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IN THE HOUSE OF REPRESENTATIVES, Januery 9, 1863,

On motion of Mr. CLARK, from the Committee on Printing—
Resolrved, That there be printed three thousand extra copies of the Report of the Superintendent of the United States Coast

Survey for the yeur 1862; two thousand of which shall be for distribution by the Superintendent, and one thousand for the use

of the members of the present House.
Attest: EM. ETHERIDGE, Clerk,
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ERRATA.

IN COAST SURVEY REPORT FOR 1861.

2

Page 152, last line, for ¢“Coquilla’’ read *Coquille.”’
Page 232, line 15 from bottom, for ¢ 410" read ¢¢ 430.”

IN COAST SURVEY REPORT FOR '1862.

Page 12, line 5 from bottom, for ¢ 1861-62 " read ‘* 1860-'61, and is much diminished from those of 1861-"62."’

Page 178, line 13, for *sketch No. 50 ' read ¢ sketch No. 48.”"

Page 182, line 10 from bottom, for **sketch No. 50 ”’ read ¢ sketch No. 48.""

Page 272, line 17 from bottom, for ¢ of Sergus’’ read ‘‘ Las Scrgas.”’ The full title of the book js ** Las Sergas del Mey
Hsforzado Cabalero Esplandian hijo del Excelente re Amadis de Gaula.’’

Page 272, line 13 from bottom, for ¢ Sergus '’ read ¢ Sergas.’’

Page 275, line 7, after the word *‘ pages ™ insert  45-49.”

Page 285, line 7, after the word ¢ page’’ insert ¢ 15.”’

Page 286, line 16 from bottom, before the word ¢‘side '’ insert ‘* NW."’

Page 288, line 10 from bottom, for ¢ 12”.9" read ¢ 11".6.”"

Page 290, line 9, for ¢ 10”.2"’ read ‘¢ 09”.8.”

Page 07 line 17 from bottom, for ¢ bend '’ read *¢ trend.”’

Page 29, line 12, for “ 58”.1"" read ** 51".8.""

Page 297, line 5, for #* 177" read **117.""

Page 299, line 6, for ¢* 55 '’ read ** 5.5.”"

Page 299, line 21, for ‘ of Point”’ read *¢ off Point.””

Page 290, line 8 from bottom, for ¢‘ undergo is*’ read °* undergoes.”’

Page 299, line 5 from bottom, for ¢‘ presents’’ read ¢‘ present.”

Page 301, line-11 from bottom, for * 10".0 "’ read “03".7.”"

Page 302, line 23, for «“ 56”.9 " read ¢ 50".5.”

Page 303, line 8, for ¢ 87”.4 "’ read ¢ 81.0.”

Page 303, line 2 from bottom, after * southward’’ insert ‘¢ of Point Lobos,’’

Page 303, line 1 from bottom, for ¢ Point Lobos ’’ read ¢ it.”’

Page 304, line 12, for ‘¢ intimated ’’ read ¢ ascertained.””

Page 307, line 18, for ¢ gtraight ** read *‘strait.”

Page 316, line 15 from bottom, for ** moon '’ read “mnoon.”

Page 323, line 14, for *“ $12,000,0000 * read “ $12,000,000.”

Page 325, line 8, for ¢ are formed ’’ read ¢ is found.”’

Page 327, line 7, for “ 37 59 39.4 ' read ¢ 370 59’ 39".4.”’

Page 327, line 2 from bottom, for ¢ levated *’* read ¢ elevated.’”

Page 328, line 21 from bottom, for ** 31.6” " read ¢ 31".6 ;' for ¢ 54.9’ '? read ¢ 547.9.""

Page 328, line 11 from bottom, for ¢“ islet’’ read ¢*iglets.”

Page 329, line 4, for ** 4}’ read < 34"’

Page 329, line 19, for ¢ four ”” read * three.”

Page 344, line 16 from bottom, for ‘¢ Oregon,’’ read ** Oregan."’

Page 355, line 8 from bottom, for ¢¢ 1270 58" ' read *¢ 123° 58'."

Page 359, line 12, for ¢ after *’ read ** before.”’

Page 360, line 10, for ¢ 311-315 "’ read ¢ 44-48."

Page 362, line 19, for *‘ channel one," read ‘channel, one —.”

Page 363, line 2, for ¢ norhernmost ’ ' read * northernmost."”

Page 364, between lines 21 and 22, ingert—

¢*The two bars bore from each other SE. by E.and NW. by W., and their distance a.part was 2} miles, with the seaward
extremity of the Middle Bank in line between them,

‘¢ The Middle Bank between the north and south channel was about & mile w:de,and regular up to the cape, except the
off-shoot to connect with Sandy island, which bore E. by 8. § 8. 34 miles from Disappointment, and NW. § N., two miles
from Adams. N.NE. from it the Chinook shoal stretched southward within less than a mile,



IV ERRATA.

‘"The western tail of the great Middle Shoal, eastward of Point Adams,lay NE. § N. 13 mile from that point.

+¢ The channels north and south of this bank had changed very much, but to them we shall not again refer.

¢« We note the fullowing changes since the survey of 1841 :

¢+ That the south sands, then stretching 6 miles westward from Point Adams, had been cut through at a point half their
distance out by a wide channel, with deep water, running 8. by W. from Sandy island, but the bar of this channel was not
vet fairly cut through, having less than 3 fathoms upon it. 'This channel was therefore running at right angles to the one
of 1841, and over the very spot marked bare in 1839.

*That the north channel retained the same general features, but had moved to the southward ; its southern part cutting
away over a mile of the west end of the south sands of 1841. Tt still had over a fathom more water than the south channell
Toside of Cape Disappointment it retained the same general direction as in 1839 and 1841, but was more contracted.

¢t That the Middle Bank was much changed, but its northern portion similar to that of thetwo previous surveys. The
eartern point had moved N.NW. three-quarters of a mile since 1841. Sandy island had much increased in size, and ap-
parently moved with it.

*That a long sand bank had made out over a mile NW. from Point Adams, and was called the Clatsop spit.

¢« That the western tail of the great Middle Shoal, eastward of Point Adams, had been cutaway three-quarters of a mile.

¢ sSCRVEY OF 1852,

“¢This was the second examination by'the TUnited States Coast Survey, founded upon a complete triangulation and the
topography of Point Adams, Sandy island, avd Cape Disuppointment.

¢ Two channels remained as in 1850. The south bad become more defined, having 34 fathomsacross the bar, which was
threc-quarters of a mile wide, and the general direction of the channel N. J W, From Point Adams it bore SW. 28,
distant 3} wiles, and from Cape Disappointment 5.8E |, 53 miles. 1t was 24 miles distant from the beach south of Point
Adams, .

““The vorth channel was S. § W., 3 miles from the cape, and W. 8., 44 miles from Point Adams ; it had 4} fathoms
upon it toward the southern ride, and its width was three-qunarters of a mile. ‘The midchannel course for 14 mile was NE.
by N, then N, by W. towards the cape. turning to the east half a mile before reaching it, and after a mile on this course
runuing 12 SE. past the north side of Sandy island ; or, continuing past the cape within a quarter of a mile, then steering
E NE. one mile, in from 8 to 5 fathoms, changing to SE. by E. through a 3-fathom channel, past the NE. side of Sandy
island. The old *pit bank of 1792 had made out half a mile nearer the cape than then existing, but having & 3-fathom
chaunel across it.”’

Page 364, line 29, for ¢ bank'” read ¢ sghoal.”’

Page 364, line 9 from bottem, for ** bank’’ read ¢ shoal

Page 365, line 6, for *¢i2 "’ read ‘“are.”’

Page 365, line 11, for ““ bank’’ read ¢‘ghoal.”’

Page 367, line 18, for ** Columbia’’ read * Columbia’s.”’

Page 370, line 22 from bottom, add ¢ from the south bar.’

Page 371, line 12, for ¢+ which '~ read ¢*it.”’

Page 376, line 14, for “* 377" read ¢ 110.”

Page 376, line 18 from bottom, for **is’” read ‘‘ are.”

Page 379, line 4 from bottom, insert ¢ 110"’ in the blank.

Page 383, line 4 from bottom, for ““ ow '’ read ¢ low ;" for ‘“findl’’ read ¢ find **

Page 387, line 2, for *¢ refitted their ships here '’ read ‘¢ were refitted here.’’

Page 387, line 30, for “ and " read ¢t 136-148."

Page 389, line 4 from bottom, ** for good withholding '’ read ¢ with good holding.”

Page 392, line 3, for ** porthwest ’’ read *¢northeast.””

Page 396, line 17 from bottom, delete ¢ first.”

Page 399, line 16, in blank space insert ¢* distant.”’

Page 402, line 8 from bottom, for *‘ Cordowa’’ read ¢ Cordova.’’

Page 404, line 18 from bottom, for *‘ sweeps '* read * sweep.””

Page 408, line 24, for ¢ the shore’’ read ‘¢ the eastern shore."”




LETTER

FROM

THE SECRETARY OF THE TREASURY,

TRANSMITTING

THE REPORT OF THE SUPERINTENDENT OF THE UNITED STATES COAST SURVEY.

TREASURY DEPARTMENT, December 19, 1862,
Sir : I have the honor to transmit, for the information of the House of Representatives,
a report made to this department by A. D. Bache, LL.D., Superintendent of the United States
Coast Survey, stating the operations and progress in that work during the year ending No-
vember 1, 1862, and an engraved sketch showing the general progress which has been made
in the survey of the Atlantic, Gulf, and Pacific coasts; also, the manuscript map of progress,
brought up to the same date, in accordance with the act of Congress approved March 3, 1853.

I have the honor to be, very respectfully,

8. P. CHASE,

Secretary of the Treasury.
Hon. GarusEa A. Grow,

Speaker of the House of Represeniatives.
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REPORT.

CoasT SUrRVEY STATION,
Near West Cheshire, Connecticut, November 1, 1862.

Sir: T have the honor to submit my report for the surveying year ending November 1, 1862, as required
by law and the regulations of the Treasury Department. With it is an engraved map showing the general
progress of the survey, and a manusecript map prepared at the Coast Survey office, in accordance with the
act of Cnngréss of March 3, 1853.

The survey has been in progress, in its field or office work, in all the States of our coast—Atlantic, Gulfs
and Pacific, though upon the diminished scale required by the diminished appropriations for the fiscal year.
The officers and the work have rendered essential service to the fleets and armies of the Union. A brief and
general statement of both these classes of operations will be given in the prefatory chapter (Part 1) of this
report, and a more detailed account in Part II.

The estimates for the next fiscal year, upon the same reduced scale as those of the past year, are con-
tained in Part 1.

The experience of the usefulness of the survey in the various war and blockade operations of the coast
was hardly needed, to show that it ought to be pushed forward as rapidly as the means of the government
will permit, if we would be prepared in those sections where danger may at any moment be imminent. The
flows and ebbs of public feeling on that subject during the past year demonstrate the necessity of such prepa-
ration.

I have taken the opportunity, presented by the visits of inspection of the chief engincer, General Joseph
@. Totten, to inform myself personally, through the kindly official and personal relations between us, of the
progress and dircetion of the plans for defences on the coast, with a view to special reference thereto in the
progress of the surveys. I was much gratified to find that as far as we had advanced the progress was in
the right dircction, though I could not but recognize that the information obtained would enable me in the
future to make the connexion even more intimate than in the past, when no such exigencies as are now
probable scemed to be among the possibilities of the times. I would be glad to make rapid provision for
these exigencies, could adequate means be furnished. Perhaps some opportunity may yet occur to earry out
such a purpose. It is certain that accurate maps must form the basis of well-conducted military operations,
and that the best time to procure them is not when an attack is impending, or when the army waits, but when
there is no hindrance to, or pressure upon. the surveyors. That no coast can be effectively attacked, defended,
or blockaded without accurate maps and charts, has been fully proved by the events of the last two years,
if, indeed, such a proposition required practical proof. The peérsons employed upon the various coasts being
in the service of the government, their personal experience has been available in the various and complicated
duties of pilotage, for lighting, for placing beacons, buoys, &e., in times of exigency, and during the derange-
" ment of regular modes of rupply and ingpection.

The honorable Secretary of the Navy has mentioned in his report the services of the Superintendent of
the Coast Survey, as a member of the commission, in reference to plans of blockade, &c., and has since, with
your approval, placed him on an important commission for selecting a site for a navy yard for iron clads and
jron vessels, in order to lay the foundation of an iron navy. The indispensable usefulness of the Coast Survey
results to these two commissions Wa.swgenerously‘acknowledged by votes of each without dissent. 'The reso-
Iution passed by the second board, transmitted to me by its president, Adiniral Stringham, will be found
in the Appendix No. 37. The communication from the president of the first board, Admiral Dulont, was
given in the Appendix of my last annual report.

It will be observed that though general publications of maps and charts arc made, the government has
dlways more advanced and fresher information than other parties, whether domesiic or foreign, and that due
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discretion has guided us in the mode of publication and distribution of new maps and charts and of new
information.

The zeal with which the Coast Survey cfficers have thrown themselves into such service as the govern-
ment required is truly commendable, and has procured for them the praise of the distinguished army and navy
officers under whose immediate direction they have served.

GENERAL STATEMENT OF PROGRESS.

The general sketch of progress (No. 45) shows that the triangulation, primary or secondary, of the
Atlantic coast is continuous from our northeastern boundary to sonth of the line between North and South
Carolina, and, with an interval of about sixty miles, from Winyah bay, 8. C., to Matanzas inlet, south of St.
Augustine, Fla.

This year three {riangulation, six topoegraphical, and two hydrographic parties have worked upon the
coast of Maine. The triangulation (Sketch No. 2) includes Eastport harbor, and that of the sea-coast is com-
plete from Machias bay to Mount Desert, and from the entrance and approaches of Isle au Haut bay, including
Penobscot bay, to Kittery, Me. "The topography is about two seasons behind the triangulation, and the
hydrography is proportionately advanced. This scason’s topographical work on the coast of Maine has been
in the neighborhood of Eastport, at Frenchman’s bay, below Rockland harbor, along the water passages
which connect the Sheepscot and the Xennebec, in the upper part of Casco bay, and near Portland, (a recon-
naissance for defensive purposes.) The bLydrography has been that of the water connexions between the
Sheepscot and Kennebec rivers, including also Wiscasset bay, the upper part of Casco bay, including Yarmouth
and I'reeport rivers, and supplementary work near Portland.

The work on the coast of New Hampshire and Massachusetts {Sketeh No. 3) is nearly completed.
During the past seasen a hydrographic party has added to the previous work. The special surveys in Boston
harbor have been continued. Two topographical and one hydrographic party have worked on the coast of
Rhode Island, one of each clags co-operating in the examination by the navy yard commission. The tidal
and magnetic observations have been kept up at Eastport, and the tidal observations at Boston. Two trian-
gulation partics, one also making astronomical observations, have been working on the coast of (lonnecticut
{ Sketch No. 3} near New Haven, and on the Connecticut river below the head of tide.

Twe triangulation, one topographical, and one topographical and hydrographie party have worked on
the coast of New York and New Jerscy ; on Hudson river, (Sketch No. 11,) near Rhinebeck and Pough-
keepsie, and above Tivoli; near the western end of Long Island, and on the ocean shore of New Jersey,
(verification survey.) Tidal observations have been kept up at Brooklyn, New York. Examinations of
hydrographic changes have been made in the Delaware river, ncar Fort Delaware, and near the mouth of the
Schuylkill, in Delaware, New Jersey, and Pennsylvania. Magnetic obscrvations for the secular change of
the declination and intensity have been made in New York and Pennsylvania, (Sketch No. 47.) The rate
of progress on the coast of Scetione I and 11, (Maine to Maryland,) has quite equalled the estimates made in
my reports for 1857 and 1859. Five parties triangulating and sketehing in shore-line and the topography
of the banks of the Potomae, (Sketeh No. 13,) and cooperating through one chief, have finished the prelimi-
nary survey of that river from Blukistone island up to Georgetown. These, while at work, were in part
protected by the Potomac flotilla, in part by the army detachments on the banks, and in part worked freely
without necd of protection. A hydrograpbic party is still engaged and will ecomplete the soundings of the
Potomac below Indian Head. The same party had previously rendered good service in the North Atlantie
blockading squadron, in the York, Pamunkey, and Mattaponi rivers, An additional hydrographic party has
sounded the Potomac between Alexandria and Georgetown, there being great need for a chart of the river
near Washington.

T'wo topographical parties have mapped the environs of Williamsport, Maryland, for the use of the
army ; another was for a short period employed in the topography of military defenecs near Fort Lincoln ;
one i now engaged in the vicinity of the District line near Bladensburg in plane-table work for military
purposes ; & survey was made by another of the rebel position and works at Manassas; a fifth party is now
engaged in mapping the western approaches of Fort Marcy, in Fairfax county ; another party surveyed the
north bank of the Rappahannock at Fredericksburg, and sketched the roads leading to the Potomac; and &
seventh made reconnaissances and surveys on the Peninsula, between the York aund James rivers. These
parties worked under the immediate direction of the chief topographical engineers of the armies of the Po-
tomac and Rappahannock.
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Two topographical parties with the army of Maryland worked on the eastern shore of Virginia, near
Drummondtown and Norfolk, and one of them made a hydrographie resurvey of Metomkin inlet.

There are now (November 7) four topographical parties surveying with the different corps of the army
under Geeneral McClellan along the line of the Potomae.  Observations have been made at the Washington
magnetic station, and the tidal observations have been continued at Old Point Comfort, Va.

On the coast of North Carolina (Skctch No. 21) a resurvey was made of Hatteras inlet at the opening
of the present surveying year, and it was in part re-examined subsequently, and service in marking by buoys
and stakes rendered there, in connexion with the North Atlantic blockading squadron, by a second Coast
Survey party. Oregon inlet was completely surveyed by a third party, which also made examination of the
tides and currents and of their action upon the site of Fort Hatteras., The same parties, last named, made
a reconnaissance of the Neuse river to a point above Newbern, and placed channel stakes and buoys on the
middle ground. Scrvice was rendered in the attack upon Roanoke island. As soon as Beaufort, N. C., was
taken by our forces, a hydrographic party was sent there and made a resurvey, tracing anew portions of the
shore line, and sounding the bar, the entrance, and the interior of the harbor. Some useful observations were
communicated to us, by permission of the Navy Department, by one of the officers of the blockading squadron,
who lad been supplied with instruments from the Coast Survey office. These parts of the coast had been
recognized as changeable in our operations of previous years.

On the coast of South Carolina, (Sketeh No. 23,) Georgia, and Florida, acting under the immediate
direction of the flag officer of the South Atlantic blockading squadron, were four parties, one of which had
officers for all the surveying operations and a steam vessel ; another for topography and hydrography, and
twe for topography, which were led by officers of experience upon this part of the coast—eco-operating with
each other through one chief and under the orders of Flag Officer DuPont. The operations of these
parties, which received much commendation, will be given in detail under the head of Section 'V, only the
gurveying service being referred to here. Stono inlet and river, and parts of Folly and Kiawah rivers were
sounded out, the bar having entirely changed. The banks of those streams were traced and mapped. Tart
of North Edisto river was resurveyed; part of St. Helena sound, and part of Port Royal sound, including
Broad and Beanfort rivers and their tributarics, and also Skull creek and Calibogue sound; part of Tybce
Roads, Ga.; part of Wassaw sound; purt of St. Simon’s sound, and the bar at Fernanding, Fla. Duoys
were placed and sailing directions furnished to the flag officer. In connexion with the hydrography, the
shore-lines were also traced of parts of Johw’s, James’, Cole’s, Kiawah, and Folly island; of the inside of
Port Royal island, and of parts of Broad river, 8. C, and its tributaries. Officers were furnished to recon-
noitring expeditions afloat and ashore.

