
Stonyhill ceoion caimvaaan. 102 35 57. 937 + . 478 58,415 loaevveennn. 4, 6118566 0 40012. 555 25,42
Newtown ....... 41 12 36.256 +1.152 37.408 |.oeiicaon. 4. 3422405 6 21990. 776 13.66
129 | Stonyhill oo ol 63 09 51.295 + . 866 52,161 1. 610 4, 4739845 2 20784. 103 18.51
Mt. Holly 75 37 30.708 +1.333 32,041 |-evieareaans 4. 5096575 2 39333. 838 20. 08
Newtown . 105 37 14.249 + .673 14,092 | ool 4. 6118566 0 40912. 555 25. 42
130 | Mt. Rose - 44 30 57.509 — . 066 57.443 1.540 4. 4739845 2 29784. 103 18.51
Mt. Holly 29 51 4R 725 + .450 49,175 |oceemeaann 4. 3253740 0 21153. 099 13. 14
Newtown 64 24 37.993 — . 479 37514 |ooeiioiot 4, 4776957 4 | 30034. 868 18. 66
131 | Mt.Rose .. . 76 09 17. 919 - 121 17.798 1. 566 4. 5006575 2 32333. B58 20.09
Stonyhill touuns wiiieieiee s 39 26 06. 642 — . 388 06,254 [.ooiianaenn. 4. 3253740 0 21153. 099 13. 14
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Resulting angles and distances of the primary triangulation, &c.—Continued.
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WHIOWETOVE « ceeceeacmaeaanannanan. 67 07 37.536 — 487 37049 oo 44730845 © 20784, 103 | 1851
132 | NeWIOWD ceeticvoncacmcocanmnnenn. i 71 53 42. 143 —1.093 41, 050 1.452 4.4942800 7 31204. 051 ( 149.3%
YRS 2 12 1) ! 37 58 44,266 — 913 | 43,303 |oieeninnns 4, 4986856 8 19892, 331 ; 12.36
3T 1 : 51 44 18.183 4+ . 476 18.659 |oeeivannnn.- 4,4949805 7 31204, 051 | 19.39
133 | Willowgrove f 46 05 54.329 + . 162 54. 491 2,248 | 4, 4569576 0 2RGIR. OB | 17. 7%
Mt BOUY coeteemiannaceeiaiaaas. E 82 09 48. 442 + . 656 49.098 |ooiieeen.... 4.5952305 6 30375, 905 | 24.47
b Y R 33 40 18.813 + .204 19,007 levimiin s 4.4569576 0 | 28638, 984 | 17.79
134 | Mt HOIY «oeeoeemmevncceninemanao.. 48 51 18622 + .85 19. 473 2,804 4.5899312 9 | JERYE, 360 24,17
Pinehill cococaarinnie el 97 23 24. 193 ~+ 121 24.314 [l -o 4. 7094036 0 ! 81213, 737 ; 382
J !
LipPencott «voemueeevanerenaanaan. &5 28 48.612 =-1.118 49.731 |euiieann... 45899312 @ | 3RRI8. 360 | 24.17
135 | Yard 47 24 56. 365 4 L TTE 57.143 2,078 4458023 9 | 28729, 513 | 17.85
Pehill «eeeemvareoercmcremeeannnann. 47 06 14. 531 + . 673 15,204 {eeeiaannn... 4.4561453 & 28585, 473 17.76
11 i
00 0 O 35 15 32.011 — . 463 31548 |eeiacnnnn.n ’ 4.4583282 9 28729, 513 ‘ 17. 85
136 | Pinehill «.ooivvnnaaneaia e, 24 14 38.796 — .102 38. 644 1284 | 4.3103935 5 20435, 890 | 12.70
LipPeneott - - oovoeeeia e caiaaaeaan. 1920 29 50. 546 + .306 51042 eveionnann ..l 1. 6322825 4 42882, 742 | 26. 65
{
Bethel ..o 100 16 49,450 + .20 40.632 |eevenna.. .. 4.4561453 8 28585, 473 | 17.76
R I 41 42 10.147 — .9250 09. 88R 0. 851 4.3103u35 5 20435, 890 | 19,7
LAPPENEOtt o e mecerecannceeraenanns 35 01 02,034 | — 723 [130: 15 N F, 4.9210487 8 | 16670, 506 I 10. 36
Bethel . caeeon meiioriocnnccianannan.. 65 01 17.439 -+ . 663 IR 104 |ooieieion. : 4.5R99312 § 3RRIR. 360 | 2417
LRI o P 92 07 06.512 + 519 7. 082 | 1.645 | 4.6329R25 5 498892 742 26. 65
D EITS ) 22 51 35.735 4 .T15 36,510 looioiiieas 4.92104R7 R 16670, 506 | 10. 36
b 30 04 36. 799 ~ . 295 36504 |eaniinnnnnan 4.3103935 5 20435. 890 12.70
139 | Bethel -oooeecemniorinennncnrnaaaan.. 32 49 26.822 — 115 26. 707 1.021 4.3444654 3 22103, 723 13.73
Lippencott « . .oceeenan. [ ! 117 05 58, 189 — . 370 ST 810 [ueenanennnn- 4.5599145 3 36300, 660 22. 36
Meetinghouse ...... et cemeeaanas 37 23 53. 256 — .70¢ 52552 feennennnan .- 4.3444654 3 22103. 723 13.73
140 | Lippeneott - . ecuneraaciaaeianeaaaa.. 73 07 29.710 — . 768 28. 942 1.830 4.5419139 1 34826. 827 21.64
69 28 40.923 — 587 40.336 |eevernnnnnn. 4.5323545 0 | 34084, 309 21, 1¢#
N i
86 45 35,314 | 4 312 | 85626 {eanennnnann 4.5419139 1 34826. 827 | 2. 64
141 59 51 56. 885 4+ 633 57. 518 1. 467 4. 4795506 9 30168. 290 1875
| 33 22 27. 846 + .47 28,323 |enreenannns 4.2830564 4 191£9. 181 1192
‘\ Principio «cccceeverereeeeeceannanann. 41 47 41.531 4+ .383 41014 {eeevennnnnns 4.9830564 4 19189, 181 | 11.92
142 | Meetinghot#0 ..o oo ooooaeraennann.. 56 59 06. 222 + .010 06. 232 | 1,162 4.3827059 7 24143. 263 | 15. 00
| BUCK Q. eoceeceic e e 8i 13 12. 906 + .110 13. 016 " ............ [ 4.4541596 1 28155, 066 | 17.68
Tarkey Poiftt «voooieeieeiea .. 65 21 20, 562 — . 033 20520 Lo i 4.3827959 7 24143, 263 r 15. 00
143 | Prineipio - ceeeeecemeeen oo oinann.. | 77 37 98. 454 —.136 28.318 | 0,958 | 4.4140630 5 25945. 560 | 16.12
- BT | 37 01 12. 453 — .342 12118 focennineeee | 4.2030370 4 15003, 261 } 9.94
{
Osborne’s RUIN - «ovnaerannaneoo. .. 35 10 11. 669 — . 395 1274 ool [ 4.2039370 4 15993, 261 ] 9.04
144 | Principio -« veoerceseeernanrieannnnn.. 57 36 57. 656 — . 258 57. 308 0.951 4.3701017 7 23447, 782 | 14. 57
Turkey POt . oceeocvieet camvann... BY 12 52 521 — .22 529279 iiin. .. 4.4430009 1 27733, 250 | 17.23
Pool'sIsland -..oaviiiinacnnemcancan, 54 30 55. 001 -~ 047 94.959 oeiinennnan 4.3701017 7 23447, TR2 i 14. 57
145 | Osborne’s RUIN. .oovcretvnnvannaann.. 8L 27 17. 526 —.1e2 1%.334 1.178 4.4544856 2 2B476. 435 | 17. 69
Turkey PO cuuuennnnanciannanann. 44 01 48 723 + .167 48,890 | ceeeicanns 4.3013415 2 26014, 351 | 12 44
o) 1 48 03 33. 324 +1.100 34.424 .eiieaon..t 4.3013415 2 20014. 351 ! 12, 44
146 | Osborne’s RuiN.ececeevnnsvnunonn... 77 29 14.376 + . 875 15. 251 1. 086 4.4194231 1 26267, 765 | 16. 32
Pool's Island «.oeencvnniiananan.. 54 27 11. 268 + .123 10411 {oeennannnn .- 4.3402947 4 21892. 469 13. 60
TRYIOr e cceere s eeeeeeeaeeeanaann. 38 36 52,373 — .509 [ N T I 3. 9388970 5 B687. 545 540
147 | North Bass - veuvenvnenenannooaenunnn. £8 35 36. 913 — . 233 36. 680 0.244 | 4.1435286 5 13916. 462 8.65
SOUtD BBHB < cenvccnian s ant vamnannas 52 47 32. 011 —.311 31. 700 ‘ ............ ! 4. 0448164 5 11087. 061 6. 89
MAITIOth. - eeceesaeeeceannecamaannnas 18 13 37. 318 + 270 7588 ieaennanan 3. 9388970 5 8687, 545 5 40
148 | North Bane- «cccoereercaaaemcnaannnn 50 05 05. 356 — 702 04. 654 ‘ 0.437 | 4. 3284441 4 21303, 165 13,24
South Base ..... ... 111 41 18,247 - . 032 18.195 o ouiimnan.s) 4.4117658 1 25808, 661 16. 04
| i
MAITIOt © v aveen ceenemnaeesanennnnns 40 10 21.280 + 243 2L 523 Fuiiiinen s | 4.1435288 5 13916. 462 | 865
149 1 TRylor. . ccicueacacrascancammanmenns B0 55 51.946 + . 680 52. 626 E 0. 645 ] 4, 3284441 3 21303, 165 5 13 24
South Base. - cacreereeneonionneannnn. 53 53 46.236 1 .9260 46,496 |.ecrneean. ! 4.2664989 1 18471, 362 11.48
Marriott. ... .. .oi.iiiiiciiieiaiana. 21 56 43, 968 — .02 43.935 |...oooo. e | 4.0448164 5 11087. 561 6. 89
190 | TAYIOr. cooee viioiieeaeicaaaacna] 119 32 44,319 + .171 44. 490 i 0. 452 | 4.4117658 0 25808, 681 16, 04
North Bags. cccooeocnennnnennnnn., 38 30 31.557 + .470 32027 L. ‘ 4. 2664929 1 18471. 361 11 48
LADSHA -« oo oo e et e e 68 43 33.677 — 068 33600 |..oieieno... ‘ 4. 4117658 1 25808, 681 | 16. 04
151 1 North Bage. «ceoooeenmeeoneiannon. .. 70 56 58.975 + .763 59. 748 1110 4. 4179562 3 26179, 192 | 16.27
MATTOE « v oeeen cmeeaeeecn aaeannns 40 19 98, 501 — 738 | Eo A 1 T I 4.2533973 ¢ ‘ 17922, 448 | 1114
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Resulting angles and distances of the primary triangulation, &c.—Continued.
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Swan PPoint .. 56 OB 37,917 -1, 016 i 4,2533973 4 17922, 448 11.14
152 | North Base... 60 07 41.140 — . 009 4.2721496 9 18713, 27 11.63
Linstifd eccer covmenaiiie cieaciamend 63 43 20. 633 - . 067 5‘ 4.2866876 4 19350, 207 12.02
Pool's Island . 36 22 15,134 ; -+ . 034 4.9721496 9 18713. 270 11.63
153 Swan Point .. 113 07 27. 589 i — . 43¢ ! 4.462713% 9 | 20021. 108 18.03
FID 5313 & (G QU 30 30 19.239 i‘ . 862 | 4.2046222 6 16018 515 9,05
{ Finlay ceaenn- 53 3R 21714 +1.651 4.4627139 O 20021. 108 18.03
154 Pool’s Island . . 79 44 39.701 + . 509 4. 5503183 7 35507. 358 22,06
Lingtid. e ccoeiiiians o aiiacanaes 46 42 57.730 4 . 510 4.4194231 1 6267, 764 16.32
| Finlay -.... et eeiaiemareaaea 25 43 (conelu ded) 4. 2142059 4 16375. 029 10.18
155 | Linstid .. 84 01 06. 411 + . 096 4.5742634 2 37520. 051 i 23. 31
i Webb ami i ceie e 70 15 16,992 + .734 4, 5503183 6 35507. 358 22.06
: Linstid ..., 34 46 24,832 | 41,126 25. 958 4. 0448164 5 | 11087. 061 6.89
156 | North Basec . . 32 26 27.418 + .905 27.713 4. 0181973 7 | 10427. 912 T 6.48
i Taylor - e 112 47 05.714 -+ . 886 06. 600 4.2533973 4 | 17922, 448 11. 14
Linstid ool oot ciciiiiii i 33 57 08.845 —1. 195 07. 650 4.2664989 1 18471. 361 11.48
157 Taylor coooonoon.oao.. 127 40 09, Y67 ~1, 037 08. 910 4. 4179562 3 26179.192 16,27
Marriotd ..o e iiiieiaiio 18 22 44.539 — 712 43. 827 4. 0181973 7 |7 10427. 912 6.48
Webb .. 76 16 06.190 - . 103 06. 087 |. 4, 4379562 3 26179, 192 16.27
158 | Linstid .. 66 18 42.310 + . 256 42, 566 4.3U23246 8 24678. 836 15.33
Marriott ... e e aaaa 37 25 11.128 -+1. 216 12. 344 4.2142059 4 16375. 929 10. 18
Hill oo, . . - 56 40 32,002 -+ . 408 32. 410 4,3923246 8 24678. 836 15.33
159 | Webb. - 53 10 52,339 — . 342 51. 997 4.3737192 9 23643, 910 14. 69
B £:5 9 o (515 70 08 37. 171 — 184 16. 987 4. 4437204 4 RTTTY. 245 17.26
39 41 37.078 — 245 4.3923246 8 i 24678. 836 15.33
160 .l 102 15 58.886 + . 000 4.5770122 1 37758. 280 23.46
MATTIOt e+ ce voasceraacraaneaanenns 38 02 26.815 ' —1.085 4.3767747 6 | 23810, 843 14.79
i
(ST 7 .- - 75 01 10,921 | — . 03¢ 10. - 4. 4437204 4 TT79. 245 17. 26
161 | Webb . - 49 05 06. 547 | 4 . 351 06, 808 1.269 4. 3370769 © 21730. 859 13. 50
; 2 5 00 AR 55 53 43. 6060 — .116 43.484 |._....... 4. 3767747 7 23810. 843 14.79
i 173 ¢T3 35 19 33.843 + . 211 34.054 | ..o..o... 4.3737192 9 23643. 910 14. 69
162 i Marriott - 32 06 10. 356 - . 901 11. 257 1. 205 4. 3370769 0 21730, 859 13. 50
3 1 S 112 34 15.602 + 202 15.804 ... 4.5770122 1 37758, 280 23. 46
' Causten . ...o..oo... . 69 31 00. 444 | ~+1.11 D1.555 | covmaan. 4. 3370769 0 21730. B59 13.50
163 i Soper . 47 0R 46.376 l + .925 47. 301 0.839 4. 2306006 4 17005, 940 10.57
| 63 20 11.373 + .610 1L9B3 liecimrannnns 4.3166124 5 20730, 628 12.88
k 56 42 10,849 + .892 16. 741 4. 2306006 4 7005. 940 10.57
164 | B7 33 12.759 -+ .178 12,937 , 4. 3080755 2 20327, 104 12 63
‘ 33 44 30.711 + 124 30,835 |iieiaeninnn 4. 0749841 9 11884. 530 738
[ 144 03 43.60 -+1.99 47.59 licniaeenenns 4. 2306006 17005.94 10.57
i 21 €0 28.64 41,98 30,62 0.12 4. 0163390 10388. 17 6.45
i 4 55 41.41 + .50 41,601 3. 8730049 T464. 57 4.64
140 00 55.28 — .69 54. 59 4. 3080755 20327.10 12.63
20 48 49,22 - 50 48.02 4. 0507747 11240, 22 6.98
i 19 10 {concluided) 16.68 . iieeeinan. 4. 0163391 10388, 17 6. 45
o
'E: 75 55 19.12 —1.30 17,82 oLl 4. 0149842 11884.59 7.38
g 37 32 (couclulded) 3. 8730049 7464, 57 4.64
i’ [O7:30F:120 I 66 32 44.20 —1.98 4. 0507748 11240, 22 6.98
E | U.S. Naval Obgervatory t .. . 116 46 (concluided) 4, 2306006 17005, 94 10. 57
',:_ i Causten oooaanaanianl. . l 51 13 26.63 + .26 26.89 0.13 4, 1717550 14850. 98 9.23
2 Hill i e 11 59 38.39 — .84 < £ 15 T [, 3. 5973382 3958. 57 2.46
w
TU. 8. Naval Observatory i 114 38 (conclu/ded) 27,00 ..., 4. 3080755 20327,10 12.63
Hill ‘! 23 44 52. 45 + .84 53.29 0.31 3. 9545400 9006, 17 5.60
Beminary - ceeieiii e i 41 36 40.72 — .70 40.02 ... ..., 4. 1717551 14850, 98 9.23
17, 8. Naval Observatory ............. 128 34 (concluided) 37T.3L oo 4. 0749842 11884. 50 7.38
| Seminary ... 15 05 36.02 4 .70 36.72 0.07 3. 5975383 3958. 57 2.46
L Cousten ... ... ecveme-| 3619 46.30 — .2 604 | 3. 9545400 9006. 17 5.60
| |

*Old steeple. 1 Station east of dome.
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APPENDIX No. 9.
DETERMINATION OF TIME BY MEANS OF THE TRANSIT INSTRUMENT.
[Prepared for the Coast Survey Manual by C. A. Schott, ussistant.]

(1.) General remarks on the use of the transit instrument.—This paper exclusively refers to the
portable transit instrument, (as used in the Coast Survey,) and when mounted in the plane of the
meridian for the purpose of obtaining local time from observations of trausit of stars in connection
with an astronomical clock or a chronometer keeping sidereal time.  For such modifications and
additions to the instrument which will specially adapt it to the determination of the difference of
longitude by the electric telegrapl, the reader is referred to the article on that subject ; for some
remarks on the adaptation of the instrument to the determination of latitudes by temporarily con-
verting it into a zenith-telescope, and on the determination by it of a meridian line, see the papers
on the zenith-telescope latitudes and on astronomical azimuths. The instrument is not now used
on the survey for determining the latitude when mounted in the plane of the prime vertical. The
reduction of transit obscrvations is essentially the same whether we note the time by eve and ear
or by chronographic registration. In using the former method the observer will, of course, pick up
the beat of the chronometer himself, and will estimate the time of transit to the nearvest tenth of a
second.

2.) Description of the instrument.—Two sizes of portable transits are employed on the survey,
the larger one (made by Troughton and Simms, of London) being especially used for telegraplic or
astronomical longitudes, the smaller one (mnade by Wirdemann, of Washiagton) to supply the local
time for astronomical latitudes and azimuths, or for other minor purposes. In case of necessity, and
when we are satisfied with an approximate degree of accuracy, any ordinary astronomical theodolite
(altazimuth instrument) may be converted {femporarily into qud used as a transit. The larger sized
transits have a telescope of forty-six inches focal length, with a clear aperture of three inches, and
maguitying powers, as geunerally used, between 80 and 1205 they are provided with reversing appa.
ratus, in which the telescope is raised and lowered by means of an eccentric cam, rendering the
operation of reversing safe and expeditious. The smaller sized instruments have telescopes of
twenty-six inches focal length, with two inches aperture, ordinarily used with a maguifying power
of forty. This exceedingly portable instrument, with its folding frame, is shown on the accom-
panying plate, No. 29,

Either five or seven threads are stretehed vertically across the diaphragm with two ¢lose hori-
zontal threads at right angles to the former. For telegraphic operations with the chronograph
there are five tallies of five threads each. The star i$ made to traverse the field between the hori-
zontal threads, and the eye is kept directly in front of each thread, in suecession, by means ot a slide
moved by lmnd All the instruments are supplied with prismatie eve-pieces.,

The finders in the smaller instruments are four inches in diameter, and by means of Vermms
can be read to single minutes; one geunerally is graduated for zenith distances, the other for alti-
tudes, to suit the convenience of the observer. The striding level is filled with ether, hermetically
closed and supplied with a chamber to regulate the length of the bubble at all temperatures. The
sensitiveness of the bubble is such that a change of one second of are is represented by about
© one millimetre. It is not customary to observe stars by refleetion in mereury; the use of meridian
marks, where practicable, is left to the option of the observer.

(3.) Adjustment of the instrument.—The stone pier, block of wood, or other support for the tran-
sit may be set approximately in position with regard to the meridian by means of a compass needle,
the magnetic declination being known and allowed for. The top of the pier is levelled and the
frame of the instrument placed in position, so that the transit axis coincides as near as wmay be with
the plane of the prime vertical ; the adjusting screws of the Y's, both for horizontal und vertieal
motion, are placed nearly in the middle of their position; the striding level is caretully adjusted
and the transit axis of the telescope levelled. The threads are then placed in the focus of the eye-
piece and set vertical. The telescope is adjusted to si dereal focus, The adjustment for collimation
may be effected by means of a distant object or by means of a collimating telescope, the axis being
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reversed in its Y’s during the operation ; this method suffices for the portable instrument and gives
a first approximation to be afterwards tested and perfected by means of' transits of stars.

The local time may readily be obtained by the use of a sextant, with an accuracy within a frae-
tion of a minute, and the latitude may be found either by a map or by the same instrnment, the
nearest minute of arc being sufficient. A small altitude aud azimuth instrument may also very
advantageously be used for ascertaining with sufficient approximation the local time, latitude, and
direction of the meridian, for the purpose of placing the transit in position. To point the telescope
to a star when culminating, and supposing the finder to read zenith distances, we have for a star

{%of the zenith {=-4 ¢ 33—r where the upper sign refers to southern and the lower sign to

northern stars with respect to the zenith ; the refraction » may generally be neglected. The index
error of the finder may readily be removed by pointing to a known star and keeping it between the
horizontal threads when transiting, for which position the finder is to be made to show the correct
setting. The chronometer time of the transit of a slow moving (polar) star is next computed, the
telescope pointed to it and the star bisected with the middle thread at the computed time of cul-
mination, making use of the slow azimuth motion of the Y, or, if need be, by shifting the frame of
the instrument. The axis having been levelled we next set for and observe two close zenith stars,
one north, the other south of it, and with clamp east and clamp west, from which we obtain a very
close approximation of the chronometer correction on sidereal time. The process of bisecting a
circumpolar star may then be repeated, using the azimuth screw only for this adjustment, after
which the telescope will generally be found sufticiently near in the plane of the meridian to admlt
of commencing the regular series of observations.

(4.) Method of observation.—Generally a series of observations commences with transits of stars
selected to furnish instrumental corrections, then follow trausits of so-called time stars; and the
night’s work is concluded by again observing stars of the character first-named.

The deviation from horizontality of the transit axis is determined by level readings, for each
starx, if possible, and the inequality of pivots is allowed for. The value of a division of the striding
level is ascertained by any of the methods explained in connection with the zenith telescope, and
the effect of temperature is to be allowed for, if seusible,

The collimation is ascertained by observing one-half of the number of stars with clamp E, or W ;
then reversing the telescope and observing the remaining half, clamp W, or E; or we may specially
observe for it, noting the transits of a close circumpolar star over one-half of the threads, then
reversing the telescope and mnoting the remaining transits over the same threads, (now presented
in the reverse order,) it is well to note the state of the level during each transit.

Thedeviation in azimuth is obtained from observations of stars differing considerably in declina-
tion, (sometimes called high and low stars,) but little in right ascension, or from observations of two
close circumpolar stars, one culminating above the other below the pole, and having a difference of
right ascension not differing much from 12 hours. It is not safe to rely on the stability of the instru-
ment and the constancy of the rate of the chronometer by observing the same star at upper and
lower culminations immediately succeeding. Knowing the reading of the azimuth screw for the
two states of the instrument in which the azimuthal deviation has been determined, the value of
one division of its micrometer head becomes alse known. It is well if the sum of the azimuthal
corrections for the circumzenith stars nearly balance, and for any two zenith stars if the mean of
the tangents of their declinations equals the tangent of the latitude, the deduced chronometer cor-
rection will then be free of any error in azimuth.

In making up his observing programme the observer, in the first place, selects his stars from the
list of standard mean places of circumpolar and time stars, prepared for the use of the United
States Coast Survey by Dr. B. A. Gould, (second edition, Washington, 1866,) and in the second
place, from the positions given in the American Ephemeris and Nautical Almanac, and in the

inglish Nautical Almanac; should more stars be desirable, they may be selected from the three
Greenwich eatalognes in preference to others.

If more than one observer engages in the same series of observations, their personal equation

must be ascertained by methods explained in the telegraphic determination of longitudes,
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(3.3 Method and gorwule of reduction.—The nsual fornmmla®* for yednction of transit observa-
tions with portable instruments arve here given in a coneise form and in order to facilitate their
application, tables of transit fuctors accompany this paper.  The formule are arranged with refer-
ence to the mean of the threads, and not to the middle thread, which Iatter may be more conven-
ient in fixed observatoriesin connection with collimators, and where the instiument is less treguently
reversed.

12h

Eynatorial intervals of threads.

To determine these select complete transits of stars of great declination,
Let ti .6, . . . %, be the observed times of transit over the successive threads,
and #4373 . . . 4, their equatorial intervals from the mean thread, and ¢ the declination of the star,
i
t=S(ti+ b+t . . 1)
iy = (t; —f)cos 4
iy = (t,—1)cos d
etc.,
iy = (t,—1¥) cos &
also, o0=i;+H%+4; « . . +iy

The intervals of the threads $ east } of the mean thread will be Uat upper culmination,

west -+
For stars within 10° of the lpolg, (as for ¢ Urs. Min., 51 (101)11(“1. P(fhu'h, and 4 Urs, Min.) use
the for nmlae :
=(t — 1) cos 8 Veos
etc.,
p=(f, — 1) cos 6 Vcosz, where ry 73 . . . w, the hour angles of the circumpolar star at the
successive threads.
‘When the chronometer has a large rate the intervals require to be corrected for it,

Incomplete transits.

When the star was not observed on some of the threads, the time of transit over the mean of
all the threads may, by means of the known intervals of the threads, be found as follows:
sum of equatorial intervals of missed threads x sec s
t — mean of observed hmes-}— B
number of observed threads.
1 the transit over one, or a few threads only, is observed, we may use the formula
sum of et lldt()lld} in =nals of observed thr eads
t =mean of observed times 4 o0 O Squatoria te u x.
number of observed threads.
taking care, however, first to change the sign of the intervals.
In reducm"bml\en transits of a circumpolar stay use i, ¥gec - & Vsec 75 » + » i Vséc o,

in the place of the equatorial intervals ¢, ¢, . . . 1
* For a full discussion of the use of the transit mscmment the reader may be referred to Professor W. Chauvenet’s
Manual on Spherical Astronomy, Philadelphia, 1863, vol. ii., pp. 131-209.
8
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Apply also a correction for rate, if necessury.

P
i

; |
T ‘ log ¥/cost | log ¥/secr | = |log VeosT log /seer 7 o log VeosT log Vsecr
il ! I
! i i T ; :
Jm 9, 99909 0. 00000 | 16w 9.99965 . 0.00035 . 31m: 9 99867 0.00133
2 yo or 17 960 | 040 g2 B58 | 142
3 99 | 01 | 18 955 | 045 1 33 | 849 | 151
4 98 | 02 | 19 950 050 . 34 | 840 | 160
I 97 | 03 20 945 055 & 35 | 831 ¢ 169
6 95 0% 21 939 061 . 36 821 ! 179
7 93 07 22 933 067 1 37 811 | 189
g 91 09 23 927 073 38 800 ¢ 200
[ g9 11 24 921 1 079 . 39 789 211
10| 86| 14 | 2 914 | 06 - 40 778 | 292
11 A 17 || 26 907 | 093 41 | 767 ] 233
12 80 20 27 209 101 42 | 756 | 244
13 77 23 28 202 108 43 744 56
14 w3 27 29 falat ] 116 44 732 268
15 9. 99969 0.00031 it 30 9.99376 | 0.00124 45 . 9.99719 | 0.00281

Correction for rate of chronometer.

A correction for rate of chronometer must be applied to the mean ot the threads; it is done as
tollows: Let T he an assumed sidereal time (it is convenient to have it an exact hour) near the
middle of the interval of observing the group of stars, r, the hourly rate of the chronometer, which
is known approximately, and « the right ascension of the star observed; then—

Correction for rate = (« — T)r),, the quantity « — T being expressed in hours.

Rate 15{ __i' ; when chronometer is { :::111]111?(121;; ;

Corvrection for inclination constant.

Let 1w e the west and east readings of the level,
2wl ‘@ 133 “ i ¢ when reversed,
d the value of one division of levels, expressed in seconds of arc,
west }

b thelevel error, or the inclination of the axisof the instrument; it will be f i } when { east §

l
is too high.

b=% ! (4 w)—(e+¢) } LI, or = { (10 4 w')—(e4 €) } L[

{ 15 60

and correction for level error, in seconds of time, b cos (¢—0) sec d=0D,

o : o upper . . oy .
8, when north, IH% '_"_} for { 13‘3,01_ } culmmination; when south, it is negative.
For a star reflected in mercury, B changes sign. The factor B is tabulated for various values

of ¢ and zenith distances = { i ; (¢—23) for a star { :;2)111'31 } of the zenith.

Correction for inequality of pivots.

The correction for inequality of pivots, supposing them circular, applies directly to the
level constant. If the same V gives level reading too great (is high,) both before and after
reversal of instrument, half the difference of the level correction is the effect due to the difference
of diameters of the pivots; but it the east V shows high{ b:tifelle } and the west V high { bdeitt‘f:e }
reversal, half the sum of the level corrections gives the effect. The half of the effect is the correction
to the level constant for inequality of pivots, (the transit axis passing through the centres of the

pivots,) { I } to : L‘;ﬁh } pivot.

Correction for collimation of constant.
Let c=error of collimation in seconds of time.

€ast 1 of line of collimation.

At upper culmination ¢ is { +1 when mean of threads is { o
— west §
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—_ . east
! when mean of threads is §east

] ]
U+ | west §

; . : : \ | upper . .
Correction for error of collimation = 4 ¢ sec 4, g + ; for : ]({\E‘(-r ; culmination,

= &+ ¢ ¢, where C = collimation factor, for which see foot of

At lower culmmination ¢ Is of line of collimation.

the table.

To find the error of collimation of the telescope by means of a close eircumpolar srar: Note
the tramnsit of the star over the first series of threads, including or excluding the middle thread;
then reverse the axis and note the trausit over the same threads, now in the reverse order. Find
the time of transit over the mean of all the threads, both before and after reversal by the method
already explained, and correct for rate, inclination, and inequality of pivots, if necessary. The
state of the level should be noted for cach thread.

Let ¢ =time of transit before reversal and ¢/ after reversal. then for

upper culmination ¢ =3 (t'—1t) cos ¢ for position of axis before reversal.
lower o c=4 (t—t)cos o i “ i “

Correction for deviation constant.

Let a =the azimuthal error in seconds of time.

1

ais { i ;\\'hen plane of telescope is § east }

} wWest
Correction for azimuthal deviation ¢ sin (¢—9) sec d=a A.

of sonth.

. . per . - .
¢, when north, is { i :> for { }2‘3& } culmination ; when south. it is negative.

The factor A is tabulated for various values for ¢ and 2, _

To find the azimuthal deviation from the transit of two stars, which differ considerably in
declination : Let the observed times of transit he corrected for rate, inclination, inequality of pivots,
and collimation error, then
a={"=1)='—1)

A—A
where ¢ ¢t A and «’ ¢ A’ the apparent right ascension, time of transit, and azimuth factor, respec-

tively for the preceding and following star. It will be seen that A is g j'_ } when the star enlmi-

nates { :,?Eg: } of the zenith, and at the lower eulmination it is also positive,

For lower culminations the star’s right ascension is to be increased by 128, Tt is desirable that
the low star should differ over 500 in deelination from the high star, and if two close circumpolar
stars are observed, their right ascensions should differ 12 hours.

Correction _for diurnal aderration.

When great precision is required apply to the star’s apparent right ascension the eftect of the

diurnal aberration = { + } 05021 cos ¢ see & for g ;2:? :If } culmination.

Personal equation.

Let the transits of a star over the first serics of threads, including or excluding the middle
thread, be noted by one observer, and the remaining transits by the second observer; reduce the
observations of each to the mean thread by aid of the known equatorial intervals, the difference in
the results will be the personal equation. A number of stars may be observed in this manner,
with the observers leading alternately, and the wean of all results must finally be taken. It is
desirable that not less than 20 stars be observed.

Chronometey correction,

The corrections to the observed time ¢ of the transit of a star, for instrumental deviations,
using Mayer’s formula as above, becomes @ A -+ 5B + ¢ C and conscquently the chronometer correc-
tion (on local sidereal time) dt=a—(t+a A +bB+cC.)
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(6.) Eeduction of transit observations by application of the method of least squares.
?{;)\‘: } at an assumed middle time T,
Htt; . . . =the observed times of transit of a number of stars forming a group, corrected

for rate, inclination, and inequality of pivots.
aymp 0y . . . =their right ascensions.
A; A, A; .. . =their azimuthal tactors,
C; G, Cy o . . =their collimation tactors; let also

a;—t =1y

Let J4T,= the chronometer correction { __'t } when {

Ay =Ty =1y
Gg—Fy =173
&e.,
and 4T, = 4T+ 3T where 3T is an unknown correction to an assunmed chronometer correetion 47T
also let

T AT =d,

Tz—."JT=l]2

Ty AT ==l
&e.,

the values of a ¢ and 6T are then to be found from the conditional equations, from which we form
the normal equations:
2T+ ZaA 4 2eC=2d
I0TA4TaA?4+ SeC.A=3dA
ITC 4 JaACH ZeC?=3dC
It is essential for the proper use of these formulie that the instrumental deviations should not
have changed daring the interval of observation of the group. If the equations are specially used
for the determination of the instrumental constants, the stars entering into the group should differ
widely in declination and the axis should be reversed near the middle of the group; stars observed
at their lower culmination answer the same purpose as a reversal, and should, if possible, be
included.
Stars observed near the zenith, on both sides of it, and with the axis in a direct and reversed
position, answer best when the chronometer correction is sought.
If the collimation error is already known, and the observed times are corrected for it, @ and 5T
require to be found; in this case the above equations become
YT+ 2aA=3d
SoTA+ TaA2=2dA

Probable error of transit observations.