The survey of the Florida reef (Sketch No. 32) was continued by a hydrographie party with a steamers
one triangulation, and one topographical party ; and magnetic observations by photography were kept up at
Key West.

On the coast, from Mobile entrance to New Orleans, (Alabama, Mississippi, and Louisiana—=Sketch No,
35,) a very strong party with a steam vessel lent by the Navy Department, including assistants familiar
with the different operations of the survey and with this part of the coast, made reconnaissances; determined
the best channels of the mouths of the Mississippi, and buoyed that of the Southwest Pasa; gave positions
and distances for stationing the mortar boats near ¥ort Jackson, and other useful services which have been
acknowledged by the flag officer of the western Gulf blockading squadron, and by Commodore D. D. Porter,
under whose immediate direction they acted. The same party made examinations of localities designated
by General Butler, U. 8. A. One of the surveying officers was immediately connected, for some time, with
Flag Officer Farragut in the Hartford. Two topographical partics were detailed, at the request of General
Halleck, and under orders of his aide-de-camp, Colonel R. D. Cutts, Assistant in the Coast Survey, to make
military surveys of the ground occupied and commanded by the defensive works erected at St. Louis in 1861.
These surveys are nearly completed.

Arrangements are now making for the detail of parties to accompany the expedition of General Banks
to the coast of Texas, and Commodere Porter’s to the Mississippi.

On the Pacific coast, in Sections X and X1, (Sketches Nos. 37, 38, and 42,) one friangulation party, onc
triangulation, topographical, and hydrographic, two topographical, one of them a double party, and one
hydrographic party, have been employed. The triangulation of San Clemente izland (one of the Santa Bar-
bara islands) and of the main between San Pedro. and Point Duma, has been cnmplctcd. The topography
of Bodega bay has been completed in connexion with the coast adjacent south to Tomales, and several miles
north of Bodega entrance. Soundings for verification have been made in Karquines strait, opposite to Mar-
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tinez ; also at the junction of the strait with the channel to Mare Island navy yard, and off Point Wilson, in
San Pablo bay. The hydrography of Bedega bay has been completed, including the roadstead and that of
the coast between it and Tomales entrance. Tidal observations have been continued at San Diego and San
Francisco, besides those in connexion with the hydrography.  The steamer Active has assisted in guarding
the navy yard at Mare island in time of emergencey.

The hydrography of Koos bay, Oregon, (Sketch No. 43,) has been extended ; and the bar and entrance
of Gray’s harbor, W. T, have been sounded. Tidal observations has been continued at Astoria.

The diminished appropriation for the western coast has required the withdrawal of one of the parties.
The steamer Active being much out of repair, a favorable opportunity was taken to dispose of her. She will
require to be replaced when a proper opportunity oceurs.

Orrice-worK.—The regular work of computing, drawing, photographing, lithographing, engraving, and
clectroty ping has gone on in the office.  Many of the charts for the memoirs for distribution to officers of the
army and navy conuected with eoast expeditions have been executed in a preliminary way by lithographing.
Some, of which but a few copies were required, have been photographed. Photography, as a mode of reduction
of field-work to the publication scale, has become a part of the regular routine of the office.

It will be necessary soon to make some reduction in the number of perzong employed in the office; in
fact, it has been commenced, but it is hoped that it may not be necessary to extend it much further, as the
work requires thorough training to be effectively exccuted, and it will be difficult to recover owr trained
computers, engraverg, and others, should they once become engaged in other offices,

The titles are here appended of drawings for maps and charts and of the engraved plates worked on
during the year which ended on the 1st of November:

Section I—The drawing for a finished chart and the engraving in a preliminary form of Barnstable
harbor have been completed ; the engraving of Portland harbor as a finished chart, with additions to the
hydrography, has been nearly completed; and a preliminary chart of Mount Hope bay has been drawn and
ergraved. Progress has been made in the drawing and engraving of coast charts No. 8, Seguin island to
Kennebunkport, Me.; No. 9, Cape Neddick to Cape Ann, Mase.; and No. 11, Plymouth to Hyannis, Mass.;
and of the chart of Sheepseot and Kenuehee rivers, Me.  The drawing of general coast charts No. I, Quoddy
Hecad, Me., to Cape Cod, Mass,; No. IT, Cape Ann to Gay Head, Mass.; and of coast chart No. 7, Muscongus
bay to Portland, Me,, has been continued; and the engraving of coast chart No. 7, Museongus bay to Portland,
Me., and the drawing and engraving of No. 10, Cape Ann to Plymouth, have been commenced. Additions
bhave been made to the chart of Salem bharbor and to coast charts Nos. 12 and 13, Nantucket sound and
Vineyard sound, as also to the progress sketches of the scetion; and a mew progress sketch of the coast of
Mainc has been drawn and engraved.

Section 1II—The engraving in outline of the new edition of coast chart No. 21, New York bhay and
harbor, has been eompleted, and the chart issued in a preliminary form; the drawing of the same as a finished
chart has been continued. Progress has been made in the drawing and engraving of the Hudson river, {(sheet
No. 1,) from New York to Haverstraw, and in the drawing of sheet No. 2, Haverstraw to Poughkeepsie; the
engraving of the latter hags been commenced; and additions have been made to the progress sketch of the
section.

Section 111—The engraving of coast chart No. 35, Chesapeake bay, (sheet No. 5,) from Pocomoke sound
to York river, has been completed ; progress has been made in the engraving of coast chart No. 36, Chesa-
peake bay, (sheet No. 6,) mouth of York river to entrance of bay; and of Patuxent river, lower sheet, as a
finished chart. The drawing of Potomac river chart in four sheets, and the engraving of general coast chart
No. IV, Cape May to Currituck sound, and of Potomac river, {sheet No. 3,) from Lower Cedar Point to
Indian Head, have been commenced.  Additions have been made to coast charts No. 31, head of Chesapeake
bay to Magothy river; No. 32, Magothy to the Hudeson river, Md.; No. 33, from the Hudson to the Potomac
river; and to the progress sketch of the section. The following preliminary charts ‘and maps have been
lithographed and issued to mect the immediate wants of the public service, viz : Atlantic coast, from Chesa-
peake entrance to Ocracoke inlet; Chincoteague bay; Hampton roads; James river, up to City Point, (new
edition ;) reconnaissance of Pamunkey and Mattaponi rivers; Potomac river, up to Georgetown, in four
sheets ; road map of District of Columbia; plan of wharves at Alexandria; military reconnaissance map of
goutheastern Virginia, in nine sheets; and a general map of Virginia, in colors.

Section IV.—~The engraving of coast chart Neo. 37, Atlautic coast, from Cape Henry to Currituck sound,
has been commenced ; and preliminary charts of Hatteras inlet (resurvey of 1861) and of Beaufort harbor,
N. C., (resurvey of 1862,) have been drawn and lithographed.
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Section V.—The engraving of Sapelo sound, Ga., Ossabaw sound, Ga., and of St. Simon’s sound, Bruns-
wick harbor, and Turtle river, as finished charts, has been completed. The drawing of general coast chart
No. VII, Atlantic coast; from Winyah bay, 8. C,, to St. Johw’s river, Fla.; and that of Calibogue sound and
Skoll ereek, forming the inland passage from Tybee roads to Port Royal sound; and the engraving of
Savanuah river as a finished chart, have been in progress. Additions have been made to the progress sketch
of the section. The following prcliminary charts have been drawn and lithographed for immediate uge, viz :
Sca-coast of South Carolina; sea-coast of Georgia and Florida to St. Augustine; Tort Royal entrance, with
Beaufort, Broad, and Chechessee rivers; Calibogue sound and Skull creck ; Wassaw bar; St. Helena sound;
the addition of James island and Stono river to the chart of Charleston harbor; and a chart of Stono inlet,
with parts of Stono, Folly, and Kiawah rivers, from the survey of the present yecar.

Secetion VI—The drawing and engraving of the chart of St. Augustine harbor, and the engraving of
St. Mary’s river and Fernandina harbor, have been completed. DProgress has been made in the drawing and
engraving of gemeral coast chart No. X, Florida recf, from Key Biscaync to Marquesas keys, and coast
chart No. 71, New-found harbor key to Boca Grande; the engraving of coast chart No. 70, Garden key to
Lower Matecumbe key, has been commenced; and the annual additions to the progress sketches of the
section have been made. A preliminary chart of the vieinity of the Tortugas, Fla., has been lithographed.

Section VIL—A sheet showing the entrance to Santa Resa bay, and a general chart of the northeastern
part of the Gulf of Mexico, in two sgheets, have been drawn and lithographed for the use of the blockading
squadron. The engraving of the chart of Maria de Galvez bays, I'la,, has been completed.

Section VIII—The engraving of coast chart No. 93, Lakes Borgne aud Pontclhartrain, has been com-
menced. Additions have been made on coast chart No. 92, western part of Mississippi sound, and to the
progress sketeh of the section; and a hydrographic sketeh of the southwest pass of the Missiszippi has been
lithographed. Drawings and photographs have also been made of the approaches to Fort Jackson and Yort
St. Philip, below New Orleans, and of a survey of Fort Jackson after the bombardiment.

Section IX.—The drawing of coast chart No. 108, Matagorda and Lavaca bays, Texas, and of general
chart No. XVI, Gulf coast, from Galveston bay to the Rio Grande, has been continued ; progress has been
made in the engraving of chart No. 106, Gulf coasgt, from Galveston bay to Oyster bay, Texas; and the
annual additions to the progress sketch of the section have been made. A general chart of the northwestein
part of the Gulf of Mexico, in two shcets, has been drawn and lithographed for the use of the blockading
squadron.

Section X.—The drawing of Napa creek and Petaluma creck, as finished charts, and the engraving of
the same in preliminary form, have been completed ; and a preliminary chart of Tomales bay has been drawn
and engraved. The engraving of the chart of San P’ablo bay is nearly completed, and progress has been
made in the drawing and engraving of that of Drake’s bay. The drawing of the lower part of San Francisco
bay, and of a chart of the Pacific coast from Point Pines to Bodega Head, has been commenced. Additions
have been made to the progress sketches of the section, and to plates of charts previously engraved.

"Scction XI—A preliminary chart of Koos bay, Oregon, has been drawn and engraved; and the drawing
and engraving of a mew edition of the chart of Washington sound, W. T, and the engraving of that of
Coquille river entrance, Oregon, have been completed. Additions have been made to the progress sketch
and other plates of the section.

COAST SURVEY SERVICE WITH BLOCKADING SQUADRONS AND WITH ARMIES IN THE FIELD.

Though the statements of the use made of the Coast Survey parties in different important military and
naval expeditions will be given in the body of my annual report, with the acknowledgments made by their
chiefs, it will conform to the general plan of this report to make a brief abstract of them here. The scrviees
at Port Royal and in the Lower Mississippi, where the survey gained so much credit, were only a fractional
part of those rendered. -

Three Coast Survey steamers have been kept at work during nearly the whole season—the Corwin,
the Bibb, and the Vixen—being, when not actually employed by the survey, used by the Navy Dcpart-
ment. The services of the Vixen, under command of Assistant C. . Boutelle, were acknowledged by
Admiral DuPont in his official Teport of the action at Port Royal. The familiarity of her commander
with that part of the coast made his personal services of the greatest importance.

The Sachem, lent to the Coast Survey by the Navy Department, in place of the Hetzel, was also
officered and manned by a surveying party. She accompanied the expedition to the Lower Mississippi, and
there rendered services which have been warmly acknowledged by Admiral David D. Porter.

.
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The Corwin, when not engaged in her regular work—as at Hatteras and in the Potomac—vas under the
orders of Admiral Goldeborough, and performed good service in York river and its tributaries——the Pamunkey
and the Mattaponi. Reference to these several localitics, in full detail, will be made under the heads of
Sections II1 and TV, Seetion V and Section V1II, and in the first of these will also be stated the service of
topographical parties for military purposes in the State of Virginia, No opportunity has been lost to furnish
for the public service officers familiar with the parts of the coast which have been visited by our fleete and
military expeditions.

The opcrations here alluded to have, in general, been executed by the civil assistants, sub-assistants, and
aids of the Coast Survey; all the naval officers but one, and all the officers of the army, having been detached
from the work and returned to their respective services.

Six of the civil officers of the survey have, under your authority, reccived furloughs, without pay, to
Jjoin the voluuteer service, and have shown great capacity in their several positions. Another, formerly an
officer of the corps of engineers, has been absent from the office temporarily, and is yet under the orders of
the chief engineer.

Bixteen officers of the survey, of different grades, have been detailed for service, chiefly topographical,
with the army of the Potomac, near Washington, in the Peninsula, and on the Upper Potomac; with the
army of the Rappahannock, near Fredericksburg and at Manassas; with the army of Maryland and Virginia,
on the Eastern Shore and at Norfolk ; and with the army of North Carolina, at Hatteras, Roanoke island,
Newbern, and Beaufort, N. C. .

The regular work has gone on upon the Florida reef, and parties were at and near Key West, ready to
co-operate with the army if active operations had been decmed advisable on the western coast of the Florida
peninsula.

The regular work on the Pacific coast has gone steadily forward.

Of seventeen assistants, fourteen sub-assistants, and eighteen aids, serving in the field or afloat, fifteen
assistants, eleven sub-assistants, and fifteen aids have devoted the whole or a part of the year to the regular
progress of the survey; and eight assistants, ten sub-assistunts, and fourteen aids (thirty-two officers) have
rendered service in eonnection with the operations of the army and navy, generally in addition to their
regular dutics. This last-named service was, of course, not without its special dangers. Sub-Assistant
Dorr narrowly escaped when the lamented Wagner and a soldier of Mr. Dorr’s plane-table party were
mortally wounded in front of Yorktown. The plane-table which Mr. Dorr was using was shattered to pieces.
Sub-Assistant Oltmanns was badly wounded in the breast by a Minie ball during the reconnaisance of Pearl
river, while attached to the steamer Sachem, which was then under command of Assistant I. H. Gerdes, and
serving with the flotilla of Commodore (now Admiral) D. D. Porter.

The bravery of Mr. J. 8. Bradford, Mr. C. H. Boyd, and their comrades, of the party of Assistant
Boutelle, alone saved them from capture on James island, S. C., and put in their hands several prisoners, who
were delivered to the custody of the flag-officer of the squadron.

Of the officers who have thus served, the chiefs of parties— Aassistant Charles O. Boutelle, under Admiral
DuPont, and Assistant . H. Gerdes, under Admiral D. D. Porter—have made themselves especially useful,
and have won the special commendations of the gallant officers under whom they served. A more satisfac-
tory view of the p rsonnel of the service alluded to will be found in the Appendix, (Nos. 28 and 29,) showing
the details made during the year when the ehanges werc the greatest, as in the months previous to June,
compared with those between June and November. '

MAPS AND CHARTS.

In my general reports for 1856, 1857, and 1858, I gave an account of the several series of sheets
intended to show the topography and hydrography of the Atlantic and Gulf coast. These were one hundred
and thirteen coast or in-shore maps and charts, in forty-two series, on a scale of 51y ; sixteen general or
off-shore charts, on a scale of 4555555 and harbor maps and charts on various scales, from 4+ to egago-
In advance of these was a preliminary series, thirty-three in number, upon a scale of 5454455, intended to
provide for the publication of the coast hydrography as soon as possible, when the number of sounding
parties was at the maximum, and without the addition of the details of topograpby. Secveral of these were
published in previous years; but of latc it has been found more expedient to issue charts on either of the
scales, as preliminary, or with only the shore-line, it not being in all cases practicable to continue the hydro-
graphy with strict reference to the completion of sheets which might be in progress in the drawing and

engraving divisions.
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Of the series first mentioned (in-shore maps and charts) twenty-five have been published, representing
the most important parts of the coast, and fourteen are yet in the hands of the engravers. The same topo-
graphy and hydrography, reduced to one-fifth and generalized in details, are used for the general eoast charts,
four of which are mow in progress and advancing towards completion as the material applicable to the
localities which they represent comes in.

The whole number of charts which have been engraved upon copper for publication, and which are now
in use, is three hundred and cight. This is exclusive of twenty-three copperplates, containing the progress
sketches, and thirty-two plates of diagrams. The number of maps, charts, and sketches lithographed in the
office, in addition to the engraved ones, is one hundred and twenty-nine.

In the Drawing Division seventy-one sheets have been worked on within the year which ended on the
31st of October. In the classification which has been referred to, ten of these were maps and charts intended
to be in full detail, and seventeen others of the same kind, but not connected with the coast series, their seales
being various. Ten others are preliminary charts, and twenty maps and sketches for lithographic transfer.
Besides twelve of the progress sketches to which additions were made, and two sheets of diagrams, thirty-
five of the drawings have been completed and twenty-two are now in hand.

In the Engraving Division six first-class maps and charts have been brought to completion within the
year, and supplementary work has been added to four others which bad been published. Five second-class
charts and sketches have also been engraved, and three diagrams for my last annual report. Twenty-eight
plates are now in progress, of which thirteen were commenced within the present year. This gives a total
of forty-six plates worked on, the details of eighteen of which were completed, There are, in addition to
these, in the division, the plates of seven charts in various degrees of forwardness. Several of them have
received all the material which the field-work has as yet furnished, and others, engraved in parts, are about
to be joined and put in hand for completion.

In order to supply new maps and charts as rapidly as they were wanted for military and naval use, we,
last year, established lithographic rooms in the office for ordinary lithography, engraving on stone, and transfer
printing.  The demand having greatly increased, all the persons attached to this branch of the office have
been very eloscly employed. Two lithographic presses are yet kept in use. Color printing has been intro.
duced for maps of the seat of war, and has proved very acceptable, the sale of the maps more than rcimburs-
ing the cost of their production.

Of the charts printed within the year, which have greatly excecded in number the issue of previous
years, 25,925 have been furnished to the active superintendent of the Hydrographic office of the Navy
Department to be distributed to our naval vessels. Two hundred and twenty-three captaine and pilots of
vessels in government service, who have made application in person at the Coast Survey office, have received
in the aggregate 1,863 copies of various charts. It will be seen by the report from the Mizecllaneous Division,
(Appendix No. 11,) that a total of 44,195 copies has been distributed during the year, of which by far the
greater part were for the use of the navy and the army.

In addition to the ten memoirs deseriptive of the couast, mentioned in my report of last year as litho-
graphed and bound up with charts, and distributed to officers of the navy and of the army in command of
expeditions, two other memoirs have been completed, and copies issued in like manner. Of the twelve which
were prepared by the Superintendent and Assistants specially for the use of naval and military commanders,
an aggregate of three hundred and eighty-five copies have been furnished since August, 1861, when the first
was ready for issue. All the details in regard to the distribution of maps, charts, memoirs of the coast, &c.,
will be found in the Appendix before referred to.

The following list contains the titles of the maps, charts, and sketches which accompany this report.
They are arranged in geographical order, as usual, and marked with numbers corresponding to the numbers
in the margin of the list:

1. A.—Progress sketch, Section I, (primary triangulation.)

2. A dis.~Progress sketch, Section I, northern part, (secondary triangulation, topography, and hydro-
graphy.) ‘

3. A bis—Progress sketch, Section I, southern part, (secondary triangulation, topography and hydro-
graphy.)

4. Kennebec and Sheepscot rivers, Maine.

5. Portland harbor, Maine.

6. Barnstable harbor, Massachusetts.
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7. Bristol harbor, Narragansett bay, Rhode Island.
8. Newport and Coasters’ harhor, Narragansett bay, Rhode Island.
9. Dutch Island harbor, Narragansctt bay, Rhode Island.
10. Connecticut river and New Jersey coast triangulation.
11. B.—Progress sketch, Section I1.
12. Hudson river, No. 3, Ponghkeepsie to Glasco.
13. C.—Progress sketch, Section II1.
14. Coast chart No IV, Cape May to Currituck.
15. Chesapeake bay, sheet No. 6.
16. Metomkin inlet, Virginia.
17. Potomac river, No. l—entrance to Piney Point.
18. Potomac river, No. 2—Piney Point to Lower Cedar Point.
19. Potomac river, No. 3—Lower Cedar Point to Indian Head.
20. Potomac river, No. 4—Indian Head to Georgetown. )
21. D.—Progress sketch, Seetion IV,
22. Oregon inlet, North Carolina, survey of 1862.
23. Hatteras inlet, North Carolina, survey of 1861.
24. Atlantic coast from Nantucket to Cape Hatteras.
25. Il—Trogress sketch, Scetion V.
26. Port Royal entrance, with Beaufort, Broad, and Chechessee rivers, South Carolina.
27. Calibogue sound and Skull ereek, South Carolina.
28. Oszabaw sound, Georgia.
29. Sapelo sound, Georgia.
30. St. Simon's sound and Brunswick harbor, Georgia.
31. St. Mary’s river and Fernandina harbor, Florida.
32. F bis—Drogress sketch, Section VI, Florida keys and reef.
33. St. Augustine harbor, Florida.
34. Coast chart, No. 71, Florida reef from Newfound harbor to Boea Grande key. '
35. H.—DProgress sketch, Seetion VIITL.
36. Southwest Pass, Mississippi river, 1862,
37. J.—DProgress sketeh, Section X, Pacific coast from San Diego to San Lais Obispo.
38. J bis—Progress sketch, Section X, Pacific coast from San Luis Obispo to Bodega Head.
39. San Francizco, upper bay, California.
40. Coast from Point Pinos to Bodega Head, California.
41. Bodega bay and roadstead.
42. K —Progress sketch, Seetion XI.
43. Koos bay, Oregon.
44. Gray’s harbor, Oregon.
45. Greneral progress sketch, Atlantic, Gulf, and Western coast.
46. Cotidal lines in the Gulf of Mexieo.
47. Magnetic map of Pennsylvania and part of New York,
48, Diagrams illustrating discussions of magnetic horizontal force observations,
49. Diagrams illustrating experiments iu length of standard bar,

Nore.—Those of the above maps and charts which represent portions of the coast under blockade at the time of publi-
lication of this report will not appear.

ESTIMATES FOR THE FISCAL YEAR 1863-'64.

The estimates now submitted are intended to provide for the usual progress on the coast from Passama-
quoddy to the capes of Virginia, and the progress which seems most probable from thenee to the Rio Grande.
They also provide for parties to aid the fleets and armies operating on the coast, in pursuance of the plan
which you have fully approved, and which has, under your direction, proved se usefnl. Flexibility, in a
work like this, is a most important feature, and that you have successfully impressed npon it. If I have
erred in the estimates, it is in restricting them too much, the safest side upon which to err under the circum-
stances,
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I suppose that one more appropriation, of about the amount now asked, will enable us to complete the
purvey of the Florida reefs and keys. There is row a gap in the hydrography of this dangerous part of the
coast, which I expect to be able to have completed this season. It may require the application of the sm:ll
appropriation for the triangulation across the peninsula, which cannot be used, under present circumstances,
for completing the work for which it was designed, for this purpose. All these matters of detail will be set
forth in my annual report.

The estimates include, as usual, separate items for the Atlantic and Gulf coast, Florida reefs, and western
coast of the United States, without, however, the facilities formeily extended by the War and Navy Depart-
ments by the detail of officers.

ESTIMATES IN DETAIL.

For general expenses of all the sections,* namely, rent, fucl, materials for drawing, engraving, and
printing, and ruling forms, binding, trangportation of instruments, maps, and charts; for
miscellaneous office expenses, and for the purchase of new instruments, books, maps, and
1) 5 7 e eeeeaeeaanaaaaan $£19, 000

SectrioN 1. Coast of Maine, New Hampshire, Massackuseits, and Rhode Island. ¥ieLp-
woRE.~To complete the primary triangulation in this section, and to continue the astro-
nomical and magnetic observations connected with it; to continue the triangulation of
Passamaguoddy bay; to extend the secondary triangulation over Mackias bay, and east-
ward ; to complete that of Penobscot bay and the Fox isfunds, and to extend it over Bluelkill
bay and up the Penobscot river ; to continue the topography of Passamaquoddy bay, and to
complete that of Easiport harbor, Me.; to commence that of Goldsborough harbor, Me.; to
continue that of the approaches to Penrobscot bay, and to complete that of Rockland, Rock-
port, and Camden harbors, Me.; to continue that of the Kenncdec river to Augusta an of
the Sheepscot river, Me., and of the passages connecting them ; to complete that of Cape Cod
bay, Mass.; to continue that of Bristel Neck, Mount Hope, and Prudence and Connanicut
islands and main of Narraganseit bay, in R. I and Mass.; to continue the in and off shore
hydrography of the coast of Maine, including Passamaqguoddy, Muscongus, and Penobscot
bays, and the ledges off the coast; to continue the tidal and magnetic observations at Easé-
port and Purtland, and to make tidal observations in connexXion with the hydrography.
OFrFICE-WORK.—To make thc computations required by the field-work ; to commenec the
drawing of coast chart No. 6, Isle au Haut bay iv Muscongus bay; Casco bay, Me.; Dama-
riscotta entrance, Me.; Narragansett bay, R. I; to continue Eastport karbor, Me.; general
coast chart No. I, Quoddy Head, Me., to Cape Cod, Mass.; cosst chart No. 7, Muscongus
bay to Portland, Me.; Rockiand harbor, Me.; coast chart No. 8, Seguin island to Kenne-
bunkport, Me.; coast chart No. 9, Kennebunkport, Me., to Cape Ann, Mass.; coast chart
No. 10, Ipswich to Green harbor, Mass.; coast chart No. 14, Buzzard’'s bay to Block island
smund, R. I; Bristol harbor and approaches; to complete Shecpscot and Kennebec rivers,
Me.; to commence the engraving of Lastport karbor, Me.; general coast chart No. I,
Quoddy Head, Me., to Cape Cod, Mass; Damariscotta entrance, Me.; Rockland harbor,
Me.; DBristel harhor and approackes, R. I; Narraganseit bay, R. 1; to coutinue Rockiand
kharbor, Me.; coast chart No. 7, Muscongus bay to Portland, Me.; coast chart No. S, Seguin
island to Kennebunkport, Me.; coast chart No. 9, Kennebunkport, Me., to Cape Ann, Mass.;
coast chart No. 10, Ipswick to Green harbor, Mass.; coast chart No. 14, Buzzard's bay o
Block island sound, R. L; to complete Skeepscot and Kennebec rivers, Me.; and general
coast chart No. II, Cape Aan to Gay Head, Mass.,, will require . . ....... .. ... ... ... 61, 000

SecrioN 1I. Coast of Connecticut, New York, New Jersey, Pennsylvania, and part of Delaware.
FieLp-worg.—To complete the connexion of the bases in sections I and II; to continue the
triangulation of the Connecticut river to Harlford, ard of the Thames above New London to
Norwick, and the verification of the triangulation on the sea-coast of New Jersey, south and
west of Long Branch; to continue the topography of the shores of Connecticut river; to
continue that of the Hudson; to commence that of the sea-coast of New Jersey, (verification ;)
to continue the hydrography of the Hudson river from Cozsackie northward, and the verifi-

@ Viz: of all included in this item, inclusive of Sections I to IX, and exclusive of Section VI.
cE2
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cations off the coast of New Jersey; to make further surveys for changes in the Delaware at
points important for defence; to eontinue the tidal observations in the seetion. OFFICE-
work.—To make the requisite computations; to commence the drawing of Hudson river
No. 4, Hudson to Troy; coust chart No. 22, Sandy Hook to Jones river bay, N. J.; to con-
tinue Hudson river No. 2, Huverstraw to Pouglhleepsie; to complete Hudson river No. 3,
Poughleepsie to Hudson; Hudson river No. 1, entrance to Haverstraw; coast chart No. 21,
New York bay and harbor ; coast chart No. 25, Delaware bay and river, (new survey;) to
commence the engraving of Hudson river No. 3, Poughlkeepsie to Hudson ; to continue that
of coast chart No. 21, New York bay and harber; Hudson river No. 2, Haverstraw to
Poughkeepsic; to complete ITudson river No. 1, entrance to Haverstraw; and coast chart
No. 25, Delaware bay and river, (new survey,) will require. . . .. .. . . . ... ... ... %17, 500
SecrioN 111, Coast of part of Delaware and that of Maryland, and part of Virginia. Fievn-
work.—T'o continue the astronomical and magnetic observations required in the section; to
examine and preserve the more important triangulation stations; to continue, if practieable,
the topography of the shores of the Potomac; to complete the surveys of the District of
Columbia and approaches, and, if practicable, of James river and the lower part of Chesa-
peake bay; aund to continuc the off-shorc hydrography of the section; to continue the
topography of the Eastern shore of Maryland and Virginia and of the Rappakannock.
OFricE-wORK.—To make the reductions and computations required ; to continue the drawing
of coast chart No. 30, Chincotcague inlet to Great Mackhipongo inlet, Va.; general coast
chart No. IV, Cape May to Currituck, Va.; to complete Potemac river No. 1, entrance to
Piney Point; Potomac river No. 2, Piney Point to Lower Cedar Point; Petomar river
No. 3, Lower Cedar Point to Indian Head ; and Potomac river No. 4, Indian Head to Chain
bridge; to commence the engraving of coast chart No. 30 4is, between Greaz Machipongo
inlet and Cape Henry; to continue general coast chart No. IV, Cape May to Currituck,
Va.; to complete Potomac river No. 1, entrance to Piney Pownt; Potomac rrwver No. 2,
Piney Point to Lower Cedar Point; Potomac river No. 3, Lower Cedar Point to Indian
Head ; and Potomac river No. 4, Indian Heal to Chain bridge, will require....... ... 13, 500
SecTioN 1V. Coast of part of Virgia and of part of North Carolina. TFieLp-work.—~—To
complete, if practicable, the primary triangulation of Pamplico sound, and the secondary
‘triangulation connected with it; to make the necessary magnetic observations ; to commence
the triangulation of the Neuse and of the Pamplico rivers; to complete the topography of
the outer shore of North Carolina south of Hatteras to Core sound; to continue the in and
off shore work of the sea-coast of Nori Carolina, and of the sounds, and the ohgervations of
tides and currents, and of the Gulf stream. OFFicE-work.—To make computations from
ficld data; to commence the drawing of coast chart No. 44, Cape Hautteras to Orracoke
inlet, N. C.; to continue coast chart No. 48, Cape Lookout to Bogue inlet, N. C.; to com-
plete Oregon inlet, N. C.; to continue the engraving of coast chart No. 37, Cape Henry to
Currituck sound, N. C.; and complete Oregon inlet, N. C., and Beaufort karbor, N. C., .
(resurvey,) will require - .. i iiciieaiaaeaa 15, 000
SucrioN V. Coast of part of North Carolina, and that of South Carolina and Georgia.
FigLp-work—To execute such work of triangulation, topography, and hydrography as
may be practicable in the section, filling up the places mnot yet embraced in the Burve-ys.
OrFrFice-work.—To continue the computations from field records; to commence the drawing
of Wassaw sound, Ga.; Doboy sound, Ga.; St. Catharine’s sound, Ga.; coast chart No. 57,
Sapelo sound to St. Andrew’s sound, Ga.; to continue coast chart No. 53, between Stono
inlet and Fripp's inlet, 8. C.; coast chart No. 54, Fripp’s inlet, S. C., to Ossabaw sound,
Ga.; general coast chart No. V11, Winyak bay, S. C., te St. John’s river, Fla.; to complete
Savannah river, Ga., (additions ;) Port Royal sound, Beaufort and Broad rivers, S. C.;
and the chart of Skull creck end Calibogue sound, S. C.; to commence the engraving of
Wassaw sound, Ga.; Doboy sound, Ga.; St. Catharine’s sound, Ga.; and coast chart No.
53, between Stono inlet ard Fripp’s inlet, S. C.; coast chart No. 54, Fripp’s inlet, 8. C., to
Ossabaw sound, Ga.; 1o complete Savannah river, Ga., (additions;) Port Royal sound,
Beaufort and Broad rivers, 8. C.; and the chart of Skull creek and Calibogue sound, S. C.,

Will TRQUILE « v e v e v e iaas eeennn - 16, 000
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Srcrion VI. Coast, keys, and reefs of Florida—(See estimates of appropriations for those g
special objects.)

Sectioxs VII, VIII, and IX. Pari of the western coast of Florida, northern coast of Florida,
coasts of Alabama, Mississippi, Louisiana, and Texas. To continue such portions of trian-
gulation, topography, and in and off shore hydrography, as may be practicable in filling up
the portions unsurveyed of these coasts, (contemplates the employment of one steamer and
two sailing vessels.) OrFFice-worK~—To make computations; to continue the drawing of
coast chart No. 84, Ocilla river to Crooked river, Fla.; coast chart No. 88, Choctarchatchee
bay to Pensacola bay, Fia.; general coast chart No. XIII, Waccasassa river to Chocta-
whatckee river, Fla.; general coast chart No. XIV, Choctawhatchee river to the Mississippt
delta, La.; coast chart No. 93, Lake Borgne to Lake Pontchartrain, La.; coast chart No,
96, Delta of the Mississippi, La.; coast chart No. 100, Point aw Fer to Marsh island, La. ;
to commence coast chart No. 110, Aransas day to Corpus Christi bay, Texas; to continue
general coast chart No. XVI, Galveston to the Riv Grande, Texas. To commence the
cngraving of coast chart No. 84, Ocilla river to Crooked river, Fla. ; coast chart No. 85, St.
Grorge's sound, (eastern part;) to continue eoast chart No. 81, Chassahowitzka river to
Cedar Keys, Fla.; to commence general coast chart No. X1V, Choctawatchee river to the
Mississippi delta, La.; to continue coast chart No. 93, Lake Borgne and Lake Pontchar-
train, La., will require. o o .. L il iiiieeeiiaaa-. #36, 000

Total for the Atlantic coast and Gulf of Mexico. ... .. ... .. .. .. ..._... 178, 000

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

SectioNn V1. Coast, keys, and recfs of Florida. FieLpD-work.—To continue, if practicable, the
surveys of the eastern coast of the peninsula from the present limits ; to complete the trian-
gulation and topography of the southern keys and coast of the peninsula from Card’s svund
to the work at Cape sable; to complete the hydrography of the reefs, by connccting the
work at Key Rodriguez and Upper Matacumbe, and to run off-shore lines from the reef
and coast of the section; to continue the magnetic observations at Key West. OFFICE-
woRrE.—To compute results from field records ; to commence the drawing of Clarloite harbor,
Fla.; to continwe general coast chart No. X, Floride reefs and keys, Key Biscayne to
Marquesas ey ; coast chart No. 70, Long key to Big Pme key, Fla.; coast chart No. 69,
Garden key to Lower Matacumbe key. Mo commence the engraving of Charlotie hardor,
Fia.; to continue general coast chart No. X, Florida recfs and Lkeys, Key Biscayne to
Margquesas key; coast chart No. 70, Long key to Big Pine key, I'la.; coast chart No.
69, Garden key to Lower Matacumbe key, will require- ... oo ool $11, 000

Secgox X. Ceast of Califprnia. FieLp-work—To continue the triangulation from the Santa

%arbam base northward and westward towards Poinrt Corceptivr, and to complete that of
the islands off Sante Barbara channel; to continue the triangulation from Bedega north-
ward ; to continne the topography in connexion with the Santa Barbara ard San Francisco
triangulations ; and to extend that north from Bodega. To continue the hydrography off
and in shore from Point Bolsena to Point Piedras between Monterey and San Francisco
bays; to execute verification work off Point TWilson in San Pallo bay, for changes; lines

“of approach northward and westward from Point Reyes, Drake’s bay, approaches to Crescent
City harbor from westward, southward, and southwestward ; to continue the tidal observa-
tions at Sar Diege ard San Francisco. OFFICE-WoRK.—To continue the computations and
reductions of the field-work ; to commence the drawing of general coast chart from San
Diego to Point Conception ; soundings off Humboldt bay, Cal.; to complete topography of
Tomales bay, Cal.; sea-coast chart from Bodega Head to Point Pinos, including the bay
of San Francisco, xgg55g; and San Francisco bay, lower part; to commence the engraving
of general coast chart from San Dicgo to Point Conrception; to continue San Francisco bay,
lower part; ses-coast chart from Bodega Head to Pumnt Pinos, including the bay of San
Francisco, 35g%v5; to complete topography on that of Toemales bay, Cal.
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Also #or the operations in—

FieLp-work.—To complete the
topography and hydrography of Gray’s karbor, Washington Territory; to extend the
topography and hydrography up Admiralty inlet; to continue the tidal observations re-
quired in the section. (OF¥1CE-woRK.~—To compute results; to eommence the drawing of San
Juan island ; Gray's harbor, W. T.; soundings off Cape Blanco, Oregon; soundings off
Port Orford, Oregon ; Admiralty inlet and Puget’s sound ; to continue Washington sound,
W. T.; to complete topography on that of Koos bay, Oregon. To commence the engrav-
ing of Gray’s karbor, W, T.; Admiralty irnlet and Puget's sound ; to continue Washing-
ton sound, W. T.; and to complete topography ou that of Koos day, Oregon, will require. .

The other items of appropriation asked for are small; the items for the Iine across the Florida

peninsula, and for fuel and quarters of army officers are omitted; that for the pay of engineers,

according to the reduced scale of four steamers, is reinserted.
Those items are :

For publishing the observations made in the progress of the survey of the coast of the United

States, by act of March 3, 1843

For repairs of stcamers and sailing schooners used in the survey, by aet of March 2, 1853

Both these items are less than those appropriated for the same objects last year.
For pay and rations of engineers for four steamers to be used in the hydrography of the Coast

Survey, and no longer sapplied by the Navy Department

$100, 000

4, 000
4,000

9, 000

The amounts thus estimated for the fiscal year 1863-G4, and the appropriations for the present year

and 1861-'62, are given in parallel columns.
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For survey of the Atlantic and Gulf coasts of the United States, including compen-
gation of civiliaps engaged in the work, per act of March 3, 1843, . ... _..-. $178, 000 $178, 000 $230, 000
For continuing the suivey of the western coast of the United States, including
compensation of eivilinns ergaged 1o the work, per act of September 30, 1850. .. 100,600 100, 000 110,000
For countinui: g the survey of the Florida reefs and keys, including compensation of
civilians engaged in the work, per act of March 3, 1849 ..., covcicnrcvann. 1L,000 11,000 25,000
For completing the line to conpect the triangulation on the Atlantic coast with that
on the Gulf of Mexico, across the Florida peninsula, including compensation of
civilians engaped in the work, per act of March 3, 1843 .. oeu.comcommce.lacnnn RS PP, wemmmee 5,000
For publishing the observations made in the progress of the survey of the coast of "
the United States, including compensation of civilians engaged in the work, per ‘
act of March 3, 1848 . et e aiiiccccmmcnarecaca - ———- 4,000 &, 000 5,000
For repairs of steamers and sailing schooners used in the survey, per act of March
2, 1858 cta e ia et cecemecmieeaatessmmmacacanmeemr—————— 4,000 5, 000 160, 000
For fuel and quarters, and for wileage or transportation, for officers or enlisted
soldiers of the army serving in the Coast Survey, in caces no longer provided
for by the quartermaster’s department, per nct of August 31, 1852, ... cano o, I N, eeome. 85,000
For pay and rations of engincers for seven steumers ured in the bydrography of
the Coast Survey, no longer supplied by the Navy Department ... ocaeao... 49,000 .._._.. camm—s 112,800
B g RN 306, 000 299, 000 402, 800

* Formerly included in estimates of War Department.
1 Formerly inciuded in estimates of Navy Department.