According to Chauvenet, the weight w of a given observation with respeet to the number of
n(N+3 -
w4 ) where N
N(n+ 3)

n == number of threads observed. The following table contains the valnes of 2 for the two cases
of 5 and 7 threads in the diaphragm:

threads observed may be represented by w = =the total number of threads and

el .
1 0.40 0. 36
2 0.64 | 057
3 0 080 | 0.71
4 0,92 1 0,82

5 0 L00 | 0.9
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Weights are introduced by multiplving the respective eonditional equations with their proper
value of /e hetore we proceed to the formation of the normal equations,

The probable error of the deduced chronometer correction is found as follows: Snbstiture the
alues found for the unknown quantities in the conditional equations and form the residuals ]
and the sum of their squares [+r]. It m = the number of conditional and » the number of normal
cquations, compute the probable error < by the formula

~

Next find the weight p of the quantity ¢ T by aid of the normal equations, ax explained by the
method of least squares, the probable error =, of the chronometer correction 47T, will be given Dy

=

f0=7%
There is, however, a lmnit, which is soon reached, below which the probable error cannot be reduced
by the use of any number of stars, it is perhaps not far from £ 05 05,

If we simply make use of the residuals [r]of the mean chronometer correction, and that deduced
from each individual star, the probable errox g, of the ehronometer correction 47T, may be found by

- Tl
gp = 0. 67 /1 L
N (i —n) i)
instrumental constants determined.  The value ¢ is Hmited as above,

where m = the nunber of stars, and » the number of

The factors A =sin (¢—4) secd

B = cos (¢—2) seed

C=sec?d
are given in the tuble,

(7.) EXAMPLE,
TELEGRAPII HILL, SAX Fraxeisco, CAL.,, Jwne 19, 1853,

@ =070 4870, A =:122° 23°.3 west of Greenwich. Transit NXo. 7. Sidereal ehronometer No. 5038,
G. D., Obscrver,

Objeet oo oot a Virginis, l n Urs. Maj., | n Pootig, Lon9AT.Y.C. L 113 TUY. (SR a Bontis,
Appearance il m o —xt. ‘ : nL—st. thr, el’ds © m. high wind | m.—=st. high wind [Tkt fam,
Declination. .. —_102 24 i : Rl R e - 207 1 —9° 33 i + 1ud 577
Position, CATID - - cur ceennnnemannnn ’ W, ) 1 w. : . ! E. ! ol
! ! o _ H N o 7" _
Level o vmne e W2 2W6.6 20,7 2.6 [oevmmmnamaemnanne ) 26,1 20.3 : P % M B N
Boand W ooooioiiieniienan s 214 28.0 226 284 ficveeeiocieennenn. [ORBT 23 ... B3 2RO
khoom. s ‘ hom. & o om. s, i h, w. s _ Aomo E
30 556 | [ 14 €3 ' 14 00 53.2
10 28.2 | T (04 09 81,2
0.7 | L5 05 09 082
41335 | 1 04 i 08 46.5
42064 | 3.7 | 04 i 02 23,7
42 38,2 | 4 04 : £ 02.1
; 13 43 11,2 1 T [2C T R,
B (T i 13 17 16.49 13 41 33.54 | 13 47 30. 04 \ 14 00 13.74 14 04 52.70 i 14 08 46. 38
COEr'M. fOT IBY8. e oo canamenaanns] — 0.01 — .01 .00 ! 000 | .00 ; o o0
inelnation ...e.eouiaen.. [ (5 - R 0.5 0 o+ 037 4 w3 o+ 010 - 015
collimation. . o= 0.17 | — 0. 27 — 0.1 -4 040 § -+ 0.17 be — 018
Aeviation ............... [ 0.27 | 4 012 | - 0,12 - 0,38 - 0.9 | — 012
! ' i | i
Reduced transit. .. cc.vcomeeenoana. J 13 17 16.22 13 41 33. 42 3 13 47 30. 11 14 00 14,82 | 14 U8 406,59
Tabular right ascension . .. | 131720.05 | 1341 45.89 1347 4215 | 14 00 26,76 | 14 08 3% 54
|

Correction of chropometer

GO 11,94 000 1LuS

40001183 | +0001LOT | 4 0001204 ;-
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Interval of threads, clamp W.:
s.
1. —62.80 One division of level seale 05,0953,
II. —42.05 Approximate hourly rate of chronometer 490502,
IIl. —:20.51
IV, + o001
V. 4+ 21.04
VI +41.92
VI + 62.62
The reduction of the above transits may be proceeded with as follows:
Reduction of imperfect transit of o Virginis:
Sam of equal intervals of missed threads —125%.36
log sum 2.09816n
log sec & 0.00719
co-log 4 9.39794

1.50329n — 315.86
Mean of observed threads, 13" 17 48 .35
Time over mean thread, 13 17 16 .49

Reduction of imperfeet transit of « Bootis:
log interval 1.79671n
log see ¢ 0.02688

co-log 6 09.22185

1.04544n — 11810
Mean of observed threads, 14" 08™ 57 48
Time over mean thread, 14 08 46 .38

Correction for inclination:
For « Virginis b=-0.26 from the table B=0.68, correction 0B=+105%18 &c. For 5 Bootis, b inter-
polated =+ 0.37; and for 1131 T. Y. C. b=+ 0.15.
Azimuthal deviation from a high and low star:
Yor the stars 1125 and 1131 T. Y. C. we have—
o —a=4™ 3799 and A’=+40.74 A=—1.08 by the table.
t —t=4 38 .76 supposing for the present the collimation zero,

a =— 0.77: 1.82=—0%42. (The value of « will be finally determined by means of the
method of least squares.)
TPor this method we assume T,=14%, also 4T== 400 O™ 125,
we next form ;= 4 11439 &C..oonn Te== 412501 .
and di=— 0.61 &C.oL ds= + 0 .01
The valnesof A and C are taken from the table; with respect to the sign of C it has been assumed
+ for clamp E. and upper culmination.,
It we give equal weight to each star the following arrangement will be convenient :

| : !
Star, " r d A ‘\‘ . © dA | aC A* . AC ; o
k. om, EX j | X
@ VIrgnis .ooeoeneenn . L4000 1130 06t | H0.T6 -z —0.46 °  10.62 0. 58 —0.78 1.04
7 U Mioris. oo eenenon 182 —018 | =033 |  —1.56 +0.06 40,28 011 ¢ 0.5 2.43
7 BOOS « aaeaaeeaas] L7 T —0.26 | F0.34 | —1.06 —0.09 } 4098 212 —0.36 1.12
125 T Y. . ! e 4072 ;0 —Lo8 | 4238 —078 | 417 L1 | —esr 5. 66
13 T.Y. C. oes b o0 | L0740 | o2 —0.04 | —0.05 0.35 4075 1.04
a Bootix . ... 1201 . 4000 L 5033 | +1.06 0.00 | +0.01 01l | 4035 112
| ‘ | - é 1
; S= 1 =09 | +0.76 ] +0.82 —131 | sees 26 | 210 12.41
i I 1] i
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6 ST+ 076 + 082 ¢ =—0.37
~+ 076 0T + 2,64 ¢ — 2.10¢ = —1.31
+ 0.820T —210a 4 1241 ¢ = 4 2.35
which normal equations give 0 = —0°35 ¢ = 4 0317 T =— 004, henee, 3T, = 4 0 0 11296,

If we introduce weights on account of the imperfect transits, that of the fizst star is 0 = 0.32
and of the last 0.95 and the conditional equations of the form.

T 4 a4 + ¢C' = d require to be multiplied by V&, but it is more convenient first to form the
products as usual, and before summing to multiply by 2r; our nornmal equations then change to

5.977 0T 4+ 0.61 ¢ + 0.93 ¢ = — 0.26
4+ 0.61 6T 4+ 233 a— 1,97 ¢ = —1.23
+ 095 0T —197a + 1217 ¢ = + 2.73
which give a =—0%30 ¢ = 4+ 017 and /T =—0~.04. In this case the introduction of weights
affects only the third place of decimals in the results.

If we introduce the corrections aA and ¢C and work out the chronometer corrections for each
star, we tind the guantity v as follows: — (513 4 0501 4 05.08 — 0°.02 4+ 0708 and — 0501, As-
suming an equal weight for each star, or w =1, we find ¢, = 4 0°.03.

The following observations at Telegraph Hill, October 26, 1363, instruments and observer as
before, furnish an example of the computation of the collimation constant for transits of a clrcun-
polar star.

867 T. Y. C. at Lower Clulmination.
: J =850 0/

22 04 257 | IV~ —
00248 V 08 276
—_— — VT —
52 268 | VII | 22 16 222
1 ‘

We have 4L, = 4 0" 0320759, also b = + 0.30 and 4 0.17 for W.and E., and B = — 6.22, henee
correction b B to times, clamp W. and E. — 159 and — 151,  We now refereach thread to the mean
thread: For thread VII—

k. m. !
Observed time - - 21 524 | log Vs - - - 0.0002
4T, - - - S+ 0031 logiy - - - - 17967
Observed sid. time - 21 555 | log seco - - - 1.0597
a4 12b - - - 22 076 2.8566 71848
T . . - ; 121
‘ he w5 o oo o8,
Observed time over VII corrected for inclination - 21 52 249 22 16 21.1
Reduction to mean thread - - - - - 4+ 1883 — 11 583
Transit over mean thread - - - - - 22 04 237 22 04 223
From thread V we find similarly - - - - 243 25.1
From thread I'V we find similarly - - - - 239 |
=22 04 240 | ¢=22 04 237
log () 9.477
log cos & 8.940
co-log 2 9.699

log e 8.116 ¢ = 4 05,013 for clamp W,
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Azimuth factor A-—sin { see 4.

Star’'s declination + 6, Inclination factor B=——cos { sec .
.
w’ i | H i i
! !
200 |\ a0 040 0 R0 \‘ 30° 290 34C ‘ 960 RIS 400 410 490 432 440 AGC 460 ‘ 450 4Q0 400 | poo
| | | | |
N i | i
02 R .02 L0 .02 LR .02 L02, L2 .02 LR L0 02 .02 iy L i) €y .03 .03 ! , 08
.04 .04 04 04 RUEEEN ] .04 4 o . 05 05 05 05 03 K 05 05 05 05 05
L06 ! .06 .08 06 06 R .06 U6 06 07 .07 07 07 07 07 07 07 LOR LOR .08 LOR
07 ¢ .08 .08 . 08 0B i .08 08 : 09 09 09 il L9 .10 L 10 il ) L0 10 .1 11
.08 L0y 0 L1 1 : V10 10 10§ LI 1 .1 1 Y 1R 12 12 13 13 13 13 213
| | | |
I L1 L1t W12 12 L1 .13 13 .14 .14 14 i L5 15 16 .16 L 16
13 .13 13 .14 .14 15 15 R 16 16 1 A7 18 L1800 1x I AL
15 W10 13 16 .16 ki w ¥ IR L8 L1g .19 19 it 2A) 21 .21 .22
W17 AT L1 LT 18 L9 14 @) R0 L4l 2] .92 , 99 a3 93 L4 .4
19 .19 19 19 .21 I3 I I .23 .23 24 .24 a5 25 1 .o A a7
| i
L2 L2 2 .21 fRin] 23 : .24 26 L7 08 ' 20 .30
L L9l .43 .23 25 ] .26 .28 .o .30 32 N
ot ;| sl w o e Al W “3 LTI
.26 .26 27 L2 M L R9 .30 .33 M L33 7 L3R
.9 LR R 20 .3t L3 .32 235 .36 37 29 .40
I |
|
.29 .30 .31 33 .33 .34 .36 3T .38 3R il .40 40 ‘ .41 42
.31 L3 .33 .M L33 L36 L3R .39 .40 .41 .4t .49 .43 .44 45
.33 .33 L34 a6 37 .38 L4 .42 .42 .43 A4 .44 .45 . .46 A7
s 1 .36 .36 a8 L34 .40 42 44 .45 .45 .46 A7 48 .40 5
.36 W37 .38 A0 L4t A2 .45 46 .47 .48 .49 49 50 .ol Ry
.38 .30 .39 40 41 .41 .42 .43 .44 .45 .49 ] .51 52 .54 55 .56
.40 40 41 .42 .42 .43 .44 45 .46 g5 51 o2 o3 54 ) 57 . he
.42 .42 .43 L44 .44 .45 .46 .47 .48 i) .53 .54 85 56 .58 L6000 .61
.43 .44 .45 .45 .46 .47 .48 .44 .50 .02 .56 o7 iR .59 . 61 .62 .63
.45 .46 . 46 47 48 .49 - 50 .ol .52 Lo ) it] .60 . 61 ! .63 C6d .66
: ‘ | :
.47 A7 48 40 Rl s .52 .53 54 56 W57 .58 .60 .61 62 , 63 Rl 63 67! [
.48 .49 50 .51 .51 52 .51 .55 a6 ) .59 . 60 .62 .63 (i 3 L65 . BT it .60 7l
.50 .51 .51 .59 53 54 55 57 .38 .60 .61 .62 .64 .65 o6 L 68 £ R .72 I
.52 ’ .52 .53 3 .85 56 .57 LOR .60 Ril .63 64 . 66 .67 .64 70 T ™ bes B
o3l 54| .55 L6 5T 381 590 .60, .62l .63l 65| .66 et | 7 73 75 76 ™
|
.55 .56 .56 .57 .58 59 .61 .62 L6t .65 .68 .69 70 .72 .73 V74 75 7 VTR LR
. of AT , 08 oY .60 .61 63 .64 , 63 T 70 Tt 72 .74 il LT T’ L9 .81 82
V58 .59 .60 .61 .62 .63 .64 . 66 BT ] T2 YA LT4 .76 LT7 vt LRO .8t L83 .5
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APPENDIX No. 10.

DETBRMATION OF THE ASTRONOMICAL LATITUDE OF A STATION BY MEANS OF THE ZENITH
TELESCOPE.

[Prepared for the Coast Survey Manual by C. A. Schott, Assistant.]

(1.) General remarks on Talcott’s method.—The method of determining the latitude or the decli-
nation of the zenith by means of the zenith telescope has been repeatedly described ;* it was orig-
inally devised by Captain Andrew Talcott, late of the United States corps of engineers, and was
designed about the year 1834. It substitutes micrometric measures of small differences of zenith
distances in the place of measures of large arcs, and it is to this improvement that the aecuracy
and facility of the method is chiefly due. In its application to latitudes we measore the small
difference of zenith distances of two stars culminating on opposite sides of the zenith, at nearly
the same altitude, and not far apart in time.

(2.) Since its introduction in the Coast Survey in 1846, the instrument has received some modi-
fications to adapt it more fully to its use for latitude determinations, and it has now superseded all
other instruments designed for the same purpose. The telescope turning freely through the zenith,
and its horizontal axis being capable of accurate levelling, it was proposed by the late R. H. Faunt-
leroy, assistant United States Coast Survey, to determine also the local time by means of this instru-
ment, and it has been so used, giving results of sufficient precision for the determination of the
latitude. On the other hand, Professor C. 8. Lyman, of New Haven, suggested and practically
itlustrated t the temporary conversion of the ordinary transit instrument into a zenith telescope by
attaching to the former the delicate level and micrometer; the great advantage of this combination,
both in regard to economy and facility of transportation, need not here be pointed out. Protessor
Chauvenet also remarks that the instrument may be applied for finding the longitude from equal
zenith distances of the moon’s 1¥nb and a neighboring star.

As the time does not require to be known with great precision, the nearest second or two being
ample, it may be obtained either by a sextant, using the method of equal altitudes, by a small porta-
ble transit or by the zenith telescope itself; in the latter case a meridian mark with two lamps,
differing from the middle line exactly by the distance of the vertical axis of the telescope from its
line of collimation, will be found convenient.

(3.) Deseription of the instrument.—Referring to the accompanying plate (No. 28) exhibiting the
instrument as now constructed, a brief and general description of it will suffice. The telescope has
an aperture of about 33 inches, and a foeal length of about 45 inches, and admits of observing with
convenience, stars of the 6% or 7th magnitude. The magnifying power used varies between 60 and
120. The tube turns fully round a horizontal axis of about 7 inches in length, and is balanced by a
weight in such manner as to prevent unequal pressure and flexure of the axis. This axis is supplied
with a striding level, and when horizontal the line of collimation of the telescope will move in a
vertical plane; it is perforated and polished, and the light of a lamp passes through it for the illu-
mination of the micrometer and other threads® The vertical axis is supported by a column about 24
inches in height, and at its lower end carries a clamp and vernier in connection with the azimuth
circle. The horizontal circle is about 12 inches in diameter, and is graduated to read to half min-

* 8ee The Journal of the Franklin Institute, (Philadelphia,) of October, 1838. It contains remarks upon the method aad
an abstract of results, by Professor Courtenay ;

A report by Major Emory, United States topographical engineers, in connection with the northeastern boundary survey
of the United States ;

A pamphlet by Captain T.J. Lee, United States topographical engineers, and assistant United States Coast Survey,
dated April, 1848;

A pamphlet by the late A. D. Bache, Superintendent of the United States Coast Survey, New Haven, 1852, being
extracted from the American Journal of Bejence and Arts, vol. xiv, second series. This paper was read before the Ametican
Association for the Advancement of Science, at their fifth meeting in Cincinnati—ride vol. v, p. 151 ;

. An article in the United States Coast Survey Report for 1857, pp. 324-334; and

An account in Chauvenet’s Manual of Spherical and Practical Astronomy : Philadelphia, 1863, vol. ii, pp. 340-366.

1 On the transit instrament as a substitute for the zenith telescope in determining latitude, and on the latitude of New
Haven.”” By Professor C. 8. Lyman. American Journal of 8cience and Arts, vol. xxx, July, 1860.
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utes or less; two movable stops can be applied to it, defining on the instrument the position of the
plane of the meridian, and without interfering with the motion while reversing. The whole rests
upon three foot-serews, by means of whieh the instrument can be levelled.

A delicate level (value of one division about  of a second) at right angles to the horizental axis
is conmnected with the telescope, and revolves on a centre so as to indicate the inclination of the
telescope; concentric with the level pivot and firmly connected with the tube is a graduated twelve-
inch semicirele, or a six-inch full circle, on which zenith distances are read off to within 30/ by means
of the arm and vernier attached to the movable level. The telescope can be set to any inclination
and clamped ; for accurate pointing the bubble is brought into the middle by a fine-motion serew.

The micrometer screw carries a movable thread for the measure of the difference of zenith dis-
tances; its head is divided in 100 parts, of which tenths may be estimated ; the whole number of
turns are read off by means of a rack shown on the side of the ficld of view. The value of one
revolution of the micrometer is about 45, There are also two fixed threads parallel to the microme-
ter thread, about 13 or 20/ apart, indicating the range between which the latter is ordinarily
employed. To provide for the case of transit observations there are also five equidistant vertical
threads inserted symmetrically over the optical centre.  For convenience of observing, the telescope
is supplied with a prismatic eye-piece.

The instrument may be mounted on blocks of stone or wood.

(4.) Adjustment of the instrument.—When setting up it will be found convenient to place two
of the foot screws in an east and west line; the adjustments of the instrument may then be made
as follows: The vertical axis is to be made truly vertical by means ot a striding level which should
not change when the instrument is made to deseribe a complete revolution in azimuth. The
verticality should also be tested by the more sensitive level of the setting circle in order to avoid large
level corrections or a change in the position of the telescope. The horizontality of the transit axis
is tested by the reversal of the striding level. The eye-piece is next adjusted to sidereal tocus by
means of the definition of a circumpolar star and the threads of the diaphragm are properly focused.
1t is important that this adjustment should not be disturbed during the obscrvations, and to make
sure of it a leaden collar is sometimes employed to keep the sliding tube in position. The horizon-
tality of the micrometer thread is proved by an equatorial star running aleng the thread, or by the
same appearance, of a polar star, when the instrument is turned in azimuth, and the verticality of
the system of transit threads may either be inferved from this last adjustment or may be tested hy
the bisection of a distant well-defined terrestrial object, when the telescope is slightly elevated or
depressed. The same terrestrial object may be used for the adjustment of the line of collimation,
which may be effected by two positions of the instrument exactly 180° apart in the readings of the
azimuth circle and making allowance for eccentricity; thus let d=distance of vertical axis
from the line of collimation of the telescope, D = distance of object, and p=purallax, then
P= I‘)_si(fl_‘l“' A perfect adjustment, however, may be made by means of two collimating telescopes,
or by the method employed when using a transit instrument in two positions of the clamp for the
same purpose.

The reading on the horizontal cirele, of the plane of the meridian, is ascertained by means of
the known chronometer time of the culmination of a slow-moving star, which is bisected at that
time by the middle thread and the corresponding reading of the circle noted; clamps are then
applied to indicate the meridional position with the telescope pointing north or south of the zenith,

(5.) Selection of stars for observation.—The observer will next prepare an obhserving list of pairs
of stars, containing the catalogue number of the star, its magnitude, the right ascension and
declination, the zenith distance, north or south, and the middle zenith distance of the pair, or the
setting. The weak point of the method is want of sufficient accuracy in the catalogne star places;
they may deviate as often one way as the other without doing more than inereasing the probable
error of a resulting latitude, but when the errors are of a constant nature they seriously affect any
deduced latitude which may depend upon them; hence too much care cannot be bestowed upon a
proper selection of pairs from the catalogues, and only those should be taken which have a satis
tactory or, at least, more than ene authority. The catalogues usually employed are those of the
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British Association and of the Greenwich Observatory ;* they will furnish, generally, from one to
threc dozen of pairs in our latitudes for almost any night in the year. The programme should
commence with stars of the earliest right ascensions permitting observation on account of daylight
and be continned to as early a morning hour as the observer may find expedient. If there is an
abundance of suitable pairs for the period, two lists may be made out covering the same time, but
observable on alternate nights. In selecting stars, suitable ones, culminating sub polo, should be
included, and catalogues should be particularly examined for stars passing so near the zenith as to
be within range of the micrometer with the instrument pointing north or south.

The latitude of the station requires to be known only within one or two minutes, which degree
of approximation may be had either from a chart, sextant observations, or by meaus of the finding
circle of the transit instrument, or of the zenith telescope itself.

The two stars forming a pair should culminate at nearly equal zenith distances, one north, the
other south of the zenith, and their difference of zenith distance should, if possible, not much
exceed one-half the breadth of the field of the telescope to avoid observing near its edge; about 15/ (or
at most 20¢) is the greatest range for our instruments. The interval of time between the culmination
of stars forming a pair should not be less than one minute, so as to give time, deliberately, to read
the mierometer and to turn the instrument in azimuth for observing the second star, aud should
not exceed about 20 minutes, to guard against possible changes in the state of the instrument.
The interval between any two pairs should afford time for reading the micrometer and level and
for setting the instrument preparatory to the next pair, for this three minutes suffice for most
observers. If the intervals between the pairs are unavoidably long, they may be filled up by
observing transits for time. Stars as low as the 7th magnitude may be selected, their places are,
however, generally not so well determined ; on the other hand brighter stars are too few in number.

It is desirable to select the pairs with regard to their difference of zenith distances, making
the sum of all the positive micrometer corrections equal to the sum of all the negative corrections,
which condition leaves the final latitude free of any effect from error in the value of the micrometer
SCrew.

No precise limit can be given of the greatest zenith distance compatible with the requirements
of the method, but it may be readily extended to 25° and beyond. The following specimen of a
list of selected pairs of stars will serve to show its arrangement.

*The catalogue of stars of the British Association, &ec., &c., reduced to January 1, 1850, &c., &c., by the late Francis
Baily, London, 1845. R

Catalogue of 2,156 stars formed from the observations made during 12 years, from 1836 to 1847, at the Royal Observatory,
Greenwich. London, 1849. .

Catalogue of 1,576 stars formed from the observations made during six years, from 1848 to 1853, at the Royal Observatory,
Greenwich, and reduced to the epoch 1850, Londomn, 1856.

Seven-year catalogue of 2,022 stars reduced from observations between 1854 and 1360, at the Royal Observatory, Green
wich, and reduced to the epoch 1860. Volume for 1862.
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Pairs of stars proposed for observation during August and September, 1836, with zenith
telescope No. 5, for latitude of station Mount Desert, Maine. Approximate ¢ =440 2171,

I | ' 1
Star No. ]Cata!egue. Mag. | a 4 ! e {N.or 8., Setting.
! H i |
i homos, e 4 o o !
6062 | B.A.C. | 53 | 17 47 24 1+ 40 01 ') 4 20 8.
6068 « 5% 5 45361 4002 | 419 8. 413
6129 o 5 | 5993| 4898 | 47 N.
6955 « 5 |181752| 4903 | 443 .
6268 “ 5% 19920 392 | 455 8. 4 46
6357 “ 6 | 3321, 3933 | 448 8.
6395 . 5 3950 5524 | 11 03 N.
6429 “ 3 4447 3312 | 1109 8. 11 o7
6522 “ 6 57 531 5527 | 11 06 N.
6553 “ 6 [19001560] 3217 { 1204 | S 2 10
6583 « 5 0857 5637 | 1216 ] N.
— o
9 9 57 - " ’
662 “ 63 1598 | 6257 | 1836 ! N 18 99
6637 “ 6 1658 2559 | 1822 | S
[T i

The columns headed « & £ contain the approximate right ascension, declination, and zenith
distance of each star.

(6.) Direclions jor observing.—The instrument being adjusted and the line of eollimation of
the telescope placed in the meridian, in which position the azimuthal motion is arrested by the
stops, the index of the vertical circle is set to the mean zenith distance of the first pair taken from
the list previously prepared, and on which the chronometer time of culmination of each star for
the night is noted. The telescope is then directed to that side of the zenith where the first star
will culminate, and the bubble of the level is made to play very nearly in the middle. As soon as
the star enters the field, and when transiting on one of the vertical wires, or at any convenient nun-
ber of seconds before the culmination, the observer will pick up the beat of the chronometer and
bisect the star with the micrometer thread at the instant of culmination; the level and micro-
meter is then read, the instrument is revolved 1802, and the second star is observed in the same
manner, During these observations the tangent screw of the vertical circle must not be touched,
though the tangent screw, which gives a slow motion to the telescope, (and consequently also to the
level,) can be used after the reversal of the instrument in the exceptional case where the vertical
axis of the instrument is not well adjusted.

(7.) If for some reasons the meridian observation fails, the star may be bisected off the meridian
and the time noted, either by moving the telescope in azimuth and bisecting in the line of eollima-
tion, or by observing the star off the middle of the field, leaving the telescope undisturbed in the
plane of the meridian. The latter method is generally the preferable one, particularly when the
star culminates near the zenith. If, however, the meridional distance of the star be considerable
the first method had better be followed.

Though the star may be bisected several times while passing through the field, in our experi-
ence little is gained in multiplying observations upon the same star under the same circumstances.
The relative accuracy of a single observation, and of the position of a star assigned by the cata-
logues, points to the multiplication of stars rather than to that of repeated pointings of the same
star.

It is not advisable to combine more than one north star with more than one south star, for the
Teason that greater accuracy is gained by observing pairs at different nights, and in case of any
defect in the position assigned to any of the stars thus combined it would be difficult to detect the
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faulty one. It is preferable, therefore, to break up combinations into pairs. We have, however,
many cases where one star enters as a component of a pair with different stars.

Each pair is generally observed on five or six nights; a greater number of observations would
add but very little to the value of the mean result, as will be seen in the discussion of the relative
weights,

(8.) General erpression for the latitude—Let 2 and £/ equal the true meridional zenith distance
of the southern and northern star, and ¢ and & the declination of the same, respectively, then the
expression for the latitude is

e =3(7+ ) +4(5—1).
Now, if' z 2’ denote the observed zenith distance of the south and north star, » s the north and south
reading of the level for the south star, and #' &' the same for the north star, b the value of one
division of level, » and »/ the refraction correction, and m and m’ the réduction to the mertdian for
the south and north star, respectively, then—
e=3(0+3)+ B2 )+ § (1 n)—(s+) |+l Rmi—m)s
and if M and M’ be the micrometer readings of the south and north star, the micrometer being
supposed to read from the zenith, and R the value of one division, then—
4(z—2")=3(M~—M"R.
If the micrometer reads towards the zenith, (the direction appears, of course, inverted in the astro-
nomical telescope,) change M—M’ into M'—M; and it may be remarked here, that during half of
the observations at the station the instrument may be used in the reversed position of the teleseope
with regard to the vertical axis, thus varying the circamstances under which measures are takeu.

(9.) Determination of the value of a division of the mierometer—Different methods have been
used for this purpose; the one formerly most employed was by turning the micrometer at right
angles to the position in which it is used for making latitude observations and noting the times of
the passage of a close circumpolar star near culmination over the micrometer thread placed sueces-
sively before the star for each turn or half-turn of the serew; now, let - = interval (converted into
seconds of are) from culmination, and ¢ = the star’s declination, then the sine of the angular distance
from the meridian = sin = cos 4, and the differences of quantities thus computed, divided by the
corresponding differences in the serew readings, give the value of one division. The treatment of
a set of observations by application of the method of least squares is given by J. E. Iilgard,
Assistant United States Coast Survey, in Gould’s Astronomical Journal, No. 36, (Cambridge, March
13, 1852.) Amnother method formerly employed was to measure the angular space covered by 4
well-defined distant terrestrial object by means of a good theodolite, and also by means of the
micrometer screw, irom which the value of the latter will readily result. The method, however,
introdueed in 1847 by C. O. Boutelle, Assistant United States Coast Survey, and now almost
exclusively used, consists of observing a close circumpolar star near its elongation, when rapidly
rising or falling, accompanied with but a slight motion in azimuth; this method avoids the risk of
a disturbance in the focal adjustments—it requires the reading of the level in order to allow for
possible changes, and necessitates a correction for differential refraction. By cos f.==cot o tan ¢ and
cos I,=cosec é sin ¢ we find the star’s hour angle ¢, and zenith distance {, at elongation, and if
«== star’s right ascension, and 4T = chronometer correction, then—

) . s -+ western
Chronometer time of elongation=«— 4T L ¢, where { } for { eastern

About 40 or more minutes before the elongation the telescope is directed to the star, and transits
are noted, the micrometer thread being set in advance, consccutively, by whole or half-turns of the
screw, throughout its length. A correction for rate of chronometer should be applied, if sensible.
It is well to note the temperature, since the value of the screw may vary with a change of tempe-
rature.

Let t=difference of time of observation and elongation of the star, and //==number of seconds
cosdsint
Tsin 17
=15 cos 3 { t—1(15sin 1776 }

where ¢ is expressed in seconds of time. It is convenient to apply the term }(15sin 17)*# to the

} elongation.

of are in the direction of the vertical from elongation, then 2//= , for which we can write
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observed time of noting, additive to the observed time before, and subtractive after, either elonga-
tion. The following table gives the value of 1(15 sin 1//)2# for every minute of time from elongation
up to 44m;

I ; i i : : i

t i Term. | ¢ l Term. “ t Term. || ¢ i Term
S A | ]

m. 8. Pom. 8. Il m 8. z m. 8.
5 0.0 15 0.6 5 3.0 | 35 8.2
6 0.0 16 0.8 | 26 3.3 | 36 | &89
7 0.0 1 17 0.9 || 27 8.7 | 37 | 9.6
8 0.1 18 1.1 98 4.9 38 | 10.4
9 0.1 19 1.3 4 20 4.6 | 39 | 1.3
10 0.2 £ 20 1.5 30 51 © 40 2.2
1 0.2 | 2I 1.8 31 5.7 | 41 | 131
12 0.3 | 22 2.0 | 32 6.2 | 42 . 14.1
13 c.4 | 2 2.3 | 33 6.5 | 43 | 15.1
14 0.5 24 2.6 | 34 7.5 a4 | 16.2

The correction to be applicd to the observed times of noting for change of level is given by the

formula
b

=+ { $(n—s8)—3(no—$o) }’]“j;‘(;(;gj;’
where 2, s, the north and south readings for a selected state of level, » s the north and south
readings for any other state, and b the value of one division of level in seconds of arc; the upper
sign is to be used for western, the lower sign for eastern elongation,

After these two corrections have been applied to the observed times of noting, we have in one
column the readings of the micrometer, and in another the corresponding times, such as would
have been observed if the star had moved uniformly in a vertical line, leaving out of consideration,
for the present, the change in refraction. Various methods of combination might be adopted for
the determination of the turn of the screw; that followed in the example, where we subtract the
values resulting from the first observation from those of the middle one, next those of the second
from those of the middle one plus one, and so on, recommends itself for its simplicity, and is prob-
ably only inferior to that which employs the method of least squares. We thus obtain a number
of values for the time of a given number of turns or half-turns, from which we deduce the value of
one turn by the formula given above; the correction for refraction (in seconds of arc) ix negative
for either eastern or western elongation, and equals the change of refraction for the space equal to
one turn = value of one turn times difference of refraction for 1/ at star’s altitude, and divided by
60. The probable error of the resulting value of one turn is readily found; sce example appended
to this paper. If we wish to proceed with the utmost rigor the method of least squares should be
applied, a development of which is given in Chauvenet’s article on the zenith telescope, above
cited, page 363. It is sufficiently explained by the following statement and the example. Let
My=the unknown reading of micrometer for the time of elongation or for the middle time of any
one set of observations near elongation, or for Ty; also, M,= an assumed approximate value for M,,
and . its correction; also, R;= an assumed approximate value for R, and p its correction; then—

My=M;+x, and R=R;+p.

If we now subtract each micrometer reading M from M,, and each corresponding time from T,, and
also convert. t*ese intervals into differences of zenith distance, or into z—z;, using the first term of
our formuia, and put n =z—z,— (M; —M)R,, we have for each observation the conditional equa-
tion n=R;z+(M;—M)p, from which we form the normal equations in the usual way and deduce the
two quantities » and p. The additional labor is considerable, and since the result differs only
from that found by the preceding method by a small fraction of the probable error of R, we may,
in all ordinary cases, dispense with its application.*

* In case no special observations for value of micrometer have been made we may still find it from the latitude observations
themselves. Let R—approximate value of one turn of the micrometer as used in the computation, and dR its correction: also,
$==the latitude tesulting from all the paits by the use of R and d¢ its correction. Let M, M: M; . . .==half the mean
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It is hardly necessary to remark that a number of sets of observations, for value of one turn
of screw, are usually taken, and their results are combined to a mean.

(10.) Determination of the value of one division of the level.—The value of one division of the
level may be found in different ways, according to the means available. The temperature should
be noted, since the result may change with a change of temperature. The valuc may be found
directly with a level trier or by attaching the level to a well-divided vertical circle and measuring
directly the angnlar value passed over by a change of inclination of a given number of divisions in
the position of the bubble; a distant object may be sighted as a mark, or, better, a second instru-
ment may be used as a collimator and in connection with it; the angular space is measured with
the micrometer screw, the value of which is already known. To employ a star for a mark renders
the determination unnecessarily complex. In the example appended, the value of a division of level
is found in terms of the micrometer serew, the bubble is made to traverse the whole length of
graduation, and the micrometer differences corresponding to the displacements of the bubble by a
change of inclination are measured by pointing on a collimator ; such observations, in particular,
should include those divisions of the level which come most commonly into use during the observa-
tions for latitude.