The amount of these estimates is but about six per cent. more than half those of 1861-"62, as shown
by the comparative table. All the items are either the same as, or less than, those appropriated last year,
except the one for the pay of engineers for the steam vessels, which was omitted last year, as there was a
sufficient surplus, from the reduction of the previous year in the number of steamers, to ast until the close of

the year 1862-'63.
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DEVELOPMENTS AND DISCOVERIES.

The general list of developments and discoveries, containing the items arranged in geographieal order,
is given in Appendix No. 4. Those connceted with the work of the present ycar are here appended, and
will hereafter take their places in the gencral list.

The difficulty of finding rocks, of which we have had so many instances, cannot be better illustrated
than by the fact that two should have been discovered in and near the entrance of so well surveyed and o
well known a harbor as that of Newport. The particulars in regard to position, &e., of these, which stand
first in the appended list, are stated in Appendix No. 6.

For the notice given in Appendix No. 7, in reference to a shoal spot supposed to exist to the eastward
of the Winter Quarter shoal, {coast of Maryland,) I am indebted to G. W. Blunt, esq., of New York city.

1. Two rocks discovered in the approaches to Newport harbor, R. T; one with fourteen and a quarter
feet of water on it at mean low tide, the other with seventeen feet at mean low water. Ten other rocks in
the vicinity {previously known) were determined in position.

2. The shifting of the bar of Metomkin inlet, Va., and changes of shore-line, but without alteration of
depth on the bar.

3. Determination, by close soundings, of the best line of water for crossing the Kettlebottom shoals,
Potomac river, there being no well defined channel over the shoals.

4. Changes in depth and outline at Oregon inlet, N. C.

5. Special examination of the tides and currents, with reference to the hydrographic and ghore-line
changes at Hatteras inlet, N, C.

6. Development of the alteration in ontline and depth at the entrance of Beaufort harbor, N. C.

7. Re-examination, by soundings, of the Rattlesnake shoal, coast of South Carolina.

8. Stono entrance, S.C., sounded, and channel found half a mile to westward of its former position, with
slight increase of depth.

9. The shoaling of North Edisto entrance from its former depth, giving now only nine feet of water.

10. St. Helena entrance, 8. C., examined, and a new channel from the eastward found, giving sixtcen
feet at mean low water.,

11. The south channel of Port Royal sound developed, and nineteen and a half feet found to be the
least depth in it.

12. The channel of the inland passage thoroughly sounded, leading from Port Royal sound into Tybee
roads, through Skull creek and Calibogue sound.

13. The bar and entrancc of St. Simon’s sound, Ga., examined, showing no material change of depth
within the past two years.

14. The shifting to southward, and shoaling by several feet, of the channel into Fernandina harbor,
Fla., having now only cleven feet at mean low water.

15. The further encroachment of the sand spit at the confluence of Karquines and Mare Island straits,
upon the channels which branch towards the navy yard and Benicia.

SPECIAL SURVEYS.

The maps and charts for the United States commissioners on the harbor of Boston, called for by the
city in the study of means for the preservation of the harbor, have made good progress in Mr. Boschke’s
hands, and it is cxpected will be finished soon after the opening of the new year,

Bpecial surveys of the shore-line of Prudence Island, of Taylor’s cove, Connanicut, Pyer’s Island
harbor, and of Dutch Island harbor, in Narragansett bay, were promptly made for the navy yard commis-
sion by Assistants A. M. Harrison and Henry Mitchell and their parties, and the maps needed for the use of
the commission were rapidly drawn apd furnished. A special survey, algo, of Coasters’ Harbor island and
of the adjaeent shore was made by Assistant Henry L. Whiting, and the drawing promptly returned. This
is on a large secale, and upon it the study of the suitableness of the island as a site for the Naval Academy
may readily be made. Mention of these surveys will be found under the head of Section 1.

_ The levellings required by the navy yard commission at League island, and Red Bank, opposite to it,
In New Jersey, were made by Assistant George Davidson, and notice of his work in that vicinity will be
given under Section II.
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One of the naval officers, who has in former years served acceptably in the work of the Coast Survey—
Licut. Commander D. L. Braine, U. 8. N —addressed me, lagt summer, offering, if means were supplied from
the office, to determine the condition and capacity of the western channel at the Cape Fear entrance. This
was to be incidental to his dutics in command of the T. 8. stcamer Monticcello, then, as now, in service on
the blockade of the coast of North Carolina.  After consulting the Navy Department, the instruments and
projection needed were furnished, and the promise of Lieut. Commander Braine as promptly fulfitled. In
the channel over the bar of the western entrance he found some improvement in depth. This channel had
but nine feet at mean low water in 1856.  In reference to the examination which he made in September of
the present year, Lieut. Commander Braine states that he “is led to believe that there is a depth of fifteen
feet at high water, which would give in the channel ten and a half feet at mean low water.”

This survey was, of course, made under many disadvantages, and will be further pushed by the com-
mander of the Monticello as opportunity occurs. Its difficulty and danger are apparent from the fact that
the soundings were made at night, and almost immediately under the guns of the enemy’s batteries. In
allusion to this, it is remarked in the report that « the sentry’s hail on his post could be distinetly heard on
the deck of the Monticello.” .

On hearing of the raid into Pennsylvania, in October last, I volunteered the services of Coast Survey
officers (the Secretary of the Treasury approving) for any military reconnaissances which might be desired,
and for making the maps which I thought might be desirable. The presence of Assistant George Davidson
near the city of Philadelphia would have rendered immediate service practicable. This offer was communi-
cated to the. committee of councils on defence by the mayor, Alexander Henry, esq.

TIDE TABLES FOR MARINERS—TIDES AND CURRENTS.

An edition of the tide tables, revised by Assistant L. I, Pourtales, is printed in Appendix No. 8. In
it a few errors which had heretofore escaped detection have been corrected.

The tidal stations, with two exceptions on the Atlantic coast, and all those upon the Western coast,
have been kept up; but it has been necessary to abandon, for the present, those on the Gulf of Mexico. The
self-registering gauge left by Mr. Donegan at New Orleans, in the summer of 1861, has been recovered; that
at Fernandina, Fla., iz believed to have been destroyed by the rebels. The one which was formerly used
near Pensacola was, in all probability, destroyed by the burning of the navy yard. Nothing has yet been
heard of the sclfiregistering gauge which was on board of the schooner T'wilight at the time of her
seizure at Aransas.

TABLE OF DEPTHS.

The table confaining a statement of the depth of water at the entrances of all the considerable harbors
and inlets of the United States, which was published in my annual report for 1859, has been revised in the
Hydrographic Division of the office, and will be found in Appendix No. 5. The table contains several
entries which were not given at the previous date.

INFORMATION FURNISHED.

The information furnished under authority of the Treasury Department during the past year is stated
in the form of a list, in Appendix No. 2, to which are also added the tracings from the orginal sheects needed
by the military and naval officers in command of expeditions. The list does not contain a large amount of
information communicated for their use by other modes, as the compilation of geographical data for parts of
the coast not regularly surveyed, and the preparation and distribution of special notes and photographs
of special surveys.

Great care has been taken to discriminate in regard to the applications for tracings, &e., for the purposes
of civil life.

STATISTICS.

The table of statistics has heen added to, 8o as to bring it up to the present surveying year, and is given
in Appendix No. 3.

Up to 1861, inclusive, the triangulation had embraced an area of nearly fifty-four thousand two hundred
square miles, within an area of nearly sixty-two thousand square miles covered by reconnaissance; and had
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developed a general extent of coast of over four thousand five hundred miles, and a shore-line of about
twenty-three thousand miles, determining nine thousand four hundred and fifiy-two geographical pesitions,

For longitude determinations, eighty-five stations had been occupied; for latitude, one hundred and
twenty-seven, and for azimuth, eighty-four stations.

The topography had extended over an area of nearly seventeen thousand square miles, having a general
coast line of four thousand miles, and over forty-two thousand two hundred miles of shore-line, measuring
the indentations.

The hydrography extended over an area estimated at forty-six thousand square miles, in which one
hundred and ninety-six thousand miles were run in sounding; six million three hundred and ninety-eight
thousand soundings were made, and over eight thousand four hundred specimens of the bottom obtained.

The number of manuseript maps and charts constructed was two thousand one hundred and eighty-one,
and of engraved maps, charts, and sketches there had been produced four hundred and ninety-three plates.

DISTRIBUTION OF ANNUAL REPORTS AND MAPS.

It has been judged expedient during the past year to hold still in abeyance the usual foreign distribution
of the printed annual reports through the Smithsonian Institution, as was done during the year which ended
with October, 1861, as was stated in my last annual report.

During the past year 4,028 copies of reports of various years have been distributed to institutions and
individuals in the loyal States of the Union, leaving on bhand a limited number of copies for the years from
1851 to 1860, inclusive. Of those remaining on the 1st of November there were of the report for 1851 two
hundred and twenty copies; of that for 1855, four hundred and twenty copies, and of that for 1857, three
hundred and twenty-eight copies left. Of the dates 1853, 1856, 1859, and 1860, the copies disposable for
general distribution is larger. This decidedly uncqual number of copics of the reports of various back years
makes it neceszary to discriminate carefully in their issue. It is also to be remembered that for the yecars
1859 aud 1860 no copies have been sent to the States which now dizavow their allegiance to the government
of the Union, but which will at some future day feel interested, in common with the others, in thc informap
tion which they embody. To provide for the best issue of these remaiving reports (1851 to 1860) a eircular
has been sent to the principal librarics in the more important cities of the north, and to those of universitiesr
colleges, and other institutions, to ascertain what reports may be needed in order to complete their series, so
that entire sets way in future be within reach for purposes of reference in all the States to which they are
now sent,

As already stated under the head of maps and charts, upwards of forty-four thousand copies of printed
maps, charts, and sketches have been sent from the office since the date of my last report—a number more
than double the distribution in the year 1861, and upwards of five times the average annual distribation of
former years. This large and increasing issue of charts within the past two years has been due to the con-
stant demands of the Navy and War Departments, every effort to supply which still continucs to be made.

Besides the printing of charts by the transfer process, the production of the hydrographic memoirs of
the coast with facility offers farther proof of the advantage of establishing a lithographic division at the
office, though induced as it was by the emergency of last year for copies of charts. The course taken in
the preparation of the Iiydrographic notes was mentioned in my report of last year, and has also been alluded
to in this, under the head of maps and charts. The testimonials from the different commanding officers as
to their value have been numerous and emphatic.

A summar¥ of the details of distribution of the annual reports, maps, charts, &e., is contained in the
report from the miscellaneous division of the office, Appendix Ne. 11.

RECORDS AND RESULTS.

‘T call attention again to the fact that this publication is postponed for more auspicious times, as I have
repeated applications for copies. The -present appropriation merely enables us to prepare the materials for
publication, but not to publish.

LONGITUDES.

The history of the determination of longitudes in connexion with the survey of the coast, from the law
and plan of reorganization of 1844 to 1858, was given in my report for 1858, including the methods by
astronomical observations, by the transportation of chronometers, and by the electrical telegraph. The
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problem of longitudes by occultations of the Pleiades is described in the appendix of my report for 1856.
Professor Peirce has been engaged since 1854 in stimulating observers to a new series of observations, by
preparing predictions and charts of the occultations, as explained in my report for the year 1858. These
observations were collected during the period from 1857 te 1861, or until the moon’s path ceased to pass
among those stars. While this new series of observations was in progress with modern instruments and
methods, Professor Peirce was oceupied in recomputing the older series, for the period 1838 to 1842, by the
aid of the new lunar tables. The results are given in his report, which was printed as Appendix No. 17 in
my report of last year. «The conformity of the observations with theory is guite remarkable, and shows
that this, the most delicate of all the observations of the moon, demands and justifies the utmost precision of
calculation. The final determination of the longitude will, undoubtedly, surpass all others in precision.”

Some of the particulars of this interesting series of results are stated in the professor’s report, Appendix
No.12. Certain of the occultations which were observed both in Europe and America will serve to determine
the crrors of the tables, and hence to compute with suitable corrections those which were observed only in
America, and to obtain a second determination of the longitude. Professor Peirce remarks that “ the various
observations will also serve the subeidiary purpose of determining the relative longitudes of the different
places which are upon the same continent either of Europe or America, and also to correct the places of the
stars, and, finally, to determine the value of the lunar semi-diameter, and the necessity of having regard to
the protuberances of thc moon in the complete solution of the problem.”

Professor Peirce has addressed to me a special letter in relation to the tables of the moon used in the

reduction of the observations of the Pleiades, (Appendix No. 13.) The Professor gives his reasons for using
Hansen’s tables in the computations, and, referring to the ¢ full and generous” statements of Mr. Lubbock, in
the thirtieth volume of the Memoirs of the Royal Astronomical Society, in praise of the American tables
prepared by Professor Peirce for the Nautical Almanac under the direction of Captain Davis, U. 8. N,,
corrects some historical statements in reference to the labors of mathematicians who have been occupied with
the important task of improving the lunar tables.
» The observations made by telegraph for the difference of longitude between Macon, Ga., and Eufaula,
Ala., in the working season of 1859-°60, have been discussed by Dr. B. A. Gould. He reports that the
difference in time between the astronomical stations is, Eufaula 6m. 3.02s. west of Macon; which result, he
adds, eanrot be erroneous by more than five-hundredths of a second of time.

The detailed report on the results of the ohservations made in Georgia and Alabama is in course of
preparation. I have placed in the Appendix No. 14 Dr. Gould’s report on the progress which has been
made in computing the results for all the stations between Calais and New Orleans.

MAGNETISM.

The publication of the results of a discussion of the Girard College observations, from the Smitbsonian
Contributiens to Knowledge, commenced in my reports of 1859 and 1860, is continued in this, embracing the
discussion of the observations of horizontal magnetic force. The difficulty which stands at the threshold of
the discussion of these observations is the correction for temperature, the magnetic bars changing in their
own intensity of force with changes of temperature. The attempts to obtain the value of this correction are
fully stated, and their application is shown and verified in various ways, in Part IV of the memoir, (Appendix
No. 15.) Tables of the results, reduced to a standard temperature of 63° Fahrenheit, are then obtained, and
corrected for the progressive change in the readings of the magnets. The observations are next separated
into regular and disturbed readings by the aid of Peirce’s criterion, and the disturbancesvbeing taken out,
there remain the normal results for the hour, day, and year. These show the same period of ten or eleven
years in number and extent of disturbances which was deduced from the declination observations, corresponding
with the period of change in the solar spots. The results agree very well with those obtained at Toronto,
Qanada. The curves of daily change of horizontal force come out very perfectly in each year’s result, the
carves showing two maxima and two minima in the course of the day, and the day changes being much more
considerable than those of the night.

The next part of the memoir, Part V, (Appendix No. 16,) contains the investigation of the diurnal and
annual variations of the horizontal magnetic force, from the means of the results for the five years of observa-
tion. The normal value of the horizontal intensity for the several hours of the day and months of the year
of the five years is deduced, applying all the required corrections. The summer and winter results are com-
pared in formule, and by curves, with the mean for the whole year. At 6 a. m. there is scarcely any change
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of horizontal force throughout the year, and at 113 a. m. it is also nearly constant. Two other points of the
same sort occur at 73 p. m. and at 11 p. m. "

From this discussion results a series of curves (Sketch No. 48) which show the horizontal force at every
hour of the day of every month of the year. These correspond to the curves of declination referred to in my
report of 1860. Both have been beautifully represented, by modelling, by Mr. F. Engel, of the Coast Survey
office.

Part VI of the memoir (Appendizx No. 17) shows the influence of the moon on the magnetic horizontal
force. The magnetic tide, so to speak, has two ebbs and flows in the lunar day. The times of maxima are
two hours, and of the minima seven and a half hours after the culminations. The influence of the relative
positions of the sun and moon on the horizontal magnetic force, though small, is distinctly perceptible, and
the same is true of the moon's declination changes. When the moon is nearest the earth the horizontal
magnetic force is decidedly lessened, and when at the greatest distance from the earth is increased.

At Eastport, Me., the magnetic observations intended chiefly to furnish results bearing on the study of
the secular change have been continued. Berides the change of the three magnetic components, these observa-
tions will algo give the means of tracing the connexion of the diurnal range of the declination with the relative
frequency of solar spots, and furnish, in addition, standard annmal means for the general discussion of mag-
netic observations which have been made along the entire northeastern coast of the United States.

At Key West the observations, both differential and alsolute, have been continued, and the former now
present an unbroken series of daily records. The photographic records of the three elements are revised
regularly at the office, and bhave been tabulated with a view to their general discussion in a form somewhat
similar to that used in the treatment of the Girard College series, of which mention has been already made.
Though strietly scientific in character, these investigations will give ready means for tracing the sccular
" changes that are now going on in the eastern part of the Gulf of Mexico.

In the ycars 1840 and 1841 I made a detailed magnetic gurvey of the State of Pennsylvania and of
adjacent parts of New York, Ohio, and Maryland, to which othier observations were added in 1843, while on
a tour through Western New York, Canada, New Jersey, and Pennsylvania. These observations have
recently been worked up and prepared for thc press, having been made with the best instruments then
available. An abstract of the discussion of them is given in Appendix No. 19. The declination was deter-
mined at sixteen stations, and the dip and intensity at forty-eighs.

In July and Augnst, 1862, six of the stations in my series were reoccupied by Assistant Charles A,
Schott, (Appendix No. 18.) The expense incmred for the three which fell outside of the limits of Coast
Survey operations was defrayed by the Smithsonian Institution, and this co-operation has added greatly to
the expected value of the results. This is believed to be one of the earliest systematic surveys, that includes
the three magnetic elements, as yet made in any of the States. Its object is intimately connected with an
important part of the operations of the Coast Survey. In Appendix No. 19 1 give an abstract of the indi-
vidual results, as well as a general account of the discussion and of the expressions dedueed for the distribution
of magnetism over the area surveyed. The subject is further illustrated by Sketch No. 47, which shows
the isomagnetic curves for the epochs 1842 and 1562.

The regular biennial publication of results found for the magnetic declination, dip, and intensity, at
stations which have been occupied by Coast Survey parties within the last two years, is contained in
Appendix No.20. This comprises twenty-two stations, numbered in continuation of those given in Appendix
No. 28 of my annual report for 1860.

SOLAR SPOTS,

The record of solar spots which was kept at the Coast Survey office by Assistant Schott with consider-
able regularity until the close of the ycar 1861 has since been only partially kept up, in consequence of the
pressure of routine duties. Appendix No. 21 gives a continuation of the records which were published in
1860 and 1861 as Appendix No. 25 in my reports for those years. KEuropean ebservations, made regularly
and published every year, will supply the place of the omitted records in the discussion of magnetie chserva-
tions. :

EARTHQUAKE WAVES,

The renewed interest awakened on this subject by the presence’in our country of Captain Lessoffsky,
of the Russian navy, who was in command of the flag-ship Diana, Admiral Pontiatine, wrecked by the effects
of the earthquake of December 23, 1854, in the harbor of Simoda, J apan, has called my attention to errors,

cs3
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some of them typographical, in the printing of my paper on earthquake waves, and the depth of the ocean
as deduced thercfrom, in the Coast Survey report for 1855. As the best mode of correction, I have included
the paper for reprint with the appendix matter of this report. It will be found in the Appendix, No. 24.

FLORIDA REEF.

Captain E. B. Hunt, of the corps of engineers, has contributed for this report-an interesting paper on the
origin, growth, substructure, and chronology of the Florida reef, which will be found in the Appendix, No.
25. TIts conclusions will meet with examination and criticism from those who have been occupied in these
and similar studies. The practical part referring to soundings, currents, winds, &ec., is of decided interest to
navigators.

HEIGHTS.

The collection of data, from all available sources, for heights over the continent of North America has
been continued during the past year; and the preparation of a map to form a basis for the projection of
contour lines has been carried on as far as the timc of the Assistant charged with this subject would -allow
from other pressing calls,

This collection of heights has been placed at the disposal of the chief topographical engineer of the army
of Washington.

EXPERIMENTAL INQUIRIES,

The experiments for determining the length and expansion by heat of the standard bar, referred to in
my report for 1860 as being in progress, were completed early in 1861, under the direetion of Assistant J. E.
Hilgard, by Mr. W. L. Nicholson, aided by Mr. J. R. Gilliss and Mr. Thomas McDonnell; but, owing to the -
pressure of business in the office, a complete discussion of results was not made until the present year.  An
abstract of the experiments and results is given in Appendix No. 26, from which it will appear that complete
success has attended these delicate operations.

A special mode of construetion of the axle of the magnetic dipping-needle, admitting of its being turned
in its arbor, in order that observations may be made with the needle resting upon different parts of the pivots,
hag been devised and put in practice by Assistant Hilgard. A description of the new arrangement and an
abstract of experiments arc given in Appendix No. 23,

Tn my last report a comparison of the relative change by atmospheric moisture in the dimensions of maps.
drawn on * parchment’” paper and on drawing paper backed with muslin was stated to have resulted in favor
of the latter. Specimens of an improved quality of parchment paper having been submitted, similar com-
parisons were again made, but with a like result, as will be seen by reference to Appendix No. 27.

AIDS TO NAVIGATION,

The lists which have appeared in my previous annual reports, giving the recommendations of the
Assistants of the Coast Survey for aids to navigation in special localities in which the need for them was
open to observation, are this year almost entirely represented by one, (Appendix No. 36,) showing the
nupber of buoys set by the working parties at the port and harbor entrances of the southern States for the
use of the blockading squadrons. All of the sailing marks scem to have been taken up and destroyed or
scereted carly in 1861. In some cases the bueys belonging to a echannel were found at the ncarest town,
but in other instances new ones were required. They were all replaced with reference to the hydrographic
changes which have occurred since they were first put in place.

DIRECTORY OF THE PACIFIC COAST.

T have availed myself of the convenient access which Assistant George Davidson at present has to the
office, baving returned two years since from the Western coast, to invite him to prepare a second edition of
the Directory of the Pacific coast, which was published in my annual report for 1858. It is to be understood
that this embodies the information collected in our archives by the labors of the Assistants in the Coast
Survey since 1849, as well as the researches into historical and other matter by the author, and his per-
sonal experience and obsérvation. 'Thus are embraced the astronomical determinations of Assistants R. D.
Cutts and George Davidson, and Sub-Assistant .J. 8. Lawson; those from triangulation by Assistants Cutts,
Davidson, Rodgers, Greenwell, and Lawson; the topographical by Assistants Cutts, Harrison, Redgers, and
Johnson ; and the hydrographic by Lieut, Com’s W. P. McArthur, the pioneer of the hydrography; by



THE TUNITED STATES COAST SURVEY. 19

Lieut. W. A. Bartlett; by Captain James Alden, the able commander for nine years of the well-named sur-
veying steamer Active; by Lient. R. M. Cuyler; and by Captain B. F. Sands.
The directory, as revised and extended by Assistant Davidson, is given as Appendix No. 39,

OFFICERS OF THE ARMY AND NAVY.

The very acceptable aid which we have in former years received from the officers of the army and navy,
and which was returned to the government by the experience acquired in the various operations of the swrvey,
has necessarily been withdrawn from us, the war placing us in the position of giving aid instead of receiving
it. Lieutenant Commander Phelps is at this time the only officer of the navy left with us, and we have not
a single army officer on full duty with us. Captain Elliot, of the corps of engineers, is still, however,
permitted to examine and send to us the tidal observations from the Western coast.

OBITUARIES.

Assistant Alexander S. Wadsworth died, suddenly, in the city of Washington, on the 9th of August,
1862. He joined the survey in 1848, and, opportunity and his merit concurring, rapidly rose to the position
of Assistant, which he occupied at the time of his death. His triangulation and plane-table work on the
coast of North Carolina were among the most rapid and successful works of their class.

Sub-Assistant Wyllys S. Gilbert, of Zanesville, Ohio, died of pulmonary disease on the 12th of January,
1862, at Wakatomaka, within a few miles of his home. He was an excellent topographer, having been
trained earefully by his accomplished brother, Assistant Samuel A Gilbert, (acting brigadier general, second
brigade, second division, army of Kentueky.) Although but little expored to the rigors of a northern climate,
Sub-Assistant Gilbert contracted, a few years ago, the disease of which he died; and notwithstanding cfforts
made to save him by assigning eontinuous service in the southwest, his strength gradually wasted, and he
was added to the victims in our corps, of consumption of the lungs.

General Isaac 1. Stevens Lad so thoroughly identified himself with the Coast Survey, during his four
years of service as Assistant in charge of the office, that thuse with whom he had zealously and ably served
could not suffer his death, upon the field of Chantilly, to pass unmarked by the decpest tokens of their respect
and regret, and met to give expression to their feelings towards their former associate aud chief, and of conde-
lenec with his bereaved family, in the resolutions and remarks which are given in the Appendix, No. 40.

Major William R. Palmer, U. S. topographical engineers, brevet lieutenant colonel U. 8. army, remained
on service in the Coast Survey while aid to Major Geneial McClellan, until the army moved forward into
Virginia last spring, when it was necessary to accompany the general’s staff. The same zeal which made
bim so serviceable in the office displayed itself in the field; and the hardships of the Peninsular campaigun,
acting upon a somewhat delicate constitution, laid him open to the attack of typhoid fever of which be died,
on the 18th of June. He was able to return home to the care of his devoted wife, but go much eufeebled by
disease as not to rally, and on the day after his arrival in Washington he breathed his last, mourned by a
large family circle to whom he had been always deeply attached, and regretted by numerous friends who had
shared his hospitality and good offices. 'The officers of the Coast Survey expressed their regret in the reso-
lations given in Appendix No. 40. My own relations to Major Palmer were such as are due tu a proved,
true, and life-long friend.

Captain John R. Smead had left the Coast Survey office, on the breaking out of the war, to command
the Washington Rifles, and after the campaign, in which they were so much distinguished for discipline and
readiness of service, had returned to his position in the fifth regiment of U. 8. artillery. Hec perished in the
- bloody fight near Manassas, on Saturday, August 30, leaving a young and helpless family to the care of his
country, for which he had laid down his life. The Appendix already referred to contains the resolution
passed by his recent associates in the office on the occasion of his death.

Brigadier General William R. Terrill, of Virginia, was in charge of a Coast Survey party on the western
coast of the peninsula of Florida when the rcbellion broke out. He promptly disentangled his party and the
government property from the bands of the rebels, when seizure became imminent, and, returning nortl,
ranged himself unflinchingly on the side of the whole country, seeking at once service of the most active
kind with the army. By nature morally, as he was also physically, dauntless, he resisted every cffort of his
relatives who sided with the State of Virginia, and declared himself a soldier of the Union. After service
in drilling the earlier companies that arrived in Washington, he joined his regiment, (fifth regiment of artil-
lery,) having been promoted to a captaincy. His marked intrepidity in the battle near Pittsburg Landing, in
Tennessee, and before Corinth, in Mississippi, won for him a commission as brigadier general of volunteers,
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In the summer campaign he was in service with the army of Kentucky, under (feneral Buell, and was mor-
tally wounded in the battle which was fought at Perryville on the 8th of October. The genial memories
which his name would have elicited at all times amongst his former associates in the work of the survey are
turned to sadness by the early death of this truly upright and patriotic officer.

By an accident at the Mare Island navy yard, on the night of April 2, which caused the death, by
drowning, of William F. Sands, the survey has lost the only hydrographic aid then attached to the work.
His naturally good abilities had been developed to a promise of great usefulness by his father, Commander
B. F. Sands, U. 8. N,, with whom the deceased had served from early bolyhond in the practical details of
hydrography. Remarkable for an amiable and teachable digposition, he had gained proficiency in hydro-
graphic drawing, and was fully qualified to make return for the high expectations which had been formed in
his training. At the time of his death Mr. Sands was acting master in the hydrographic party, and was
engaged in the prosecution of the survey in Section X.
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PART IT.

The brief summary of progress in the field and office already given will be represented in this part of
the report by the details of work done in each section of the coast to which partics have been assigned.  As
usual heretofore, the statements will be given in geographical order, the work of triangulation being deseribed
first, as preceding the other operations in order of time, and the topography as preceding the hydrography
in the order of execution, in each section.

SECTION I.

FROM PASSAMAQUODDY BAY TO POINT JUDITH, INCLUDING THE COAST OF THE STATES OF MAINE, NEW
HAMPSHIRE, MASSACHUSEITS, AND RHODE ISLAND.—(SkercE A, Nos. 1, 2, and 3.)

Under this head abstracts will be given from the reports of Assistants on the following field operations :

1. Triangulation of the coast of Maine from Machias bay southward and westward to Pleasant bay,
including Englishman’s bay, Moose-a-bec reach, Indian river, and islands in the vieinity of each.

2. The triangulation of Eggemoggin reach, and of the northern part of Isle au Haut bay, Me. This
work connects with the triangulation of Penobscot bay.

3. The triangulation of Belfast bay, Winter harbor, Seargport bay, and Mill cove, in the upper part of
Penobseot bay, including, also, the lower part of Penobscot river.

4. A shore-line survey of part of Passamaquoddy bay, Me., embracing West Quoddy bay, the shores
of Eastport harbor and Johnson’s bay, and the western side of Campebello island.

5. Detailed topography of the eastern side of Frenchmaun’s bay, Me,, including Jones’s cove, Bunker’s
cove, Hammond’s cove, the islands opposite, and the shores of Winter harbor.

6. A topographical survey of the western side of the entrance to Penobscot bay. This includes the
shores of Tennant’s harbor and Wheeler's bay, and, in detail, the islands and reefs of the Muscle Ridge
channel. *

7. Plane-table work, nearly completing the survey of the steamboat passages between the Sheepscot
and Kennebec rivers.

8. The detailed topography of Yarmouth river, Freeport river, and Wolf’s Neck, in the upper part of
Casco bay.

9. A reconnaissance, relative to purposes of military defence, in the vicinity of the city of Portland, Me,

10. A special topographical survey of Coasters’ Harbor island, Coddington cove, and the shore of Rhode
Island above Newport.

11. Detailed surveys of parts of Connanicut island, Duteh island, including Taylor’s cove, and Datch
Island harbor, for the use of the navy yard commission; and shore-line survey of Providence, Patience,
Dyer’s, and other islands in Narragansett bay.

12. Soundings nearly completed in the several channels which connect Wiscasset bay and Sheepscot
river with the Kennebee.

13. The hydrography of the upper part of Casco bay, including that of Yarmouth and Freeport rivers.
The same party made supplementary soundings near the entrance of Portland harbor.

14. A special examination in Cape Cod bay for the determination of questions before the commissioners
of the Cape Cod ship canal.

15. Supplementary soundings to complete the chart of Barnstable harbor, Mass.

16. The bydrography of the eastern and middle passages of Narragansett bay, joining completed work
at Half Way rock and below Goat Island light. This includes Newport harbor, in the approaches of which
several points of rock were developed.

17. Magnetic observations at Eastport, Me. -

" 18. Tidal observations at Eastport, Me., and at the Charlestown navy yard, Mass.
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OrrIcE-worRK.—The drawing for a finished chart, and the engraving, in a preliminary form, of Barn:
stable harbor has been completed ;- the engraving of Portland harbor as a finished chart, with additions to the
hydrography, has been nearly completed ; and a preliminary chart of Mount Hope bay has been drawn and
engraved. Progress has been made in the drawing and engraving of coast charts No. 8, Seguin island to
Kemcbunkport, Me.; No. 9, Cape Neddick to Cape Ann, Mass.; and No. 11, Plymouth to Hyannis, i\[ass.;
and of the chart of Shecepscot and Kenncbec rivers, Mc. The drawing of general coast charts No. I, Quoddy
Head, Me., to Cape Cod, Mass.; No. II, Cape Ann to Gay Head, Mass.; and of coast chart No. 7, Muscongus
bay to Portland, Me., has been continued ; and the engraving of coast chart No. 7, Muscongus bay to Port-
land, Me., and the drawing and engraving of No. 10, Cape Ann to Plymouth, have been commenced.
Additions have been made to the chart of Salem harbor, and to coast charts Nos. 12 and 13, Nantucket sound
and Vineyard sound, as also to the progress sketches of the section; and a new progress sketch of the coast
of Maine has been drawn and engraved.

Triangulation of Mackias bay, Englishman’s bay, Moose-a-bec reack, Indian river, and adjacent
¢slands, Je—"I'his is in continuation of work which has been pushed, by the same party under Sub-Assistant
F. P. Webber, from Mount Desert island to the northward and eastward along the coast of Maine. The
secondary and tertiary work is kept in close connexion with the primary triangulation, as may be seen by
reference to Sketches Nos. 1 and 2.

The triangulation of this ycar was taken up on the 8th of August, previous to which date Mr. Webber
had been employed in Section I11. From the entrance to Little Machias bay signals were set np to the
southward and westward in positions proper for defining the numerous indentations of the coast. Tle angular
measurements made at them in September and October furnish points for the topographical survey of Machias
bay, Howard’s bay, Little Kenaebee river, Englishman’s bay, Chandler’s River bay, and Moose-a-bec reach,
and of the islands which lie off their entrances. At eight of the statious vertical angles were measured on
thirty-six signals by three hundred and ninety observations. Mr. Webber used the ten-inch Gambey
theodolite, No. 63, and the six-inch Brunner, No. 52, in the determination of angles. His party worked
with the schooner Hassler until the beginning of November, when operations closed for the season in this
section. The following is a summary of the ficld statistics:

Signals erected. .. ... ... . ool e e et eec e e 35
Stations occupied ... ieit it e et ermcccaceneaneans 17
Angles measured « ..o i e ccmecneaaaan 318
Objects observed On - ... oo ian i iiiiieieieciecaaaan - 309
Number of obgervations ... ... vt in il i et i e e e eearaanaanan 2,718

Fifty-three points were aceurately determined for topographical purposes.

The schooner Hassler was laid up at Portland.

Duplicates of the records of observations have been completed and sent to the office. The computations
of the work have also been finished and turned in. ’

Triangulation of Eggemoggin reack, Me—In eontinuation of his work of last year which connected
stations in Penobscot bay with others to the eastward in Great Blue Hill bay, Assistant G. A. Fairfield
resumed work on the 7th of Augnst at Dlake’s Point. A signal was erected there, and in the course of the
month points were selected and signals set for the triangulation of Eggemoggin reach, the loeation of which
may be seen by reference to Sketch No. 2. Observations with the theodolite (ten-inch, No. 91, by Blunt)
were commenced on the 3d of September and closed at the end of that month, when Mr, Fairfield proceeded
to Blue Hill primary station and observed on such of the signals of his triangulation as were within view from
it. The islands in the expanse which lies north of Isle an Haut bay and weet of Epgemoggin reach are
included in the triangulation of this season. The following are the statistics of work :

Signals erected. .. ... ... L.l R, 5
Stations occupied. . .o oLl e 9
Points determined ... ... covviiann b e e e ettt e 23
Angles measured .. ...l e S e, 118
Number of observations ... . . ..., s 2,208

Assistant Fairfield continued the observations necessary for connecting the secondary with the primary
triangulation until the middle of November. The schooner James Hall, which was used by his party, wase
then taken to Portland and laid up for the winter.

‘Triangulation of Penobscot bay, Me—'This work has been nearly completed by the extension of a
system of triangles above the line which joins Dickey’s bluff with Cape Rosier. It now includes Belfast
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bay, (Skctch No. 2,) Searsport bay, and Winter harbor, on the western side of Penobzcot bay ; Mill cove, at
the mouth of the Penobscot river; and Castine bay. Sub-Assistant 8. C. MeCorkle, working with a party
in the schooner Torrey, resumed this duty on the 8th of July, and, as it advanced, crected in all nine tripod
signals, some of which were set up ro as to include the lower part of the Penobscot river in the scheme of
triangulation. Before returning from the section he made a reconnaissance northward to Bangor and selected
stations for continuing the preliminary survey. A summary of the general statistics is here given:

Signals erected . . o oo e e 9
Stations oceupied. c o oottt i i it it aan 13
Angles measured - . ... ... iiiiiiiiiiiaaaan 185
Number of observations . .. .. .. .o e e et ae e 1,879

The angular measurements were made with the Gambey theodolites—ten-ineh, No. 15, and six-inch, No.
29. Mr. MeCorkle coneluded his work on the 18th of October, and laid up the schooner Torrey at Portland.
He then joined Assistant Fairficld, whose party was still at work to the castward, and concerted means with
"Lim for perfecting the connexion between the triangles of Great Blue Hill bay and those of the upper part of
Penobscot bay.  Four of the stations, the signals of which have been observed on from other stations, will be
occupied for the final completion of the work in Penobzeot bay.

Shore-line survey of Eastport harbor and of West Quoddy bay, Me—Sub-Assistant W. H. Dennis
resumed the survey of Passamaquoddy bay on the 1st of August, and prosecuted that work uniil the 6th of
November. The three sheets which he has returned contain the western shore-line of Campobello island,
from East Quoddy Light to a point opposite to West Quoddy Head ; the western shore of West Quoddy
bay, including the Head ; the peninsula of Lubec, and in connexion with it the shores of Johmson's bay ; the
entire shore-line of Moosge island, including the town of Lastport; the south end of Deer island, and the
numerons small islands lying between it and Campobello. Taken together the plane-table sheets give the
outlines in connexion of West Quoddy bay, Eastport harbor or Friar road, and both shores of the St. Croix
river to Pleasant Point. Part of the details were traced in the work of last season.  The limits comprised in
this ycar’s survey (Sketch No. 2) fully provide for the hydrography of Eastport harbor and its approaches.
Sixty-four miles of shore-line were traced, exclusive of thirteen miles of low-water shore-line which required
to be surveyed separately. Details were filled in to cover an area of three and a half square miles.