(11.) Correction for differential refraction.—The difference of refraction for any pair of stars is
so small that we can neglect the variation in the state of the atmosphere at the time of the obser-
ration from that mean state supposed in the refraction tables. The refraction being nearly propor-
‘tional to the tangent of the zenith distance, the difference of refraction for the two stars will be
given by

r—1' == 5777 sin (e—2') sectz;
and since the difference of zenith distances is measured by the micrometer, the following table of
correction to the latitude for differential refraction has been prepared for the argument 4 difference
of zenith distance, or 3 difference of micrometer rcading on the side, and the argument ¢ zenith
distance” on the top. The sign of the correction is the same as that of the micrometer difference.

|
i

3 diff. in Zenith distance. i 3 diff. in Zenith distance.

zenith | l i zenith |

dismncc.f; 0C 100 ! ago 250 300 35¢ Ildistance..  go 100 200 250 300 350
! | " £ " g L3 Iz ’ " " ’" 12 [ i
0 .00 .00 .00 .00 .00 .00 6.5 1 .11 .11 12 .13 .14 .16
0.5 .01 .01 .01 .ol .01 .01 7 12 W12 .13 .14 .15 .18
1 ro.0R. 02 02 ] .02 .02 .02 7.5 .13 .13 .14 15 L .16 18
.5 | o2 .03 .03 .03 .03 .03 8 .13 .14 .15 .16 | .18 .21
2 .03 .03 .04 .04 .04 .05 8.5 4 .15 .16 17 .19 .22
2.5 .04 .04 N £ .05 .05 . 06 9 A5 .16 .17 .18 .20 .23
3 05 .05 .06 .06 .07 .08 1 9.5 .16 .37 .18 .20 .21 .24
3.5 . 06 .06 07 ) .07 .08 .09 10 7 .18 .19 .21 .23 .26
4 .07 07 .08 .08 .09 .10 10.5 .18 .19 .20 LR .24 .27
4.5 .08 .08 .09 .09 .10 1 11 .18 .19 .21 .23 .25 .28
b .08 .09 .10 .10 1 13| 1.5 .19 .20 22 .24 .26 .30
5.5 .09 .10 .10 .11 .12 .14 12 .20 .21 .23 .25 .27 .31
6 P.10 .10 .11 .12 .13 .15

difterence of micrometer readings of the south and north stars of the several pairs, ¢; o2 g3 . . . the results for latitude by the
several pairs; we then have the conditional equations—

MdR —d$=¢ — g,

MedR—dp=09—¢

&e.,

which gives the normal equations for finding 4R and d¢—

IMdR — 2dd = Z(¢ —¢u)

IM2dR — EMdp = EM(¢— o)
If weights are given to the several pairs depending upon the probable error of declinstion of stars and upon the number of
observations on a pair, they may readily be introduced in the above normal equations. To find & reliable value, however,
by this method, it is essential that the errors in the catalogue places of stars should be as small as possible.
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(12.) Reduction to the meridian.—First, when the line of collimation of the telescope is off
the meridian, the instrument having been revolved in azimuth, and the star observed at the hour
angle 7, near the middle thread, then
P sin® 47 cos ¢ cos &

sin 17 sin §
and the correction to the latitude, if the two stars are observed off the meridian, =3 {m' —m) as
given in Art, (8.) The value of
2 sin? 3r
sin 17/
for every second of time up to two minutes (a star being rarely observed at a greater distance
than this from the meridian in zenith teleseope observations) is given in the folowing table:

T. ;Term.E% T. 'I‘erm.€i T. ITerm.i‘ T. \‘Term[ T
o I i
—_— i — ! ‘;

8. ’ " EE 8. " ‘ & " 1‘ 8. " o lg s.
0000 I 20 0.92| 40j08 | 60 1961 50
170.00 ]g elicas)l ajeo] 6 203) 8
2le00] 220026, 42]09; 62 210 | o=
3i000] 23)cel 43 Lo &) 216) &3
41000 20)0.31 ) 44 106, b ‘2.231 84
slom! esioasl a5l e 29 I 8
60027 28037 [‘ 46115 6620 86
7 o.oef[ griodo| 47|20 67 245! &
81003 28|043| 48 .2 68 252, ¢8
0001l 20046 49 131 69 200 &

10 | 0.05 J 30 asefll s0l1ss | 70l267i o0

11 ] 0.06 “ 317 0,52 t 510142 T2 61

12008l melese) 52148 w2 l2esl e

13 0o ]l 3lose ) 58[Lm| T 29 9

14011 3¢{oesl 5¢ 130U 74 20| 9

15 | 0.12 (f 35,067 55 ] L6s 75 l30Ty 95

B on | wlom |l 881 7|55 | e

17 016\ 37 | 0,75 oosTLTTL T 393y o7

181018 38 el 98163 | |s.02 ] e

19§ 0.20 %! 39 | 0.83 I“ 5¢ | 189 79 s| 8.40 1 99

j ' | !

Secondly, when the star is observed off the line of collimmation, the instrument remaining in
the plane of the meridian, then

2 sin? 3

2 sin® &=
. 2
m=" 5" 8inécosdorm="-. 3

Sin 17 - 4 sin 26

and the correction to the latitude is 3 of this quantity, whether the star be north or south; and if
the two stars forming a pair are observed off the line of collimation, two such corrections, sepa-
rately computed, must be added to the latitude. If the stars should be south of the equator the
essential sign of the correction is negative. The value of m for every 5° of declination is given in
the following table: )

6. | 10a | 15s \I 20s. | 25s | 30s | 35s " 40s. { a5, | sos. | s5s | 60 | &
Qo “” " o 1" i i s " } " ” i " i; 0
5 .00 .01 L2 .03 .04 .06 | .0R | .10 12 4 .17 8
0] .o 2 | .o o6 | Lo | .11 | .13 T 23 | o8 34 | 80
| o0l .3 | .05 .09 e | ar !l e s | o | e "
20 o2 .04 .| .u | .16 .2 | 28! .9%6| 4| m| @ w
25 | .02 .5 .08 .3 | 9| .26 | .54, .2} ;2| .63 .75 6
30 2! 05| .09 .15 2o .| 38 a8 | @ | .m | 85 6
3% | 02| .06 | .10, .16 | .23 ] .3 | .4l .52 ] .6 | .7 92 | 55
) 03 06 | .11 ( a7 .24 .33 | .43 | .54 .67 .81 .97 | 50
5] . .6 .1 | 7| e | .mm ’ .44 .55 | .68 a2 ® 45
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(13.) Record of the observations.—The observations for latitude are recorded in a note book,
ruled to suit the convenience of the observer, and of the following form, or nearly so:
(Record Z. T. latitudes.)

Station —_ Date _
Instrument —_ Observer —
North Micrometer. Level. Chronometer
No, Star number. | Catalogue. or time of Remarks,
i gouth, observation.

Turng. |Divigions.; North. | South.

|
The first columm shows the nnmber of times each pair has been Ub\erved the other eolumns
explain themselves. (See example appended.)
(14.) Reduction of the observations—The reduction will be facilitated by the use of any con-
venient printed form, of which the following may be taken as a specimen:

Reduction of Z. T. latitudes,

Sation —— e, Pair of zenith, _
—_— _ Computer.
| i
| i .
Micrometer. ; Level. Differ- | o Sum and ' Corrections.
Date. Difference in , Sum north. ! ence of diataﬁég Declination. half-sum Latitude. Remarks.
reading. Sum south.! sume. o !

: i ]
Mier, Level.i Refr, | Mer.,

P o 5w orn‘

I

i

|

|

|

f

| | | |

(15.) Discussion of the results.—The weights of the results by each pair differ with the number

of observations upon each pair, with the number of times a star enters into any such combinations,
and with the accuracy of the star’s position as assigned by the catalogue,

To find the weight due to the number of observations or the probable error of observation, let

n =number of observations upon a pair, p =number of pairs, 4= difference of latitude between

each observed result and the mean result deduced for the respective pair, (see example to Art. 14,)

[4?] =sum of all the 42 for any one pair, and Z[4%] the sum total fromn all the pairs; then,if e = proba-

ble error of observation,

0.455 [ 4]

n—p

On the average, the valueof ¢ from many determinations is rather less than 2 0'.50, the corre-
sponding probable error of an observed zenith distance equals e 2 or + 07.71.

To find the probable error ¢, of a resulting latitude by any one pair and the probable error ¢; of
the mean of two declinations, or of §(é-}¢'), we must consider separately the errors of observa-
tion ¢ and the errors of declination; then

. ¢ =

ef =e? — &2
The value of ¢4 is obtained by means of the difference dg¢ of the result for latitude by any one

pair and by the mean of all the pairs; then
0.455 Zdg? .

p_

1
& 1
=1H

€y =
and the value of ¢ is found by
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The value of ¢ being thus known, the probuble error of asingle declination beecomes sy=cs v/ 2 and
our weights will be found to difler for different catalogues. If but one eatalogue is used its declina-
tions may be considered as affected with the same probable errvor, provided the wathorities and num-
ber of observations from which the declinations are derived are the same, butif different catalogues
are employed the probable error and weight of any declination may be taken as found for the same
authority by our previous cxperience. The average probable error of any single declination from
the Greenwich eatalogues may be taken as less than 0.5,

(16.) Combination of the reswlts by wcights—1t «5 and <5 = probable crrors of the declinations of
the stars of a pair, and n the number of observations on the pair, then

. , ., ¢
=4V {ef 4 o) and ¢ = N eF + "

henee the weight of the result by a pair

L
( Eteaa’l+¢
and for an equal probadle error of the declinations the weight
o
3352 + ¢

and since the weights need only be proportional numbers we may divide by 4 and use the expres-
sions
) n
(=P 25+ ¢ Oneg 4 4e2
Tu order to show how little is gained in weight after a pair has beeu observed on five or
six nights, the following table Lias been computed:

20 = and for equal errors of dciinution

n
Supposing e=1+0".50 and eg==40"4, also w=y— w5, then
DL + =207, also w= oy 5
fra= 11 e 3| 4, 5! ¢ 7 gl 9 10
w=' 075 | 122 | LS | L6 | L92 | 206 | 216 | 225 | 232 %
M B |

To obtain the Iatitude ¢, from the m*p.uatc results ¢; ¢2 ¢35 . . o by each pair, with thelr weights
wywywy ..., we have

0.455 iu‘Jg/j
(p—1){u] ~

It sometimes happens that, instead of the ordinary combination, one or more south stars are
combined with one or more north stars. In this case the mean of the declinations of the south
stars may be combined with the mean of the declinations of the north stars, the corresponding
meun of the micrometer and level readings being also used; or else we may combine each south
star, for instance, with each of the north stars, and the mean of these h(‘])«lhlf{“ results of the latter
method must equal the reswlt by the entire combination. In general, “the formation of & number
of pairs is preferable; as errors of observation or of catalogue place are more readily detected.
Suppose the more simple case of one star eutering into (-.-mnlnuutiou with two others, forming
doublets, or, entering in combination with three others, forming triplets, &e., and supposing the
weight of an ordinary pair =1, that of each doublet will be 3, and of each triplet = §, &c.,according

%:IEUSEJ] with the probable error K3 “N,

2 - . . .
o1 and our former weights ¢ must first be multiplied by this fraction before
using them in the combination for ¢. Supposing N. (north) combined with 8, (south) stars, then
the weight (that of an ordinary pair being 1) of the single mean of this combination -becomes

_Jw% - . - . . - .
N g In case there are many stars in combination the computation by separate puivs may become

to the form .

troublesome, since the number of such combinations is NS, I all combinations wre formed, the
3 3
weight of any single one is ,;’r"-- =

iS5 1f the declinations of stars entering iu combination have
.
11
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different weights, the weights of the separate combination to pairs caun readily be determined
according to the above rules, and their su will determine the weight of the entire combination,
in case the Iatter form of computation is preferred.

The method of observing several north with several south stars is not now practiced, as
observation by pairs is far preferable, and doublets or triplets generally enter now ouly in sueh
cases where a 8, (or Ny star is combined with a certain N. (o1 8.) star for a number of nights, and
with another N. (or 8.) stay for a number of nights following, and perhaps still another star at o
later period.

To Aut. (9.)—Lrample of observation and reduction of the value of one turn of the micrometer.

'

Srarton Hakris, Awgust 24, 1855, —Observations on Polaris, near eastern elongation, for value of micrometer of zenith
telescope No. 2. Elongation by chronometer, 19% 15w (25, Oge division of level=1"".16. Daily rate of chronometer,
G5, gaining. Temp., 64¢.0 I'ah,  Observer, G. W. D.

; Reading [ e b ! Level readings. ; 1 J Reduetion : l
No. ! ) of " ly:i(l. ¥ | e Time from = Correction I to mpm} Correetion ‘ Re.du(’,ed

{xmcromcwri ehronometer. | North | Sonth ¢longation. ; for z. E state of ! fur level | tine.

l tarns, | end, end. | ; level. ; . i
e e R e B e

} B mo 8 J d. ; s h‘, ne. 8.

! 53 88 : 1L 0 |ean.- PR —+3.0 i I8 36 25. 8
2 ( 5.5 3ne | e | 4L 430 0 TR
3 6 T 9.4 oo | 2.3 | meLT
4 6.5 HEW 87 | +1.7 | lew
5 | 7 348 R SO 20 | 40200
6 | 7.5 4.8 | CER I 2.3 | 4106
7 ‘, & aze a7 rroeenene +2.0 | 4217
CI 8.5 dLE | 6.1 | 0,55 ‘,‘ +1.7 j 43 17.8
o i 30,9 | 55 oo r‘ +1.5 ;41154
10 | 9.5 20,9 1 50 | 4045 | +1.2 | 45 12,4
Ui 2.9 | 45 e AL4 ] 46139
Y 10.5 or9 | 4 L 415 4v R
13 il . 26,9 f 3.7 P 4Ll | 4x00s
14 113 9 03, 5.9 ’ %3 ¢ F0.25 ! +0.8 | 40 (71
15 50 09. 1 25.0 2.9 [iviiinean.s ‘ +0.5 50 05. 8
26 [‘ 5l 60.0 24.0 / 26 | 4010 [' +6.3 5L 02,9
17 J1 56.0 2.1 j 2.3 I;...._....._.; ~+0.1 ! Ol oR. 4
w® | 52 57.2 2= 2.0 0.00 | 0n | 5250.2
AT 53 524 211 18 jeeieemnann | 0.0 ‘ 53 54.2
a0 | 51 53,0 20.1 ' 1.6 ‘ 0.00 ! 0.0 5¢ 54.6
21 | 55 54. 1 191 | 28 e 0.0 55 55.4
22 \ 15.5 56 50.9 182 ‘i 1.1 oo | 0.0 56 52,0
= | 16 57 48,0 17.¢ 1.0 . | 0.0 57 40.0
LN 16.5 58 48, 4 6.2 0.8 0.00 | 0.0 58 40.2
25 | v | m4n0 15,2 0.7 fennannn ‘ 0.0 59 47,7
2% 17.5 | 10 00 44. 4 14.3 0.6 | 0.00 | 0.0 | 1900450
o7 18 01 44.4 .3 | 0.5 levoeienind =001 0l 44.8
o8 8.5 2 42,9 2.3 0.4 I ~os3 | orext
29 19 3434 1.3 } 0.3 .| —0.9 03 42.5
30 10.5 0439.9 | 258 | 100 10, 4 0.2 ! ~0.1 04 40,0
3 20 0539.8 ..o 9.4 0.2 [..o.. 4 -3 o537
32 20.5 66369 | 25.8 | 10.8 B.4 0.1 | -0 ’ ~0.4 | ov366
33 21 07 39.0 j....._.. [P 7.4 0.1 el ~0.4 ;07T mY
3 2L 5 08345 | 259 i 10.9 6.4 0.1 | —015 | 0.4 ‘ 08 342
35 22 00330 foei..... { ........ 5.4 0.0 |ooeiennuns. ~0.5 | 09325
36 2.5 103L0 | 2.0 | 10.8 4.5 0.0 ’ 0,20 { —06 | 10304
37 23 1807 |, oo i 3.5 0.0 |t —06 | 1ae1
33 2.5 12852 | 259 | 0.8 | 2.6 0.0 i —oo | 06 12 24.6
39 2 1B 0 Lo, | 16 0.0 |iueeeeeeenl 0.7 13 26.3
40 245 14239 | 259 | 10.7 { 0.6 0.0 f —0.25 i ~0.8 1423.1
41 o5 1B | o | —o6 L s M 15 22.1
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" Time fnr. ; Time for
Na. . A 2 . No. A%
@ 10 turns, i a No 10 tarnx, a a
. 8. R j R,
1to21 19 29.6 22 4.8 Il to 31 3 1.9 3.0
2 22 ; 241 1.4 2.0 12 32 oRg 111 1
3 a3 ¥l 0.4 ¢ 0n.e 13 33 29,2 1.5 2.9
4 4 20,3 1.6 ! 2.6 14 34 ftrin 0,6 0.4
5 25 Hirfivs no 0.0 15 35 2.7 1.0 1.0
6 M 25,4 2.3 5.3 16G 36 2.5 [ .0
T s 23,1 26 6.8 1 ki 37 4.0 16.0
8 9RO 24,3 3.4 | 116 18 32 5.4 2.3 5.3
4 Q4 221 0.4 0.2 9 39 321 .4 104
W 30 2.6 11 | L2 2 40 25 OB 0.6
s. log’s.
Mean time for T turn - - 116.774 2006735 © Probable error of 10 turns
COs § S.407350 0,455 ¢ 3.3 .
~ - ‘ = oy a =4 831,
15 117600 | Vg =AM
—— . Probable error of 1 turm=--.012,
1.65004
Ixs ‘
Onetarn - - - - - =44.765 !
Correction for refraetion - — 625 ;
Correction for rate - - —  .003 :

Resulting value - - 44.737

N. B.—Another set of observations immediately follows the above.

Tor the application of the mcethod of least squares fo the above set we prefer to take the 41
original measures of half turns, and find the mean redueed time Ty=18b 35" 54.6; awd assuming
M,=15 and $R,;=22".4, the first conditional equation results as follows: M;—M=4+20; corre.
sponding difference in reduced time taken from last columm of example above, and converted in
seconds, 1164.1; which multiplied by 13 cox g corresponds to s—zp = 4487175 also, (M~—M) R,
==448".00; henee, # = +0.17, and the conditional equation becomes +0.17=22404+ 200 FPorming
the 41 equations, we find the normal equations, on account of the svametry of the observations, to
become mueh simplificd and to give the unkunown quantities diveetly.  The result in the present
ase is R=44.768, irrespective of refraction and rate.  To find the probalide ervor of the determi-
nation we must substitute the resulting values pand p into the conditional cquations and proeecd

Ly the usual method.
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To ART. (10.)—Erample of the determination of the value of one division of the level.

STATION HARRIS, August 23, 1855.—Observations for value of a division of level B of zenith telescope No. 2. Collimator eight
fect from object glass. Value of one divisien of micrometer serew (mean of 4 sets) =07.448. Observer, G. W. D.

NOTFE.—Only o part of the observations taken are here given,.

: L . | Difference of | 1
) Micr. Level reading. ] reading, ; Vul'ne “,f ;
No. | Temp. ! [N S i ldiv.oft | A Az
| i turns. i | evel 1 !
| | ‘ Norti. South. | In mier. Inlevel i 1 ¢
‘ ‘ ! i
i i i
° Fah. ; A A Loa f
1 66.2 1 IR0 4.0 ] 1.8 [ ‘ 2. 54 ‘ 0.0 . 000
D130 9.0 3 210 ! ; t .
2 ocee.. 18261 34T 4 61 | 2455 @ 248 | 0.07 | 003
| [ 1mes | 1000 25.8 | L I
C I PR Laner 1 ss0 0.0 66 | er.l | 241 011 l 012
: Porgee . 8 25,0 i ! ! :
Z 2 . P16y 5 0.0 1 30 | 243 ! 612 f 614
1 w2 b s 30.0 ‘ ; !
5 66.5 | 1699 34.0 | .5 | 2845 | 260 | 005 | Loe
) I 15,48 56 | 0o ; ,
[ P D543 1 84.3 1.2 %6 30.83 2.46 | 000 | .o02
e 3o | Bl ‘
FO T Coae2 | sLo 4, % Bl L2 | 065 . 003
fasl | — L5 3.0 ! ’ {
. Dasor | 334 2.2 67 | 250 | 262 | 0.13 ‘ 017
TS [V X 27,0 i ,; !
9 feeneenn. Cazor | 850 0.2 TR | 258 | 0.03 | .00l
S 1236 0 15 27,8 i ! r
10 6o e L 45.0 06 67 | 5.3 | 265 1 010 . 010
P1L66 0.5 95,7 : ;
SR IO Uoaes [os0s 1.8 60 ‘w 22,33 [ 2.68 | 0.13 017
! LIR30 8o 27.0 P 1
12 . oo B 1.4 G 1oeces | 250 | o004 L 002
i [wse | G oo ! :
MLODE - oot e erae e e vaneae emem e e e e nas | w5 | Swa.. 0091

i

=1/.14, at reiperature 66°.6 F;ihr.; with a probable error

% 0.091

of = n 1y =4 01.018= 40”01,

.

> AR (13.)—Fxample of record.
ptember 4, 1356, Iustrument, zenith telescope No. 5. Observer, S. H.

Station, Mount Desert,  Date,

| H B |
; ! Microwmeter. Level. . Chronome-
U Star | : ter titne of
‘o ! U G cue, N or 8. |- . - Remarks.
Y | number. | Catalogu \\ o L i observa-
i ; : ‘ ‘Tuarns. Divisions,| Nerth. . South. tiown.
| ! [ e R
i e I B S
: . i i R, o s,
,§1 7O I B.AC L N 30 | 850 | 31,3 0 348 ‘ 90 41 531 | Weather fair; clouds flying;
t 756 " ! 5. 30 ) R0 3.4 1 305 47 56 wind moderately fresh feom
— ! | i SW. :
[ TN * ; 8. a2 1 25.0 aR.7 30.0 29 2 22
G T3 “ ‘1 8. 22 ‘ 52.0 38.5 J0.0 03 06 Bar. 22,65 in.
f j !
ki ii L TIod “* i N. 311 15. ¢ frow 39,8 [t ers Ther., 652, 2 Fahr.
I | | v
LTI B | N 13 } 54.5 2.0 ; 396 A9 14
—— 5 !
TEO0 o H N. 12 , 730 25.4 | 43.8 2214 36
TR03 - > RS PO T TT T s J O P cevnnrsneaa! Too faint to obwerve,
| — . -
{ ! i
gl wems 0w N 16 ¢ 620 | an1 | 3%4 | 9294 5
5y [ ! i 1 i
S TG o : 8. 6 0.0 @2 42.0 25 35
Ty a2 o LN 35 30.5 | 43.3 | 2ne 29 26
S {
a . ‘ | -
52 Ri41 ¢ s, 23 1 13.0 20.5 | 520 23 14 23 ! Qbserved off line of ecllima-
BiE8 v N. 13 ‘ 820 519 i 203 22 55 tion.
| ;
&c. J l '

N. B.—Value of one turn of miere. screws, 41/.42; and value of 1 div. of level, 07,731, Chronometer glow, 2.
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To ART. (14)—FExample of reduetion.

STATION,

MousT DEIERT, MAINE.
(Reduction of Z, T lat's)

Piirg 8141 B. A. C., or 3161 Armagh catalogue, (Dublin, 1838.) 8. of zenith,
i BI88 B. A, C., or 1968 Ui, 7-year catalogue, ~ N. “
; ! ! i T : B . T
il\‘linrmn’r.g Level. | Dif. | ; : i Jorrections. i ‘
i T c . Mer, P ! Sam and ' . : ,
Date. | Diff.in [Sum X., of ! . | Declination. : —— e T Latitude A | A
X . H I dist, | half sum, | !
‘ reading. | Sum 8. 'sums, ' i L Mier. Level, Mer. i
—J\ — . — — [ U S— — — SR \ . -
1856 . d. o - " I % wo o 2 N
Aug.26 ! ~719.0 CBLOL 413 88 47 (B 41 : *‘
i : | !
5T 452728 44 23 34,21 —2 20,00 41.91 —0.05:....... 44 21 06.37 | 0.43 0,185
: | I i i
: i i :
27 . —7 040 41.40 . 03 i : i
i ! 3 ;
) i 27.63 i 34.51 22580 —1.6{ —0.05 ...... 0702 [ .22 0 G odr
i !
Sept. 21 ~7 17.0 42,97 12.93
| i H
, 29. 76 36,36 —2 249 —0.90 —0.03 \.__.... G6 921 0.12 : 0.012
3, -7 265 43,20 13.54 ] !
| ! [ ; |
l 30,12 ; 36.67 —2 30,46 +0.80 i-0.05 f...... C6.96 | 0.16 | 0.026
t ; !
47950 4:1.471! £ O A SEOOS R
| | ! | |
l 30. 48 1 36. 97 j-—‘l 30,153 —0.16 —(.05 +0.13 ; 06.74 | 0.06 : 0.004
Moan " 44 21 06.80 0,977

L Sum
i .

Remurks.

R141 observed off

widdle thread,
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APPENDIX No. 11.
DETERMINATION OF THE ASTRONOMICAL AZIMUTH OF A DIRECTION.
[Prepared for the Coast Survey Manual by C. A. Schott, Assistant.]

(1.) Tt is intended to give in this paper a concige statement of the methods principally employed
in the operations of the (oast Survey for the determination of the astronomical azimuth of a triangle
side or of o divection, illustrated by speeimens of record and examples of computation.

2.} The astronomical azimuth, or the angle whieh the plane of the meridian makes with the
vertical plane passing through the object whose direction is to be determined, is generally reckoned
from the south, and in the direction from south to west; when eircmnpolar stars are observed it is
mdre convenient to reckon from the north meridian, o

(3.} The geodetic azimuth differs from the astronomical azimuth; the former is supposed free
from local deviation from the vertical, it being the mean of several astronomical azimuths referred
to one station, and in such a case the various deflections may be supposed to neutralize each other;
the latter is subject to a displacement of the zenith from local attraction.

(£.) We may distinguish primary and sccondary azimuths; the one giving the dirvection, with
respect to the meridian, of sides of the primary trinngulation, the other giving the samne for sides
of secondary or tertiary triangles and for directions in couneection with the determination of the
magnetic deelination,

(5.) The determination of a primary azimuth supposes the local time to be known; for secondary
azimuths observations for time and azimuth are sometimes made together. The local time for first
class azimuths is generally determined by means of a transit instiument, (see preceding article on
the determination of times) for second class azimuths vertical cireles or sextants are occasionally
employed ; with the latter instrument observations of equal altitudes give the most reliable results
for time.

(6.} Primary azinnuths are generally observed with an astronomical theodolite (altitude and
azimuth instrument) of the largest portable sizes in the Coast Survey practice theodolites of 30 and
24 inches diameter, also repeating eircles of 18 and 12 inches (and others of smaller size) are
cemployed, and if no greater acenracy than the nearest quarter of a minute is required, as in mag-
netic work, a five-inch theodolite suflives.  Trausits, either in the plane of the meridian or in that
ol the clongation of a circulnpolar star, are also used exceptionally., The instrument is, of course,
carefully adjusted in ol its parts hefore use. A solid stoue, firmly imbedded in the ground, gives
the greatest stability to the instrument; if mounted on a brick pier or on a heavy block of wood,
a coat of oil paint will prevent the action of moisture. Heavy tripods of seasoned wood may also
be used.  If it becomes necessary to elevate the instrument considerably above the ground, a pier
of solid masonry must be constructed. . :

(7.) For the prrpose of referring primary azimuths, observed at night, to the direction of any
geodetic signal, a mark is set up, consisting of a perforated box, (about § foot cube,) through the
front face of which the light of a Lulls-eye Iantern is shown, appearing of about the size and
brillianey of the star observed upon. The distance of this mark from the station ix generally
determined by local circnmstances, but should, if possible, not be neaver than about a statute mile,
in order that the siderial focus of the telescope may not require changing. For day observations a
vertical black stripe is painted on the white wand, centrally above and below the aperture, and of
the same width; if the diameter of the aperture is a quarter of an inch it will subtend, at the dis-
tutee of a statute mile, an angle of a little more than 0.8,  Collimators were also tried; the prefer-
ence has, however, been given to azimuth marks. The horizontal angle between the mark and any
trigonometrical station is measured in connection with the triangulation; in the method of observing
with the 30 inch theodolite the direction to the mark is combined with all other directions radiating
fromn the station. : :

(8.) Let the time, (7,) declination, (3,) and latitnde {¢) be slightly in error by the quantities dt,
ds, and dg, and let dA equal their effect npon the azimuth, (A ;) then, in general, it will be seen that,
all othier cirenmstances being equal, 4A increases as the zenith distance (Z) decreases; for a star
near the pole and for a latitude not too high a small error in time and in latitude has but a slight



THE UNITED STATES COAST SURVEY. 87

effect upon the azimuth, and in the case of a circumpolar star at the clongation (when the paraliae-
tic angle Is 900) a small error in time, d¢, will not atficet the azimuth; but small errors in deelination,
ds, and in latitude, de¢, then attain nearly their maximn effect upon the azimuth., 1t observations
are made upon a ciremmpolar star (0> ¢) at the eastern and at the western clongation, effects of do
and de will disappear in the combination of the fwo results; this, therefore, is the most favorable
condition for observing. In gencral, effects of o and de disappear in mean results of observations
of equal and opposite azimmuths,  In observations of a circumpolar star in the meridian, the effect of
a small error in time and in right ascension may be eliminated by a combination of resules from
upper and lower calminations; for a star in the meridiun the guautities dd and d¢ do not enter in
the azimuth, If the object to be observed, star or sumn, is of great polar distance, (alko é<e,) and
it & is positive, the best time for observing is before the eastern transit, or after the western transit,
over the prime vertical, when the change in azimuth with respeet to time is a maximwmn; but the
altitude of the star or sun should not be too near the zenith nor so low as to be atfected by changes
of refraction; if' 4 is negative the star or sun shonlil be observed some distanee from the meridian.

(9.) The circumpolar stars a, 3, 4, Ursae Minoris, and 51 Cepheid, are those almost exclusively
used; their position is most accurately given in the second edition of Dr. Gould's Standard Places
of Fundamental Stars, (Washington, 1866,) specially prepared for the wse of the Survey, The
apnexed diagram will assist in readily finding the two tainter stars, which only become visible to

the naked eye under the most favorable cirenmstances; it also shows that when 4 Ursee Minoris and
51 Cephei colminate oxf eitlier side of the pole, Polaris is not yet far from its elongation; and, on the
contrary, it the pole-star culminates, the other two ave on either side of the meridian, not far from
their elongations. A similar approximate relation exists between o and 2 Ursae Minoris, Polaris
offers the advantage of being observable with portable instruments at eastern and western elonga-
tions, or at upper and lower cnlminations, provided the sun be wot too high; 4 from its greater
proximity to the pole and its smaller size, presents to the larger instroments a finer and steadier
object for bisection than Polaris; 51 Cephei is also advantageously nsed on account of its small
size. The sun is only employed in conmection with inferior azimutis,
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(10.) For a satisfactory determiination of the azimuth from a high star, it is essential that the
horizontal axis of the instrument be long and its inelination be earefully measarable by a delicate
level, including, also, a determination of the inequality of-the pivots. This inclination of the transit
axis should be measured in the position when the telescope is pointed to the star, and again when
pointed to the mark, unless the latter be in the horizon; the best results, however, are obtained by
observing the star direct, and also its image reflected from the sarface of still mercury the mean
result is free from the effect of any inclination of the transit axis. The collimation error is elfmi-
nated from the mean result by combining observations with teleseope direct and with telescope
reversed, the horizontal axis having been turned 1809 in azimuth and the telescope again pointed
to the star, (during this process the pivots of the transit axis remain undisturbed in their Y’s.)
Some of the smaller instruments, having their telescopes eccentrically mounted, as in some kind
of declinometers, do not admit of reversing; in this ease the pivots of the teleseope may be inverted
in their Y’s. Errors of gradunation ave sought to be eliminated by observing in ditferent positions
of the instrument, the circle being shifted after each set of observations an egual amount of angular
space, depending upon the number of positions intended to cover 360°, and upon the number of
cquidistant microscopes or verniers, so that no one shall oceupy a position previously occupied
by another. With the large theodolite, supplied with three reading microseopes, the number of
positions generally adopted is either five or seven.

(11.) Observations for azimuth are generally made in sefs, commencing, after the instrunent is
levelled, with a number of readings on the mark, (about six for primary and from three to one for
secondary azimuths,) followed by about an cqual number of readings on the star, preceded and
followed Ly level readings, (unless reflections are intended, when no level readings in conuection
with the star are necessary.) The instrument is then reversed and the preceding operations are
repeated in the inverse order, the number of observations upon the star and the mark being as
before. Some observers reverse the instrument also upon the mark, before and after the reversal
upon the star, but as every reversal renders the instrument liable to disturbance, their number might
be reduced to three, or even to a single one, in cach set; the number of pointings on mark and star
varies with different observers and instruments, If the mark is not iu the horizon, its zenith distance
must be measured and Jevel readings must be given also when pointing to it. Precauntions should
be taken to prevent the pivet or level being heated by the lamp or hand of the obscrver. The
level value may be ascertained by a level trier, or by means of a vertical eircle, or by a micrometer
of known value. With smaller instruments the prineiple of repetition has been tried with very
satisfactory results; whether repefitions should be employed or not depends upon the relative

-alue of definition by telescope and of accuracy of graduation; the clamping apparatus, however,
must have no tendency to disturb the relative position of the eircles, and the motion of the instru-
ment must be free.

(12.) The method of recording and reducing the different kinds of azimuth observations will
uext be stated in detail, and specimens of record and of eomputation will be given at the end of
this paper. The formulze and method of reduction in each case are as follows:

(13.) Observations of a close circumpolar star mear its elongation.—A table of chronemeter cor-
rections and rates, covering the period during which azimuthal observations are made, is prepared ;
the readings of the horizontal eircle on the mark and star are corrected for over or under-run of
mwicrometer of reading microscopes, if required by the instrument. The mean places of stars and
their constants are taken from the Coast Survey Standard Places of Fundamental Stars, the apparent
right ascensions («) and declinations () are computed by either of the two methods given in the
American Ephemeris and Nautical Almanac, and the results are tabulated.

s
Apparent { '; at time and place of observation = apparent { 3 af upper calmination at Washington

(or Greenwich) - (difference of longitude [in hoursj+ Lour angle of *) !l‘e}};_d;%yfggg@

+ correetion for terms of nutation involving 2. ’

The hour angle, &, and the azimuth, A, at elongation, for the latitude, ¢, are computed by the
formulae
cos {g=tan ¢ cot & and sin A =gec ¢ cos b
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. . W. . : . - W .
Also, sidereal time { 1 elongation ==a 4 ¢, and chronometer time of { T celongation = a4-t.4 correc-

;
tion of chronometer, { i when chronometer is : 31‘::\5' of sidereal time. .

Let -—interval of times of elongation by chronometer and by observation, then reduction to azimuth,
for « and 2 Urs® Minoris, within 25 minutes of the time of elongation, with sufficient accuracy,

D qin?