Sub-Assistant Dennis had passcd the winter and spring in topographical service connceted with the
naval expedition of Commodore (now Admiral) Du Pont on the coast of South Carolina. Ile is now making
preparatlon to rejoin the expedition and continne the survey in Seetion V.

+ Topography of Frenchman's bay and Winter harbor, Me~~The topography of the eoast of Maine, cast
of' Mount Desert island, was begun on the 1st of Septembel by Mr. Cleveland Rockwell, the basis for it being
the triangulation made by Sub-Assistant Webber in 1860. The shect, which was completed by the 18th of
November, takes in West Goldsborough hurbor or Jones’s cove, Bunker’s eove, Hammond’s cove, Winter
harbor, and the lesser indentations of the eastern side of Fremchman’s bay, together with Stave island,
Jordan’s and Iron-bound islands, and many smaller ones in the bay. Sketch No. 2 shows the loeality. Mr.
Rockwell’s plane-table work is continnous in shore-line and smface details from Hall’s Point southward to
and inclusive of Winter Harbor entrance. The statistics are as follows :

Shore-line surveyed. .. .cve il ot iiieeeaeiea e 44 miles.
Roads « oo n o i ceimmeaaaaao. 14 =
Area of topography, (square miles) .. . ... ... .. ... . .. ... ... 12§

The earlier part of the working season was employed by Mr. Rockwell in Section V, as will be stated
under that head.

Topography of Seal harbor, Wheeler's bay, and Tennant’s harbor, and of islands in Penobscot bay,
Me—This work is comprised on two plane-table sheets which connect with each other, and, to the north-
ward, with a survey made last year of Rockland harbor and Owl’s Head bay. Theupper shect (see Sketch
No. 2) shows in detail the Muscle Ridge islands, and has marked ou it in position the very numerous rocks,
reefs, and shoals in their viewmity. This part of the duty of the season was accomplished by means of a
boat in ealm weather, the points not being approachable under other conditions. Careful intersections were
made with the plane table 80 as to fix in their relative places the isolated rocks of the group.

Bub- Assistant Charles Ferguson resumed this work on the 18th of July with a party in the surveying
schooner Bowditch. His sheet containing the survey of the Muscle Ridge group cxtends from Munroe
island, in Owl’s Head bay, southward and westward to White Head light-house. The islands lie off
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the western shore of Penobseot bay, which was surveyed last year, and from two to three miles distant.
Of the group the prineipal ones shown on the map are Andrew’s island, Dix island, ITigh island, Pleasant,
Grafton, and Crow islands, Great Two Bush, and Little T'wo Bush. The reef which stretches about half a
mile from the north end of Great T'wo Bush island is also delineated on the sheet. This part of the survey
defines the shape and limits of two small harbors in the Muscle Ridge group: Dix harbor, between Dix
island and High island, and Horne's harbor, near the north end of Pleasant island.

At the island last named the second shect cxecuted by Mr. Ferguson connects with the former and
continues the survey of the lower part of the western shore of Penobscot bay from the limit reached last
season. It shows the outlines and topograplical character of the shores of Scal harbor, Wheeler's bay,
Long cove, Tennant’s harbor, and Mosquito harbor, besides minor indentations and numerous islands, the
plane-table work being continuous on it from north to south. Of the islands represented on this sheet
Sprucehead is noted for its extensive quarries of granite, as is also Dix island, which iz shown on the
adjoining sheet. The pumerous buoys and stakes marking the entrance to Seal harbor were determined in
position by Me. Ferguson, and are included as part of the details of his survey.

Field-work was continued nntil the 27th of October, when the vessel was taken to Portland and there
laid up. The following summary of statistics is given in the field report :

Shore-line surveyed . o ... e iiiiieaaaa... 72 miles.
B 00 £ PN 29 o«

L8 ) < 5
Area of topography, (squaremiles). ... el e 16

During the early puart of the present surveying year Sub-Assistant Ferguson was cmployed in
Section TIT.

Topography of Back river, Little river, Robin dlood’s cove, &c.. Me—The plane-table survey
of the neck between the Sheepscot and Kennebec rivers, below Wiscasset and Bath, was resumed on the
1st of August, and has been nearly completed. The party detailed for this eerviee was in charge of Sub-
Assistant C. T'. Iardella. Shore-line was furnished to the hydrographic party which worked in the channels
between the two rivers at the same time. The water passages defined by the topographical sheet of Mr.
Tardella are known as Little river, Hall’'s bay, Riggs’s cove, Long or Robin Hood’s cove, and Little
Sheepscot river, all of which are marked in a general way on Sketch No. 2.

Before taking up this survey Sub-Assistant Tardella had been employed in Section VI.

The plane-table work on the Woolwich peninsula was completed on the 25th of November, with the
exception of a small portion of details of surface. A summary of the statisties is appended.

[ 1755 W e o T U ORGP 59 miles.
2 7Y 1O 45 =
Crecks and marsh HIne. oo o oo o it i it it i et et i et eeeetceecaaann 40 «
Arca of topography, (square miles). .. ..oonon il 22

Mr. Jardella is now employed in inking his topographical sheets.

Topography of Yarmouth river, Freeport river, and Wolf's Neck, §c., Casce bay, Me—The shore-line
of the upper part of Casco bay was traced last year from Drinkwater Point to the entrance of Maquoit bay,
by Assistant A. W. Longfellow. This season he filled in the topographical details within the same limits,
and traced, in addition, thirteen miles of shore-line.

« Yarmouth river was surveyed from its mouth and confluence with Cousin’s river, at Parker’s Point,
two miles upwards, to the falls, where are the wharf and ship-yards; and thence on, under the name of Royall’s
river, it was traced upwards a mile and a half further, to the crossing of the Atlantic and St. Lawrence railroad,

« Yarmouth village was surveyed from the wharves at the head of tide three-quarters of a mile back, to
include the railroad depot. South Freeport village was a growth from the ghip-building interest on the shores
of the Freeport or Harfseeket river. Here, as at Yarmouth, vessels of fourteen hundred tons have been

Jbuilt.  This estuary is included in the survey as far as the narrows, where, at the edge of the plane-table
sheet, the channel passes up to Harriseeket Landing. Part of the village of Bartol’s Point Landing is also
embraced in the detailed work, the in-shore boundary of which is the main eountry road, running generally
about a mile from the shore.” ' )

The detailed survey off-shore inelndes Lane’s island, Great and Little Moges islands, Trenche’s and
Bustin's islands, and the group known as the Silver islands, all lying in the upper part of Casco bay. The
location of the work is shown on Sketch No. 2.
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Asgistant Longfellow commenced work in this gection on the 1Sth of July, and continued in the ficld
until the middle of October. Ile had been engaged during the carly part of the summer in Section TIT.
His party used the schooner Meredith for transportation and quarters while prosecuting the topography of
Casco bay. The following is a synopsis of the plane-table statisties :

Shore-line traced . .. ..o i e e e 13 miles
Roads. - oot e 23L o«
Area of topography, (squaremiles). ... ... . ... ... ... il 9 «

Reconnaissance of the environs of Portland, Me.—~This service was called for with reference to purposes
of military defence, and was executed by Sub-Assistant F. W. Dorr, who had passed through the peninsular
campaign in plane-table surveys for the army of the Totomae, mention of which will be made under the
head of Section III. Mr. Dorr commenced work on the 10th of September, and consulted freely at Portland
with Captain Casgey, of the corps of enginecers, in regard to the direction and extent of his reconnaissance.
The best county map being taken as the basis, its seale was enlar zed and the roads were traced on the
reconnaissance sheet. To these were added the curves of elevation, sketeched by the eye, and such other
details as were wanting in the map, but which the experience of Mr. Dorr with the army surveys of the
present and the working season of last year suggested to be of moment for military purposes. The field.
work was concluded on the 9th of October. The compilation of the material was then taken up and nearly
completed before the close of the month. Meanwhile application had been made to me by the tax commis-
sioners appointed for Florida for the services of a topographer. Mr. Dorr’s local knowledge of that coast
being extensive and his qualifications ample, he was assigned to accompany them, and, in aceordance with
directions, reported in person to the commissioners at New York in November previous fo their departure for
Fernandina.

Mr. H. W. Longfellow aided Mr. Dorr in the field-work near Portland. The reconnaissance map, which
is now at the office, contains the following among other details of surface :

LT - O 176 miles.
Outhine of Woods. e e o ce i ot i m it it it ee i e eme s mesaranemaenennns 223 * «
Marsh Hime. o oo e e e e e 28 o«
Area, (square miles) .. .. ..l it 70

Topography of Narragansett bay, R. I—Assistant Henry L. Whiting commenced a special plane-talle
survey of Couster’s Harbor island and its vieinity on the 26th of June. Its surface was earcfully contoured,
and that of the adjacent part of Rbode Island, from (‘oddmgton cove nearly to the environs of New pon
and eastward, to include Miantonomy Hill.

This survey was executed at the request of the Navy Department, and in order to furnish data for
deciding the question at issue, Mr. Whiting made close soundings between the southwest face of Coaster’s
Harbor island and the Gull rocks. The work was closed on. the 12th of July. Assistant Whiting then
took up topographical duty in Section 11. He had, before taking up duty in Narragansett bay, made several
surveys in the vicinity of Washington city, in Section III.

The plane-table work in Narragansett bay was continued, between the 16th of August and the 1st of
November, by the party of Assistant A. M. Harrison, who had also been, during spring and summer, engaged
in field duty in Section III.

For the special use of the United States board which was appointed to examine and report on sites for
navy yards, and which met in Narragansett bay early in September, a survey had been directed of parts of
Connanicut island, including Taylor’s cove, Duteh island, and Duteh Island harbor. This was executed by
Mr. Harrison, on the scale of ;5355 and met all the requirements of the commission. The other topograph-
ical duty of the party was confined to the determination of shore line and of the prineipal points needed for
the correct plotting of the hydrographic work of the present season. These results were supplied to the
party under Assistant Mitchell.

‘ During the entire working season in Narragansett bay, Assistant Harrison was aided by Mr. H. .
Bache, and during part of it by Mr. F. A. Lueber. . The following are statistics of the plane-table survey:

Shore-line surveyed. . ccoe et miiie i i it et eeaa e eaaane 44 miles.
T s 8F ¢
Creeks and ponds. . ... ..ot eeeaimeaa e 7 S
Margh line. .. oouonmniii i iiiis ceieeeaans e 8t «
Areaoftopogmphy,(squa,remlles).............. ..... crecemesmaenneenn 9

cs 4
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Besides the special localities already referred to, the additions this year to the regular survey of the
shores of Narragansett bay comprise the shore-line of Prudence, Patience, Dyer’s, Gould, and other islands,
and the western side of Rhode Island, from a poiut opposite to Coaster’s island and nerthward, to limits of
previous work. Ounly a few of the smaller islands in the bay remain to be traced in outline.

Hydregraphy between Wiscasset and Bath, Me—The water passages which interseet the Woolwich
peninsula, and which connect the Sheepscot and Kenncbec rivers, have been sounded out by a party in
charge of Assistant F. H. Gerdes. Most of the shore-line had been previously traced. The coucluding
portion was supplied for the use of the party by Sub-Assistant Iardella.

Mr. Gerdes took up the hydrography at Wiscasset (Sketch No. 2) on the 23d of August, and in sounding.
‘Wiseassct bay eonnected his work with the survey of the Sheepscot made in 1858 by Licutcnant Commanding !
Moore. Thence in a direction southward and westward he sounded Back river, Montseag bay, Hoakomoak
bay, and Little river, which, taken together, afford a continuons water passage between the Sheepscot river
at Wiscasset and the Kennebee at a point about seven miles below Bath. The character of the other passage
between the two rivers, made up of Upper Hur] Gate, the Rapids, and Great Hurl Gate, was also developed.
These conmect the Kennebee at Bath with the Sheepscot opposite to“Mahan’s island. - Measured together,
and including Robin Hood’s cove, which was also sounded, these channels make an aggregate of thirty-four
miles in length. 'The peninsula traversed by them is from five to ten miles in breadth.

Sub-Assistant Clarence Fendall assisted Mr. Gerdes. Mr. T. C. Bowie and Mr. F. H. Gerdes, jr., were
attached to his party as aids. T'he schooner G. M. Bache was used for transportation.

Tidal observations were commenced at Wiscasset when the hydrography was taken up, and were
continued at that station until the end of September, when the work was completed. During each day the
state of the tide was noted every ten minutes, as were also the high and low waters that occurred at night.
Observations for shorter periods were in like manner made on the tides in Little river and in Upper and
Great Hurl Gates.

The party of Assistant Gerdes determined about seventy points for hydrographic purposes, and used
above twenty others which were furnished by Sub-Assistant Iardella.

The geflcral statistics of the work are as follows :

Miles run in gounding . . ...t i i e i reree et 160
Angles measured. . .. L e 1,167
Casts of the lead ..ot i o i et e e et e e e e e e e e et et 11,000

Both of the paseages referred to in this notice are navigable. A steamer passes semi-weekly from Bath
to Boothbay through Upper and Great Hurl Gates.” Excepting Little river at low tide, the water is quite
deep in all the passages between the Sheepscot and the Kennebee. '

After the completion of the service assigned, the schooner was laid np at Wiscasset. The soundings
were plotted by Mr. A. Strausz, and the sheet containing them is now on file in the office.

Asgistant Gerdes and his aid, Mr. Bowie, had been previously engaged in Section VIII. Mention will
be made of their employment there under the corresponding head of this report. In Oetober Mr. Bowie was
detailed for plane-table duty in Section ITI.

Hydrography of Casco bay, Me —Hydrographic operations were resumed in the upper part of Casco
bay on the 3d of August by a party in the surveying schooner Caswell. The charge of the work was given
to Mr. Edward Cordell, of large expericnce and qualification as a hydrographic draughtsman, who had pre-
viously served with a number of the regular hydrographic parties on all parts of the Atlantic coast. The
soundings made were in continuation of the work of last year by Assistant Schott, which had stopped on a
line running east from the north end of Cousin’s island to Harpswell Neck, (Sketch No. 2,) and, south of the
Neck, on & line from the lower end of Jewell’s island eastward te include Drunken Dick ledge. North of the
first-mentioned line Mr. Cordell sounded Yarmouth river, Cousin’s river, and Freeport river, and from their
entrances the body of Casco bay castward to Harpswell. He completed also the hydrography north of the
line last mentioned, comprising that part of the bay which lies between Bailey’s island and Crotch island.
This survey includes Mericonig sound, Harpswell harbor, and the channel between Harpswell Neck and
Great Whaleboat island.

On the tides, day and night observations were made at three stations, one of which was at South Free-
port, where the record was continued until the 13th of October: Those at Harpswell and at Little Moges
island were kept up until the end of September.

Six current stations were occupied in different parts of the bay while soundings were in progress.
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In the vieinity of Portland harbor Mr. Cordell made supplementary soundings near Trundy’s reef, and
others in a resurvey of White Head passage, between Peak’s and Bangs’s islands. He also determined in
position a rock off the southeast end of Little Jebeig island. This rock has only nine feet of water on it at
mean low tide.

The channel which has been artificially made across the Middle Ground since the date of the survey of
Portland harbor was sounded out by the party of Mr. Cordell, and will be represented on a new edition of
the engraved chart. , '

The soundings made in the upper part of Casco bay this scason show depths of from one to forty
fathoms.

A summary of the statistics of work is here appended :

Miles run in 80UnRding . .- .vieiiit it i it e e e crae e 6633
Sextant angles ... . . il i i iteiieeeaaaeaeaan 5,237
Number of soundings. - . ... ... 30,894
Arca sounded, (square miles). . . oot viiiin i i i iei i iiee e s 27

Mr. Cordell has plotted and sent to the office the sheets containing the hydrographic work of the season,
together with the records of angles, soundings, and tidal and carrent observations, in duplicate. He was
aided in duty afloat by Messrs. L. L. Nicholson, L. A. Sengteller, and J. A. Sample, and makes special
mention in his report of the ready and intelligent service rendered by them.

Physical survey of Cape Cod bay, Mass—In the early part of the present year I directed Assistant
Henry Mitchell to make some experiments in Cape Cod bay, with a view of furnishing information required
by the committee on the Cape Cod canal appointed by the Massachusetts legiglature. This committee had
under discussion the question whether the proposed canal and artificial harbor would be obatructed by ice
during the winter months.

Dauring a previous season’s work we had discovered that a sub-current from the deeper portion of Cape
Cod bay cropped out in the neighborhood of Scussett at one of the proposed sites for the breakwater and
‘basin. In this region the temperatures were quite at variance with those of the surface of the sea elsewhere;
they were very uniform, and corresponded with the thermal conditions observed at the depth of fifteen fathoms
wider out in the bay. Our cbservations had been made in the summer, and could not, therefore, furnish more
than a guess as to the conditions which should obtain in winter.

On the 9th of February Mr. Mitchell reported upon a new set of experiments made during a cold period
earlicr in the same month, and T sent his manuseript immediately to the committee.

In the course of this report it is stated that a specimen of the Capc Cod bay water began to freeze at
281° Fahrenheit, and that, after being for eleven hours exposed in air at 167, one-third of its bulk beeame a
spongy ice, the residue still remaining in a liquid state at 27°. This ice, though quite fresh itself, held some
salt water suspended in its cells. At each attempt to freeze the residunm water there was obtained a lower
temperature and a higher specific gravity for that still remaining liquid.

The water off Scussett was observed to fall as low as 32°—that is, within about four degrees of its
freezing point-—and this at the end of a period of severe cold.

Mr. Mitchell concludes from his study that, while the natural cireulation of the currents is unobstructed,
no sea-water ice can actually form in the particular district off Scussett, although he believes that dettom ice
may be found in localities where fresh springs are welling from the sands.

Hydrography of Barnstable karbor, Mass—In October the party of Assistant Henry Mitchell made
supplementary soundings in the vicinity of Barnstable, and completed the hydrographic sheet which was
turned in last winter. The engraved chart, in preliminary form, accompanied my annual report for 1861.

Hydrography of Narragansett bay, R. I.—In continuation of the work of last year, Assistant Mitchell,
with a party in the schooner Baneroft, took up soundings at the south end of Prudence island, (Sketch No. 3,)
and extended the hydrography of Narragansett bay southward in the Middle Passage to a poini about a
quarter of a mile below Goat Island light. Soundings comprised within an area of about & squarc mile were
made also in the Western Passage, in the immediate vicinity of Dutch island.

This party resumed the work on the 1st of August and continued duty afloat nntil the end of September,
when the vessel was returned to New York. She had previously been in use by the party of Assistant
Mitchell in Bection IV, under which head mention will be made of other service.
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The statistics of the hydrographic work in Narragansett bay are as follows :

Miles run in sounding - ... iiieiieaian 212
Angles obsServed . .o o e, 1,322
Castsof thelead ... ..o i, e r e eemae et aitecaeaann 5,729

The currents were observed at three stations while the party was engaged in sounding.

In the course of this season’s work Mr. Mitchell developed the positions of ten hidden roeks, and found
in the approaches to Newport harbor two others, the existence of which was unknown. These are all marked
on the hydrographic sheet which is now in preparation, and which will be turned in before the close of the
year. In Appendix No. 6 a copy is given of the notice issucd to mariners at the time of the discovery.