2sin® i+

m—i‘ff tan A,

in which formulee tan A, may be exchanged for sin A,. Supposing the cirele to read in the direc-
tion N, E., 8., W,, the reduction to clongation is applied to the rcading of the star with the sign

«: t when ¥ is : “‘. of the meridian. The means of all the readings of the star, reduced to elonga-

112.,52sin 1" tan A,, or

tion, for telescope ¢ D7 and for telescope “ RR,” are corrected for error of inclination of axis DLy the
formula
:I { (w41} —(e+¢') } g&gi,

when d= value of one division of level scale in seconds of are, 20 ¢ and ' ¢ the west and east
sin

oS ¢ tan ¢ may be
substituted. The mean of the corrected readings for telescopes 1 and R is then taken for the read-
ing of the star at elongation ; hence, reading of meridian = reading of' % at clongation £ A, where

readings of the level before and after reversal, and & the ¥'s altitude. For

{ i for { ‘]:\‘ elongation. The mean of D and R readings of the mark,* before and after the obser-

4
vations upon the star, is taken for the reading of the mark; and finally, azimuth of mark = differ-
ence of readings of meridian and mark. This result is yet to be corrected for effect of diurnal
aberration.
i . . R 07303 cos A cox o .
Let £==zenith distance, and A=azimuth of star; then dA = 1——'7:&17 ", where sin
sin p sin ¢ . R . o e £ o -
= GpA and p the polar distance, £ the hour angle. Tor elongation the formula hecones simply
S . k

:I when mark is : XI\, of morth,
and is always positive when applied directly to the azimuth, which, in the survey and geodetically,
is counted from south to west to 360°. The final result for azimuth and its probable error is
obtained by the combination of the separate results by each star, with application of the method of
least squares.

(14.) Observations of a close circumpolar star at any hour angle—The chronometer correction and
rate are tabulated, the corrections for run of microscopes of azimuth cirele is applied, and the right
ascension and declination of the star are computed for the various dates, as in the preceding case.
‘We may employ three different methods for the computation of the azimuth, viz: by the use of the
fundamental trigonometrical formula, of Napier’s analogics, and of a development in series,

(15.) By means of the fundamental formula, aud counting the azimuth from the north,

sin ¢

dA=0".31cos A with sufficient accuracy. Thisx correction is

‘ B A= o8 ¢ tan d—sin g cos ¢ ~

the first term of the denominator may be tabulated for slightly different values of 4 during the
period of observation; the second term, for a elose circumpolar star, may be ecomputed by five-figure
logarithms, The formula may be separately applied to each observation, if we desire individual
results; but this work may be much shortened by eomputing only the azimuth eorresponding to
the mean hour angle and applying to it the correction to mean azimuth. Let a be the number of
observations on the star, A the azimuth corresponding torthe mean hour angle, and, consequently,

\
“—9; the mean azimuth; let also v==the difference between the time of any observation and the

mean of the times; then for a circumpolar star—

by 1_2sin%4c
_At: —tan A 377 /é/" .
[ n- sinl

* If the mark is not in the horizon its readings must be corrected for inclinatien of axis.

12
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The reading of the meridian = reading of % 4 Ef} , where { i for star{ ‘1% of meridian, and the
circle is supposed to read gs stated above.

The correction for level for a circmmmpolar star may be applied as in the preceding method, or
by means of the general formula, which also includes the collimation, +& cot { £ ¢ cosec Z, where b
the inclination of the transit axis and ¢ the collimation, both expressed in arc; the two signs refer
to the position of the axis. The sign of the level correction in any case ean readily be foand from
a special consideration. The application of the correction for diurnal aberration and the manner
of obtaining the resulting azimuth have already been explained. In the prime vertical the diurnal
aberration vanishes,

(16.) By Napier’s analogies. Let ¢— parallactic angle, or the angle at the star; then—

208 4 (05—
tan %(q+A):%%§A((,§+—Z§ cot 4t==m cot t;

ind(o—
tan 3(g— A) :C%gigﬂ:i; cot gt=m’ cot &t;
hence, A==3(¢q+A)—3(g~—A); where A counts from the north. m and m’ vary but slowly with a
change in é. If the hour angle is reckoned from the lower culminafion, we must employ the
formul®
tan 4(¢+ A)=m tan }¢
tan 3(¢— A)=m' tan 4t.
The suceessive azimuths of the star at the times of observation are applied to the corresponding
readings of the star, thus giving, after being corrected for level, as in the preceding case, a series
of readings of the meridian, the mean of which is combined with the mean reading of the mark in
order to obtain the azimuth of the mark, The latter is then to be corrected for diurnal aberration,
unless the star be in the prime vertical.
(17.) By means of a development in series. We have—
sin ¢
A=Tos @
where the azimuth may be reckoned either way from the north, and is expressed in seconds of arc;
if the hour angle be reckoned from the lower culmination, the term p®sin 1’ tan ¢ cost must be
taken with the opposite sign. The third term, 4p® sin? 17 [(1 + 4 tan? ¢) cos® t—tan® ¢], may be tabu-
lated for cach polar star for every 10m of hour angle, and for every degree of latitude, within a certuin
range. Since p varies slightly (for a given star) in time, the tabular quantities must be corrected
accordingly ; thus, in the case of Polaris, an increase or diminution of 1/ in p demunds an increase
or diminution of the tabular value nearly of its ;th part. The remaining reduction is as above.
For the case of a close circumpolar star observed near the culmination the general formula
becomes

{ Pp+p?sinl’ tan ¢ eos t4-4p° sin® 17 [(14 4 tan? ¢) cos? t—tan® ¢ } ;

A:E:::;E { p+pPsinl” tan ¢ cost 4 3 sin? 17/ (1 43 tan® ¢) } .

08 ¢

If the hour angle is counted from the lower culmination change the sign of the second term; we
may use this formula for Polaris to within ome hour of culmination. For a given star, time, and

latitude the expression reduces to
A ==[e¢]sin ¢ {p+c’—[c”] cost } ,

where ¢, ¢/, ¢’/ are constants; the rectangular brackets include logarithms. For a very small hour
angle the expression becomes [C]sint, where C may be taken as constant. The mean azimuth of the
polar star is obtained from its azimuth computed from the mean hour angle by the formula
2 gin? 3+
AmzA—tanA.iE :;i‘lj},-.

(18.) Observations of « close circumpolar star at equal intervals before and after culmination.—For
chronometer eorrection and rate, and correction of run of reading microscopes, see first method;
apparent a at time and place=—=apparent e at apper culmination at Washington (or Greenwich)
daily difference

24

Chronometer time of { UPPEX . Jmination — g '; 1 1om + correction for chronometer error.

~

+ [difference of longitude (in hours)] + correction for nutation involving 2 ¢.

lower
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Reading of approximate meridian = mean of corresponding readings on the star before and after
cuimination. The means of these readings for telescopes D and R are separately taken, the instru-
ments having been reversed at culinination.

Correction for inelination = 'i { (w4 w')—(e+ ') } tan k.

The means require a further correction for error of assumed time of culmination by chronometer.
Let v = correct chronometer time of culmination, ' = assumed chronometer time for observations,
dA = motion of the star in azimuth in one second of time, which guantity is readily found from the
observations themselves, then correction = F(r—=’)dA for { ;3:?: culmination; the eirele being
supposed to read in the direction from K. to E.

031 cos A cos o

Correction for diurnal aberration = S F

where sin { = sin { ~ ¥ for { 1PPEY oy imination ; the sign of this correction to the azimuth is as

S+ ¢ lower

explained above. TFor interpolation, in case of aceidental omissions, or a non-correspondence in
time before and after culmination, or where the star is observed only on one side of the meridian,
the reading may be referred to the meridian by means of any of the three methods given for the
case of observations at various hour angles. The same formulwe apply in the case of one star
observed on one side of the meridian and another star on the other side, and when the results of
the two are proposed for combination.

The effect upon the azimuth for a small difference in time, near lower culmination, may be
computed by the formula dA = 3(m —m') cos tdt, where m and m/ are the factors developed by the
use of Napier’s analogies; or it may be derived from the observations themselves. Observations
of a polar star within about 20™ of eulmination may be reduced by the formulwe
cos 3 sin ¢ _ sinpsint

= cososmt A= o
sin (8 F ¢)sin 17’ t ¢0s (¢ £ p)sin 177’

where the sign { t refers to { ﬁ}:?g: culmination, in the latter formula. We have also
__ sinp
" eos (¢ - p)
(19.) Azimuths for tertiary triangulation, or in connection with the magnetie declination, where
an accuracy of a fraction of a minute suffices, may be obtained with a small altazimuth instrument,
(say of five inches diameter.) Supposing the latitude given, but the time only approximately
known, the sun’s zenith distance and azimuth may be observed as follows: reading of mark, three
readings, noting the chronometer time at contacts of the sun’s upper and first limb; instrument
reversed, three readings of the sun’s lower and second limb, reading of mark.
Let /i = altitude, corrected for refraction, parallax, (semi-diameter and dip, if nmesaarv ) and
p=the sun’s or star’s polar distance, then—
tan? A — sin (8~—¢) sin (s—Ah}
€05 § CO8 (85— p)
in which expression s==3{¢+4 2+ p). If the time should also be desired, it may be computed by

o21p_  COSSSin(s—Hh) | {— cot ASUI(A—)’)
tan ét_sin(s—gc)cos(s—p)’ or by tan3t=cot} o8 (5 —p)

cos ¢ dt, where cos t may be omitted.

?

If the sun’s limb is observed, the correction to the azimuth for reduction to ecentre is £ =xm ~— where

r==sun’s radius; whether 4 or — is to be used can readily be found in each particular case.
{20.) Examples of record and reduction for the various methods employed in determining
astronomical azimuths are herewith appended :
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To ART. (13.)— 'menpla of record.

STATION, AGAMENTICUS, YORK COUNTY, ME.

Polaris near western clongation,

Observer: A, D. B.

Tostrument : 30-inch theodalite, C. 8., No. 1.

or

O upon 140°,

October 17, 1847

Weather : Light fog. Wind: 8. W., moderate. Temp.: 48° Fahr,
i Azimuth circle, B
No,  Object. Apprar, Tel. Ti(gﬂl_l;yr -Sid' Level.
} A B C
L hom. s, ° .
1| Mark. . m-d. St. | R & 630 63 39.7 39.0 7.5 27.0 2.7 26.5 | g  1div.=0".07
2 : Ioas 6355 410 39.7 27.0 28,0 26. 0 24.3 |
3 | 7! 6355 4L0 4.0 208 29.0 26. 4 26.3 | =
4 i D | 37 24355 | 262 28.2 | 16.8 1o | 168 13.3 | £9
5 ; L0 24355 ] 955 2.0 | 170 17.0 16. 4 152 | @
6 42 243 55 21.0 2.0 | 190 19.0 16.2 140 | 2
| © Level C.
1] Star. w-l mest. | D 64712 12742 |  68.0 67.0 61.5 63.0 64.5 64.3 E W
2 49 06 12742 |  65.0 65.0 63.5 63.2 63,1 60.5 a 44 62
3 f 51 38 127 42 | 628 62.8 57.0 59.8 60. 0 58.2 £ 63 1“4
4 i : 5219.5 | 19742 B8.0 580 540 52.5 55.3 5.5 | 8 453 63
5 55 55,5 | 12742 |  56.0 57.0 | 510 52.0 53.0 520 | g9 64 43
6 R | 700 307 42, 48.2 @7 452 45.0 477 5.8 | £° —
7 2 25 307 42 48.0 0.2 42 44.2 45.0 44.8 g Zg 4;
8 4015 30742 48.0 48.7 . 43.0 4.7 46.8 45.0 | © -
9 ‘ 5 51 20742 490 49.0 . 44.7 5.0 | 479 46.9 8 6
10 “ | 7T1a5| 30742 492 50.5 4.8 4.8 47.2 46.2 G 43
! ! : | |
5] Mark, | med. mest.| R ‘\ 716 6355 40.0 40.0 23.0 2.0 ' 268 w2 |
8 ? ’ oar 6355 307 39.7 | 2.0 23.0 1 957 2.8 | »
9 ; : Poae 6355 | 330 39.0 | 2L5 227 | a0 238 . L7
10 § D | 243 551 926.0 2.5 | 13.7 e ' 150 4.6 | £x
11 ‘ Ioe 243 55 26.8 26.8 | 14.5 14.8 15.2 14.0 £
12 -] 24355 26.7 27.3 | 14.0 13.0 4.5 13.9 | 8
To ART. (13.)—Ezxample of reduction.
STATION, AGAMENTICUS, 1847,
¢ =430 13/ 25/.0; A=4h 42m 44.85, west of Greenwich.
Specimen of ephemeris and of time and azimuth at elongation.
: I I [ ]
Date, EE:?;:R'{‘ a é :‘ A, ‘ [ 1 Sl%in;\l%?;;ifg Chro'r fast| Ch:ign";:f of
. | ot
H | H i T
! Cohom s ! ° + v ] o r 1 Rom. s h.om, 8. n. s k.om &
Sept. 17,1847 | B | 1052814 89994280 2035105 5354205, 1911075 12,9 19 11 19.8
Sept. 21,1847 | W | 20.30 44.54 | 52.56 1 20.6 ‘ 659 49.9 3.4 700 213
Sept. 22,1847 | E | 29.40 | 44.73 | 52.31 | 20.6 | 19 11 08.8 33.3 19 11 42.1
Sept. 22,1847 | W | 29.50 | .91 | 52,06 | 20.6 | 659501 35.0 760 25.1
Oct. 17,1847 W | 1053296 889205427 { 20330.21 | 5054212 65054.2| 1518 7 01 46.0
!
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Polaris near western elongation, Gctober 17,

No. Tel. ;Timr- from Red’n_toi Corr’d'me:m ‘ Reading rednced |
\ elong’n. elongn.{  reading. | to elong’n. i
SIS Sl v | |
m, 5. \ ’” ot " o ot
1 R ! 63 55 31.3 ]
2 31.3 |
3 3.3 | Z
4 D 243 55 19.8 : Chronometer time of elongation Th Im 46= Q.
5 19.9 - ‘
6 — 20, 8 Reading of star reduced to elongation,
1 D 14340 15.0] 12742647 197 42 4907 ; g
2 12 40,0 Y 11.3 63.2 51.90 Tel. . Meun reading. Llim”(x: } Corr'd mean.
3 10 02.0 7.3 60. 1 52.8 (. ! O
4 $33.5 6.5 55.2 4.7 N o 1w
5 7 50.5 4.3 1 53.5 40,9 | D127 42 50,46 1 ~0.23 187 42 50- 23
6 R 52.01 0.1 507 42 46.7 307 42 46.6 R 30T 4245.78 | 0.00 ] 307 42 45.7
7 W5 00| 5.7 5.7 : '
8 2155 0.3 .46.0 45.7 1 Rending of % at elongation. 1279 42/ 437.00
2] 4 05.0 1.2 47.1 45.9 Azimuth of >k ....... ..., Q0037 321
10 525! 2.1 471 45.0 Reading of meridian-....... 129° 46727721
i : Readingof mark............
7 R 63 55 30.1 ; Mark east of north..........
8 29. 4 | Corr'n for diar’l aber'n.... ..
] A5 Mark E. of Noo.o., .o alil
10 D 243 55 18.4 | Lo,
11 188 |
2 | 12.3

To ARTS. (11 AND 13.)—FHrample of record and reduction.
STATION TOINT AVISADERA, SAN FRANCIZCO Bay, (Cat.
Polaris near eastern elongition, Sept. 9, I®51,

Obrerver : R. D. C. Tustrument: 10-inch Gambey theodolite, C. 8., No. 20; (graduation from right to left.)

H 1

|
U R t Chro'r time,  Reading of horzl. |
No. i el [ Star | Tyony 1838, | cirele, mark, and ¥%. l
'

H B om s i o + ¢ =37° 43 31" ; A =8b g s, west of Greenwieh,
I D 054 45 50.0 | Sepi. 9, at 1ime of east elongation.
| 45.0 | Polaris a = 1h 6m 15s. 33,
| 50.0 | Polaris 4 = 880 30 51.26.
| 62.5 te —=5h 55m 245, 10,
1: Dir. 3 42 30.5 Ae =10 52 427,84,
2 ] Ref. 44 0RO )
3 i Dir. 45 52.0 Sid. time, megll NOON .. cu .t iiiiiiiananas . Xh\ ;1; 0;: 49
4 | Ref 47 15.0 Sid. time, earr elongation. . 19 10 51,93
SR ! Dir. 48 59.0 Mean time, east elongution........ 7 56 97.47
6 . Ref. 50 34.0 Chronometer, Dent, 1838, correction -« +3 30 06, 93
T v, | a2 28.0 Chronometer fite, east elongation.... . 4062050
8 Ref. 53 aL.5 Mean chrounometer time of observation 3 48 12.30
: 149 15 25.0 | Time from elongation 18 08 20
! ! 15.0 | Time from elongation, sid. int..._.. E. 18 11. 30
§ ! ! 25.0
i H
N. B. Scveral such sets fire taken in ruccession.
Dent, 1838, is a mean-time chronometer.
i o + u
T ‘ Tab. quan. 1 ) . Mean angle between > and mark........ 13 11 18.7
S Reduction to elongation... . ... .- -21.3
P ” r Reduction to mean azimuth .. - —0.9
541.8 63.7 | —_—
5043 3.5 ‘ 1 Corrected angle, elopg'n, and mark ... 13 10 36.35
290,83 16,7 | Log27.4........ 1. 4380 Azimuth of % at elongation .. __....... .. 1 52 42.8

57.3 L& | Log (ratiol)..... 0. 0024  —

46,7 | 1.2 | Logtan A ...... 8. 5140 M.|!'k eaft ofporth ... ..... e N 15 03 3!‘1_ 3
297 ‘ L0 l — To which resglt the eorvection for dinrnal aberratio
t157 357 9. 054 : ia yet to be applicd.

530.2 | ga.g | Corrn...... O

1‘? 3 Tab. quan. 27.4

93
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To ARTs. (14) AND (15.)—Example of record.

STATION DOLLAR POINT, GALVESTON BAY, TEXAS.
Polaris at varions hour angles, April 5, 1848.
Observer: J. E. H. Ipstrument: 18-inch Troughton theodolite, C. 8., No. 4.
Pos. I1, set 2,

T

cmr_l‘;i;;ﬁ?ugz‘_r' Level. Azimuth circle. i
Object. | “Tel. g -
| Hardy, 50, ho] w A B l c ]
! i o
’l. mn, 8. ﬁ [e} r " " "
Mark. D 8 56 f 158 50 55 65 50
I ; 51 20 20 0 | .
129 L5 g
! BL 1 19 T
126 | T T
83 | 117 2
Star, D 903 33.5 ; 337 18 40 35 w |
4475 1 18 55 55 3 2
6 07.0 ! 18 75 70 55 -
e R 908 06 5 | W 45 55 40
924.0" 1965, 75 55
10 23.5 ' 20 20 3 10
| 12150 19
: g0 | 120
; > s @
77.5 0 122 :
Mark. | D : ; 158 50 55 = 65 50
R 919 | ‘ 51 20 . 15 00

To ARTS. (14) AND (15.)—Example of reduction.

StarioN DoLLar PoOINT, 1848,

Specimen of ephemeris, Polaris at Dollar Point meau midnight, and table of chronometer correction and rate.

o =29° 26’ 02".6. 2A==6h 19m 3240 west of Greenwich.
At side- | Chronome- Daily rate,
Date. “ ¢ realtime.| ter fast. | gaining.
1848, 1 h. m. s. e o I h. m. s,
March 23 | 104 05.51 | 830 01.68
&e.
April 2 1 04 04.46 r8 29 5H8. 80 12.0 o 11.4
5 04.70 57.77 | 10.5 02.0 | Stopped.
6 04.85 57.46 | 10.4 04.8 2.8
&c.

Polaris at various hour angles. April b,

T i
h.om. s. ;
Mean of times - .vovenceaaen - 907 3.7 |
Correction to chronometer. ... — L01. 8 J
Sidereal time of ohservation. .. 9 07 01.9
[ i S 104047
Hour angle..ccoocccevevaann. 802 57.2 120° 44’ 180
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} . e} AT
mean. | quantity. Mean reading of ¥ ..o oo, 237 19 26 40
- Level correction oo o i e e it —01, 12
m. s. ‘e 43 e T
330, 2 24.1 Reduction to mean azimuth. ... ... ... ... ... .lo.L (0. 30
216.2 10.1 | Corrected reading of . ..oooo ool oo LliLoa. 337 1Y 24,0
0 56.7 1.7 Azimuth of K .. et 128 11,45
1028 2.2 Reading of mevidian. ... ... . .oiiiiicniiiaann . 338 47 36,43
[ 4 1
; fg: ;(’); ] Reading of mark. ... ool iiaiiiiaioa0 158 51 04.60
: - Mark west 0f 80Uth. <o ceen tire o i icee e 0 03 28,17
Mean.. .. 1.8 ¢
_ {To whiek vesult the correction for diurnal abernation is yet to be applied.)
Reduct'n.| —07.30 !

To ART. (7. )—FExample of record and reduction.

STATION SANTA CRUZ, CALIFORNIA.

Polaris before upper culmination.

October 30, 1854. Observer, R. D. C.

Instrument, twelve-inch Gambey theodolite, C.

8. No. 30, (graduaation from right fo left.)

K g, ‘ Reading of hor-

= § Star. Cllrgllometer | izontal circle,

§ f ;‘;‘ i tine. | mark, & star. |

. h, m. s, o rou
D 37 2121
33
pr
‘ 21

1 Dir. 951 03,0 |

2 Ref. 52 10.5 |

3 Dir. 53 35.0

4 Ref. 54 44.0

5 Dir. 56 55.0

6 Ref. 58 44.0

7 R Dir. 10 00 35.5

8 Ref. 01 5'.5

9 Dir. 03 07.0

10 Ref. 04 215

1 Dir, 05 20,0

12 Ref. 06 46.5 |

[ 2161615

12
24
12

N. B —Several such sets sre taken in succession.
The chronometer used is regulated to mean tin e,

=80 ORm 09 west of Greenwich.
Polaris a=—10 (™ 535,33
4 p=10 ¥ 4835,

¢ ==36° Hr 32,
Qctober 30.

h. m. s

Santa Cruz, sidereal time at meaun noon. .. ...... 14 35 14.31

Sidereal interval of upper culmination afier mean

BOON. - e vacamevasnns cmmmmesvcenn senennnaaws 10 3] 40,07

9 50 (229

12 46,11
10 11 54.40
10 13 34.92

Chronometer time of observation... ... ...
Chronometer 8low .. ... coumvomecinnnan..
Mean time of observation. .
Sidereal interval of observation after mean noon. .
Sidereal interval of upper culmination after mean

JoT110) + DU

10 31 40.07

Hour angle, 4 east, —west................._. — 1B U510
We have—
p==5208".4
second term== 1017.0
third term = 3".1

hence—
t—=—4° 3V 17"
A ==530"14.
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B Tu sidereal’ Tabular

' time. | quantiry.

| —

m. S. m S, 4 ;

8 00 8 01 126

G 49 6 50 02 |

| 533 5 34 61 |

42 495 32

2 13 2 13 |

I 024 024 0

Pl 197 4

246 2 46 15 |

350 4 00 S1
513 514 54

6 21 6 % 80

| 7os [ 799 ns

Mean ..ooooeaeeea. 2.2 |

;Reduction to mean | —{

I azimuth ..o —013

1
s

To ArT. (18.)

or

Angle, mark, and star....

Azimuth of star, corrected . .___._._.. ...

Mark west of north....

THE

SUPERINTENDEXNT

oF

o 1 ¥
14 54 34.1Y
—8 50,01

———
14 45 44.18

(To which & correction for diurnal aberration is yet to be applied.)

Frample of record.

STATION SEBATTIS, KENNEBEC CoOUNTY, MAINE,
July 13, 1853,

Polaris near upper culmingtion.
Weunther clear.

Puosition, V,

Assumed chronometer ervor, 4175,

Wind northeast, light.

Observer, A. D. B.
Temperature 59° Fahrenheit.

Instrument, 30-inch theodolite, C. 8. No. 1.
Assuied time of culmination, 18 05™ 575,
Approximate ehronometey time of culmination, 1% 06w 143,

WON e

e

o
S € TN

ot

[=r I

Azimuth circle,

|
| ‘ £ | Time by si-
Ohject. ‘ Appeamncv.; % dercal chro- i-—— - -
: [ nometer, I | A B
| e | |
| :
hom s | ° |
Mark. | m-d. st R 0 5 20204 32 30 |80
0 8 20204 32.5 34.531
{ o1f {20204/32 3¢ 315
D | o016 | 20lw 2 |35
01830 l 2204 26 27.5 29
022 | 2204 27 2.5 2.5
|
Star. | m-d. s.r. | D 0 46 14 ‘ 2209|045 03 |02
04914 2207 27 2 |98
052 14 ] 220544 42 15
055 14| 220405 05 |08
053 141 22 02195.5 24.5|926.5
tr. R | 11414 ‘ 201 53 | 47.5 47.5 | 49.5
117 14 [ 201 52 | 07 08 09
12014 201500338 33 |34
123 14 ‘ 201 48 149 49 |51
m-b. st. 192614 | 201 47|10 125 10.5
Mark. | ft. m-st. R 130 [20204)|31.5 31 32.5
137 lo02osl30 99 |a31
139 1-202 0431 30 |32
| D 141 J 2204 | 26.5 27 |30.5
[ 143 | 220426 27 305
| 145 | 2204 285 99531
| i

985 | 34.5
31 !as
30.5 : 35.5
31 |31
27 |30
25.5 ‘ 28
03.5 06
30 1 28.5
46.5 | 48
07 |85
97 |90
19.5 ] 51.5
09 |10
34 ’ 33.5
49 |52
12| 126
32.5 | 36
30 | 34.5
30 |34
30.5 | 32
30 |32
31 \ R».5

20

06

49
20

50

10. 5

51
12

34
33

31
31
33

Level,

1 divis'n of level == 1"7.53,

L W.
xX72 95
D TRX
71 725X
x69 74
xX72 70
67 74X
X69 €13
74 62X
74 61
X722 64
xX72 63
73 6Ix

No correction for run of
microscopes.
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To Awr. (18.)  FExample of reduction.
STATION SEBATTIS, 1553,
o==44% 08 37'.7. Jom= 4l 4um 1755 west of Greenwichi,

Spectmen of table of sidereal time und of chronometer time of cudminations,

Chron’t Chrow'r time

Date. ; Culminat’n. Sidcrenl {ime. . X L.
fast.  of culmina’n,
1853, b . s, S fe.ome. s
July 13| Lower.... 1305 57.3 | 157 1306 130
July 13 ¢ Upper ... 105 57.7 17.9 T U6 10,6
July 14 Lower.... 1305352 20,2 I3 08 152
July M Upper ... 105587 | 22.5 106 212
&ec. ;
Before upper culmjuation of Polaris. After upper culmination of Polaris.
R S . - | T “»:,: - o Reading of
£ & Time from | Corrected B £ Time from Corrected meridian.
] '_% uf.xper. | mean reading. | E ..i | u]-)pmi mean reading.
; : culmination. ‘0 Z= ; culmination, ’
. ol [ : (SR} i
I R 20204312 0 12 0Bl 22 04 90,9
2% . } 331001t 29.4
3% e 32,0 010 ¢ 205
& D ... L2 04 20.7 9 R 202 04 31.0
5 @l j 97,0 & « 3.3
6 2.8 1 7T ¢ el w4
o : o o o
1 D 20 ; W09 042 | 10 + R 20 201 47 1.6 ¢ 21 BR u7.9
! . -
2 “ | v 07 B7.7 9 i 17 48 Ho. 2 02,9
31w 'l wer | s o 141 50 3T 09.%
4 | e 1 | 04064 | 7 o« nol 520309 07.7
e 8 022.9 , 6 i 8 53

9.2 08. 0

|
| Mean reading of . Level cor-| Reducet'n to

i
Chronometer time of upper culmination.. 1" 06™ 1556 | Corrected mean. |
! ;

Assumed time of upper culmination...... 145.0 J meridian. | ection. | meridian. |
IV TS “" w " : o o E
| 21580844 | —2.82 | _0.8 21 58 04.77 |
| : |
! Readingofmark ... ... ... ... 22 04 30.60 |
I Mark cast of north. . «oneoeeenensn 0 06 25.83 |
: 1

{To which result the correciion for diurnal aberration is yet
to be applied.)

13
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Sun near prime vertieal. August 15, a. m., 1856. Observer, C. AL 8. Instrument, five-inch magnetic theodolite. Sidereal

To AzrT. (19.)

REPORT OF THE SUPERINTENDENT OF

STaTroN WasHINGTON, D. C.,
>

Frample of record and reduction.

CAPITOL GARDEN.

209 27 00 l

|

chronometer.
Horizontal circle. Vertical ecirele. i
Chronometer e ‘o
fime. {Temperature.
A. B. A. B. }
SET I ©’s upper and first limb. Teleseope D. i 732 Fahr.
- ; i ! -
b, om. s. o i ' o AT, IS A 24 : G e ‘
S5 U2 563.0 25 24 30 205 24 30 61 56 (0 61 56 00 } B 204
05 34,0 25 50 45 | 205 51 30 61 24 30 61 25 00 | (Bur. ¢ ’;";
| s .
06 55,5 26 04 30 | 206 05 15 61 08 15 610030 | e
©’s lower and second limb. Telescope R. i
B B | T T
509 12,0 205 54 15 25 54 00 1! 61 19 30 61 18 30 |
10 32.0 206 07 15 26 (06 45 ; 61 04 00 61 03 00 1
11 42,0 206 18 30 26 18 15 | 60 50 00 60 40 45 |
Ser II. ®’s lower and second limb.  Telescope R. |
S — i R
D13 22.0 L 206 35 30 } 26 35 30 60 30 45 ‘ 60 30 15
' I
14 32,0 206 47 30 | 26 47 30 60 17 30 1‘ 60 17 GO
15 36.5 206 58 30 | 26 B8 00 . 60 b 15 J 60 04 30
S T S A
@©'s upper and first limb. Telescope D. :
]
] i |
5 17 07.0 27 47 30 ; 207 48 15 f 59 11 45 59 12 00
18 16.5 2800 00 | 2080030 | 5857 45 58 58 00
19 19.0 28 10 15 208 10 30 i 58 45 30 58 45 15
S N !
SeEr Ii1. (®’s upper and first limb. Telescope D.
SR S e
5 20 44.0 28 25 00 208 25 0 “ 58 29 00 58 29 30
22 01.5 28 37 45 208 38 15 | 58 14 45 58 14 3¢
25 26.5 29 13 30 209 14 00 ‘ 57 36 09 57 35 45
@©’s lower and second limb. Telescope R.
: i '
5.27 32.5 209 01 30 ‘ 29 00 30 | 57 48 00 { b7 47 30
28 39.5 | 209 12 45 29 12 15 57 34 30 57 34 15
30 01,0 20 26 30 57 19 15 57 18 30 78° Fahr,
[
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o ==38" 53 187, 7==08 08™ 0150 west of Greenwich,

: Mean reading
horizontal

R Correct’n for par-
Mean chro- Mean reading P

ailax in altitude Corrected 2

nometer time. | N vertical circle. .
circle, and refraction.
Ao m. s, ; oo SR o oo
SetI..... 5 07 48,1 25 56 40 61 17 02 +1 34 61 13 36
SetIl ....0 516 22.2 97 23 17 59 38 00 4127 59 49 27
Set IIL. .. 595441 | 98 59 80 57 50 U7 +12 57 51 2R
SetI. | SetIL Set ILL
—_—— 7,ﬁ,_~,,7,__h|,,___7_,7);‘ et ——— e
o ¢ c o+ u oo
G e e C OB B3 18 . 3853 18 38 53 I8
B 284124 1 302033 32 08 32
P e et 76 04 27 | 76 04 37 76 04 14
A, (from northy...._. © 05 06 06 ] 96 32 34 92 0= 54
Circle veads. ........° 2556 40 27 93 17 28 59 30

South meridian reads.! 140 50 34 | 110 50 43 110 30 36

APPENDIX No. 12.
[From Coast Survey Report for 1846, |

LETTER OF 8. C. WALKER, E8Q., TO THE SUPERINTENDENT OF THE COAST SURVEY, IN RELATION

TO THE DIFFERENCES OF LONGITUDE OF PHILADELPHIA AND GREENWICH, BY REDUCTION OF

OBSERVATIONS MADE AT CAMBRIDGE, MASSACHUSETTS.

WasmiNGgrox, DL C., Janvary 13, 184G.

Drar Sik: I beg to acknowledge the receipt of copies of thie report of Mr. Bond, relative to
the longitude of the new Cawbridge Observatory, New England, from which it appears that the
most recent determinations of this longitude are, (west of Greenwich,)

By moon enlminations by Mr. Bond in 1839, 1840, and 1841, reduced by Prof. Peirce... 4 44 31.7
By occultations observed by Mr. Bond in the years 1831 to 1839, inclusive, reduced by

Prof., Peirce . o e 4 44 524
By Mr. Bond’s report of direct comparisons by chronometers, transported in 1844 and
1845, between Cambridge, New England, and Liverpool, England. .. .......... ... 4 44 31.7

I take occasion to remark that a discussion of all the available sources of information in 1842
relative to the difference of longitude between the High School Observatory, in Philadelphia, and
Mr. Bond’s old observatory in Cambridge, New England, gave me the value of 16™ 1252 in time.

Prof. Peirce places the new Cambridge Observatory 351 west of the old observatory. This
gives, between the present Cambridge, New England, and the Philadelphia observatories, the
difference of 16™ 9.1, Using this value, the reports of Mr. Bond furnish new results for the
longitude of the High School Observatory, which now stands thus:

k. m. s.
By S. C. Walker’'s reportin 1844, .. ... ... . ... ... 5 0 40.6
By 8. C. Walker'sreport in 1845, .. .. ... ... . . ... ... ... ... 5 0 40.6
By Prof. Peirce’s caleulations by moon culminations. . ... ... 50 405
By Prof. Peirce’s calculations by ocenltations . ...... .. .......... 50 41.2

By Mr. Bond’s report by chronometers.......... ... . .......... 5 0 40.5
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This coincidence is quite -gratifving, and furnishes a strong motive for testing, with greater
precision, the difference of longitude between Camnbridge and Philadelphia.
Yours, respectfully,
SEARS (. WALKER.
Avexanpir D. Bacng, LL. D,
Superintendent United States Coast Survey.

APPENDIX No. 13.

[From Coast Survey Report for 184C.]

REPORT OF 8. C. WALKER, E&8Q., TO THE SUPERINTENDENT OF THE COAST SURVEY, RELATING TO
DETERMINATIONS OF DIFFERENCES OF LONGITUDE BY TELEGRAPH, &C.

WASHINGTON, D, C., Pecember 4, 1846,

DiaARr Sir: Since my last annual report 1 have been chiefly engaged, in the time that could be
spared {rom the pressing labors for the Observatory, in preparing for determination of difference of
longitude between the stations of the Coust Survey connected by the magnetic telegraph line.
The Washington Observatory has been united to the line from the post office northward. The
observatory of the central high-school of Philadelphin has been connected with the same continued
line. Prof. Loomis’s station at Jersey City has been econnected with the northern terminus of the
Philadelphia and Jersey City line.