Messrs. C. L. Bixby, C. . Dillaway, and Persifer Frazer, jr., were attached as aids to this party.

The work done by Assistant Mitchell was dirceted with a view to the requirements of the navy yard
commission which met in Narragansett bay in the first week of September.

Magnetic observations—The observations near the middle of each month of the year have been continued
at the Eastport station, in Maine, without interruption. These now farnish a well-conducted series of deter-
minations of the magnetic declination, dip, and intensity, extending over a period of nearly three years.

My, Samuel Walker had charge of the instruments at Eastport until March of the present year. His
services being then needed at Key West, the station was put, and still remains, in charge of Mr. R. H. Talcott.

Before leaving Eastport Mr. Walker determined the value of the coefficient of temperature, and the
moment of inertia for the magnets A and C.

Early in November Mr. Taleott wag relieved by Assistant Edward Goodfellow, and was attached to the
topographical party of Sub-Assistant W, H. Dennis, to work in Section V.

Tidal observations —The tidal station at Eastport, Me., remained in charge of Mr. Samuel Walker until
March last, when the observations were intrusted to Mr. R, H. Tulcott, the services of Mr. Walker being
needed at Key West, in connexion with the magnetic station at that place.

A substantial stafl-gauge has been set up at Eastport for comparing results with the self-registering tide-
gauge, the tape or band heretofore used having proved unrcliable from irregular expansion.

Mr. Talcott also continued the magnetic and metcorological obscrvations at Eastport until November.

At the Charlestown mavy yard, Mass., the tidal observations have been kept up by Mr. L. E. Ready
with his accustomed punctuality. The Boston harbor comruissioners haviug put in his charge a self-registering
gauge for an independent series of observations, and provided a building for its protection, the oceasion has
been improved by setting up in the same a substantial box-gauge, from both of which observations are
recorded, in addition to those at the permanent station.

SECTION II.

FROM POINT JUDITH TO CAPE HENLOPEN, INCLUDING THE COAST OF THE 8TATES OF CONNECTICUT, NEW
YORK, NEW JERSEY, PENNSYLVANIA, AND PART OF DELAWARE.—(Sxercu B, No. 11)

Statements of the work done in this section will be noticed in the following order
1. Geodetic, astronomical, and magnetic observations at primary stations in Massachusetts and Con-
necticut. The triangulation work is for conneeting the primary base on Epping Plains, Me., with that on

Fire Island, N. Y.
2. Triangulation continued along the course of the Connecticut, between Goodspeed’s Landing and

Higganam. i

3. 'Triangulation on the eastern gide of Hudson river, near Rhinebeck and Poughkeepsie.

4. Supplementary triangulation for revising work on the coast of New Jersey, near Shark river and
Manasquam river.

5. A detailed topographical survey east of Brooklyn and between Flushing and Jamaica. This work
completes the material needed for finishing the new chart of New York harbor.

6. The plane-table survey of Hudson river, continued from Tarrytown to Croton river, embracing the
eastern shore of Tappan bay, the village of Sing-Sing, and other villages,

7. Shore-line survey from Tivoli upwards to Coxsackie, and hydrography of the Hudson river extended
from Tivoli to Four-Mile Point.

8, Hydrographic cxamination of the vicinity of Pea Patch island, in the Delaware river. Levellings
were made by the same party at League island and Red Bank for the use of the board appointed to examine

sites for navy yards.
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9. Magnetic observations in New York and I’ennsylvania.

10. Tidal observations in New York harbor.

Office-work —The engraving in outline of the new edition of coast ehart No. 21, New York bay and
harbor, has been complcted and the chart iseued in a preliminary form. The drawing of the same as a
finished chart has been continued. Irogress bas been made in the drawing and engraving of the Hudson
Tiver sheet No. 1, from New York to Haverstraw ; and in the drawing of sheet No. 2, Haverstraw to Pough-
keepsie. The engraving of the latter has been commenced, and additions have been made to the progress
sketch of the section.

Grodetic observations at Mount Tom and Sandford, ( Mass. and Conn.)—The party under my imme-
diate direction was organized carly in Junc, to continue the primary triangulation on the coast of New
England, for connecting the Fire island and Epping bases.

The preliminaries required in the erection of signals and posting the heliotropers were attended to by
Assistant G. 'W. Dean and Sub-Assistant R. E. Halter, while the preparations required for occupying the
stations were made, as usual, by Mr. Thomas McDonncll.

Station Mount Tom, in the township of Northampton, Hampshire county, Massachusctts, was first
occnpied. The measurement of horizontal angles at this point was commenced on the 11th of July, but the
atmosphere during the months of July and August proving unusually hazy, and the distances to several of
the signals being more than fifty miles, these observations were not completed until the 16th of August.
Mecanwhile the requisite latitude and magnetic obscrvations were made by Ascistant Edward Goodfellow,
aided by Mr. 8. II. Lyman.

On completing the observations at Mount Tom, the instruments and camp equipments were transferred
to Siation Sanford, in the northwestern part of the township of Hampden, New Haven couuty, Connceticut.
The operations at this station were similar to those at Mount Tom.

The measurement of horizontal angles at Sanford was begun on the 9th of September, but the weather
during that and the following month proving still Iess favorable for geodetic operations than July and August,
the observations were not completed until the 11th of November.

At Station Mount Tom ecight hundred and twenty-six observations were made with the thirty-inch the.
odolite C. 8. No. 1, upon five signals and an elongation mark. The heights of the several stations were
determined from three hundred and ninety measurcments of vertical angles, with the eight-inch Gambey
vertical cirele C. 8. No. 57.

At Station Sanford twelve hundred and seventy-nine observations were made with the thirty-inch theodo-
lite, upon eight eignals and an elongation mark, and the elevations of the several trigonometrical points were
ascertained from five hundred and twenty-eight measmrements of the vertical angles, with the vertieal circle
No. 57.

At Mount Carmel the angle between Stations Tashua and Sandford was measured with the Gambey
theodolite C. 8. No. 57.

The most distant signals which were observed on during the season were those at Mount Tom and
Station Sanford, being about fifty-six miles from cach other in a dircet line. Two other signals were more
than fifty miles distant, and two were about forty-three miles from the point of observation. The relative
positions of the several stations may be seen by reference to Sketeh No. 1. -

The area within the limits of the triangulation completed during the season-——estimated in the usual
manner—is thirteen hundred and seventy-five square miles. The geodetic observations were chiefly made by
Assistant G. W. Dean and Sub-Assistant R. E. Halter.

Latitude~—~At Mount T'om one hundred and seventy-two observations were made with the zenith fele-
seope C. 8. No. 5, upon thirty-six sets of stars, and the are value of the micrometer was obtained from one
hundred and twenty-two observations upon Polaris, near its eastern elongation. The local time was obtained
from one hundred and thirty-two observations upon twenty-four zenith and circumpolar stars, with the twenty-
four-inch transit C. 8. No. 10.

At Station Sanford the latitude was ascertained from one hundred and sixty-one observations with the
equal altitude instrument C. 8. No. 5, upon thirty-five sets of stars, and one hundred and twenty-two obser-
vations were made upon Polaris, near its eastern elongation, for ascertaining the are value of the micrometer
divisions. The arc value of the level divisions upon the zenith telescope was carefully determined, bath at
Station Mount Tom and Station Sanford, from several serics of readings of the micrometer, the pointings
being made in the nsual manner upon the cross threads of a small collimator, which was adjusted a few feet
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from the telescope. The local time was ascertained from one hundred and twenty-two observations upon
nineteen zenith and eircumpolar stars with the twenty-four inch fransit C. 8. No. 10.

The observations for latitude and time were made by Assistant Edward Goodfellow, aided by Mr. S. H.
Lyman.

Azimuth.—The astronomical meridian and bearings of the trigonometrical lines from Stations Mount Toem
and Sandford were determined with the thirty-inch theodolite by the usual methods of the survey. At Mount
Tom eighty-fonr observations were made upon ¢ Urs® Minoris, near its upper culmination, and eighty obser.
vations upon Polaris, near its eastern elongation, in connexion with one hundred and fifty readings on the
clongation mark, which was established in a favorable locality near the summit of Mount Holyoke, about four
and a half miles from the geodetic station at Mount Tom. ‘

At Station Sandford the azimuth observations consisted of ninety readings upon Polaris, near its eastern
elongation, and eighty-two readings upon 4 Ursze Minoris, near its upper culmination, in econnexion with one
hundred and sixty-two observations npon the elongation mark, which was favorably located npon the summit
of a small hill, about one and a half miles in a westerly direction from the station-point at Sandford.

These observations were made by Assistant Dean, who was assisted by Sub-Assistant Halter. The
field operations were closed on the 11th of November.

DMagnetie observations—The geological formation of Mount Tom being chiefly of trap rock, (green stone,)
no reliable magnetic results could be obtained near the geodetic station, although, by way of experiment, the
magnetic declination and dip were approximately ascertained at several localities near the summit. For this
purpose four complete sets of observations were made by Assistant Goodfellow with the dip cirele C. 8. No
4, at two points, the results of which differed ten degrees. The results obtained for declination were still less
satisfactory than those for dip, as it was soon ascertained that the needle of a land surveyor’s compass would
take any indicated direction by changing the position of the instrument only a few inches. The same phe-
nomenon was also observed by Mr. Dean at the summit of Mount Holyoke, the geological formation of that
mountain being similar to that of Mount Tom.

Experimental observations for ascertaining the magunetic declination and dip were made within the
enclosed grounds of Williston Seminary, near the centre of the village of Easthampton, about two and a
half miles in a northwesterly direction from the station at Mount Tom. No unusual local disturbances were
noticed at this locality ; and Mr. Williston, with the other gentlemen connected with the seminary, kindly
offering to extend to the Coast Survey every required facility, a complete set of magnetic observations was
made near the seminary buildings. These cousisted of one hundred and sixty-five observations, on three
days, for ascertaining the declination, and four sets for determining the dip of the needle. The horizontal
intensity and moment of inertia were deduced, from three sets of vibrations and deflections, on two days.

At Station Sandford experimental observations were made at several points in the immediate vicinity of
the geodetic station, but no indications of local attraction were discovered ; aecordingly, a complete series of
magnetic observations were made near the summit of the hill. For this purpose, one hundred and seventy-
five observations were made, on three days, for determining the declination, and four sets, with three needles,
werc obgserved for ascertaining the inclination of the needle at two points. The horizontal intensity and
moment of inertia were obtained from three sets of vibrations and deflections, on two days.

The magnetic observations were made by Assistant Edward Goodfellow and Mr. Lyman.

Meteorological observations—The usual meteorological journals were kept by Mr. H. M. Dewees,
who was attached, as geodetic recorder, to my party during the season. Two hundred and ninety readings
of the barometer, and the wet bulb and dry bulb thermometers, in connexion with the direction and force of
the wind, were noted in the journals.

Mr. C. P. Bowditch was attached as volunteer aid in my party during the five weeks of his college
vacation in July and Angust, and his efficient scrvices were appropriately acknowledged by Assistant Dean.

All the original records were duplicated, and the reductions of the latitude, azimuth, and magnetic
observations were completed before the party left the field.

T'he number of volumes of records and reductions deposited in the archives at the close of the season
was forty-nine.

Triangulation of Connecticut river~—This work was again taken up at Goodspeed’s Landing, and has
been extended northward and westward to include the course of the river to the vicinity of Higganam.
Sketch No. 10 shows the extent of the river embraced in the work of this and the previous season. Sub-
Asgistant W. 8. Edwards resumed the triangulation soon after his return from Section V, his service in which
will be stated in another place in this report.
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The points furnished by the triangulation work done this vear are sufficient to enable a plane-table party
to define twelve mileg of the course of the Connecticut. Mr. Edwards continued with his party until the
30th of September. Just previous to that date application had been made, through me, by the late Brigadier
General Terrill, for the services of Sub-Assistant Iidwards, who had been his recent associate in the work of
the Coast Survey. The request was promptly met. Mr. Edwards left the party in charge of his aid, Mr.
F. H. Dietz, and hastened to Kentucky, but reached Perryville only in time to take charge of the remains
of the deceased general.

The following summary of statistics is taken from the report sent in by Sub-Assistant Edwards previous
to his departure for the west:

Signals erected . . . Lt iiaaan 19
Stations oceupied. . ... .. Ll el 8
Angles measured. . ... ...l 157
Number of 0bervations . . .. .. e 1,080
Area of triangulation, (square miles). -« oo . it i i 44

On the 1st of November Mr. Edwards resumed work on the Conneeticut, and continued the triangulation
until the end of the month. He then made preparation for resuming duty in Section V.

Triangulation —In the vicinity of the boundary line between the States of Conneeticut and New York,
and in connexion with his triangulation of the Hudson river, Assistant Edmund Blunt occnpied cight prin-
cipal stations between the 16th of August and 21st of October. He was aided in the ficld and in office work
by Mr. A. T. Mosman, who had previously been employed in Section XI, and more reeently in the presen
geason in Section VI, and also by Mr. A. R. Fauntleroy. The following are the statistics of this trian
gulation : '

Stations occupied. ... ... .. L iiiiiiiiiaL e eteen teesnamaeanan e S
Angles measured. . ... e e ettt eeeerieaeaan 31
Number of observations......... e e e ee it taeateaiaeeetacaetamaaaane e, 3,702

After the completion of the office-work Mr. Mosman was assigned to duty in the longitude party in
charge of Dr. B. A. Gould. .

Triangulation of the coast of New Jersey—The revision commenced last year at Sandy ook, and
extended to the vicinity of Shark river, (Sketch No. 10,) was resumed in July by Assistant Joln Farley.
Observations were completed at the stations selected lust year. Other stations were chosen, chiefly along
the beach above and below the mouth of Shark river, and most of the signals erected at them were observed
on. The most southern stations occupied are about a mile below the entrance of Manasquam river. Mr.
Farley continued the work during August and September, having visited fifteen stations in the course of the
season. Including the preliminary measurements made last year, the number of observations with the theo-
dolite was two thousand one hundred and fifty.

Supplementary topography between Flushing and Jamaica, ( Lorg Irland.,) N. Y.—The final field-work
required for the completion of the new chart of New York bay and harbor was taken up, at the end of July,
by the party of Assistant H. L. Whiting. The space requiring to be filled with detailed topography on the
plate lies eastward of the city of Brooklyn, and bLetween Jamaica and Flushing, as was shown by the pre-
liminary chart which accompanied my report of last year. Mr.J. W. Donn aided Mr. Whiting jn the field-

This work occupied the party until the 25th of October, when it was transferred to another locality in
this section.

The following are the statistics of the plane-table work near Flushing :

Outline of creeks and ponds. . ... ..o i i e 81 miles.
Marsh libe. oo iemeeieenaaan 8% «
Roads. et imiaaceeteieaaeanaane 923 «
Area of topography, (square miles). - - coocoiaio il Lol . 15

Assistant Whiting and Mr. Donn had passed the earlier part of the working season in Scetion III.

Topography of Hudson river, N. Y., near Sing Sing.—The regular plane-table survey of the banks of
the Hudson was resumed by Assistant Whiting on the 28th of October. Near Tarrytown he joined the work
of Sub-Assistant Mechan of 1859-'60, and from thence extended the detailed survey of the eastern side of
'Pappan bay up to the mouth of Croton river. The sheet worked on embraces the village of Sing Sing and
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others on the bank of the river above and below it, including, in addition, all the surface features between
the old post road and the river.  1n some places the average breadth, for the sake of symmetry, was stopped
at the Croton aqueduet, the fringe of topography being about half a mile in width. Mr. Donn sided in this
work, and his eflicicney and judgment in the exccution of intricate details of contour is specially mentioned
in the report of Assistant Whiting. A synopsis of the statistics is appended :

Shore-line surveyed ... ... .. i iiciiieaaea 6 miles
Roads e eeiieieieaaaaa. 30 «
Croton aquedunct. . .oeut it in i it ittt ae et 6
Area of topography, (square miles) .. . ... ... Lol oLl 3

Thiz party is still in the field, and will probably continuc plane-table work until the close of November,

Assistant Whiting had previously executed a survey, which has been noticed under the head of Section
I. Turther mention of the work of his party and of the previous service of Mr. Donn will be made with
the statements of work done in Section ITI.

Topography and hydrography ¢f Hudson river above Tivoli, N. Y.—At the limit'which he had reacked
last year Sub-Assistant John Mechan, with a party in the schooner Arago, took up work near Tivoli on the
1st of Auagust, having previously been engaged i field duty, which will be stated uuder the head of Section
VIII.

For the joint operations on the Hudson Mr. Mechan divided his party, himself running the shore-lines
of the river twenty-three miles upwards to Coxsackic, and extending the hydrography to Four-Mile Point,
about midway between Hudson city and Coxsackie. Mr. W. W. Harding, one of his aids, took angles and
assisted in plotting them for the chart. Mr. C. 8. Hein recorded the soundings as they were made, and
duplicated the hydrographic records and journals. Mr. Persifer Frazer, jr., also served as aid to Sub-Assistant
Mechan during the latter part of the season. L

The work of this party is comprised on three sheets, two of which are filled with soundings and the
third partly filled. -

The following statistics show the progress of the present season :

Miles of shore-line traced - - . .o oL i i e 49
Miles run in sounding. .. ... ool el D, 210
Angles measured . . . .o e 1,674
Number of soundings . .. ... . . iiiiiiaaaean 14,675

The work on the Hudson was discontinued for the season on the 15th of October. Sub-Assistant
Mechan and Mr. Harding were goon after assigned to topographical service for the 6th army corps in Section
I111. 'The schooner Arago was laid up at Poughkeepsie.

Hydrographic examination in Declaware river.—In March last instructions were given to Assistant
George Davidson to make a special and detailed examination of the vicinity of the Pea Patch, in Delaware
river, for purposes of defence, and to proceed in that duty under the direction of Captain C. F. Pendergrast,
U. 8. N., commandant of the navy yard at Philadelphia.

¥rom his examinations of the previous year Mr. Davidson was enabled to determine immediately the
locality which required examination. The work was reduced at once, and tracings from the sheet were
-placed in the hands of the commandant. The original shects and traced copies were also forwarded to the
office.

In fitting out his party for service at very short notice, Assistant Davidson acknowledges the aid cheer-
fully rendered by Captain T. Turner, U. 8. N,, at the navy yard.

Tracings also of parts of the survey made last year were furnished to Captain A. A. Gibson, U. 8. A.,
commanding at Fort Delaware, and duplicates of all the sheets of work from Newecastle to Reedy Point were
sent to General Totten, chief of the corps of engineers, who has specially acknowledged the importance of
the developments. The original sheet of 1861 and duplicates of the sounding and tidal registers have been
filed in the office. ‘ ‘

A comparative chart of the Delaware river, between Newcastle and Reedy Point, was made in the office
last spring, to represent, together, the hydrographic surveys of 1841 and 1861. This sheet exhibits great
and important changes that have occurred within the space of twenty years. Their nature was clearly stated
in a special report made by Assistant Davidson soon after closing his survey. The changes appeared of such
moment to the commerce of Philadelphia that I placed the map before the Board of Trade, and, at their
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request, Mr. Davidson gave the members full and clear oral explanations in regard to the alterations that had
taken place, and of the importance of the developments which are yet in progress. Resolutions were passed
by the board thanking him for the statcments. .