The requisite apparatus for giving and receiving signals was prepared by Mr. Saxton, cousist-
ing of five magnet stands, of small size and easy transportation.  For a minute description of the
magnet stand and the mode of using it 1 beg to refer you to the lithographed circndar and aecom-
panying lithographed forms for registering and reducing the astronomical observations.

The right of eonstrieting and using the line from the post oftice to the Washington Observatory
has been purchased of the patentees, and is now the property of the Coast Survey. The delay that,
oceurred in the negotiations with the telegraph company, and the time required to complete the
main Iine and the astronomical stations, prevented the trial of the method till the 1st of October.
The first night in which signals were successtully passed between the Philadelphia and Washington
observatories was the 10th of October. Tor the result of that night’s work—not as yet, however,
corrected for personal equations—I beg to refer you to my partial report, dated October 22. The
Washington Observatory, according to that night’s work, is found to be 7= 345306 in time west of
the Philadelphia Observatory. In my partial report of June 16, last, T have given the longitude of
Captain Wilkes’s observatory, on Capitol Hill, 5b 8™ 42.60; hence, Captain Wilkes's observatory is
Tm 245 west of Philadelphia.  In the interim, previoas to the reduction of' the recent triangulation
which conneets Capitol Hill and the Washington Observatory, 1 have taken from Ellicott’s original
survey of Washington the westing of the Washington Observatory = 10035 in tine. This added
to Tm 24 makes T 34505 for the west longitude of the Washington Observatory. This resuit
differs only 0~.256 from that of the telegraphic comparison of October 10.

1 submit the cerrection for personal equations as far as now known. I have often, in past
years, compared personal equations with Prof. Kendall, and never found any sensible difference.
For the Washington observers the equations of Messrs, Almy, Keith, and myself are as follows, for
the clock correction by transits of stars:

m. S.
Observed September 29, 1846, (Almy — Keith) ... ... ... ..., = 4 0.307
Observed October 21, 1846, (Keith —Walker). ... oo .. = 0.014
Coneluded, (Almy —Walker) oo ... .o = 4 0.321
Concluded, (Almy—XKendall). ... .. ... ... .. ... = 4 0.321
Uncorrected longitude, (4 east). ... ... ... ... ... ..o = —T7 34306
Uncorrected longitude by telegraph, October 10, 1846_ .. ... .. ... = — 7 33.985
Reported longitnde June 16, by Gilliss’s observations, 1838 to 1842_ . == — T 34.050

Diserepancy. ... .. i = 0.065
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The longitude reported June 16 is effected with the personal equations of Licutenant Gilliss,
and the numerous observers at the more eastern stations.  If we suppose the latter to compensate
each other, that of Lientenant Gilliss, compared with Professor Kendall and myselt, from observi-
tions of October 22, (at which time Lieutenant Gilliss visited the Washington Observatory,) is—

&
Observed October 22, 1846, (Almy — Gilliss) oo .. ... ... = 4 .271
Concluded, (Gilliss, Walker = Gilliss, Kendall) .. ... ... .. _.... . ... = — 0,050

From this comparison it appears that Lieuntenant Gilliss’s observations correspond well with
those of Professor Kendall and myself, and that there isx no reasonable ground to suppose that any
correction is required, in my report of June 16, for Lieutenant Gilliss's personal equation.  The
coincidence between the two results, within 05,0635, is too c¢lose not to be partly aseribed to accident.
If affords, nevertheless, the highest encouragement for the prosecution of telegraph operations.

The violent storm of October 13 rendered the Hue nearly useless during the remainder of the
month. Signals were, however, passed, on the 22d, from Philadelphia to Washington,  The repairs
of the line between Baltimore and New York, in November, and the putting up of new wires, ren-
dered it jnexpedient to continue the comparisons,

The registering apparatus made by Mr. Pike for the Coast Survey, (three complete sets, with
portable local batteries,) under the directions of Dr. Morse, have been just received. It does not
appear that the operators at the Washington and Jersey City telegraph offices were at any time in
October in conversation’ with each other. This aecounts for our tailure to pass elock signals
bhetween Jersey City and Philadelphia and Washiugtou, and for the loss, in this respect, of the

aluable observations of Professor Loomis. This want of success is to be attribnted to the imperfect

insulation of the old telegraph line from Baltimore to New York, Suel imperfection is not neces-
sarily incident to the method. The wires from Baltimore eity to the Washington Observatory never
failed, in the most violent storms, (even of the 13th of October,) to trausmit signals, night and day,
when desired. The line from the post office to the Washington Observatory, crected by Dr. AL (.
Goell, is the Dbest specimen yet constructed, and should serve as a model for further progress.
Great hopes are entertained that the new lines now being erected, with better materials and more
perfect insulation than those of the old ones between Baltimore and Jersey City, will afford proper
facilities for the successful application of the telegraph method to the determination ot longitudes,
which gave so satisfactory a result on the 10th of October last.

The subject of the reduction of the astronomical vbservations now in the collection of the Cloast
Survey has received all the attention which my necessary labor for the Observatory would allow,
and the prepuaration of the telegraph operations would sparve. No new individuals of the first two
classes are received. Those which have been received of classes second and third, vio., transits of
Mercury and eclipses of the sun, are only partially reduced. 1 do not expect, on the final reduction
of them, much additional weight to be given to the longitudes alveady obtained.  The classes of
ocenltations from the fourth to the eighth, inclusive, present a great number of observations not
vet reduced. As these have formed the basis of the longitudes of my former reports, I have been
desirous to put the ninth class, that of moon culminations, in progress. For distinction’s sake, the
telegraph operations may be called the tenth class,

The Coast Survey has in its collection more than a thousand American observations of the
moon culminations. These commence with the year 1838, and form an uninterrupted series up to
the present time; some at one point, some at another, of the survey. I include those of Prof.
Loomis, of Western Reserve, on account of their coincidence in date, as well as of the valnable
papers of Prof. Loomis on the longitude of the Hudson Observatory, in the transactions of the
American Philosophical Socicty. I have compared the American lists with the LEuvopean lists
from 1838 to 1845. The number of coincidences of one American with another, or with one Euro-
pean moon culmmination, is near two thousand. I have prepared lithographed forms for computing
the most probable longitude from one coineidence, and the most probable value for the result of an
entire series. Previous to the filling of these Dlauks the series of observations must be freed from
instrumental errors, if this has not been previously done by the observers. Since a large portion
of the American series requires this application of the instrumental correction, and since, after these
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corrections ave applied, the series on hand accumulates faster than T ean, as yet, find time to reduce
them, I have deemed it necessary to ask for aid in this labor. Since Lieutenant Gilliss has been
applied tor and ordered on duty in the Coast Survey he has corrected the American series for 1838,
and is engaged with those of 1839,  The series of 1838 being thus ready for the tilling of’ the litho-
graphic blanks, I have filled them to number of 162, for the yvear 1838. These 162 coincidences are
between Hudson, Washington, and Dorchester observatories, and between some one of them and
a European observatory. The number of results is not sufficient to warrant any modification of
the values fornished in my previons reports.

Yours, respectfully, )

SEARS . WALKLR.
A, D. Bacug, LL. D.,
Superintendent United Ntates Coast Survey.

APPENDIX No. 14.
[From Coust Survey Report for 1847, ]

ANNUAL REPORT TO THE SUPERINTENDENT ON LONGITUDIE COMPUTATIONS, BY 8. C. WALKER,
ASSISTANT UNITED STATES COAST SURVEY.

CAMBRIDGE, MAss,, September 16, 18348,

Sir: Sinee my last annual report of Septewber 20, 1848, I have presented fifteen reports,
numbered from x to xxv, inelusive, in compliance with special instructions, and in furtherance of
the general duty of making computations for astronomical longitudes of stations of the Coast Survey.
The telegraph operations of last year were handed, in February last, to the check computer, Mr.
Ruth, for final revision. Thut labor was temporarily interrupted by his early resumption of field
operations, and remains to be completed this autuwmmn.

1 inclose sections 1st, 2d, and part of section 3d, of my full report on the telegrapl operations
between Cambridge and New York., This will embrace 41 articles, by nunber, in the first three
seetions, and the remainder in section 4. Of these I send you 29 articles of the work, before
tfwrnishing the remaining 12 articles of’ section 3d, and the whole of section 4th. I send, however,
the heads ot the 12 articles partially completed for section 3d. With regard to the telegraph ope-
rations for 1848, 1 can only remark that the preliminary computations give an approximate result
differing only a small fraction of a second of time from the values already reported in 1546, January
13, (iil,) and March 11, 1848, (xii,) based on the observatious of Junar cuhninations and the trans-
portations of chronometers.

It becomes my duty again to call your attention to a subject of grave importance in the deter-
mination of the longitude of the cardinal point (New York) from those of the trigonometrical
surveys of other nations alluded to in my special report of the 3d and 8th of May last, (xvi.)

In my first report of November 16, 1844, in which I stated the most probable longitude of the
Philadelphia Observatory, viz., 5t 000 40%52-- 0435, 1 made a reserve in respect to any constant
errors of the methods. 1 there remarked, it is to be hoped that those of the latter kind (constant
errors) do not much exceed a second of time.”

I have only to add, after an interval of four years, that all the additional light thrown on this
suhject by referring Washington and Cambridge to Philadelphia by the telegraph operations, and
combining the results of reports i, ii, iv, and xiv, still confirms the conclusion of my first report in
1844, that the probable accidental error of the method of eclipses and ocenltations, subject to
parallax and semi-diameter, was at that time not greater than 1 0%35. None of the subsequent
results by the same method have varied the longitude of the Philadelphia observatory from Green-
wich by more than 40435 from the value of 3* 0™ 40~.52 then reported. This result was based on
the use of Burckhardt’s eonstant or mean value of the moon’s semi-diameter and horizontal equa-
torial parallax, Any error in the assumption of the correctness of the mean semi-diameter of the
moon may be supposed to vanish in the mean result of all these groups of eclipses and ocenltations.
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Such is not, however, the case with the error of the assumed value of the mmoon’s mean horizontal
equatorial parallax. 1t does not disappear in the ageregate of these groups, but remains a coustant
residual error, in the final vesult, of nearly the same order in longitude in seconds of time as that of
the error 1&.9]1 in seconds of are, Fhis coustant source of error was more elemtly unﬁci}m{ed in
1845, in my report 1i, in which I remarked as follows:

“There is, however, a source of constant errvor common to classes iv to vii, inclusive, viz., the
uncertainty concerning the trie value of the moon’s horizontal parallax, This element is not. like
the other Innar elements, susceptible of immediate observation in particular instances, but must be
derived theoretically from the tables, The faet that Prof. Airy, in the Greenwich observations for
1340, has adopted Mr. Henderson'’s determination, and increased the value of Burekhardt’s constant
of tlw moon’s horizontal parallax by 545, shows the uncertainty of this ¢lement.  For the sake of
uniformity I have not yet applied this correction, but have used Burckhavdt’s elements throughout
as the Dasis for reducing both the m:culmtmun .md corresponding meridian observations. 11 had
uniformly employed Mr. Henderson’s value instead of Burckhardt’s, I should have placed Philadel-
phia about 2« in time further east than at present reported.  The only imstance in which the error
from this source has been completely eliminated is in (class iv) the eclipse of May 14, 1836,
Here the full discussion of all the equations of eondition, compmuted by Rumker, gave me, tor the
correction of Burckhardt’s constant, a value of 07.2 greater than Henderson’s. T hope, in the course
of another vear, to complete the discussion of all the observations of classes vi and vii within
the limits of the survey, using Burckhardts elements with equations of condition, by means of
which the effect of any correction of these that may hereafter be indicated on the longitude of
Philadelphia, may be applied at onee.” It is uscless to attempt to determine the amonnt and
consequent correction of this error of the moon’s mean parallax hy the ordinary process of accumu-
lating results of solar eclipses and lunar ocenltations, compared with similar phenomena and with
meridian observations in Burope. In all the hiistory of the solar eclipses of the past, the illustrious
Bessel, in 1841, could find none that afforded the necessary data for making this computation.

It is proper to remark, however, that he was probably not aware at that time that the eclipse
of May 14 and 135, 1836, had been so extensively observed in America. T beg to call your attention
to the report of the committec on that eclipse, appointed hy the Ameriean I’]u]nsnph](' 1] Society,
which contains my computation of the error of Burckhardt's mean value of the moon’s horizontal
parallax, from the group of conditional equations computed by Rumbker from the European and
American observations.

If we adopt the value of the correction of Burckhardt’s mean parallax of the moon, from that
eclipse, (viz., 41752y and apply it to the series of eclipses and oceultations that form the basis of
my several reports above mentioned, it will probably be neeessary to diminish the longitude of all
the stations of the United States Coast Survey Ly about two seconds of time, or half a minute of
arc. There are other grounds which strengthen the presmmption of the existenee of this error in
Burckhardt’s constant value of the moon’s parallax. »

Olufsen has deduced a similar eorrection of +24.22 from Lacaille’s meridian altitudes of the
moon, observed in the last eeutury at the Cape of Good Hope, and compared with corresponding
European observations. Henderson finds, from his observations with the Cape mural cirele, as
compared with the European, a similar correction of +1%.3,

Mason, Burg, and Damoisean, in their lunar tables, used a greater constant value of the moon’s
parallax than Burckhardt’s.

Plana’s theory of the moon gives a similar correction. In my report of April last I gave the
following proposed supplementary equations to be added to the ordinary result trom the tables of
Burckhardt’s, to Wit:

7t = 0.9 X cos (2D —3© 4 2 perigee D — 2 perigee ©.)
+17.1 x cos ( D—30O 4 2 perigee D— 2 perigee @)
— 0.9 x cos (2D — O 4 2 perigee D — 2 perigee O©.)
—1"1 x cos( D— O42 pe rigee D — 2 perigee ©.)
ds! = 40,0022 x ='3-0.27272 x d='.
T there mentioned that these equatmns, which rest upon theoretie grounds, would very nea:tlv
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explain the excess of the moon’s semi-diameter over Burckhardt’s vulue, as deduced from several
hundred observations of both limbs of the mooun.

All these concurrent soureces of information would have warranted a new computation of the
American lon gitudes with the corrected semi-diameter and parallax of the moon. Such a labor I
had proposed to undertake, as soon as leisure could be found. It might be tairly inferred that the
result would be a diminution of the difference of longitude between the Kuropean and all the
Ainerican stations of one or more seconds. ‘

It is proper to add, that on consultation with Prof. Peirce, by the instruction of the Superinten.
dent, about the first of July, it was concluded to recommend the following course, viz: to compute
the correction of Burekhardt's semi-diameter by the formula above mentioned, and compare the com-
puted and observed semi-diameter in all cases of direct measurement, and thence deduce the most

.

s . L. § . : : . .
plausible value for the co-efficient =, to be used in the Coast Survey computations of longitudes.

There was further information in the archives of the Coast Survey, confirinatory of the propri-
ety of this step.

The longitude of the Cambridge Observatory from Greenwich has been determined by Mr.
Jond, from the transportation of 116 chronometers in 84 voyages of the Canard steamers from
Liverpool to Boston.

This result is stated in y report xii to e 4h ddm 305492 4 02754, It is to be regretted that
the data are yet wanting for computation of the longilude by fhe return voyages from Boston to
Liverpool. The possession of them would greatly increase the value of the chronometric result by
removing the constant source of ervor in the acceleration or retardation of the sea rates.

In my report xiv, on the longitude of Cambridge from Greenwich, as derived from lunar
oceultations and solar eclipses, 1 find for the result 4" 44™ 31595,

An increase of Burckhardt’s parallax of about 1.5 would reconcile these discordant results.
It will appear from my report xxiii, on the American longitudes by moon cubminations, derived
chiefly from the elaborate and very accurate computations of Lieutenant J. M. Gilliss, Assistant
United States Coast Survey, that this class of phenomena place the four stations of Washington,
Philadelphia, Cambridge, and Hudson, Ohio, more than two seconds of tine nearer to Europe than
the eclipses and oeccultatious with Burckhardt’s parallax and semi-diameter of the moon. 1 deem
it my duty, therefore, to state my belief, from all the information now before me in the archives of
the Coast Survey, that all the astronomical stations of the United States Coast Survey, including
the cardinal point, New York, must be set down one or two seconds of time further east than the
places hitherto assigned them by American and Xuropean astronomers.

If my previous report, based on the authority of the lunar tables, has fallen short of the
precision that more correet tables would have furnished, I have the consolation to reflect that other
computers have shared a similar fate. Iinight mention in this connection the names of Rittenhouse,
Bowditch, Paine, and Peirce, among the American astronomers, and of Friesnecker, Zach, Lalande,
De Ferrer, and Wurm, among the European, all of whom have more or less confirmed by their
computations the results of my reports. De Ferrer had, in fact, noticed this constant source of
error in the moow’s mean parallax, but had not sufficient data to guard against its effect.

Such was the state of our information from the archives of the Coast Survey up to the lst of
July last, and such were the conclusions to which I had then arrived. Since that time, however,
a new era has ocenrred in onr knowledge of the lunar theory. T allude to the recent publieation
of the report of the astronomer royal of England, (Professor Airy,) on the reduction of the Green-
wich observations of the moon. An abstract of this report has just been received in this country,
in the proceedings of the Royal Astronomical Society of London for the 9th of June last, In it
I find full confirmation of the view contained in my report (xvi) of 3d and 8th May last. The
importance of the subject, and its direct bearing on the longitundes of the United States Coast
Survey, will justify the gquotation from the article:

“The astronomer royal, after proposing the best hypothesis of error which he ean suggest, and
bringing the later Cambridge and Greenwich observations to bear on the subject, concludes by
saying, that prebably Plana’s mean value of parallax should be a little increased, and the moon’s
mass be correspondingly diminished. He proposes in the future reductions at Greenwich.to
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inerease Barckhardt’s parallax by 2,5 part.”  Again he remarks: “The corrceted co-efficient of
the parallactic equation ix 122737, but that is uneertain,  An empirieal equation would render the
observations more accordant, but this has no probable physieal foundation.  The more likely cause
for the observed irregularvities is a change in the moon™s semi-diameter, depending on changes in
the telescope or in the observer. From the law of the inequality this co-cfticient will always be
somewhat uncertain.”

1 will merety remark that the incerease of Burekbardt™> mean value of the moon's parallax of
37, (the 444 part,) it adopted, will fully contivm the yeport of April last, and will justity the opinion
above stated, that all onr American longitudes from Turope must be diminished one or more
seconds of time. As it isx of great importance to obtain definite results before venturing on a
change that might have to be retracted, I beg to suggest the propriety of the following conrse of
investigation: :

1. To reduce promptly the telegraph operations so as to refer all the American astronomical
observations to the cardinal point, (New York.)

2, To complete the geodetic connection of the points interrupted in the line of telegraph
operations,

3. To employ a greater torce of computers, and urge forward, by every possible meang, the
reduction of the American observations of moon culminations from 1842 ro 1846, nsing the blank
forms of the Coast Survey.

4. To employ additional {orce in forming the conditional equations for the eclipses and oceul-
tations, with corresponding mmeridian observations in Europe, to the end of 1846, also according to
the Coast Survey blank forms.

O, From the report of Professor Airy, and from any other available sources, and subsidiary
computations, to find the most plausible theoretical elements for the moon’s place on the nights of
the American observations. ‘

6. To apply these values to the conditional equations in articles 3d and 4th, so as to render the
residual error of theory the least possible.

7. o complete the diseussion of the valae 122757 of the co-efiicient of the parallactic equation
given by Professor Airy. For this purpose it will be neecessary to extend the diseussion whicl
Professor Alry has limited to the instruments ot Greenwich and Cambridge, so as to include all
those with which the transits and altitudes of Doth limits of the moon have been observed at the
same thne in any country, 50 as to decide whether the theorefieal co-efficient of 122737, or a more
plausible empirical one, is to be adopted in the longitude computations of the Coast Survey.

8. To institute a tull discussion of all the observatious of occultations of the stars in the group
Pleiades extant in any country. This discussion is recommended by Bessel as certain to afford
more perfect data than those from any other source, for the determination of lougitudes und for the
correction of the moon’s parallax and semi-diameter.

9. To resolve by the method of least squares, or otherwise, conditional equations so obtained,
after applying all the theoretical and empirical corrections to the lunar constants and co-efficients,
#0 as to obtain the most plaunsible value of the correction of the longitude of our cardinal point
from the average of the European meridians.

I regret that this outline is so copious that my personal efforts, after making and reducing the
telegraph operations, and after making out the numerous special reports that are needed in the
department of longitude computations, are hardly sufficient to make a sensible impression upon the
accumulating mass of Jongitude observations in the Coast Survey collection.

I cannot, therefore, too strongly urge upon your consideration the importance of taking proper
steps to inerease the number of computers in the longitude party, especially in the winter time,
whenever the opportunity shall offer.

Yours, truly and respectfally,
SEARS C. WALKER,
Assistant United States Coast Swrrey.
Professor A. D. BAcug, LL. D.,
Superintendent United States Coast Survey.

14
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APPENDIX No. 15.
V [From Coast Snrvey Report for 1870,

EXTRACT FROM THE REPORT QF 8. C. WALKER, ESQ., ASSISTANT UNITED STATES COAST SURVEY,
TO THE SUPERINTENDENT, ON THLE TELEGRAPHIC OPERATIONS AND THE COMPUTATIONS IN
HIS CHARGE. 4
I.—BEXPERIMENTS FOR GALVANIC WAVE TIMIZ BETWELN WASHINGTON AND ST. LOUIS,
Standing orders were left in January, February, Mareh, and April, to work, with the aid of the

several telegraph companies, by junction at their respective termini, through as long cireunits as

possible by the chemical and mechanieal methods.

Although the Seaton station was in readiness during this period, yvet theve were only thyree
night~ in which the instrumental and meteorological eircumstances and the personal arrangements
adnmitted of experiments on extensive lines.  Among these the work of the 4th of February holds
a prominent place, trom the tavorable concmrrence of all these particulars.

Owing to the kindness of Mr. D. Brooks, the chief operator on the Pittsburg and Lousville,
and of My, Stager, of Cineinnati, and of Mr, E. Calton, on the Washington and Pittsburg line, we
were able on that night to effect @ junetion directly between Seaton station aud St. Louis, through
2 distance of 1,043 miles of iron wire, and of 742 miles of ground between these termini. The
temperature was (06 Fabrenheit from Pittsburg to St Louis, and 8@ at Washington. The sky was
clear and the wind northeast. The snow, on the average more than twelve inches deep, afforded
so perfeet an insulation that Washington, Pittsburg, Cincinnati, Louisville, and St. Louis could
wich Quring the sane second receive the writing of all without change of adjustment. The presence
of Mr. K. Culmann, of the Bavarian engineers, of Dr. 3. A. Gould, of Professors Hubbard and Coftin,
added interest to the experiment. The operations were divided into stages of ten minutes each,
during which the Saxton clock at the Seaton station graduated the time scales on the Morse regis-
tering fillets at all the stations, and arbitrary dots or signals were given at one station and received
at all the others. Thus Pittsburg, Cineinnati, Louisville, and St. Louis were alternately made the
stations for these ten-minute terms of arbitrary signals, which were printed on all the registers
every three seconds.  In one ten-minute term between Washington and Pittsburg, the Seaton
buttery of fifty Grove's pint cups was between the stations on the short junetion of 300 miles through
the ground. Tun the other term the battery was on the long junction, or zine pole, through the
ground to St. Louis. It can hardly be expected that the Coast Sarvey will be able, for some fime
to conte, to meet with another combination of cirewmstances so favorable as this,

2 ATTEMPTED EXPERIMENTS ON WAVE TIME THROUGIH DIFFERENT CONDUCTORS.

An arrangement was made with Major B. B. French, president of the Morse line to New York,
to use the four wires of that line for an experiment on galvanic wave time, in which two registers,
placed side by side, should in reality be separated by a circuit of iron wire 700 miles long on each
pole. During the period trom January to June no single occasion presented itself in which all
four lines were in good working condition, so that our hopes in this respect were not realized.

3.—EXPERIMENTS WITH THE CHEMICAL TELEGRAPH LINE.

An arrangement has also been made with Henry J. Rogers, esq., superintendent of the Bain
chemieal line, (the North American Telegraph Company,) to work by the chemical method, but
without suecess, owing to difficulties of insulation over the Hudson river; accordingly we did not
suceeeed in our experiment with chemical imprints till the Sth of July, when, by the courtesy of
Marshall Lefferts, esq., president of the Merchants’ line of chemical telegraphs, the experiment
was made between Boston and New York, on a cireait of 225 miles of wire and and 187 miles of
ground.  We were frustrated in our efforts to work from New York to Buftalo by the impossibility,
in the actual state of the art, of making the double record by the chemical process at the two
termiui. The battery of sixty Grove’s cups, required to work a chemical Hoe of a thousand miles
cirenit, causes a burning of the paper at the battery station where the short duplicate eircuit is
used and the writing is made,

An ingenious experiment has reeently been performed by Mr. Bain, which obviates the difficulty
just mentioned.  This consizts in dipping the two poles of the short eireuit into a plate of water,
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and gradually bringing them neaver to each other till the rexistance on the short and long civenit,
both of which pass through the battery, is the same,  The discolomition of the paper by the
galvanic current from the present or from the remote battery is then the same. It is proper,
also, in this connection, {o invite vour attention to an ingennons contrivanee off Mr. Westhrook,
chief operator on the North American Telegraph Company™s line, by which the rexidual emrent
not destroyved by the remote electrotome from imperfeet intervening insulations is carried onward
through a brancli eircuit without affecting the clhiemieal registering disk, a slight waning of” the
galvanic current eausing o perfeet electrotome at the veceiving station and forcing the envrent into
the short branch ormultiple cireuit, so as not to interfere with a still remoter receiving station.
The two contrivances of Messrs, Bain and Westbrook—the one for tapping the eivenit at the
writing station, the other for diverting it throngh a sapernmerary eireuit at the receiving station
—agive to the chemical method the same mniversality of application as that of the mechanical
method.,  The chemical lines of any length may now write at any one station and reeeive at all the
others; moreover, the batteries may now be equalized along the Tine instead of expending their
whole force at the writing terminus. 1t is also proper to mention an important invention of” Mr.
Westbrook, of the electro-metallic mode of vecording, which surpasses adl others in distinetness and
legibility,  As the obstacles in the way of the telegraph operations tor longitude by the chemical
method are now removed by the ingenuity of Messrs, Bain and Westhrook, and as the lnes,
nechanical and chemieal, in all divections from Washington, have been gencrously placed at the
disposal of the Coast Survey without charge, atter commereini business honrs, the prospect of
stecess i our very remote telegraph connections is much increased.

4 —PROGRESS OF THE RESEARCHES ON THE VELOCITY OF THE GALVANIC CURRENT.

The physical researches on the velocity of the galvanic current, made in 1849 and 1830, have
been concluded for the present.  All the experiments ot the Coast Survey, on this subject, coneor
in showing a veloeity of the propagation of the galvanie waves of about 15,400 miles per second
in the iron wires of the American telegraph lines. These experinents have beew made ou lines
extending from Seaton station north to Cambridge, Massachusetts, on a civenit of 1,021 miles; west
to 8t Louis on a eivenit of 1,787 miles; and south to Charleston, South Carolina, on a eireunit of
1,157 miles.  They have been made in all varieties of temperature amd in all degrees of excellence of
insulation of the lines. They have been made with the ehemical and mechanical registers. The
results of the electrotome comparisons on the Merse registers, und of both kinds on the chemical
registers, are so uniform iu their indications of this velocity, and the number of single compirisons
made and measured is o numerons, (exceeding ten thousand single results,) that it will require s
strong accumulation of counter evidence, of whicl none has yet appeaved, to impaiy confidence iy
the general ¢haracter of our conclusions.

The entire experience of the Coast Survey up to this time cannot be reconciled with a velocity
of palvanic waves in the ground greater than two-thirds of the velocity in the iron wires.  Perhaps
the proportion is even smaller. The subject is veserved for future investigation, in which the
proportion of ground and wire cirenit shall be changed at pleasure on the same evening, The work
of February 4, 1858, between Washington and St. Louis, indicates that no change in the wave time
between two stations is produaced by the presence or absence of & powerful battery of fifty Grove’s
cups on the iron wire between them, in the shortest junction vonte.

In our experiments of February 4, 1850, a phenomenon was noticed, indicating an apparent
crossing of the waves on the two poles of the telegraph cirenit. The clock at Seaton station was
on the platimun pole, and graduated the vegisters at all the stations with dots or pauses of’ the
galvanic carrent of one-tenth of @ second in length,  The other nine-tenths of the second were, as
usual, exhibited on.the scale as g line of continuous action of the current.

Now, when the operator at a station distant some 800 miles made arbitrary signals in the
following order, viz., dot, line, dot, all of the length of one-tenth of a second, and so tined that the
line corresponded in absolute date to that of the Seaton clock panse, this apparent erossing took
place. Thus: let us call A, B, and C, the operator’s successive dot, line, and pause, and A/ the
Seaton clock pause; then the Seaton station Morse register exhibits these four sigrnals in the order
A and A’ coincident, and forming a single pause, foltowed by B and €. The signal station register
(Louisville, for instance) exhibits first A and B, then € and A’ coincident, and forming a single
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pause.  This phenomenon was exhibited in more than 100 instances in the case of the Louisville
and St. Louis signals, on the 4th of February, 1830,  In other cuses, where the middle line at the
western stations did not correspond to the absolute date of the Seaton clock pause, since the
mechanical register could not imprint both panse and signal at the saine time, it appears to have
followed the Iaws of mechanics and to have obeyed the influence of the resultant of the forces,
;ansed by the sitnultancous inflnence of the line or current on the zine pole and the pause on the
platinum pole, combined with the acquired armature momentum. This interference of thic waves
sometimes registered a line on the scale for the western signal, when the eastern would have given
@ pause.  Sometimes the two effects neutralized each other, and the armature remained for a fifth
part of a second motionless, exhibiting on the register either a continuous line or pause.  This
cireunmstance of the apparent crossing of the waves, and of their apparent interference, as indicated
on the registers, affords ground for interesting physieal researches on the interference of the
galvanie waves which go out to meet each other on the two poles of the telegraphice eirenits.  This
subject has already beenr alluded to in your brief communication to the Charleston meeting of' the
American Association,  Some discussion has arisen, at the Aungust wmeeting in New Haven,
whether the analogy of the crossing and interference of waves of sound, light, heat, &c¢., applies
to the galvanie waves in consequence of the existence of a ve-entering circuit, while the other waves
are propagated in a right lime throngh space. But may we not conceive that for a short portion
ot the telegraphic eircuit the action of the galvanic medium, whatever it may Dbe, is similar to that
of the medium ot light and heat, and to that ot the air, as the known medium of sound ?

The progress of invention in regard to the mechanical registers, in the last year, has been very
remarkable.  The defect of all the registers in use heretofore has been the uncertainty of the time
of a revolution of the registering apparatus, whether by eylinder, disk, or drawing rollers.  Although
the approximate portions of the graduated seale were very nearly equal, yvet the aceumulation even
of the small discrepancies became manifest in the c¢ourse of a few minutes. Professor O, M.
MitehePs revolving disk, with the Munich centritugal fly, revolving in a conical box for its governor,
had, in 1849, approached nearer to perfection than any of the registering machines on which our
experintents had been made,

My, Saxtow’s fly, inclosed in a vessel of quicksilver, gave a very good performance in gradua-
ting the recording sheet, rolled round the revolving eylinder.

All these wmethods, however, were liable to the objection which 1 have mentioned, that they
did not guard against the comnulative error. It was obvions that the pendulum alone afforded an
cffectual sateguaid against this cummulation errvor; bat the difficult point was to derive from it a
unifor rotary cr rectilinear motion.

This difficulty has been in a great degree obviated by a machine called the spring governor,
which is the joint invention of Mr. William Cranch Bond and his sons, Messes. George P, and
Richard Bond. It consists in the application of a spring like the mainspring of a wateh, (having,
however, only one coil,) which takes motion from the primary train moved by a pendulum, and
communicates it to a secondary train, controlled by a centrifugal fly. A cylinder on a delicate axis
on friction rollers is made to rotate by this secondary train. The pen which graduates the sheet
volled round the eylinder is moved by an independent train and weight. The ¢ylinder, controlled
in the single seconds by the centrifugal fly, and in the long periods by the pendulum, performs its
revolutions with all the aceuracy of a clock in its measurcment of time. The cylinder revolves
ouce in a minute, so that the enveloping sheet has sixty seconds on a line. It has sixty lines on a
sheet. By stamping the ¢, 5's, and 105 of seconds on the top, and of minutes on the left margin,
the eye seizes instantly the correct reading of the minute and second. The fraction to the tenth of
a second may be estimated by the eye, or it may be read off to the hundredth of a second by a glass
or horn scale, graduated to suit the intervals. In a perfect register the scale of secouds should be
straight and vertical from the top to the bottom of the sheet. In the sheet now before me the
maximum deviations of this line from a straight vertical line are not more than one-tenth of a second,
and the diserepancies of any single second’s length from that of the average seale quite insensible.
The Messrs, Bond deserve the highest commendation for this useful invention, which seems to have
removed the only obstacle in the way of the practice of registering and of reading off the dates of
observations from the printed scales.



THE UNITED STATLES COAST SURVEY. 109

APPENDIX No. t6.
fFrom Coast Survey Xeport for 18513

REPORYT OF SEARS €. WALKER, ASSISTANT IN THII COAST SURVEY, COMMUNICATING THE MEASURRES
OF WAVE-TIME MADE FROM 1840 TO i=5].

CAMBRIDGE, September 30, 1851,

DEAR SIR: 1 beg to submit a statement of the experience of the Coast Survey on the subject
of gulvanic wave-time since my last annual report of October 15, 1350,

The result of owr experience was then stated, as tollows:

1. That the average of all our experiments to that time indicates a veloeity of propagation of
the indueing waves of’ 15,400 miles per second in the iron wires of’ a telegraph line.

2, That the veloeity of propagation through the ground appears to be less than two-thirds of
the velocity i the iron wires.

These conclusions were in accordance with the independent results of the researches of Dr. B,
A. Gould and Mr. Karl Culmann, previousty read, and sinee published in the proceedings ot the
Anerican Association for the Advancement of Secience, at their meeting at New Haven, in
August, 1850.

There have been three independent series of observations for the value of wave-time, made
since October last, 1850,

The first experiment was repeated on several nights, between Seaton station and Portsmouth,
Virginia. The distance on the iren wires is 268 miles, and the distance through the ground is 150
miles. The clock station excess, in the electrotonic readings, by o mean of 221 measures, wis
+04.024, while the computed excess for the assumed velocity of 15,400 miles per second, in the iron
wires, was 402035, The difference between theory and computation is, theory greater by 400011,

The second experiment was made from Charleston, South Carolina, to Augusta, Georgia, in
the winter of 1851, The distance on the iron wire from Columbia {where the Charleston end went
to the ground) to Augunsta was 301 miles, and from Augusta to Savannah 146 miles, making the
total connection through the iron wire 447 miles, and the distance throngh the ground, from
Columbia to Savannah, 135 miles.  The clock wis at Savannah. The arbitrary signals were given
at Charleston. The observed clock excess was, by 39 measures, +04036. The computed wave-
time, {dr the above assumed veloeity, was 404038, leaving a difference of 405,002,

The clock exeess of Augusta above Savannah was, by observation, (40 measures,) 4-050193 by
theory, 405019 difterence, 4¢=.000,

The third experiment was made at Cincinnati, on the 9th of May last, on the oceasion of the
meeting of the American Association for the Advancement ol Science, The telegraph line was
composed of 840 miles of iron wire, without ground connection. The distances were as follows:
From Cincinnati to Steubenville 295 miles, thence te Cincinnati the same, thenee to Louisville
125 miles, thence to Cincinnati the same. The personal clock signalg were given by My Stager,
chief” operator at Cincinmati. In the first experiment the avbitrary signals were given by the
operator at Steubenville, and recorded at Steubenville, and also on the two registers af Cineinnati,
on opposite branches of the line. These registers I will eall, respectively, Stager and Jones; Stager
heing the register for the clock station. The observed excesses were, for the Steubenville arbitrary
signals, as follows:

Stager—Steubenville. ... ... .. .. . o L. 40040 by 31 measures.
Stager—dJones . ... ... o oL 405039 by 31 measures,
Again, for the Jones arbitrary signals on the Stager clock seale, we found:
Stager—Steubenville. .. ... 0oL —0°.004 by 39 measures.
Stager—dJones . __....._ ... ... ... e +05.050 by 226 measures.

Tlée direction of the current from the platinnm to the zine, through the junction wires, was
Yo Stager to Stenbenville, thence to Jones, thence round by Louisville to Stager, :
This is the first experiment made by the Coast Survey on a telegraph line of iron wire exclu-
sively, without ground connection.
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The first concingion to be drawn from this experiment is, that the excesses of the clock station
readings, in the experiments herctotfore made, have not been owing to the fact that a part of the
galvanic cireuit has been made thirongh the ground. since they arve here found to be as great for the
dimensions of the line as in former experviments with the partial ground connections.

This experiment was made with a long cireuit of iron wire, without ground conneetion. 1t
confivins the general conelusion respecting the value of wave-time. .

Tt gives a new tield for the diseussion of the physical question, whether the wave is propagated
round in one direction, and only affects the magnets as it reaches them in succession in this direc-
tion, or whether the wave travels by the shortest direction from one magnet to another, without
reference to the character of the poles.

Our experiments with lines composed partly of ground and partly of iron wire streteled on
poles, Ied to the preference of the latter view of the subject. -

The experiment at Cineinnati, in 1851, raises some doubt on this conelusion. It was made with
a single battery at Cincinnati, and with 840 miles of wire, all in the air.  The work of this night
wias not asx complete as I conld have desired. 1 must, therefore, wait till similar experiments are
made under more favorable cireumstances, betore attempting a further examination of the question,
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Yours, respectfully,
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ABSTRACT OF REPORTS ON LONGITUDES, BY SEARS C. WALKER, ASSISTANT 1IN THE COAST SURVLY,

&

TO THE SUPERINTENDENT.

CAMBRIDGE, September 30, 1851.
DEAR Sir: I beg to submit an abstract of all my reports on longitude hitherto made:

Harvard Obserratory, west of Greemwich.

k. m. s
(A) By moon culminations at Harvard, 1843-1845 . .. ... ... ... ... . .l 4 44 2847
(A) By moon culminations at Hudson, Ohjo, 18381844 ... ... ... ... . .. .. .. 28.62
Ry moon culminations at Wilkes’s observatory, IS38-1842. ... ... ... .. 23.52
By moon culminations at Washington Observatory, 1843, ... ... ... ... ...... 28.06
pl
{A) Mean by moon culminations. ... .. ... . L 1 44 28,42
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k. m. s. Weight.

(B) Dy eclipses, transits, and oceultations at Dorchester and Harvard, 1820-40.. 4 44 32.16 — 6.4
(B) By celipses, transits, and ocenltations at Brooklyn, New York .......... ... 31.22 — 04
(B} By eclipses, transits, and oceultations at Philadelphia, 17601840 .. ... . ... 32,56 — 2.5
(B) By eclipses, transits, and occultations at Wilkes’s observatory, 1838-1812 . .. 3313 — 1.0
(B) Mean by eclipses, transits, and occultations .. ... ... .. .. 4 44 3227 —10.3

These phenomena have been reduced by Burckhardt’s tables, and inelude, on the average,
the constant error of his parallax of the moon. Airy, in his reductions of the Greenwich obser-
vations of the moon, makes the correction of this parallax to be A, = +17.7%8 DProfessor

. . . v od -
Peiree and myself have computed the average value of the co-cfficient (A—) = —1+3, whence

o - -
( _ )X oang=—2507; and 4" Hm 32527 — 2567 are—
.

s
h. m. s,
(By Corrected mean by eclipses, transits, and oceultations ... ... ... .. ... ........ 4 44 29.60
(1 By chronometers with Liverpool—
Indiseriminate mean of 375 chironometersin all. ... .o ... ... 4 44 30.92
Indiscriminate mean of 175 chronometers, (great special exp. of 1849y . 30.96

Soud’s indiscriminate mean of 175 chronometers, (great special exp. of 1840y _. 30.10

() Adopting the last value. . ..o oo i 4 44 30.10
h, m. s,
{A) Longitude of Harvard Observatory ... .. . i i 4 44 28,42
(13) Longitude of Harvard Observatory ..... ... i i 29.64
() Longitude of Harvard Observatory .. ... . .. . ... ... ... ... ... .. ... ..... 30.10
Adopted for the present, Harvard Observatory. ... .o i iiaaaan 4 44 29.50

Then we have, by the telegraph operations of the Coast Survey, the following results from
A 1 AE L

Greenwich, depending on this assumed longitude of Harvard Observatory:

h. m. s.
New York, (City Hall) ... ... i 4 56 00,150
Philadelphia Observatory .. ... .. o iiiiiiiii it 5 00 37.504
Seaton station, (Washington, D. C).. ... ... o L. 5 07 58.564
Capitol, Washington. ... .. .. .. . . .. 5 08 00.853
Wilkes's ObServatory .- - o oot 5 08 00.958
Washington Observatory. ... .. ... .. .. . ... .. ... ... 5 08 11.206
Georgetown Observatory, (Georgetown, D. C). ... .. ... ... 5 08 17.206
Charleston Observatory, S. C., (Sec. V)...... ... ... ... ... 319 43.832
Savannah Exchange, (See. V). .. oo i 5 24 20,572
Hudson Observatory, Ohlo ... ... .. ... o .. ... 3 25 43.205
Cineinnati Observatory . ... .. ... . i 5 37 b8.62

k. m. s.

The following results depend on moon culminations and oceultations:

Sand Key, Florida, (See. VI). ... o oo oo il 5 27 31.641
Moro Castle, (Havana) ... ... i i 5 29 24.000
Point Conception, (Sec. X) ... oo 8 01 42.640

Respectfully submitted.

SEARS C. WALKER, %5
‘ Assistant Coast Survey.
Prof. A. D. Bacag, LL.D., ‘

Superintendent Conast Survey.
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APPENDIX No. 18.
[Fromn Coast Survey Report for 1851.]

NOTES OF A DISCUSSION OF TIDAL OBSERVATIONS, MADE IN CONNECTION WITH THE COAST SURVEY,
AT CAT ISLAND, IN THE GULY OF MEXICO, BY PROFESSOR A. D. BACHL, SUPERINTENDENT OF THI
COAST SURVLEY. (SEE SKETCHES H, NOS. 2 TO 6, INCLUSIVE.)

In executing the hydrography of the entrance of Mobile bay and of Mississippi sound, conmected
tidal observations were made under the immediate direction of Lientenant Commanding €, P. Pat-
terson, United States navy, Assistant in the Coast Survey.

The observations at Cat island, at the entrance to Lake Borgne, Louisiana, and at Fort Morgan,
at the entrance to Mobile bas, have undergone more than oue discussion, the peculiarities of the
tides giving great interest to the observations.

The results, as obtained from a year’s hourly observations, day and night, at Cat island, will
be given as far as obtained, the steps taken for further progress stated, and the information which
has been obtained from other sources, hearing upon this most interesting problem of the tides in
the Gulf of Mexico, will be briefly touched upen.

I hope, in the progress of the survey along this part of our coast, to develop the subject of
these tides, full of importance to the navigator, and of interest to the man of science. These tides,
with special exceptions, ebb and flow but once in twenty-four Irours.

The tide-gauge was of the kind known as the box gauge, with a float and staff, graduated into
feet and decimals of a foot. It was placed in the harbor of Cat island, near the light-lhouse, at the
extremity of a temporary wharf. .

The harbor, as the Coast Survey chart which I now present to the meeting shows, turus its
widest and deepest opening to the east.

Apparent time was given by a mark, and the observations were made at mean solar time by
applying the eguations. The time was of less eonsequence than ordinary in these observations,
from the small rise and fall of the tide, which prevented small differences of time from being
noticeable by differences of rise and fall. Slight inequalities, cauwsed chiefly by wind, were also
found to affect the observations so materially that it was not deemed advisable to observe oftener
than once the hour; and after attempting to determine the epoch of high and low water by more
frequent observations, it was decided that errors would probably be introduced by aiming atl a
degree of precision which the phenomena themselves did not present.

The observations were made day and night, homly, for a year, with exceedingly rare omissions,
and, as the diseussion has shown, with a degree of faithfulness which merits very great praise.
The observers were Messrs. Gustavus Wiirdeman and R. T. Bassett, attached to the Coast Survey.

The general opinion of nautical men on the sabject of these tides is that they mainly depend
upon the action of the wind; and the very regular effect which may be shown to result from a
discussion of the tides, in reference to the local action by the wind, lends plausibility to this gene-
ralization, which, nevertheless, is unfounded.

The causes are of a much more general character, and such as usually influence the tides, so
modified as to be difficult to bring out; phenomena which are only accessory in the ordinary dis-
cussions assuming here the ehief and overruling part.

The regular tabulation of the observations was made by Lieutenant Commanding C. P. Patter-
son, who did not fail to perceive that the ordinary methods of discussion of the tides were inappli-
cable. His removal from the survey on other professional gservice has devolved upon me the labor
of discussing the results.

Their importance, interest, and novelty, so far as our coast and their striking peenliarities are
concerned, have justified me in giving much time to the discussion, whieh has been carried on,
under my immediate direction, by Mr. G. W. Dean, sub-assistant in the Coast Survey, and by
Messrs. R. M. Bache, A. 8. Wadsworth, jr., and W. M. Johnson.

I am indebted, for the diagrams necessary to illustrate the conclusions alrcady mrived at, to
Messrs, Bache, Johnson, and Keyser.

15
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1 present a part only of the labors of these gentlemen. The whole of the hourly observations
for the year have been thrown into the form of curves, and numerous tables for examining and
verifying the ditferent hypotheses have been made by them. Though the subject was reached
induetively, I do not propose to present it strictly in that form.

The work, even now, is far from being complete; indeed, we have rather reached the true
method of discussion than have completed the discussion, and we may yet have to modify our
hypothesis, though I think not materially. I present it to the association as a work in progress.
‘When the investigation for this station is made complete, the application of the methods to the
other stations on the Gulf of Mexico will be in a degree mechanical.

It is curious that one among the earliest complete series of tidal observations on record, is of
tides ebbing and flowing but once in twenty-four hours. The observations were made by Mr.
Francis Davenport, at Batsha, of the tides on the bar of Tonquin, and communicated to Dr. Halley,
who gave them, with a diagram connecting the phenomena with the moon’s motion in the ecliptic,
in the thirteenth volume of the Philosophical Transactions for the year 1683. Newton explained
these tides by his lunar theory, but in a way, as appears to me, to leave it doubtful whether he
supposed the interference of two ordinary or six-hour tides to produce the phenomena. These tides
have been referred to since by almost every writer of note, who has given a general theory of the
tides.

The subject of the diurnal inequality of the tides has been so completely and ingeniously dis-
cussed by Mr. Whewell, Master of Trinity, that it may be said emphatically to be his own. He
first pointed out the empirical law of variation of this inequality. The first distinct attempt to
trace the cause of apparent ebb and flow onee in twenty-four hours to the influence of the diurnal
irregularity, is also, so far as I know, his. In discussing (Phil. Trans. for 1837, Part I) the tides at
Singapore, where the diurnal inequality is very large, he was led to the coneclusion, if earried a
little further, ¢ at a certain stage of it the alternate tides would vanish.” To this effect he attri-
buted the ¢ single-day tides of King George’s sound, on the coast of New Holland, as observed by
Captain Fitz Roy,” and gives the curves for a weel’s observations on the diagram accompanying
his papers. The progress of the diurnal inequality wave along the coast of Europe forms an inter-
esting part of Mr. Whewell’s labors, the conclusions of which are given in the same volume of the
Philosophical Transactions.

In all these cases, however, there are two tides in the course of the day, so as to bring out the
diurnal inequality by the comparison of the consecutive high or low water. The subjectis followed
up in the eleventh series of tidal researches by Mr. Whewell, and in the appendix, in which the
diagram of the tides of Pctropaulovski, in the bay of Avatcha, Kamstehatka, approaching very
nearly, at certain parts of the lunar month, to the order of single-day tides, is given, to prove that
the diurnal inequality may be so large ¢ as to.lead to the appearance of only one tide in twenty-
four (lunar) hours.” The equations of the dinrnal and semi-diurnal tide-waves are given in this
paper, and the wave produced by cer fain cases of their interference is discussed. (Phil. Trans.
for 1840.)

I do not pretend to give sueh notice of these important papers as would be necessary in a formal
communieation. Unguestionably the observations now under examination would have furnished
to Mr. Whewell only the means of trying ideas and consequences flowing from those which have
been already discussed by him ; yet the forms of discussion are original, and perhaps new, and the
couclusions present so much of novelty that they remain to be fully put to the test by more elabo-
rate discussion, and by bringing the results at other places to bear npon the same question. I am
forced, by the necessity for brevity, to omit a reference to the learned, mgzmous, and elaborate
paper of' Mr. Airy, in the Phﬂosophlca,l Transactions for 1848.

The small rise and fall of the tides, amounting on the average to but one foot, would seem to
make it difficult to obtain the law of the phenomena, even with the aid of the most careful and
truthful observations—the class to which those under discussion have proved to belong. In regard
both to time and height, we may expect to be baffled by small irregularities, requiring loang continu-
ance of observations and comparisons of means to get rid of. Thus far few cases have occurred
which do not exhibit more striking coincidences than differences.

1. To show the time of high or low water in such a way that the discussion might be readily
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gencralized, the diagrams, of which a specimen is before the association, were made, (P’L 3, or I1.
No. 2.) The hours of the day are the ordinates, and the days of the month the abscissa. The signs
H and L show in their proper place the hour of occurrence of high and low water for each day.
The time of the moon’s saperior ransit is marked, and the periods of greatest declination, and of
crossing the equator. The result is easily generalized, that there is ordinarily but one high and one
low water at Oat island in twenty-four (lunar) hours, and that when there are two tides they oceur
about the time of the moon’s crossing the equator, and are usually most regular and strongly marked
when in syzigies, with declination nearly zeroe. Following one set of high and low waters, it will
be found that they occur later and later as the lunar day gains on the solar, with very remarkable
differences, of which the explanation will be given towards the period of small declinations. The
interval from high to low water is generally less by some hours than that from low to high. That
as the moon approaches the equator, there are afew days of singular double tides, or of single tides,
in which the times from low to high water are very much increased. That when the declination
changes its name, a high tide takes nearly the place of a low in time, and vice versa, with an inter-
val of irregularity; or, in other words, the tides are displaced by nearly twelve hours.

2. There i, as Mr. Whewell has remarked, no proper establishment to be derived from sach
tides; yet, we may obtain a desirable datum by throwing the results into the torm of tables, in
which the luni-tidal intervals arc arranged according to the days from the zero of declination and
the corresponding superior and inferior transits, and for north and south declinations. Thix will
be made more elear by subsequent explanation. These afford a test of the theory of these tides
by showing the displacement of the ordinate of high and low water, and might be used for the
inverse purpose of forming prediction tables. Such tables of Iuni-tidal intervals for three months
I now submit. They show considerable steadiness and similarity of intervals towards the maxi-
mum of declinations and great variations near the zero, and greater discrepancies than is usual in
ordinary tides. These are from a series of tubles computed by Mr. R. M. Bache for the year, and
containing the times of high and low water, deduced from the daily eurves, the readings of the
gauge, the rise and fall of the tides, the times of the moon’s superior and inferior transit, and the
moon’s declination.

The intervals serve to show that the high water belongs alternately to the superior and inferior
transits of the moomn, according as the moon’s declination is north or south, with a few cases only
whkich admit of doubt. Two sets of Inni-tidal intervals were computed (see tables) for three months,
to ascertain the proper epoch of reduction, or age of the tide. In one ease, the intervals were
referred to the superior transit of one day before; and in the other, to the superior transit of two
days before. The square of the discrepancy of the mean in the latter case was greater than in the
former. An establishment deduced from these numbers for high water, without correction, would
have a probable error, as tried by discrepaney from the mean, of nearly cighty-four minutes, 1
have little doubt of being able to reduee this error, by computation, much within the limits of
observation, so as to give useful prediction tables. The foregoing results poiut distinetly to a ruling
cause depending upon the moon’s deelinatiou.

3. The hourly observations for the year were thrown into the form of eurves—the abscissas
representing the hours, and the ovdinates the heights. Of these L present, as characteristic, the
months of January and March, (PL 4, 5, or H. Nos. 3, 4.) In January the tides are single through-
out the month, the rise and fall diminishing towards the zero of declination; and in March, two
periods of marked double tides occur. The times of new and full moon coincide nearly with the
zero of declination of March ; in January the syzigies oceur at times of greatest declination. A
series of diagrams, prepared for periods of declination zero, show irregularities, or double tides,
near these times. Before disappearing, the tide which is lost appears rather as an irregularity
than as a real tide, puzzling to the observer, and a severe test of his faithfulness. A similar set
of diagrams for the periods of greatest declination show uniformly single tides and the pgreatest
:omparative rise and fall at the same periods, whether coinciding with syzigies or with first and
last quarters. In computing the height of spring and neap tides by the common methods, four
months gave zero or negative differences.

To discuss the epochs of the phenomena, as compared with greatest and least declinations, 1
prepared two sets of tables, which require revision. They show sometimes an actual coincidence
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in the epoch of least tides and zero of declination—sometimes a precedence and sometimes a sub-
sequence—which, when mnot caused by rvegnlarity of winds, I believe will find a satisfactory
explanation; at a mean, there was little advantage in the discussion found from displacing the
epoch. The average rise and fall for the second day before the greatest declination was 1.68 feet;
for the day next preceding the greatest declination 1.78; for the day of greatest declination 1.81;
for the next day 1.86; and for the next 1.77. Tracing a curve from these would give the-epoch of
greatest rise and fall about 0.75 days after the greatest declination. The average rise and fall on
the corresponding days, in reference to declination zero, were 0.96 feet, 0.75, 0.60, (dec. zero,) 0.63,
0.73, the curve giving the epoch about one-sixth of a day after the zero of declination. The nwn-
bers, as stated, require revision ; and there are causes for apparent displacement, which require fur-
ther examination.

4. This general examination tends to point to the diurnal irregalarity, as Mr. Whewell has
stated, as the cause of the oceurrence of these single-day tides; a view which is confirmed by such
examinations as I have been able to make of the hourly tidal observations at Fort Morgan, at the
entrance of Mobile Bay. The interference in this case would be between the diurnal tide-wave,
which represents the diurnal inequality, and the ordinary semi-diurnal wave; whether this wave
has a regular progress along the coast, independently of the semi-diurnal wave, as was at first, sup-
posed by Mr. Whewell, or whether its phenomena are local, as he has since been led, from his
investigations, to believe. If the observed wave is produced by its interference with a semi-diurnal
wave, we can only study the phenomena to advantage after the observed wave has been separated
into its components.

5. As a first approximation, I assumed the two waves to be governed by the law of sines, and
then determined the curve which would result from the superposition of two such waves, having
the same or different origins. The mean of the regular double tides, about the zero of declination,
would present a first approximate value of the rise and fall of the semi-diurnal tides, and the mean
of double and single tides, at the maximum of declination, would, especially when near the quad-
ratures, give a first approximation to the height of the diurnal tide. The comparisons with the
forms of curves already traced, addressing the eye, are easily made.

I present, herewith, diagrams (Pl 6, or H. No. 5) for the case, in which the maximum of the
diurnal tide coincides with that of the semi-diurnal, is three hours in advance, (or coincides with
mean water falling,) six hours (or coincides with low water,) and nine hours, (or coincides with the
second mean, or mean water rising,) using the approximate quantities referred to above for the
greatest height of two component curves. It requires little examination to see that neither of the
first three forms represents the case, and that the fourth does so remarkably, even in what appear
to be small irregularitics in the daily carves. This will be seen in the results for October, of which
a diagram on a large scale is presented, giving the tidal curves near the zero, and thence up to the
maximum of deeclination, for the first half of the month. In the single-day tides there was the
same slow rise compared with fall; sharp rise and fall near high and low water, with the tendeney
to a stand during the rise; the same excess in the interval of time from low to high water, over that
from high to low water. This hypothesis as to the position of the two waves may perhaps be
slightly improved by further discussion. It is obvious, from the equation of the curve, (which I
have already referred to, as given by Mr. Whewell,) that the form and position of remarkable points
will vary with the constants in the component curves, as well as with the position of the origin of
each in reference to that of the other.

To carry out the representation graphically, I have drawn the curves for four values of the con-
stants of the diurnal and semi-diurnal, formed from the observations with the same displacement
of nine hours in the time of high water of the diurnal curve, and corresponding to the epochs of
the maximum declination, two, four, and six days before or after the maximum. These show the
general features of the curve sufficiently, and the variations in the fimes and heights, the passage
from single to double tides, and the reverse; and the coincidence with observations is such as to
warrant a close numerical discussion.

6. The equation of the curve shows how much the time of high and low water depends on the
constants in the diurnal and semi-diurnal curve.
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The equivalent of the eqnation given by Mr. Whewell is—
C cos 2t+D cos (t—E)}—y=0,
in which t is the time in hours from the place of the maximum ordinate of the semi-dinrnal curve
as an origin ; C is the constant of that curve of sines; X is the distanece of the maximum ordinate
of the diurnal curve for the former, and D the constant for the curve of sines; y is the ordinate of
the complex curve.
By an easy transformation this takes the form—
2Ccos?t+Dceostcos E4+Dsintsin E— C=y.
For E=9 hours. CosE=—sinE=—+1,
and y=2Ccos?t+Dsin K (sint—cost)—C.
The differential co-efficient of which for the case of the maximum or minimum is—
1Y _ 10 costsint+D sinE (sinf 4 cost) =0,

dt
1 1 40 40

. ==

sint ' cost DsinkE D3
or, since the second term is negative when ¢.6 hours,

40C
coseet —sect = DVi'
Applying this to the four cases shown in the diagrams—
b m.

E =9 hours, C=0.175, D = 0.700, we find maximum at 10 25.4
= 0.615, 10 33.3
= 0.400, 10 51.1
=0.157, 11 H56.8

and for the intervals between high and low water, in lunar bours, 9% 09w.2, 8% 53=.4, 8" 17m.5,
and 6" 06™.4.

We might apply this mode to test the hypothesis, using for the values of C the half difference
of the ordinates of six and twelve hours from the mean, and of eighteen and twenty-four hours with
the signs changed; and for D, the average of the ordinates of six aund eighteen hours fromn the fivst
mean. The means present the best criterion, because not displaced in this combination, as the
equation shows. This mode of proceeding, however, throws the test too much on the weak part of
the results—the times of oceurrence of bigh and low water, or of mean water—und does not take
in all the points of the curve; and I have, therefore, preferred a different form of discussion.

7. Placing the maximum of the semi-diurnal curve at O hours, in the hypothesis that the high
water of the diurnal curve is nine hours in advance of the semi-diurnal curve, the two curves cross
the line of mean water at three hours, the dinrnal enrve rising and the semi-dinrnal fulling; at six
hours, the semi-diurnal curve has reached its maximum, and rises again at nine hours to its inter-
section with the mean water line, at which time the diurnal curve has reached its maximumn; the
semi-diurnal curve attains its greatest rise at twelve hours, and the mean level at fitteen; the
diurnal curve also descending to the same point at that time.

Within these two intervals from mean level to mean level, the combination of the ordinates
forming the actual tidal curve are exhausted, the part of the curve below the mean level being
symmetrical with the above; from three to nine hours the ordinates of the semi-diurnal curve as
subtractive; from nine to fifteen hours, additive. The mean is the average between high and low
water. The tides of each day will give the forms of the component curves, beginning with the
mean, and ending with it, considering as symmetrical the parts above and below the axis of X.

In tabulating, the branch above the axis should be referred to the mean of the preceding and
succeeding low water { -1%1% % } and of the high water which it includes, and that below to the
mean of the two high and of one low water. From three to nine hours, the difference of the ordinates
giving the aectual curve, and from fifteen to nine in the reverse order, the sum of the same ordinates,
balf the sum of the two series of ordinates gives the value of the ordinates of the semi-diurnal
curve. The same being repeated with the second branch of the curve, the average will give two
results for each day’s observation.
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The case given in the table on the board, for March 5, will serve to illustrate the simple nature
of this method of proeceeding.

The mean ordinate for the first and second branches of the curve having been obtained, and
the hourly observation which coincides most nearly with it having been found hefore and after
high water, the hourly observations are arranged from it forward for seven hours (m,) and back-
wards for seven (n.) The same is done forlow water (m’ and #’.) The half sums and half differ-
ences are taken in cach case, and then the means. The computation of the diurnal curve is made
in the upper part of the table, and that of the semi-diurnal curve in the lower part. The number
representing the mean level is eliminated by the mode of taking the means in each table, and the
ordinates below the axis are treated as if having the same sign as those above. The semi-diurnal
curve is turned over on its maximum ordinate, and the mean value of a single branch of it found.
Then each curve is reduced to zero, in the mean level of the period. 'The last two columns of the
upper and lower part of the table contain, respectively, the eurves of sines corresponding to the
diurnal and semi-diurnal curves.

In the case shown in the first diagram, the ordinates of the semi-dinrnal curve from mean
water to high water, and corresponding nearly to a minimum of declination, and new moon, are
0.00 foot, + 0.02, + 0.03, 4 0.05, 4 0.04, — 0.02, 4+ 0.02. The moon’s declination during the period
being about from 2° 54 8., to 1045’ 8., this curve obviously contains a residual of the semi-diurnal
curve not taken out; but supposing it to be deduced from a just mean, the corresponding ordinates
of a semi-diurnal curve, ealculated with 0.04 foot as the maximum, would be 0.00 foot, 0.01, 0.02,
0.03, 0.03, 0.04, 0.04, differing, at the most, 0.06 of a foot, or about three-quarters of an inch, and,
in a single instance, the sum of all the six differences being 0.03 foot, and the average 0.004.

The ordinates of the semi-diurnal curve are 0.00 foot, 0.14, 0.28, 0.32, The curve of sines
computed with the greatest ordinate has, in this case, for its corresponding ordinates, 0.00 foot, 0.16,
0.28, 0.32, differing but .02 foot at the greatest.

At the next period of declination, near zero and full moon in the month of March, the ordi-
nates of the diurnal eurve deduced are 0.00 foot, 0.05, 0.06, 0.06, 0.08, 0.06, 0.09, and the corresponding
computed ordinates 0.00 foot, 0.02, 0.04, 0.06, 0.07, 0.09, 0.09, differing at the greatest 0.03 foot, and
on the average 0.004 foot, the observed ordinate being this time in excess, as it was before in
defect. The ordinates of the semi-diurnal curve are 0.00 foot, 0.12, 0.22, 0.26, and the computed
ones 0.00 foot, 0.13, 0.24, 0.26, the greatest difference being 0.02 foot, and the average 0.007 foot in
excess, as was the former,

For March 12, corresponding to the maximum of the diurnal curves, and to neap tides, (one
day after last quarter,) the ordinates of the hourly diurnal curve from mean to high water are 0.00
foot, 0.21, 0.36, 0.51, 0.63, 0.69, 0.71, the corresponding ordinates of the curve of sines being 0.00
foot, 0.18, 0.35, 0.63, 0.69, 0.71, in which the greatest difference is 0.03 foot, and the mean -+ 0.007
in the curve computed from observation. The ordinates of the semi-diurnal curve are each zero.
Two days afterwards, viz: March 13, gives for the diurnal curve, 0.00 foot, 0.18,0.34, 0.47, 0.61, 0.68,
0.74, corresponding to which is the curve of sines, 0.00 foot, 0.18, 0.37, 0.51, 0.63, 0.72, 0.74, in which
the greatest difference is 0.04 foot, and the mean — 0.02 foot, the curve of observation having the
least ordinates. The semi-diurnal curve is 0.00 foot, 0.00, 0.03, 0.02.
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The average of three months taken by weeks, gives, for the mean eurve and curve of sines, the
tollowing table:

| Diurnal curve. Semi-dinrnal curve.

|
i
!
|

%obsfl?;zion. of sines.’iDiﬁ“m‘ence.f obsﬁl‘r:;?ion. Of sines.
Hours. \] Feet. Feet. l ‘ Feet.
0 0.00 | 0.00 | 0.00 | 0.00
t i 0.17 | 0.15 ‘ 0.02 0.04 | 0.04
2 0.82 | 0.30 | 0.02 0.07 | 0.07
3 0.43 | 0.42 0. 01 008 | 008
g 0.52 | 0.52 ‘ 0. 00
5 l .56 § 0.58 . 0.02 !
6 ‘ 0.58 | 0.60 | 0.02
Sum..i .................... J 0.01

These results are shown by a curve in the diagram herewith presented (Pl 7, or H. No. 6,) on
the full scale, the greatest difference between the curve from the observation and the curve of the
sines being less than a quarter of an inch in the mean, deduced from three months' observations,
Whether this will disappear in the mean of more observations, or whether a modification of the
hypothesis of displaccment of nine hours must be made to meet it, further eomputations now in
progress will show.

8. When this analysis has been made as complete as possible, and applied to the year's obser-
vations, it will remain to take up the two series into which we have divided the observations, and te
discuss them pumerically in detail, as we have heretofore done, generally, in regard to the known
laws of the diurnal irregularity, and of the ordinary tides.

Each determination gives a corresponding value of the maximum, or of the ordinate of high
water, and in the casc of the mean of the curves for January, February, and March, these max
ima are 0.66 foot, 0.65, 0.60, 0.60, 0.58, 0.58. Mean 0.61 foot, differing 0.03 of a foot from the
maximum found directly from the observations, and if the discrepancies are accidental, give u mean
probable error by the variations from the average of 0.02 foot (one-quarter of an inch) of any one
of the determinations, and for the mean, 0.01 foot nearly.

9. By the kindmess of Colonel Abert, of the topographical engineers, of Major Bache, of the
same corps, and of Lieutecnant Maury, superintendent of the National Observatory, I have been
put in possession of tidal registers which have been kept during the progress of the local surveys
made of harbors on the coast of the Gulf of Mexico. The tidal observations of Major Buche,
United States topographical engineers, at Key West aud the Tortugas, are the most complete of
this series, and show, as a general phenomenon, the prevalence of the semi-diurnal wave at that
voint. I have not yet had the opportunity to examine fully these results, which are, hawever,
under discussion.
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APPENDIX No. 19.

[From Coast Survey Repor: for 1851.]

EXTRACTS FROM THE REPORT OF PROFESSOR AGASSIZ TO THE SUPERINTENDENT OF THE COAST
SURVEY, ON THE EXAMINATION OF THE FLORIDA REEFS, KEYS, AND COAST.
CAMBRIDGE, August;’ 1851,

Siz: The following report of the examination made by me of the Florida reefs, keys, and

coast, is prepared in compliance with your request:
TOPOGRAPHY OF FLORIDA.

To form a correct idea of the Florida reefs, it is of paramount importance to keep in mind the
topographical features of the whole country. The peninsula of Florida projects between the Gulf
of Mexico and the Atlantie, from the 30th degree of northern latitude nearly to the 24th, as a
broad, flat, low promontory, which has generally been considered a continnation of the low lands of
the southern States. But, as we shall see hereafter, this is not the case, or, at least, not with
respect to the southern extremity of the peninsula, which consists of the same formations as the
reef itself. Again, in a physical point of view, Florida is not limited to those tracts of land,
forming the peninsula, which Tise above the level of the sea, for the extensive shoals along its
southern extremity, between the main land and the keys and reefs, as well as those extending to
the west as far as the Tortugas, whence they stretch along the western coast, in fact belong to
it, and are intimately connected with it by their physical character. There is a similar tract of
flats along the eastern shore, but it is not so extensive as on the southern and western shores, nor
does it partake as largely of the peculiar character of the peninsula, being chiefly formed of the
alluvial sand drifted ashore by the waters of the Atlantic.

We shall have occasion, however, to show hereafter that the narrow longitndinal islands,
which extend close to the main land almost for the whole length of the eastern shore, are probably
a direet continunation of the keys, covered with drifted sand.* This is certainly the ease with the
range of keys extending from the main land to Cape Florida, which limits to the east the bay of
Miami, their formation being of coral rock, but covered by silicious drift-sand.

As to the southernmost extremity of the main land proper, it is very difficult to determine its
outlines, as it consists of innumerable islands, sometimes separated by narrow channels, and some-
times assuming the character of real islands only at high water, being mostly connected with the
main land by very shallow flats. This is especially the case along the southwestern extremity of
the peninsula. The outline of the southern shore, however, between Cape Florida and Cape Sable,
is better defined—presenting, in almost unbroken continuity, steep bluffs of the same coral lime-
stone which forms the bottom of the everglades, and may be traced, without interruption, along
the Miami from the seashore to the everglades.

South of the main land, between it and the range of keys, there are extensive flats, which,
even at high water, are but slightly covered, and which the retreat of the tide lays bare, leaving
only narrow and shallow channels between the dry flats, with occasional depressions of greater
depth. These mud flats extend not only between the main land and the keys as far as Cape Sable,
but may be traced to the north along the western shores of the continent, and to the west along
the northern shores of the keys, not only as far as Key West and the Marquesas, but even to the
Tortugas.

There is, however, this remark to be made—that to the west the mud flats become covered, by
degrees, with deeper and deeper water; or, in other words, that these low grounds, extending
between the main land and the main range of keys, dip slightly to the west, being gradually lost
in the shoals extending north of the Marguesas and the Tortugas, along the western shore of the
peninsula. These flats are interspersed with innumerable low islands, known in the country by
the generic appellation of the Mangrove islands, respecting which we shall give further details
hereafter.

" *A direct investigation of this'pnint, which did not come within the limits of my survey, would be of considerable practical

importance, inasmuch as it may lead to the discovery of a basis of coral rock, affording a far more solid foundation for the
coustruction of the light-houses wanted along that coast than tho loose shore detritus.
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The shoals between Cape Sable, Cape Florida, and the main range of keys, are literally studded
with these Mangrove islands. Sometimes they are distributed without apparent regularity ; some-
times, as to the north of Key Largo, they form a continuous range between the main land and the
keys. They are also very numerous along the main keys, or at least along that side of them which
is turned towards the most extensive mud flats. Sometimes these Mangrove islands form little
archipelagos of innumerable small islets, so intimately interwoven, and separated by such narrow
and shallow channels, as to be almost impenetrable. Such archipelagos occur chiefly to the north
of Bahia Honda and the Pine islands, as well as to the northwest of Key West. The luxuriant
vegetation which rises from these low islands, consisting chiefly of mangroves, gives them a very
peculiar appearance. We shall have oceasion to return to this subject, when we attempt to explain
the formation of the different islands connected with the Florida reef and the main land. The
whole tract between Cape Sable and the keys, east of Bahia Honda, as fur as Cape Florida, or at
least as far as Soldier key, is so shoal that it will forever remain inaccessible, except to very small
vessels.

The keys consist of an extensive range of low islands, rising but a few feet, perhaps from six to
eight or ten, or at the utmost to twelve or thirteen feet, above the level of the sea. They begin to
the north of Cape Florida, where they converge towards the main land, extending in the form of a
flat crescent in a southwesterly direction, gradually receding from the main land until, opposite
Cape Sable, they have so far retreated as to be separated from it by a shallow sheet of water forty
miles wide. Farther to the west they project in a more westerly course, with occasional interruptions,
as far as the Tortugas, which form the most western group. They consist either of aceumunlated dead
corals, of coral rocks, or of coral sand, cemented together with more or less compactness, Their
form varies, but is usually elongated and narrow, their greatest longitudinal extent following the
direction of the main range, except in the group of the Pine islands, where their course is almost
at right angles with the main range—a circumstance which we shall attempt hereafter to explain.

Most of these islands are small, the largest of them, such as Key West and Key Large, not
exceeding ten or fifteen miles in length; others only two or three, and many scarcely a mile. Their
width varies from a quarter to a third or half a mile, the largest barely measuring a mile across;
but whatever the difference in their size, they all agree in one respect—that their steepest shore is
turned towards the Gulf Stream, while their more gradual slope inclines towards the mud flats
which they encircle.

This is a point which it is important to notice, as it will assist us in our comparison between
the keys and the shore bluffs of the main land, as well as with the onter reef and the reefs of other
seas, in all of which we find that the seaward shore is steeper than that turned towards the muain
land, or, in the case of ecircular reefs inelosing basins (atolls,) than that which borders the lagoon.

The reef proper extends parallel to the main range of keys, for a few miles south or southeast
of it, following the same curve, and never receding many miles from it. The distance between the
reef and the main range of keys varies usually from six to two or three miles, the widest separation
being south of Key West and east of the Ragged keys, where the space is about seven miles,
Between this reef, upon which a few small keys rise at distant intervals, and the main range of
keys already described, there is a broad navigable channel, extending the whole length of the reef
from the Marquesas to Cape Florida, varying in depth from three to six and seven fathoms, and,
except off Looe key, where the passage is not more than fourteen feet deep at low water, averaging
from three to four fathoms.

Farther east the average depth is again the same as at Looe key; but it becomes gradually
more and more shoal towards the east, measuring usually about two fathoms, or even less, to the
east of Long key and Key Largo, but deepening again somewhat towards Cape Florida, where the
reef converges towards the main keys and the main land. Protected by the outer reef, this chan-
nel affords a very safe navigation to vessels of medium size, and would allow & secure anchorage
almost everywhere throughout the whole length of the reef, were the numerous deep channels which
intersect the outer reef well known to navigators and marked by a regular system of signals. As
it § is, however, the reef seems to present an unbroken range of most dangerous shoal grounds, upon
which thousands of vessels, as well as millions of property, have already been wrecked. These
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facts have a stronger claim upon the attention of the government, sinee there are, as already
remarked, numerous passages across the reef which might enable even the largest vessels to find
shelter and safe anchorage behind this threatening shallow barrier. * * * * *

The reef proper, as we have remarked above, runs almost parallel to the main range of keys
from Cape Florida to the western extremity of the Marguesas, where it is lost in the deep. It fol-
lows iu its whole extent the same curve as the keys, encircling to the seaward the ship channel
already mentioned. This is properly the region of living corals.

Throughout its whole range it does not reach the surface of the sea, except in a few points
where it comes aliost within the level of low-water mark, giving rise to heavy breakers, such as
Carysfort, Alligator reef, Tennessee reef, and a few other shoals of less extent, but perhaps not less
dangerous. In a few localities fragments of dead coral and coral sand begin to accumulate upon
the edges of the reef, forming small keys, which vary in form and position according to the influ-
ence of gales blowing from different directions—sometimes in the direction of the Gulf Stream from
southwest to northeast, but more frequently in the opposite direction, the prevailing winds blowing
from the northeast. Such are Sombrero key, Looe key, the Sambos, and Sand key. Here and
there are isolated coral boulders, which present projecting masses above water, such as the Dry
Rocks, west of Sand key, Pelican reef, east of it, with many others, more isolated. Though con-
tinuous, the outer rcef is, however, not so uniform as not to present many broad passages over its
crest, dividing it, as it were, into many submarine elongated hillocks, similar in form to the main
keys, but not rising above water, and in which the depressions alluded to correspond to. the chan-
nels intersecting the keys. These broad passages leading into the ship channel, which may be
available as entrances into the safe anchorage within the reef, are chiefly the inlet in front of Key
Largo and to the west of Carysfort reef, with nine fect of water; a passage between French reef
and Pickle reef, with ten feet; another between Conch reef and Crocus reef, also with ten feet;
another between Crocus reef and Alligator reef, with two fathoms; another between Alligator reef
and Tennessee reef, with two fathoms and a half; and a sixth to the west of Tennessee reef, vary-
ing in depth from two and a half to three fathoms.

The remark which has been made respecting the mud flats and their gradual deepening from east
to west, applies equally to the general features of the main reef, as well as to the intervening chan-
nel. To the eastward the channel is shallower, the ground around the keys and reef becomes shoaler,
and there is a gradual dip towards the west, which makes the connection less marked between the
keys west of Key West, in the large groups of the so-called Mangrove islands and the Marquesas,
beyond which there is even an extensive interruption in the succession of the keys before we reach
the Tortugas. These last, however, as well as the bank west of these keys, belong none the less
to the main range of keys, from which they are only separated by a more extensive and deeper
depression. West of Sand key the reef itself becomes gradually less elevated, until it is finally
lost where the ship channel, south of the Marquesas, expands into the broad depression, separating
that group of keys and shoals from the Tortugas. ‘

In order to understand fully not only the topography but also the mode of formation of all
these keys and reefs, it must be remembered that the rising reefs, which form more or less con-
tinnous walls, reaching at unequal heights nearly to the surface, or above the level of the waters,
are only a particular modification of those formations growing upon coral grounds under special
circumstances. It has been ascertained, whenever similar investigations have been made, that
living corals do not oceur in depths exceeding twenty fathoms; that the reef-building species pros-
per from a depth of about twelve fathoms nearly to the surface, and that different species follow
each other at successive heights. Now if we keep in mind these facts, we shall see that all the
coral-bound islands of the West Indies, as well as of the main land of Central America, constitute
an extensive coral field, divided by broad, deep channels, over which the coral reefs extend, with
different features, according to the depths in which they occur and the changes which their own
growth has gradually introduced upon the localities where they are found, influenced and modified
to some extent also by the direction of the prevailing curreuts and the action of the tides.

The formation of the main range of keys in their primitive condition as a reef—for, as we shall
see hereafter, they have been a sub-marine reef before they rose as islands above the level of the
ocean—the formation of this range, we vepeat, at gradually greater distances from the main land,
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as we follow their course from east to west, has been simply owing to the depth of the hottem from
which the reef has risen. It has followed the line of ten or twelve fathoms depth ; and if there is
80 wide an interruption between the Marquesas and the Tortugas, it is because the ground is deeper
over that space. Again, if the Pine islands have a northwesterly direction, while the main range
rTuns more from east to west, it is no doubt because the body of water emptying from the northern
part of the gulf, along the western shores of the peninsula, has, for a time, ran chiefly over that
ficld, while the tract of mud flats between the keys and the main land was filling prior to the
formation of the outer reef, the rising of which, as an external barricr, must have modified greatly
the course of the currents north of the keys at a later period, leaving between them only a few
narrow but navigable channels, such as exist now between the Marquesas and the Mangrove islands,
between these and Key West, and between the Pine islands and the group of Bahia Honda.

%* E 3 * ¥ * * * * * ¥*

We would only add that the absence of corals along the western shore of the peninsula, at
present, is probably owing to the character which that shore has assumed in the progress of time,
for the peninsula itself has once been a reef, at least as far as the 28th degree of north latitude, asis
shown by the investigation of the everglades, and by the examination of the rocksat 8t. Augustine,

This latitude is the natural northern limit of the formation of coral reefs, as also of the
extensive growth of stony corals; though on the southern shores of the North American continent,
these formations seem to have extended far beyond their usual bounds, probably under the influence
of the high temperature of the Gulf Stream, for not only do the narrow, longitudinal islands which
extend along the eastern shore, aud their direct connection with the small keys north of Cape
Florida, indicate their coralline origin, but we have even under the 32d degree of north latitude
extensive coral formations at the Bermudas still flourishing in the present day. If the growth of
corals has been stopped along the eastern shore, it must be ascribed to the invasion of drift sand,
which extends over the everglades, as well as along the eastern shores as far south as the Miami,
Key Biscayne, and the bay of the Miami.

* * * *

* #* * ¥ * *

MODE OF FORMATION OF THE REEF.

The reefs of Florida as they have been described in the foregoing sketeh of the topography of
that State, and, indeed, the separate parts of each of these reefs, in their extensive range from
northeast to southwest, present such varieties as will afford, when judiciously combined, a complete
history of the whole process of their formation.

Here we have groups of living corals, beginning to expand at considerable depth, and forming
isolated, disconnected patches, the first rudiments, as it were, of an extensive new reef. There we
have a continuous range of similar corals in unbroken continuity for miles, or even nundreds of
miles, rising at unequal heights necarly to the surface. -

Here and there a few heads or large patches, or even cxtensive flats of corals, reach the level
of low-water mark, and may occasionally be seen above the surface of the waters, when the sea is
more agitated than by the simple action of the tides. 1In other places coral sands or loose fragments
of corals, larger or smaller boulders, detached from lower parts of the living reef, are thrown upon
its dying summits, and thus form the first aceumulation of solid materials, rising permanently above
low-water mark; collected sometimes in such quantities and at such heights as to remain dry,
stretching their naked heads above high water.

In other places these accumulations of loose, dead materials have entirely covered the once
living corals, as far as the eye can reach into the depth of the ocean; no sign of life is left, except
perhaps here and there an isolated hunch of some of those species of corals which naturally grow
scattered, or of those other organisms which congregate around or npen coral reefs; but the
inerease of the reef by the natural growth of the reef-building corals is at an end. Again, in other
Places, by the further accumulation of such loose materials, and the peculiar mode of aggregation
which results from the action of the seaupon them, and which will be more fully explained hereafter,
extensive islands are formed, ranging in the direction of the main land, which support then.
Elsewhere we may find the whole extent of the reef thus covered, which, after a still more pro-
tracted accumulation, perhaps becomes united with some continental shore.
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Now it must be obvious, that from a comparison of so many separate stages of the growth of
a coral reef, a correct insight may be obtained into the process of its formation; and, indeed, in
thus alluding to the different localities which eame under our own observation, we have already
given a general history of its progress, which we now proceed to illustrate more in detail.

We would, however, first remark, that the extraordinary varieties which exist in the naturaj
condition of different parts of the same reef, or of different reefs, when compared with each other,
fully explain the discrepancies between the reports which have been obtained, respecting the reefs
of Florida, prior to our investigatiouns.

It had been stated that the reefs consisted solely of living corals; and, indeed, this report is
true of the outer reef, which is called by all the inhabitants of Florida “the reef” par ercellence,
and is unfounded only with regard to those fcw islands which rise above the surface of the sea at
Band key and the Sambos. Others, who had noticed only the larger accumulations of coral
fragments which occur on the shores of some of the islands forming part of the Florida reef, had
reported the islands to be formed of coral rocks; while some who had, perhaps, observed the
extensive excavations made around Key West, have told us only of the existence of oolitic and
compact rocks, almost destitute of corals or other remains of animal life; and trom still other
localities comes the opinion, that the rocks consist of nothing but more or less disintegrated shells,

cemented together. * * * * * * * *
ANIMAL LXFE.
* * * * * # * #* * ¥*

This fullness and variety of animal life is particularly obvious within the boundaries of coral
fields, the natural lmits assigned to the growth of these animals being those in which animals of
other classes range in greater profusion, and the coral reefs themselves also affording very
favorable circumstances for the display of numerous living forms. Hence the extraordinary
assemblage of all classes of animals upon the reef, where, besides those particular kinds of corals
whieh contribute largely to its formation, we find upon it, or on the foundation from which it rises,
a great variety of other eorals, which, though too insignificant in size to take a conspicuous part in
building up these extensive accumulations of organie lime-rock, add none the less their small share
in the work, contributing especially to fill up the vacant spaees left by the more rapid and durable
growth of the larger kinds. They are to the giants of the reef what the more slender parts are to
the lords of the forest, adding the elegance and delicacy of slighter forms to the strength, power,
and durability of their loftier companions.

But besides the stony corals, we find in the reef a great variety of soft polyps, either attached
to the surface of dead corals, dead shells, or of the naked rock, or boring into the coral sand

and mud.
* »* #* * > * * * * *

Such are different species of Arca, the date-fish among the Mollusca, and many worms,
especially Serpula among articulates, the agency of which in the formation of the keys will be
described hereafter. All these animals and plants contribute, more or less, to augment the mass
of solid materials which is accumulating upon the reef, and increase its size. Not only are the
hard parts of shells, echinoderms, worms, or their broken fragments, heaped among the detritus of
the corals, but oceasionally even the bones of fishes and turtles, which are very numerous along
the reef, may be found in the coral formations.

The decaying soft parts of all these animals undoubtedly have their influence upon the
chemical process, by which the limestone particles of their solid frame are cemented together, in
the formation of compact rocks. Upon this point we may expect further information from
Professor Horsford, who is now submitting to chemical analysis all the variety of rocks and the
solid stems of the different corals obtained in Florida. Respecting the relations of the solid and
sott parts of the living coral, and their mode of growth, we would refer to a paper of ours now in

press, to appear in the next volume of the Smithsonian Contributions to Knowledge. * *
THE KEYS.
* » * * * * * * * *

‘We see everywhere that the larger boulders and the coarser fragments have been the first to
find a resting-place upon the dead reef; the minuter particles and coral sand, which are periodically
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washed away from its crest during heavy gales, never acenmulating upon it till large boulders and
more solid materials have collected to such an extent as to form sufficient protection for the more
movable, looser fragments.  This fact is beautifully illustrated by an accurate survey of Sand key,
where a wide field of large boulders is partially laid bare at low water, presenting the appearance
of an extensive key, with a low hill of minute materials, the product of some heavy gale, heaped
upon the summit, against whieh the sea plays without disturbing it materially, even at high water,
when it leaves in sight only a nuecleus, as it were, for a greater accumulation of such loose materials
which may in time cover the whole surface of the larger boulders. We have here in reality the
same phenomenon which is observed upon all beaches, where larger materials have first accumu.
lated on a shoal shore, being followed, in the course of time, by more minute fragments which have
found a resting-place upon levels where the sea was powerless to increase the collection of coarser
matter. In attempting to understand these formations, it must be remembered that the accumula-
tion of the larger materials, collected at a certain level, may modify the action of the water at a
subsequent period, thus produecing a combination of substanees, heaped unconformably upon each
other. This is, in reality, the case throughout the whole main range of keys, which have been
raised to their present level by the action of the tides and gales for ages past, the fragments of
which they are composed having been thrown up at different periods, and overlying each other in
such a manner as to present the same irregularity which is found in all drift stratification. TLayers
upon layers are seen resting unconformably, dipping in different directions so as to present all the
modifications whieh may be observed in torrential stratification, each layer following, with more or

less regularity, the course of the flood under which it has been accumulated.
* * * * * #* * * * #*

By a process, not yet fully understood, but to which we shall return hereafter, these loose col-
lections are gradually cemented into solid rock, presenting the most diversitied appearanee, accord-
ing to the substances of which it is composed. Then we find a coarse breceia, consisting of larger
fragments of corals and shells, ineclosing sometimes coral boulders; and this is the sort of rock
which generally overlies the immediate surface of that portion of the keys which has been formed
by the progress of the reef, growing in situ. Such rock was seen among the foundations of the new
Light-house at Sand key, where the large boulders are very numerous, and seem almost as fresh as
if they had been lying ou the spot but for a few years. It may be,indeed, that daring the hurricane

of 1846, the whole cap of the reef was renewed at that spot.
* #* * * * * * * * *

A careful survey of the character of the rocks in the keys affords satisfactory evidence that
they have been formed at whatever height they may rise, by the same action which is now going
on upon the reef—that is, by the accumulation of loose materials above the water-level. That part
of the keys which rises above the level of the water is therefore a sub-aerial and not 2 snbmarine
accumulation of floating matter, thrown above high-water mark by the tempestuous action of the
water, We insist upon the fact, that the keys furnish in themselves, by the internal structure of
their rock, the fullest evidence that they have been formed above high-water mark by the action
of gales and hurricanes, instead of having grown as a reef up to the water-level, and been subse-
quently raised to their present height. The evidence of this statement rests upon certain facts

obtained from observation of the reef itself, at Sand key and the Sambos.
* * * * * * * * * *

Let us now return from this digression to the consideration of the keys themselves, under the
different aspects which they present. We find, then, that some have more abrupt shores, being, as
it were, narrow shelves with ragged edges, rising without a beach from deep water; these are
undoubtedly such as were formed upon the narrowest part of the old reef. Others spread more
uniformly, having an extensive beach, and dip gradually under the sea, presenting a gentle, sub-
marine slope, covered with coral sand and mud ; these were, no doubt, formed upon the broader
parts of the reef, where it descends gently on both sides. Again, we find those which, though
resembling the last in general appearance, may have more abrupt shores, owing to the denudation
of parts of their earliest deposits. Oceasionally we see that more recent layers have filled again
Such worn places, thus presenting, on a miniature scale, among the latest formations among layers
which belong altogether to the present geological age, all the diversity of unconformable deposits
which oceur in former geological periods.
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CORAL REEFS.

After examining a growing coral reef, so full of life, so fresh in appearance, so free from hetero-
geneous materials, in which the corals adhere so firmly to the ground, or if they rise near the surface
seem to defy the violence of the ocean, standing uninjured amid the heaviest breakers, an observer
cannot but wonder why, in the next reef, the summit of which begins to rise above the level of the
water, the scene is so completely changed. Huge fragments of corals, large stems, broken at their
base, gigantic boulders, like hemispheres of Porites and Macandrina, lie scattered about in the
greatest confusion—flung pell-mell among the fragments of more delicate forms, and heaped upon
those vigorous madrepores which reach the surface of the sea.

The question at once arises, how is it that even the stoutest corals, resting with broad base
upon the ground, and doubly secure from their spreading proportions, become so easily a prey to
the action of the same sea which they met shortly before with such effectual resistance ? The solu-
tion of this enigma is to be found in the mode of growtk of the corals themselves. Living in com-
munities, death begins first at the base or center of the group, while the surface or tips still con-
tinue to grow, so that it resembles a dying centennial tree, rotten at the heart, but still apparently
green and flourishing without, till the first heavy gale of wind snaps the hollow trunk, and betrays
its decay. Again, innumerable boring animals establish themselves in the lifeless stem, piercing
holes in all directions into its interior, like so many augers, dissolving its solid connection with the
ground, and even penetrating far into the living portion of these compact communities. The num-
ber of these boring animals is quite incredible, and they helong to different families of the animal
kingdom: among the most active and powerful we would meuntion the date-fish, Lithodomus, sev-
eral Saxicava, Petricola, Arca, and many worms, of which the Serpula is the largest and most
destructive, inasmuch as it extends coustantly through the living part of the coral stems, especially
in Macandrina.

On the loose basis of a Macandrina, measuring less than two feet in diameter, we have counted
not less than fifty holes of the date-fish—some large enough to admit a finger—besides hundreds
of small holes made by worms.

But however efficient these boring animals may be in preparing the coral stems for decay, there
1s yet another agent, perhaps still more destructive. We allude to the minute boring-sponges,
which penetrate them in all directions, until they appear at last completely rotten throughout.

* * * * * * * *

SHIP CHANNEL,

The broad channel extending the whole range of the reef, between the main keys and the outer
reef, is rather uniform, having the same width throughout, with the exceptions of those few places
where the reef widens, or the mud flats from the keys encroach upon it. Its narrowest passages
are between Looe key and the Pine islands, between Pickle and French reefs, and between Key
Rodriguez and Tavernier. It is also somewhat narrowed between Alligator reef and Indian key,
and is widest off Key West. Its depth varies also slightly, being shoaler in its eastern range than
to the west. The shallowest part 18 between Pickle reef and Key Rodriguez, and between Looe
key and Pine islands.

But if we do not take into account those spots where the depth is reduced from local circum-
stances, we may say that as a whole the ship channel begins to the east, with a depth of about two
fathoms between Fowey Rocks and Soldier key, increasing gradually thence, until it reaches three
fathoms between Pacific reef and Old Rhodes, then becomes again slightly reduced between Carys-
fort reef and Key Largo; after which, with the exception of the shoals between Pickle reef and
Key Rodriguez, it deepens again to three, four, five, or even six fathoms, until, between Looe key
and Pine islands, it shoals once more to fourteen feet. Farther on it increases again to five, six
and seven fathoms, the average depth between Key West and the reef being five or six fathoms;
and still beyond, more toward the west, sinks to eight, nine, and ten fathoms between the western
extremity of the Marquesas and the western end of the reef, where it spreads into the great
depression separating the Tortugas from the Marquesas. The character of the bottom varies in
different parts, as do also the living beings which it supports. Where it is the most shoal, as
between Fowey Rocks, Triumph reef, and Long reef, on one side, and Soldier key and the Ragged keys
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on the other, the bottom consists of coral sand, overgrown with what is called the coantry grass;
that is to say, a variety of the limestone alg, mingled with Gorgonia, among which rise a number
of coral heads.

* * * * * * * *

To the west of Long reef, especially between Carysfort and Key Largo, the coral sand rises here
and there in the form of shoal sandbanks, intermixed with coral heads—an arrangement which is
probably owing to the more rapid currents flowing in that part of the channel, which is precisely
the turning point of the direction of the reef. Such heads occur again about a mile and a half off
Vermont key, half way between Key Tavernier and Indian key, outside of which Gorgonia and
sponges are very abundant, upon a hard white sand bottom. Similar heads are seen between Long
key and Tennessee reef, and nearer the reef there are shoals 0f white coral sand, covered with Gor-
gonia; but farther west, off Duck key, the bottom becomes softer. Off Bahia Honda, again, it is
rocky—that is, studded with large heads, surmounted with soft muddy sand. This change in the
character of the bottom is more obvious westward, where the heads are fewer and the bottom more
generally muddy, or covered with finer-grained sand. For instance, hard sand is observed between
Loggerhead key and Saddle bluff; but nearer the reef, as far as the American shoals, we have soft
mud, with shoals and coral heads. Off Boea Chica, the channel way has also a bottom of soft coral
mud, while shoals, with coral heads, may be traced for three-fourths of @ mile along the shores, as
again towards the Sambos, in a depth of from three to two fathoms. The softness of the bottom
in the vicinity of Key West, considered in connexion with the searcity of coral heads in that region,
shows that a soft mud formation is unfavorable for the growth of corals; and, indeed, this holds

also good for the flats north of the keys.
t. * * * »* * * »*

THE MAINLAND.

* * * * * * * * * * * »

A careful survey of all the varieties of rock occurring at Key West, as well as their peculiar
superposition, had prepared us for a minute comparison between the Keys and the mainland; but,
nevertheless, we were no less surprised than delighted to find that the solid foundation of the
mainland consisted of the same identical modifications of coral rocks which form the keys. Along
all that part of the shore which was examined, as well as upon the shores of the Miami, we found
everywhere the same coarse, oolitic rock, with cross stratification, consisting of thin beds, dipping
at various angles in different directions, precisely as we find it at the western extremity of Key
‘West, excepting, perhaps, that the cross stratification is here more prominent, the strata dipping
more frequently in several directions within the same extent.

* * »* * * * * * * * * * *

COAST SURVEY.

But it may be asked, what is the practical use of such detailed descriptions of the eoral reefs
for the coast survey? We need only allude to the universal impression of the dangers arising
to navigation from the growth of such reefs, to satisfy the most skeptical that a minute knowledge
of the extent.and mode of formation of those belonging to our owun shores must be of paramount
importance, were it only with reference to the position of light-houses. But there is another sub-
ject conneected with this investigation, which is not less momentouns. It is well known that in the
Pacific coral reefs have been raised above the levels at which they were formed by the agency of
the living animals, and also that in other localities, sometimes in close connection with those just
mentioned, the ground is subsiding. These changes have been so often observed, whenever coral
reefs occur that the idea of subsidence and upheaval is naturally connected with the features of coral
reefs, and the question at onee arises, whether the reefs on our shores are thus undergoing varia-
tions of level, independently of their natural growth. We have seen how extensive are the changes
produced merely by the normal growth of the corals, and the facts accompanying their increase.
It now remains for us to ascertain whether this growth has taken place, or does at present take
place, upon ground which has changed or is now changing its relative level in reference to the sea.

The facts alveady described afford a sufficient answer to the question. We are satisfied that
a8 far as coral formations have been observed upon the mainland of Florida, and within the pres-
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ent extent of the coral reefs, no change of the relative level has taken place either by subsidence
or upheaval of the coral ground, and that all the modifications which the reef has presented at
successive periods have been the natural consequence of the growth of reef-building corals, with

the subsequent accumulation ot their products in the manner described above.
* * * * * * * * * * * * *

There is in reality but one way of accounting for this equality of level in the successive reefs;
which is to suppose that their loftiest ridges are the maximum height at which materials can be
accumulated by the natural agency of gales, and we have sufficient evidence to justify the adop-
tion of this view.

The fact that at present the highest tides during the most severe gales do not reach the level
of the bluff summits along the shores of the main-land, or even that of the maximum height of
Key Largo, or Kcy West, does not invalidate this supposition, for when the shore bluffs of the
main-land were formed, the ocean had full sweep over the ground now oceupied by the reef and
mud flats, which did not then exist; and when Xey Largo and Key West attained their maximum
height, the outer reef did not yet form a barrier, checking the violence of the Gulf Stream in that
direction. But, even with the present obstruction, we have evidence of the oceasional rise of the
water to heights which fully justify our assumption, that even the highest ridges on the shores of
the main-land and on the reef have been formed by the action of severe gales. For, in the year
1846, the water rose eight and a half feet above high-water mark at Key Vacas. Key West was
entirely inundated during the same gale; and though that island is somewhat protected by the
reef, even at present the rushes, driven upon it by the flood, may be seen among the trees and
bushes, at a height almost equal to its loftiest summit. In 1841 the water rose ten feet above high-
water mark at Cape Romaine, on the western shore of the peninsula.

These facts suffice to show that the explanation we have given of the formation of the reef is
in accordance with the powers of the agencies to which it is aseribed, and when taken in connection
with the peculiar arrangement of the materials of which they consist, seems to us to prove the
justness of this view.

* * &* * * * * * * » * * *
PHYSICAL CHANGES IN THE GULF STREAM.

There are several questions of the deepest scientific interest, which may be advanced by a due
consideration of the facts observed upon the reefs of Florida. There we have a peninsula—a nar.
row, flat strip of land, projecting for about five degrees from the main-land, between the Atlantic
ocean and the Gulf of Mexico, and forming an effective barrier between the waters of the two seas,
which otherwise, even by the change of a few feet in the relative level of the intervening penin-
sula, would communicate freely with one another; and this peninsula we now know to have been
added to the continent, step by step, in a southerly direction.

We know that the time cannot be far behind us when the present reef, with its few keys, did
not exist, and when the channel, therefore, was broader, and the Gulf Stream flowed directly along
the main range of keys. We know, further, that at some earlier period the keys themselves were
not yet formed, and that then the channel between Cuba and Florida was wider still, washing
freely over the grounds now known as the mud flats, between the keys and the main- l.md and
thit there was then nothing to impede a free communication between the Gulf of Mexico and the
Atlantic ocean. The channel of the Gulf Stream was not only wider—it was also less shallow
along its northern borders, for the whole extent of soundings south of the main-land of Florida
was an uncovered coral ground, upon which the deep-water species were just beginning to spread.
But we may trace the change further. There was a time when neither the southern bluffs of the
continent, nor Long key within the everglades, nor even the everglades themselves, existed ; when,
therefore, the Gulf Streamn had a broad communication with the Atlantie, and the southern shores
of the United States extended in almost unbroken contiguity from west to east, from the shores of
Texas and Louisiana to St. Augustine. At that time the Gulf channel was in reality a bread bay,
as broad as the gulf itself, destitute of all those obstructions which now cause the tropical current
to follow such a circuitous course between the West India islands, through the Caribbean seas, and
around the peninsula of Florida. The influence which the Gulf Stream has upon the climate of the
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Atlantic is so well known that its connection witl: the changes which the current itself has under.
gone within a comparatively recent period cannot be overlooked. It is true, as we have every rea-
son to believe, that the temperature of the Gulf Stream, in connection with the temperature of the
southwesterly winds blowing obliquely across the Atlantic, modifies that of the western e¢oast of
Europe. If it is true that the Gulf Stream and the southwest winds have an influence in doeter-
mining the course of the isothermal lines upon the two sides of the Atlantie, and of raising beyond
their normal altitude the mean annunal temperatures of northwest Europe, then we may look to the
physical changes which have vecurred on the southeastern extremity of the North American con-
tinent for the cause, or at least a partial cause, of those changes of temperature which have taken
place in the beginning of the present period, in those very northwestern portions of Europe which
arc now somuch warmer than the corresponding latitudes on the American continent, and which,
soon after the accumulation of the glacial drift, had as low mean annual temperatures as the coasts
of Labrador, Nova Scotia, and New England in our day.
* * * * * * * * * * * ¥* *

CHANGES IN AGES TO COME.

Among the questions eontained in your instructions you ask whether the growth of coral reefs
can be prevented or the results remedied, which are so unfavorable to the safety of navigation. 1
may say that here, as in most cases where the operations of nature interfere with the designs of
man, it is not by a direct intervention on our part that we may remedy the difficalties, but rather
by a precise knowledge of their causes, which may enable us if not to check, at least to avoid the
evil consequences. 1 do not see the possibility of limiting in any way the extraordinary increase
of corals beyond the bounds which nature itself has assigned to their growth. We have seen how
suceessfully several reefs have been formed, more or less parallel, within the limits of the penin-
sula of Florida, as well as beyond the mainland. We have seen, also, how these parallel or concen-
tric reefs have been gradually transformed into mainland by the accumulation of coral, sand and
mud, with other loose materials, and also that the keys are now slowly annexed {o the mainland by the
same process. We may, therefore, safely infer, that, as far as the conditions exist for the forma-
tion of similar accumulations of loose materials, they will continue to oeceur, but they will never
extend beyond the natural foundation fromn which a coral reet’ may rise; and as we now have sufli-
cient evidence that this foundation is a sea-bottom, under from 12 to 20 futhoms, we may be satis-
fied that outside of the present outer reef, where the slope is steep, sinking rapidly to unfathoma-
ble depths, there is no opportunity for the growth of a new reef.

Here and there the reef may widen somewhat towards the Gulf Stream, within those limits at
which the depth does not exceed twenty futhoms, and from the knowledge we already possess of
the soundings outside the reef, we know positively that this is nowhere a broad stream ; we may
therefore rest assured that the changes which are going on will chiefly consist in bringing up the
reef, for its whole extent, to the surface of the water, with occasional intervening channels kept
open by the currents, such as exist now between the keys; that this reef once matured will be cov-
ered by coral debris, becoming transformed into a range of keys, similar to that which exists now
inside of it; that the depth of the ship channel between the reef and the main range of keys will
gradually lessen, and the channel itself be changed into mud-flats, similar to those stretching now
between the keys and the mainland. In still more remote ages the present mud-flats may become
swamps, elevated above the reach of the tide-waters, like the everglades; and this process may
perhaps be extended to the present ship channel. But unless some great revolution in nature
modifies the present relative level between land and sea, it may be safely maintained that the
présent outer reef is the final southern boundary of the North American continent, and that the
sooner a system of light-houses and signals is established aloug the whole reef the better; for this
ig, after all, the shore which is to be lighted, and not the range of keys which is within the reef.
1n relation to the western range of keys, and the western extremity of the reetf we may expeet, in
course of time, to see the depression between the Marquesas and Tortugas gradually lessened by
the increase of the reef, so that the westernmost group of islands may finaily stand in as close eon-
nection with the keys more to the west as they now bear to each other, the passage betwen them
being reduced to as narrow a channel as Boca Grande, between the Marquesas and the Mangroves.

17
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The shoals west of Cape Sable may, undoubtedly, also increase in extent westward; but how
far the currents from the northwest may limit this accumulatien, in connection with the changes
which the currents themselves may undergo by the increase of the keys to the west, it is beyond
the power of human foresight to determine.

These practical results—for so we venture to call the general conclusions last presented—
although they are purely scientific deductions from general principles, may satisfy the mpst obsti-
nate supporters of the matter-of-fact side of all questions, of the advantages of scientific illustra-
tions in the daily walks of life, and also justify the course which has been followed with so much
success by the Coast Survey, in combining the strictest scientific methods with its practical operation,

- Respectfully submiited :
L. AGASSIZ.

Professor A. D. BACHE,
Superintendent of the Coast Survey.

APPENDIX No. 20.

[From Cosast Survey Report for 1851.]

REPORT TO THE ASSISTANT IN CHARGE OF THE COAST SURVEY OFFICE ON THE ELECTROTYPING
OPERATIONS OF THE COAST SURVEY, BY GEORGE MATHIOT. ELECTROTYPIST.

ELECTROTYPE LABORATORY, CoAST SURVEY OFFICE,
Washington, November 29, 1851.
DrAr Sir: In compliance with your request, I present the following report of the electrotype
art as now practiced in this office. Most of the apparatus and processes bere used are entirely new.

To clearly exhibit the advantages derived from their introduction, it will be necessary to cou-
sider the scientific principles involved in their use, and also to take a cursory view of the history of
the electrotyping art.

The art of working metals by electric currents is of very recent introduction; and, although it
has advanced with great rapidity, it is yet, perhaps, but in a state of infancy in its applications,
and of crudeness in the modes of conducting it.

The electro-deposition of metals was observed by most experimenters with the voltaic battery.
As early as 1804 electro-gilding had been successfully practiced ; but the idea of making castings
by electric currents does not seem to have occurred to any one previous to the introduction of
Daniel’s battery, to which electro-casting is incidental.

After the introduction of Daniel’s battery, it simultaneously occurred to several persons that
electric currents might be used to make castings of a finer kind than were obtained by melting and
pouring. Propositions to this effect are about all that can be attributed to the rival claimants for
the invention of electro-metallurgy; for neither the English nor Russian philosopher revealed what
had not been known before.

Yet to Jacobi and Spencer is due the merit of having called public attention to the subject;
for in doing that, they have conferred benetits on the world greater, perhaps, than by making an
original discovery.

After the publications of Jacobi and of Spencer had called the attention of the scientific world
to the new art, the principles involved in it became the study of several eminent philosophers, who
disclosed the methods to be followed for obtaining reguline metal. After this, several departments
of electro-metallurgy rapidly advanced. Electroplating, and the multiplication of pages of letter-
press work, as pages of type, and woodcuts, (electro-stereotyping,) were soon extensively practiced;
but the copying of the delicate touches of the copperplate engraver (the electrotype proper) was
beset with difficulties. On account of the great value of the engraved plate, together with the risk
of its being destroyed in the attempt to copy it, and the uncertainty as to whether the duplicate
would have good metallic properties, even if the operator should have the good fortune to obtain
one, this department of the art (the first and most beautiful of Spencer’s suggestions) was allowed
to rest as an experiment or be confined to articles of small size and value.
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ADHESION OF DEPOSIT TO MATRIX.

Electro-metallurgy requires that the deposited metal should have all its cohesive properties.
X such a deposit of copper is made on a clean plate of copper, it is obvious that the deposited
metal will cohere with the plate on which it is made, and an elaborately engraved plate would thus
be converted into a mere mass of metal. The electrotype arf, therefore, ecannot exist before means
are provided for preventing this destructive adhesion.

Various plans for overcoming this difficulty have been proposed. ATl these, however, have a
common feature, which is to prevent the deposit and matrix from touching by means of an inter-
vening film of heterogeneous matter,

Mr. Smee proposes to use that coating of air which adheres so firmly to polished metals, (so
strikingly exhibited when the attempt is made to wet a polished kuife-blade.) To obtain the air
coating, he directs that, after every attachment has been made to the plate, it be placed in a cool
and moist cellar for a few days before introducing it into the electrotype vat.

Smoke, black lead, oils, and powders, and wax, have also been proposed for covering the face
of the plate.

The method used in the British ordnance survey is perhaps the best of all these. This is con-
ducted as follows: The plate is first well oiled, and the oil well wiped away with soft bread. The
plate is then heated to above the temperature of melting wax, and a eake of white wax pressed
against the edge. The oil having removed the air from the plate, the wax will flash over it in an
extremely thin sheet or film. All excess of wax is then to be wiped away with a fine linen cloth,
free from lint. The plate must be lett to cool before introdueing it into the vat.

To smear the face of the finely engraved plate is in opposition to the fundamental idea of the
electrotype, which is that of atomie casting. In the process of Mr. Smee, air bubbles will be retained
in the fine lines of the graving, thus mutilating the copy; moreover, the face of the new plate is
waved from the agitation of the stratum of air when receiving the first portion of copper.

In the waxing process it is almost impossible to free every line from excess of wax. Even
days of tedious application do not insure perfection. In addition to the coarseness of these varions
methods, they are extremely uncertain as to whether they effect the purpose for which they are
applied.

It was always observed that if the deposited metal was not deficient in mechanical properties,
it stuck very hard to the original, and the plates had to be subjected to violent jarring, heating,
or beating, to separate them. But if the deposited metal was of very fine quality, then most
likely the deposit was inseparably united to it. ¥From thesc circumstaneces attending the adhesion
of the deposit, it occurred to me that when the cohesive force was but feebly developed in the
deposited metal, then the force of cohesion or homogeneous attraction could not extend the distance
presented by the thickness of the film of heterogeneous matter between the plates, but that when
these forces were well developed the spheres of homogeneous attraction of each plate would extend
through the wax or air film.

It may be proper here to remark that the above views of adhesion have been applied to another
department of electro-metallurgy with the most gratifying saccess.

In electro-plating the difficulty of obtaining a firm adhesion of the film of precious metal is
entirely obviated by making such arrangements as insure a rapid deposition of highly duectile metal
at the moment the article to be plated is immersed in the electrolyte.

In considering the sticking of the plates, after homogeneous attraction or cohesion, heteroge-
neous attraction or adhesion demands attention; for two similar bodies may be separated by a film
of heterogeneous matter which binds them more firmly together than their particles are held
together by cohesion, as we see in the use of cements.

This force is very powerful between some bodies, while between others it is very slight. Air
adheres very strongly to metals, as before referred to; hence a film of air may unite two copper
plates, even though they are separated beyond the distance at which cohesive attraction takes place.

Wax is a common ingredient in cements; its adhesive properties have become proverbial; its
use is evidently improper. Therefore a substance having a strong adhesive attraction for the
Plates must not be on the face, and the cohesive force of the surface particles must be suspended
by other methods than making the deposited metal deficient in mechanical properties.
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It was hoped that a substance could be found that would act uniformly and gently on the
surface of the engraved plate, and, in destroying the homogeneouns attraction of the surface par-
ticles, would, by chemical union with them, form an insoluble and friable compound, having but a
slight adhesion to the plate. 1 was led to select iodine for the experiment on account of its sparing
solubility in water, its high equivalent number, and innoxious qualities. A copper plate was well
cleaned, exposed to the vapor of iodine, and electrotyped; the deposit separated from it readily.
This was repeated some hundred times with invariable success.

It was found, in cleaning large plates for the application of the iodine vapor, that while one
part of the plate was being cleaned, another part would tarnish, and hence a uniform action of the
iodine could not be obtained. This led to silvering the plates before iodizing, which facilitated the
cleaning and exhibited the action of the halogen. A silvered plate was washed with an aleoholic
solution of iodine and electrotyped; the electrotype separated from the matrix yet more readily
than before, the iodide of silver serving better to prevent adhesion than the iodide of copper.

But it was soon observed that a plate prepared on a dull day did not separate so readily asone
prepared under a bright sky, and on experimenting it was found that a plate iodized and exposed
to sunshine would separate with very great facility; while a plate iodized on a rainy day, and
placed in a dark room for a few hours before introducing it into the vat, might stick so hard as to
require some of the old resorts of heating and jarring to separate it from the matrix.

The process of iodizing and exposing to light has now been applied to a very great extent of
finely engraved surface, and in no case has the least difficulty been found in lifting one phte off the
other when the requisite thickness had been obtained.

I am aware that it may be thought that the iodine aets only by intervening between the plates;
but the quantity of iodine applied to a plate must be thought insufficient to effect it by mere mechan-
ical separation when we consider the large quantity of silex and carbon found in ordinary copper.
If but one ounce of copper be dissolved from a square foot of ordinary plate, a very heavy deposit
of impurities is left, (sometimes five per cent.,) and the quantity of wax which may be applied to a
plate, and fail to prevent sticking, is ten thousand times more than the quantity of iodine which
prevents it.

In preparing our largest plates, having ten square feet of face, I use a solution of one grain of
iodine in 20,000 grains of strong alcohol. If one grain of the solution is required to wet a square
foot, it will give but 5535 of a grain of iodine on a square foot. But as the iodine evaporates rap-
idly with the alcohol, probably the actual quantity on a square foot does not exceed one-hundred-
thousandth part of a grain.

Taking the weight of a cubic inch of iodine at 1,250 grains, and supposing that it remains on the
silver surface in its elementary state, instead of forming iodide of silver, then we have 1,250 x 144
» 100,000 =18,000,000,000, one-eighteen-thousand-millionth part of an inch for the thickness of the
coating of iodine. Even if we suppose that the solar rays decompose the iodide of silver, and leave
the iodine in vapor on the plate, it will still be only one-forty-four-millionth part of an inch—a
thickness to be taken as nothing in a mechanical view.

To test the effect of the chemical method of preventing adhesion on the sharpnessof the
engraved lines, an engraving was seven times suceessively transferred from plate to plate, when
the closest inspection failed to show any inferiority of impressions from the last plate as compared
with those from the first.

TIME AND EXPENSE OF ELECTRO-CASTING.

Next in importance to securing a certain and easy separation of the matrix and casting is bring-
ing the entire time and expense of electrotyping within the narrowest limits.

Mr. Smee and others have shown that the quality of electro-metal is determined by certain rela.
ticns between the rapidity of forming the plate and the strength of the solation in which it is
formed. Both the common operations of the eleetric-metallurgist, and the improvements he pro-
poses, must conform to these relations.

As small quantities of electricity are easily set in motion, small-sized electro-castings are
readily made in six or eight days. To make large castings in a short time requires a powerful cur-
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rent. To accomplish the corresponding augmentation in the effective electric action has proved a
somewhat difficult matter,

At the date of the “Aide Mémoire to the Military Sciences,” it is stated that in the ordnance
survey one pound of copper was deposited in twenty-four hours on a plate of eight square feet, the
plates being made ductile enough to bear hammering only by continued agitation of the electrolytic
solutions.

At this rate, to make a plate one-eighth of an inch thick will require forty-five days. So far as
I am informed, the above performanee has not been excelled, as to guality and time, on large work
anywhere prior to being attained as now to be described.

The first and most obvious suggestion for increasing the rate of deposition is to enlarge the
battery ; this, however, is incapable of producing the desired end.

To present this subject in a clear and satisfactory manner, I will make use of the celebrated
formula of Professor Ohm, who deduced from mathematical reasoning, and established by experi-
ment, that the effective foree of the current from any battery was directly as the electromotive
force, and inversely as the resistance offered to that current. To express this, he gave the equation

E
B+r
resistance to the current generated by that force; R representing the resistance offered to it from
the liquid contained between the positive and negative elements of the battery, and 7 the resistance
offered by the ohject on which the battery is working, and Q the amount of work executed, or the
quantity of the current obtained.

The resistance of conductors has been found to be directly as the length, and inversely as the
section.

So far as concerns form of arrangement, B is constant, for the materials used, as it depends on
their chemical relations; Q can therefore be favorably affected only by varying R or ». Now, as B
represents the resistance ot the liquid contained between the battery plates, to increase the size of
the plates is only to increase the section of the liquid, or, in other words, to diminish the resistance

={Q, in which E represents the electromotive force, or affinity of acid for zine, and R4r the

represented by R. The expression,

Rf- r=Q’ shows that if the resistancein the battery is small, eom-
pared to the external resistance, the gain of effect from enlarging the battery plates is but small.
To determine the relative value of I}, as compared with », a battery was constructed so as to
collect and measure the gas evolved by its action.
The plates were placed in contact with each other, and the gas evolved in thirty minutes taken
as a unit of effect. As in this ease the current did not pass through anything but the battery, there

is no resistance to be represented by 7, or » in the formula will be equal to 0, and Q = % =1.

The battery was then attached to a pair of electrodes, in a certain solution of sulphate of copper
and sulphuric acid, especizlly recommended by all the writers on electro-metallurgy, the arrange-
ment being such as to produce good metal. The gas now evolved in thirty minutes was found only
one-twentieth of the former amount; hence the introduction of the resistance, r, had diminished Q

. E _1E . s i
twenty times, and g =Q= R’ whenece 7 is equal to 19R. To exhibit the effect of battery
enlargement, we now have Q = 11119‘ If m=1, then Q=.03; if m=2, Q=.0512; if m=3,

Q=.0518; if m =4, Q =.0524, &c., &c. This shows a gain of only a fortieth from doubling the
size of the battery, &c.: an advantage too small to repay for the enlargement. These calculations
are in accordance with experimental results from small batteries; but in large ones the necessity
of further separating the plates, in iucreasing their size, makes the resistance increase instead of
diminigh, and there is consequently a loss from enlargement. It is not, therefore, by merely
increasing the battery surface that the time for electrotyping can be shortened.

Mr. Smee, the distinguished writer on electro-metallurgy, by covering the negative plate of
the battery with pulverulent platinum, produced a very energetic form of the instrument. When
the plate is freshly platinized, it acts violently, and throws off the hydrogen in torrents. But this

increased energy of the plate is gradually lost, from the electric current depositing upon it impu
rities from the zinc.
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As this deposit has a strong attraction for the hydrogen, it is retained on the plate. The
plate, being thus encased in air, is virtually exeluded from the liquid of the battery. The ordinary
solvents of the metals do not readily remove this coating of impurity. The plate can be renewed
by replatinization; but, as this is both tedious and expensive, I was urged to find a menstruum
which would restore the original platinum‘to its energy. This T attained, at length, by immersing
the plate in a solution of per-chloride of iron, which almost immediately lestores the aLtmn of the

plate.
The plates are now daily immersed in the c¢hloride of iron, by which the tone of the battery is

constantly maintained.

By this last discovery, together with obtaining better solutions for the decomposing cell, the
time for making a casting was reduced; but still the time required for makmg a plate was too long
when only one electrical equivalent was employed.

The effective foree of one battery may be added to another. This is increasing E in the formula,
and this will sometimes increase Q.

We unite the effective force of many batteries by joining their dissimilar ends in consecutive
order. As the current in such an arrangement has to traverse every battery in the chain, R will
be multiplied as many times as we multiply E. The formula then becomes Q = 5%5_7 ‘When
the values of » and I3 are nearly equal, and we have batteries of definite construction to work with,
it becomes a matter of some importance to determine whether we shall use the whole galvanic
apparatus, as a single electrical equivalent, by connecting all the similar parts of all the battery
cells, or whether we shall convert it into a battery of two pairs, in consecutive order, by joining
dissimilar ends. As doubling the battery is doubling R, and to double the electrical equivalents is

. , E
also to donble R, we shall increase R fourfold by the double arrangement. Instead of Q = e

)
we have Q = ﬁ%? . Taking R=7r, we have Q=.50 in the single arrangement, and Q = .40 in
the double, showing that we may double the expense and yet make the casting more slowly than
before. Conditions as above are of frequent occurrence, and a knowledge of them without experi-
menting is of very great importance.

For R =107, with a single equivalent of battery, Q = 1

1410

series Q= E% = 0.166. The use of two batteries in consecutive order, as thus exhibited,

doubles the expense, but does not double the effect. A regard for economy prohibits us from

further increasing the series. To represent an effect double of T{Ij we have )< 2 ) = 7 21 -
Ir R¥r R

5 +r
As dividing R by 2 is doubling the battery surface, we may now make Q =.183. The gain per
cent., now indicated by doubling the surface, makes it advantageous to make this increase when
two consecutive batteries are used.

The difficalty of obtaining large flat plates of silver proved a serious obstacle in effecting an
increase of battery surtace, for the irregularity of the surface requires the plate to be placed at an
increased distance from the zine, thereby angmenting R, the very thing sought to be diminished.

Plates could be made flat by the use of the planishing hammer; but the operation being
expensive, and the plates continually liable to accidents in use, economy prohibited this mode of
forming flat plates. Though the plating of métallic bodies with silver had been well executed, it
had not yet been determined that electro-casting of silver could be execated in a desirable manner,
and at a moderate expense and trouble. At first every attempt to make plates weighing 2,500
grains to the square foot failed, on account of the difficulty of observing Mr. Smee’s laws relative
to the E for the time required.

But after modifying the solutions of silver, and using a register battery, a plate could be made
in 30 hours, perfectly flat, and possessing the mechanical qualities of hardness, elasticity, and
malleability, in an eminent degree, and not costing over 16 cents per ounce for the making.

=0.0909. For two batteries in
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The perfectly flat plates admit of a very close approximation to the zincs. Their size may
therefore be increased to more than twice their former surface. As in the double arrangement,  is
relatively smaller to R.

Important changes have also been made in the modes of operating, and in the arrangement of
the apparatus. It had early been noticed that changes of temperature influenced the rate of
working ; and every electro-metallurgist knows the importance of keeping the laboratory warim.

To determine where and how the cffect of temperature took place, a battery, at 60 degrees of
Fahrenheit, was connected with a wire 120 feet long, and enclosing a galvanometer. The defleetion
was 40 degrees; the battery was then cooled until the temperature was 48 degrees; the needle was
still deflected nearly 40 degrees.

This experiment indicated that the batteries were not greatly affected by ordinary variations
of temperature. Advantage was then taken of this development to secure a more perfect ventila-
tion. Accordingly, a small room, to contain the battery, was partitioned off from the general
apartment by a glass partition, and large outward openings made at the top and at the bottom of
the room, to give a circulation of air for carrying off the battery fumes.

At the stage of improvement now described, one of our medium plates, having 8 square feet
of surface, could be readily made in from 8 to 10 days. But wishing to still further quicken the
process, or attain my first desire—to deposit one pound per day on the square foot, with a single
equivalent of battery—improvements were again sought after. As the E of the formula has been
inereased to the greatest extent the cost would permit, and » had been diminished, or the plates
increased in size to the greatest useful extent, it was sought to increase Q by diminishing », or the
electrolytic resisiance. It was songht to increase the conducting power of the electroiyte by
adding easily decomposable salts to it; but with no success. The accelerating effect of temperature
being found, as above stated, to be confined chiefly to the decomposition cell, it was evident that
by using the electrolyte alone, at a high temperature, a considerable advantage might ensue,

To determine the most advantageous working temperature, and the resulting gain of effect, a
voltameter battery was connected to a pair of electrodes, in the solution formerly deseribed as
being generally recommended. Each electrode had five square inches of fice, and was coated on
the back to prevent radiation. They were placed one inch apart, and had thin plates of wood
bound against their edges, to prevent any lateral spread of the current in passing between them.
The following was then obtained:

Battery plate in eontact gave 300 cubic inches gas per hour.
Electrodes in contaet gave 216 cubic inches gas per hour.

Current through electrolyte, at 589, gave 16 cubic inches gas per hour ... ... 23.15
Current through electrolyte, at 60°, gave 20 cubic inches gas per hour .. _.... 18.15
Current through electrolyte, at 100°, guve 27 cubic inches gas per hour ....... 15.

Current through electrolyte, at 175°, gave 37 cubic inches gas per hour . ... ... 8. 96

The last column of figures shows the value of the resistance of the solution, as compared with
R of the formula. This column was obtained by first uniting the battery plates, and afterwards
the electrodes.

From the above table it appears that heat may e made to diminish the resistance in the
decomposition cell in the proportion of 2.58 to 1; and the whole resistance by 2.25. And
E
as BEir— E—}; r ; therefore, by heating the electrolyte, we may with a single electrical equivalent
make a plate as rapidly as by working at atmospheric temperatures with two batteries in
consecutive order, with double surfaces, (four times the battery and twice the expense.)

But as Smee’s laws require that, in forming a plate, certain mutual conditions of apparatus be
maintained, it follows that alterations in one element or condition must be attended by correspond-
ing changes in the others. Hence, if the temperature of the electrolyte be raised to a certain
point, and the apparatus correspondingly adjusted, it is evident that, to avoid incessant adjustment,
the original temperature must be maintained.

Thusg, to avail ourselves of the advantages experimentally found from heating the solutions,
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an apparatus for steadily maintaining a high temperature in the electrolyte through several
successive days becomes indispensable.

As the electrotype operations are not suspended at night, it is important that the heating
apparatus should perform its office for at least 12 hours without supervision or replenishing its fuel;
and its action should be sensibly uniform, during all the time, between successive replenishings.

Sueh an apparatus I have devised, and is now in use. A peck of charcoal furnishes fuel for
12 hours, and maintains 100 gallons of copper solutions steadily at any required point between
100° and 200°,

With the above arrangement in use, I have made a large reverse or alto, and returned the
original to the engraving department, in 55 hours from its being placed in my hands. This time
included trimming the edges and the preparations to prevent adhesion.

Again recurring to Ohm’s formula, the relative value of R to r was once more experimentally

found. This gave R:r:21:4 or Q =1%L =0.20, a great improvement as compared with the first

determination of R:r::1:19, or Q lg-*:f) =0.05. Having now made r so small compared with R,

the size of the battery can be profitably increased until the result is about 0.24. Moreover,

using a double arrangement of cells with double surfaces, for a double effect, we now have
1 2 . . .

2 i*:;):m =0.40. As the relative resistance of the electrolyte becomes now still smaller,

we may yet more increase the battery surface until the result is nearly 0.5.

The electrotype has now ceased to be a mere experiment, uncertain, expensive, and slow, I
have lately formed plates of most excellent quality, at the rate of 3 Ibs. to the square foot, in 24
hours. This rate will require but two days to form one of our largest plates, having ten square
feet of face, and one-eighth of an inch thick.

ACTIONS IN THE ELECTROLYTIC SOLUTION.

The quality of the deposited metal is governed solely by the relations between the gquantity
of electricity passing through any solution and the amount of metal the solution contains. The
usual supposition is, that the acid of the salt goes to one electrode and the metal to the other. It
is now ascertained that no such mutual transfer takes place; for, while the acid is carried to the
positive electrode, the metal is ot carried to the negative electrode. Henee, however strong the
solution on commencing the process, the negative electrode, by abstracting the metal in its vicinity,
is soon surrounded with a weak solution. With a simple wire electrode, the exhausted solution
surrounding the electrode is readily renewed by mere difference of specific gravity producing a flow-
But, with large parallel plate electrodes, this rapid renewal of dense solution becomes impossible,
and the electrode is soon surrounded with a weak solution. This state of things must be recog-
nised in adjusting our battery arrangements. FElectrotypists not aware of this fact find themselves
much perplexed by failing to accomplish with large plates what is so easily done with medals or
small plates.

It would, at first sight, appear that, by strengthening the solution of sulphate of copwer, a
more rapid supply of metal to the electrode would be obtained. Unfortunately, the effect of thisis
to diminish the solvent capacity of the water in the solution for the sulphate formed on the posi-
tive electrode by the action of the transferred acid. The grand essential in electrolysis is liquidity
in the solution. Thus, if the guantity of free water surrounding the positive electrode be small,
this electrode is soon enveloped in a saturated solution, and the newly-formed salt remains undis-
solved upon it. This salt, being a non-conductor, virtually excludes the electrode from the solu-
tion, and thus arrests the current, except when the eflux of saturated solution permits the salt t¢
dissolve, and so reopens the passage for the current in irregular quantities. From this spasmodic
action result plates of copper-sand, or sometimes copper as soft as lead.

By applying leat to the solution when this state of things exists, the solvent capacity of the
water for the salt is increased, rapid diffusion takes place, the salt is carried to the negative elec-
trode, aud the exhausted water to the positive electrode; the dormant batteries rush inte uninter-
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rupted action, and in a short time a plate is deposited, having all the hardness and elasticity of
hammered or rolled copper. Smee'’s conditions, then, seem to maintain themselves. The electro-
typists’ axiom of ¢ work slowly,” requires to be reversed into ¢ the quicker the work, the better the
quality.”

LABORATORY APPARATUS.

Figure I is a plan of the Coast Survey eclectrotype laboratory. The glazed partition, b, b, b, b,
with a door, 4, separates the battery room from the general laboratory, and permits an easy iuspec-
tion of the batteries, without exposure to their fumes. The laboratory floor is about six feet above
the ground, and slopes inward from the sides towards the sceuttle holes, k, &, &, k, arranged for dis-
charging the waste liguids spilled upon the floor. To obviate the deleterious effects of working on
a floor saturated with chemical agents, when any solutions are spilled, the floor is well flooded and
brushed, the water passing off through the seuttle holes. There arc four battery eells, placed as
indicated, B, B, B, B. A rectangular India-rubber bag, supported by a deep wooden box, con-
tains the battery solutions. Each cell can contain nine silver and eight zine plates. A metallie
connection unites all the zine plates of a cell, and another one all the silver plates. Faech cell can
be used as -an independent battery, or two, three, or four cells can be connected in consecutive or
simultaneous order, or all combined into two pairs of two in consecutive or simultaneous order, or
into one group of three and one of one. The position of the vertical decomposing vat is shown at
V, and that of the horizontal vat at H. 8 is a large tub for washing plates. The tub C contains
the solution of chloride of iron. Q is the quicksilver tub, and W, W_ are fresh-water tabs. F is
the furnace, and d, d, ¢, ¢, are heating tubes connecting with the vat H. T is a flat iron table.

Tig. 2 exhibits a cell and its included plates, with their mode of suspension.

Fig. 3 represents the suspending frame of wood and the attached plate P, prepared for immer-
sion in the vertical vat.

Tig. 4 shows the vertical vat and the plates suspended in it.

Fig. 5 represents the adjustable plate-supporting frame used in the horizontal vat.

Fig. 6 exhibits the interior arrangement of the horizontal vat, a blank plate and an engraved
original being in position ; also the connecting copper wires leading to the battery.

Fig. 7 represents the heating furnace. The door for admitting air is shown at a, and is so con-
nected with an adjusting compound bar of iron and zinc that by an adjusting screw it can be
arranged to regulate the draught, opening or closing the door, thus maintaining a uniform heat in
the solution. After getting the fire started, this door is set so as to close when the solution reaches
a heat of 1500, In principle this finmace is similar to a bath-heater. A tubular helix of lead is
coiled within it like the worm of a still, and the terminating branches ¢ and d lead to the horizontal
vat, the branch ¢ uniting the top of the vat just below the lignid surface with the bottom of the
coil, and 4 the bottom of the vat with the top of the coil. Henee follows a circalation of the solu-
tion from the furnace at top and into it at bottom.

MANIPULATION.

‘When a plate is to be electrotyped, it is placed on trestles above the open scuttle holes, &, &, A, &,
and thoroughly cleaned by washing with alkalies and acids. It is then silvered, iodized, and placed
before a window. A plate of rolled copper an inch larger than the engraved plate is then selected,
placed on the flat iron table, and beaten with mallets until a steel straight edge shows it to be
plane. TItis then weighed and fixed in the vertical plate frame by two copper hooks. The engraved
plate is then similarly fixed in a similar frame, when both are placed in a vertical vat and connected
with the battery.

The process does not go on well when the plates are vertical, but it is necessary to starft the
castings in this position to prevent dust, motes, or specks of impurities from settling on the face.
As the rolled plate dissolves, its impurities rapidly render the solution muddy, and endanger the
face of the forming plate. For common electrotypes dust or mote specks are not detrimental ; but
the Coast Survey copper plates being not inferior in fineness of lines to fine steel plates, the effect
of impurities settling on the face of their copies is to give the impressions a clouded appearance.
On first immersing the plate, the solution should, therefore, be perfectly clean. Formerly, after

’ 18
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each use of the vertical vat, it was emptied and washed out. 'When the solution had deposited its
sediment it was drawn off and strained through very fine cotton. This whole operation was
extremely disagreeable, and consumed a whole day of one man.

By a simple expedient I have saved the necessity of cleaning the vat oftener than once a
month. To guard the new plate from specks and impurities, a bag of fine eotton is drawn over a
slight wooden frame, which keeps it distended. An hour or more before the solution is-wanted,
the bag, with its included frame, is placed on top of the solution and loaded with the copper bars
used to support the plate frames. The weight causes the bag to sink gradually, filtering the con-
tained solution as it goes down. The impurities cannot wholly choke the meshes of the cloth, as a
fresh portion is constantly brought into action during the sinking. T thus filter the solution without
taking it from the vat or disturbing the sediment, saving much labor, tine, and annoyance.

The plate remains in the vertical vat over night, and preparations are made in the morning to
transfer it to the horizontal vat. The furnace is first brought into action. A new plate of blank
copper, an inch larger than the matrix, is flattened on the iron table, and bolted to the edges of
wooden bars by platinum bolts, for the purpose of preventing the plate from sagging downwards
when supported horizontally. The plate so arranged is called the strapped plate. The coated
matrix is then taken from the vertical vat, disengaged from its frame, and arranged in the horizontal
frame. A wooden wall, an inch high, then surrounds the plate, and in this wall the strapped plate
is 1aid, when the whole combination is placed in the horizontal vat and the connection with the
battery established. The positive plate is then taken from the vertical vat and its loss of weight
noted and recorded. From the known superticial area of the matrix, the quantity of copper required
for the casting one-eighth of an inch thick is computed and recorded. The blank copper consumed
in both vats must equal this amount before the required thickness is reached, allowance being
made for impurities of rolled copper and roughness on the back of the electrotype. After a few
hours of action the strapped plate becomes so loaded with impurities that they will begin to drop
on the electrotype ; this plate must, therefore, be removed from the vat and a new one immediately
supplied. The dirty plate is then washed in the large water tub, and when cleaned its loss of
weight is found and recorded. By the amount of loss the action of the batteries is tested, and it
is found, if Smee’s laws are being observed. Vigilance must now be exercised in watching the
batteries and rate of work, and the power must be varied to suit circumstances.

The entire working battery generally requires renewal once a day, the process being conducted
as follows: One zinc and one silver plate are taken from the battery ; the silver placed in asolution
of chloride of iron, and the zine taken to the water tub outside the door of the battery room, where
it is serubbed clean with a hard brush. It is then re-amalgated at the quicksilver tub, and taken
back to the battery. The silver plate is transferred from the chloride of iron solution to the adjacent
fresh-water tub. Amnother silver plate is then transferred from the battery to the chloride solution,
and another zinc cleaned, washed, and put back in the battery with the first silver. In this manner
the whole battery can be renewed without sensibly interrupting its action.

‘When the loss of weight from the rolled copper in both vats indicates that the required thick-
ness of the electrotype is gained, the plate is withdrawn from the battery, detached from its frame,
its back smoothed and its edges filed until a separation can be made. By separation the original
becomes liberated, and the alto or reversed relief is silvered and electrotyped exactly as an original.

The copy from it, or the electrotyped basso, will, if the process has been properly conducted, be
a perfect fac-simile of the original, and in hardness, ductility, and elasticity, will equal the best
rolled and hammered or planished copper plate.

Yours, respectfully,

) GEORGE MATHIOT.
Major 1. L. STEVENS,

Assistant in charge of office.
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SUPPLEMENT TO APPENDIX No. 5.
RATES OF OUTRUN OF LINE.

Berryman apparatus, with 96 pounds lead and Italian hemp line # inch in circumference.
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An indication of bottom appears in the case of station No. 10, sudden falling off of velocity
between 750 and 800 fathoms; not so with station No. 9. Station No. 10 is in the northern edge
of the stream, where the current is feeble; while station No. 9 is but little to the southward of the
axis or thread of the current.
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SUPPLEMENT TO APPENDIX No. 8.

LENGTH OF THE KENT ISLAND BASE LINE.

Kent island, on which this base line was measured, is situated on the castern side of Chesa-
peake bay, nearly opposite Annapolis, (see Sketch No. 10.) The line is about five and a half miles
in length, and was measured in May and June, 1844, by Assistant James Ferguson, with the same
apparatus which had been previously used in the measurement of the Fire Island base line, (see
Coast Survey Report for 1865, Appendix No. 21.)

The comparisons of the four double-meter bars with the committeec meter, by means of Bessel's
contact-level comparator, in 1844 and 1845, gave their combined length, or A + B+ C + D, at 320
Falirenheit, = 7.99987165 meters, as stated in the account above referréd to.

The mean temperature of the bars during the measurement was 770.79, and when corrected for
graduation error, 77°.33 Fahrenheit; hence the excess of temperature above that of melting ice,
459.33. The co-efficient of expansion for iron is adopted, as before, at 0.000006963535, and the
temperature correction computed accordingly.

The correction to the length of the base for inclination of bars was calculated by means of the
tabulated versed sines of the observed inclinations. The average elevation of the line above the
half-tide level of the bay, which cannot sensibly differ from that of the ocean, is found by leveling
to be 5.0 meters, inclusive of the height of apparatus.

The resulting length of the base is then found as follows:

Meters.
1086 boxes, at 8 MeterS. ... .. .. i iaeaaiene s 8688
Defect of each on 8 meters, or 1086 x 0.00012835. . . ... ............... 0.1394

Correction for expansion of bars, or for excess of temperature over 320.. -+ 2.7424
Correction for inclination -

........................................... 1.0007
Excess of box at south end, measured by bar D and scale.............. — 2.0508
Reduction to half-tide level of bay..... ... i il —_ 0.0069

Resulting length. . . ... . ... . .. il 8687.5446

To estimate the accuracy of this value we first consider the probable error of the assigned
length of the combined bars, derived from their comparison with the standard meter. This is found
to be +£0.00000550. The probable error in 1086 boxes is consequently --0.00597 meter.

If we arrange the boxes according to rising, stationary, and falling temperatures, we shall find
457 boxes laid during rising, 150 during falling, and the remainder during stationary temperatures.
We have, therefore, 307 uncompensated cases; and supposing again an average of 2° difference
between the temperature of the bars and that indicated by the thermometers, (as in the account of
the Fire Island base,) the effect would amount to 0.0342 meter, which has been adopted as the
probable error in the length arising from imperfect temperature indications; combining with this
the uncertainty from the graduation error, or 4:0.0151, we have the probable error 4 0.0374 meter,
arising from the temperature corrections.

The probable error arising from the instability of the microscopes, estimated as in the case of
the Fire Island base, cannot exceed 4 0.000127 V1086, or £0.0042 meter.

Putting together these three principal probable errors, that of the assigned length of the base
becomes v [0.0374)* + (0.0060}% + (0.0042)° =+ 0.0381 meter, equal to 4-1.50 inches, or to soge55 O
the length; the corresponding value in the logarithm is 419 046 in units of the seventh place of
decimals. \

We have, therefore, the following value for the resulting length of the Kent Island base line:
8687.5446 - 0.0381 meters,

and its logarithm,
3.9388970 472
+ 19 046



CORRIGENDA IN COAST SURVEY REPORTS OF PRECEDING YEARS.

1859, page 336. Co-ordinates of curvature; lat. 9°, col. , long. 20, for 400 read 600.

1862, page 233. To expression for 12d,, line 3 from top, add 4 S; — Sy 4+ 8;; — S,

1864, page 143, line 2 from bottom, for 40.009 read 41//.009.

1865, page 198, In triangle 20, distance opposite Humpback, for 22161.352 read 26161.352.
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LIST OF CHARTS AND SKETCHES.

. Progress Sketch, Section I. Upper part.
. Winter harbor, Maine.
. Tenant’s Harbor, Maine.

Sassenow river and passage from Bath to Boothbay, Maine.
Portland harbor, (new edition.)

. Portsmouth harbor, (new edition.)

Boston harbor, (new edition, from survey for harbor commissioners.)
Sippica harbor, Massachusetts.

. Warren river, Rhode Island.

. Primary triangulation between Fire Island and Kent 1sland base lines.
. Coast Chart No. 27, from Cape Henlopen to Isle of Wight.

. Coast Chart No. 28, from Isle of Wight to Chincoteague inlet.
. Progress Sketch, Section IV,

. General chart of the coast, No. V, Cape Henry to Cape Lookout.
. Progress Sketch, Section V.

. Savannah river and Wassaw sound, Georgia.

. Gulf Stream soundings.

. Caloosa entrance, Florida.

. Progress Sketch, Section IX.

. Brazos Santiago, Texas.

. Progress Sketch, Section X.

. Suisun bay, California.

. Destruction island, Washington Territory.

. Washington sound, (new edition.)

. General Progress Sketch.

. Thirty-inch theodolite.

. Twelve-inch theodolite and heliotrope.

. Zenith telescope.

. Portable transit.

. Tides at Cat island.
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