Assistant Davidson was occupied during the summer with a party in Section VI, to the operations of
which allusion will be made further on in this report. In the autumn he executed levellings at League island
and Red Bank for the use of the navy yard commission, and made himself useful, berides, by his special
knowledge of localities.

Magnetic observations—In some of my previous annual reports charts have been given showing approxi-
mately the direction of the lines of equal magnetic variation traced seaward and inland from stations along the
coast at which the elements have been from timeé to time well determined. Thoge alluded to may be found
in the report for 1856, Sketch No. 61, and in that for 1861, Sketch No. 30, and they show the present state
of our knowledge on the subject.

‘With a view to greater precision in the direction of the lines given for the coast of the middle States, in
which I bad personally determined the magnetic elements in 1840-"41, Assistant (!. A. Schott was directed
to rcoccupy seven of the stations in July and August of the present year., The observations at the coast
stations were made at the expense of the Coast Survey, and those of the interior ones at the cost of the
Smithsonian Institution. Mr. Schott commenced at Harrisburg, Pa., and on the 28th and 29%th of July
determined the declination, dip, and horizontal intensity of the magnetic needle in the grounds of the State
capitol. Proceeding westward he made similar observations on the 31st at the position which I had pre-
viously used, on the pational road, about five miles east of Brownsville, in Fayette county. At Erie, Pa,
the elements were determined in like manner, on the 6th and 7th of August, on Seventh street near French.
At Bath, N. Y., the station in the public park, opposite to the post-office, was occupied in the same way on
the 11th; and on the 13th of August the position necar Dickinson seminary, in the borough of Williamsport,
Lycoming ecounty, Pa. Two stations in the grounds of the Girard college, Philadelphia, were occupied on
the 15th and 16th of August.

The observations at each of the places cmnprised : for declination, three sets to ascertain the time and
azimuth, of six readings each, and frequent readings of the scale of the declination magnet, continued for
several hours.

For the maguetic dip two sets of cbservations were recorded from two needles, and the same number
with the polarity reversed. ‘ "

The intensity was ascertained by two sets of vibrations and two scts of deflections. Six sets of observa-
tions were made in determining the time of one hundred and fifty vibrations.

For all three of the magnetic elements the various processes, either in full or in part, were repeated, so
as to have one set of observations recorded in the forenoon and the secoud set in the aftermoon.

The instruments nsed were magnetometer, No. 3; the Barrow Dip Circle, No. 8; and mean time chro-
nometer, Hutton 211, Determinations of the instrumental constants and also of the magnetic elements were
made at Washington, further notice of which will be seen under the head of Section ITI.

Taking into account the interval of time between the series of observations in 1840-’41 and that of the
present seasomn, it is reasonable to expect that comparison of the results will give much information in regard
to the secular change of the magnetic elemente. The discussion of the observations is nearly completed, at
my own expense, and will probably be published in the Smithsonian Contributions to Knowledge.

Assistant Schott was accompanied by Mr. P. H. Donegan, who recorded the observations and duplicated
the registers. Both sets, as well as the detailed computations, have been placed in the office. The results
found are given, in tabular form, in Appendix No. 18.

Tidal observations—The permanent self-registering tide-gauge at Governor’s island, in New York
barbor, has eontinued in operation during the year, under the charge of Mr. R. T. Bassett. Observations for
comparison have also been made at the dock of the Atlantic Ferry Company, in Brooklyn.

1 am indebted to the courtesy of the superintendent of the Union Ferry Company, who has replaced the
small building which covered the tide-gauge at Brooklyn by a better one, after it had become necessary to
Temove the old structure for repairs to the wharf.

C.8. 5
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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 —(Skercs C, No. 13)

All the work done in this section was in furtherance of military or naval operations, and under orders
of the War and Navy Departments, through authorized officers. It will be described under the following
heads:

1. Complete triangulation of the Potomac river from Blakistone island to Georgetown. This laid the
basis for a chart of the Potomae, which was specially requested by the Navy Department.

2. The topographical survey of the immediate banks of the Potomae from Blakistone island to Wash-
ington eity. All the rebel works erected in 1861 arc shown on the sheets of this survey.

3. A plane-table survey of Willlamsport, Md,, and of its enviroms, including the opposite bank of the
Potomac, for the use of the gixth eorps of the army of the Potomac.

4. Detailed topography, for military purposes, near Bladensburg, and in the vicinity of the northeastem
part of’ the District of Coumbia.

5. Topography of the vicinity of Fort Lincoln and other defensive works near the Capitol.

6. Additions to the details of the military map of Fairfax county, Va. These include the topography
between Fort Marey and Falls Church.

7. Minute survey, embracing the contour of ground about Manassas Junction, with the lines of rcbel
intrenchments, barracks, sites of ruins, roads, &e.

8. A plane-table survey of the ground opposite to Fredericksburg, Va., and mapped reconnaissance of
roads leading from the Potomac to the Rappahannock river.

9. Surveys and reconnaissances for the army of the Potomac on the peninsula between the York and
James rivers. The party assigned to this duty was actively employed during the whole of the campaign.

10. Verificatiun of topography between Chincoteague Lay and Pocomoke sound, across the northern
part of Accomae county, Va. This work was done incidentally by a party assigned to make surveys for
military purposes.

11. Topography of the middle part of Accomae county, Va., for the use of the army of occupation,
stationed in the vieinity of Drummondtown.

12. Plane-table surveys, including the rebel works erccted for the defence of the approaches to Norfolk,
Va., and survey of the navy yard at Gosport, showing ity condition when evacuated by the insurgents.

13. A hydrographic survey of the Potomac river, complete from the limit of former work near Blakistone
island, to Indian Head, and from Alexandria up to Georgetown and to the Washington navy yard. The chart
which this survey furnishes was specially called for by the Navy Department, to replace the hydrographic
reconnaissance chart of last year.

14. Operations of the Coast Survey hydrographic party in York river and its tributaries, under the orders
of the flag-officer of the north Atlantic blockading squadron.

15. Hydrography of Metorvkin bar and iulet. Buoys were permanently set to mark the bar and
entrance. T'his work was for the use of the army of occupation in eastern Virginia.

16. Maguetic observations at the station near the Coast Survey office, in Washington, D. C.

17. Tidal observations at the station near Fortress Monroe, Va.

Orrice-work—The engraving of coast chart No. 35, Chesapeake bay, (sheet No. 5,) from Poeomoke
sound to York river, has been completed ; progress has been made in the engraving of coast chart No. 36,
Chesapeake bay, (sheet No. 6,) mouth of York river to entrance of bay; and of Patuxent river, lower shect,
ag a finished chart. The drawing of the Potomac river chart in four sheets, and the engraving of general
coast chart No 1V, Cape May to Currituck sound, and of Potomac river, (sheet No. 3,) from Lower Cedar
Point to Indian Head, have been commenced. Additions bave been made to coast charts No., 31, bead of -
Chesapeake bay to Magothy river; No. 32, Magothy to the Hudson river, Md.; No. 33; from the Hndson to
the Potomac river; and to the progress sketch of the section. 'The following preliminary charts and maps
bave been lithographed and issued to meet the inimediate wunts of the public service, viz: Atlantic coast,
from Chesapeake entrance to Ocracoke inlet; Chincoteague bay; Hampton roads; James river, up to City
Point, (new edition ;) reconnaissance of Pamunkey and Mattapony rivers; Potomac river, up to Georgetown,
in four sheets ; road map of Districs of Columbia; plan of wharves at Alexandria; military reconusissance
map of southeastern Virginia; and a general map of Virginia, in colors. ‘
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Triangulation of the Potomac river.—At the end of the surveying season of 1860 this work had reached
Blackistone island, (see Sketch No. 13,) where its further progress from the entrance of the river was stopped
for a year by the hostilities which broke ont in the spring of 1861. In order to meet the demand consequent
upon the war, a rapid hydrographic receonnaissance was ordered at once, the particulars of which were stated
in my report of last year. The resulting sketch was much in demand during the ensuing twelve months,
and was largely distributed for the use of the navy.

On the opening of the spring campaign of 1862 special request was made by the Navy Department for
a minute hydrographic survey of the Potomac, and steps were at once taken for resuming the triangulation at
Blackistone island. By the authority of the Hon. Secretary of the Treasury, Professor Fairman Rogers, of
Philadelphia, was made acting Assistant in the Coast Survey, and was put in charge of the general field and
office arrangements of this survey. Sub-Assistants F. P. Webber and Charles Ferguson were assigned to
agsist in the preliminary work, and eompetent topographers were detailed to make the plane-table survey, as
will be stated at more length presently.

A reconnaissance was made by Professor Rogers early in May, and a preliminary base line of 1.188
metres measured by him at the west side of the mouth of Port Tobaceo river, with the slide contact wires
Nos. 5 and 6. From the stations at the ends of the base the triangulation was extended down the river to
Blackistone Island light, and from the base up the river as far as Occoquan, by the 19th of June, when
Professor Rogers was called away by other duties and relinquished the service, which, it is here in place to
remark, he had undertaken to prosecute for a limited period as a volunteer. At the date mentioned the very
considerable stretch of sixty miles of the course of the Potomac had been triangulated, and the topographical
survey, which was commenced soon after the triangulation, was in progress.

On the 19th of Ju y the triangulation was resumed at Occoquan by Mr. Charles Hosmer, and in the
following thirty days was pushed quite up to Georgetown, and to a connexion with the triangulation of part
of the Distriet of Columbia, made by himself and by Sub-Assistant Ferguson in the winter of 1861-°62.

In the me surement of the preliminary bage Professor Rogers was assisted by Messrs. Longfellow and
Halter, of the topographical party.

The statisties of the triangulation of the river from Blackistone island to Georgetown are as follows :

Signals erected o .. oon et e it tie et mt et aeanaean 70
Stations occupied . ... .. ittt i i ittt eee et iiaeee it 68
Angles measured .. ... ... iiiiiereeeei v 353
Number of obServations .o oe it i it tie it iiieiencarereranacascaannann 6,456

One hundred and ninc points were determined for the use of the plane-table parties.

In the work below Qccoquan three theodolites were used, viz: the Gambey ten-inch, No. 82; the
Wiirdemann eight-inch, No. 86; and the six-inch Brunmmer, No. 64. The angles above Occogquan were
measured with the six-inch Gambey, No 65.

Professor Rogers bears testimony to the eordial disposition manifested by the officers on duty at the
Washington navy yard to assist him in the work by all means in their power. For the reconnaissance the
steamer Powell was lent by Lieutenant Commander W yman.

Sub-Assistants Webber and Ferguson, who had worked assiduously in the triangulation of the Potomac,
took up field duty in Section I early in July.

The theodolite stations used for the survey of the Potomac were marked by small wooden posts, and
those below Occoquan were get in hydraulic cement.

Topography of the Potomac river—~The full provision made for this work has been referred to in a
previous notice in this chapter. Four experienced topographers—Assistants H. L. Whiting and A. W. Long-
fellow, with Sub-Assistants John Mechan and R. E. Halter—wecre assigned for the survey. Two schooners
were furnished for the use of the parties. Soon after the work commenced Mr. Charles Hosmer replaced
Sub-Assistant Halter, who had been taken ill. The topography was begun on the 19th of May. Eleven
plane-table sheets were turned in by the 25th of June. Of these one was executed by Mr. Whiting, showing
the Virginia shore of the Potomac from Persimmon Point to Metomkin oint, and, on the Maryland side
opposite, the shores of Port Tobacco river. Four pheets were turned in by Mr. Longfcllow, containing
surveys of the Maryland shore from Swan Point to the “ Trunk,” above Pasqnehanna creck; also from
Upper Cedar Point to Smith's Point, and from Budd’s Ferry to Indian Head. Mr. Mechan returned three
sheets, giving the Virginia shore from Lone Locust Point to Persimmon Yoint ; also from Metomkin .Poiut to
Aquia creek, and from Quantico creek to High Poin‘t, including also the mouth of the Occoquan river. A
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fourth sheet sent in by him contains the shore-line survey of Nanjemoy river, on the Maryland side. Mr.
Hosmer traced the Maryland shore from Cob Point to Swan Point, and, on a second sheet, the Virginia side
from Aquia creek to Quantico creek.

The length of river-course included in the sheets above referred to is about sixty miles, and the aggregate
of shore-line traced was one hundred and twenty-nine miles. The mouths of the principal creecks which empty
into the Potomac were followed, and careful surveys were made of the immediate sites of all the rebel batteries
that had been erected on the Virginia shore of the river during the year 1861.

Mr. Hosmer, after completing the triangulation of the Potomac between Indian Head and Georgetown,
a8 mentioned in a previous notiee, took up and completed the survey of the remaining thirty miles of shore-
line, closing the topography on the 30th of August, on the plan adopted for the sheets below Occoquan.

The lateness of the season and restriction in time making it impracticable to take in the usual breadth
of shore, s0 as to permit the issue of a full chart of the river this year, the planc-table survey of the immediate
shores only was executed. The total of shore-line traced by the parties is one hundred and fifty-nine miles.

Mr. Hosmer’s closing work in August joing near Mount Vernon with a reconnaigsance made in the pre-
vious year by Sub-Assistant Mechan. On the Maryland side he traced twenty-one miles of shore above
Indian Head.

Before the close of August a chart of the Potomae was issued in three sheets, showing the banks and
channel, the buoys and lights, and the sailing lines, from the entrance of the river to the mouth of the Occo-
quan. The fourth sheet, making the chart of the river complete to Georgetown, was issued in September.
These contain the preliminary soundings determined by the reconnaissance made in 1861. I will state further
on, the details of hydrography, done on the basis of the recent plane-table surveys.

The topographers who worked on the lower part of the Potomac were in June assigned to duty in Sce-
tions I and II.

Plane-table surveys at Williamsport, Md.—This work was done at the request of Major General
Franklin, who occupied the vicinity of Williamsport in October with the sixth corps of the army of the
Potomac. Mr. Charles Hosmer was detailed to exccute the required topography on the 2d of October, and
on the 15th was joined by Mr. F. A. Lucber.  The prineipal roads leading out of the town towards Hancock,
Hagerstown, and Sharpsburg were, respectively, traced to the distance of three miles. At the end of the
month the party was further increased by the assignment of Sub-Assistant John Mechan and Mr. W. W,
Harding, and in the course of the first week of November the ground around Williamsport was surveyed in
detail. The working sheets show the general contour of surface of about fiftecn square miles, with about five
miles of the course and banks of the Potomac at Williamsport.

Mr. Hosmer moved at the end of October with the corps of General Franklin into Virginia, and continued
reconnaissance duty. He has since received instructions to report to.Major General Banks for special topo-
graphical service on the coast of Texas, for which his local knowledge promises great usefulness.

The previous duty of the parties employed with the sixth corps will be stated in other parte of this
chapter. Mr. Harding had passed the greater part of the working season in Section V, as will be mentioned
under that head.

Sub-Assistant Mechan remained near Williamsport until the 14th of November, and completed the
survey of the environs. He forwarded the topographical sheet to the office, and then was placed under
orders for duty with the army division of General Franklin,

Topographical survey near Bladensburg, Bld—A map of the country lying just outside of the District
of Columbia, and north and east of Bladensburg, was commenced in the middle of October by Sub-Assistant
C. M. Bache. This, like similar work done last year, was under the inmmediate direetion of Lieutenant Colonel
J. N. Macomb, of the topographical engineers. Details of hands and means of transportation were furnished
by the military department. Mr. Bache is still engaged with the plane-table in the vicinity of the northeastern
corner of the District, and has already mapped about five square miles of area, within which over twenty-five
miles of roads have been traced and nearly four miles of water-course. The tract on which he is empvloyed;
will probably occupy the party until the end of November. His map, like others of the environs of Wash-
ington of which mention will be made, shows the contour of the ground and the surface details generally.

Mr. T. C. Bowie has been assigned to duty in this party.

Topography mear the mulitary defences of Waskhington—At the request of General Barnard, U. 8.
Engineers, Sub-Assistant J. G. Oltmanns was detailed in the latter part of September to make elose topo-
graphical surveys of the sites and surroundings of Fort Lincoln and other defensive works to the north and
east of the city of Washington. Mr. Oltmanns commenced work and for a short period prosecuted it, under
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the immediate direction of General Barnard. He was, however, soon compelled to close field duty, not having
sufficiently recovered from the effects of a rifle-shot by which he was wounded in the lungs while engaged in
Seection VIII. Being still anxious for such field service as he might find practicable in a climate milder than
that of this section, he has been directed to report for general duty on the southwestern coast, in the perform-
ance of which he will be under the immediate orders of Major General Banks.

Topograpky of Fairfax eounty, Va~This work was additional to extensive plane-table surveys made
last year of the entire ground which was oceupied by the army of the Potomae. As stated in my last annual
report, the topography was executed under the direction of Lieutenant Colonel J. N. Macomb, then chief
topographical engineer of that army. The maps made and photographed last summer at the office showed a
vacant gpace of scveral square miles, corresponding to ground which was then occupied by the enemy, to the
north and east of Falls Church. The topagraphy along the Potomac shows on the same sheets a breadth of
only a mile and a half between IFort Marey and Bailey’s Cross-roads.

On the 4th of October, and after the eompletion of much service of the same kind, which will be stated
in geographical order in this section, the survey of the ground alluded to was commenced by Mr. T. W,
Robbins. Details of men and facilities for transportation were furnished, as before, by Colonel Macomb-
Points requisite for the topographical adjustment were supplied from the office.

From Falls Church Mr. Robbins extended the survey towards Lewinsville as far as was deemed needful
by Colonel Macomb, and then along the District line, taking in a breadth of three miles and ineluding Minor’s
hill and its vicinity. Late in October the party moved to the neighborhood of Fort Marey, and at the date
of this report is engaged in prosecuting the survey in the vieinity of Langley and towards Lewineville.

This work, as before stated, is in full detail, and adapted to all the requirements of military operations
or defence. The roads, bridle paths, and contour of the ground are shown, as was done by the plane-table
parties which worked in Fairfax county last year.

Topograpky of Manassas junction, Va.—After the evacuation of this important position by the rcbel
army in March last, Assistant H. L. Whiting was divected to make a minute plane-table survey, so as to
meet any possible military contingencies that might arise in the future. He proceeded, as in making similar
gurveys in the section, under the special order of (lolonel J. N. Macomb, chief of topographical engincers.
Sub-A-sistant C. M. Bache assisted My. Whiting in this duty, and details of men for the work were made
from the 88th Pennsylvania and 101st regiment of New York volunteers. The survey was begun on the
27th of March, and embraced the contour of a belt a mile in breadth, mostly on the south side of the Orange
and Alexandria railroad. Three miles of the track to Alexandria, and nearly as much of the branch leading
from the junction towards Centreville, with the wagon roads and numerous intersecting tracks, were traced
and carefully mapped. The contour lines were drawn in for successive elevations of ten feet. All the
intrenchments were sketched in position, including an extensive detached work. al.out two miles east of the
Jjunetion ; also the positions of the ruined structures at the junction, and the extensive barracks found at three
points on the south side of the railroad.

The mayp of the locality was drawn on a large scale, and was at once photographed at the office, so as
to meet possible requirements.

This work occupied the party until the 6th of May. Mr. Whiting left Manassas a few days before, far
field service on the shores of the Potomac, and was afterwards employed in Sections I and I1. Sub-Assistant
Bache at once took up topographical duty for the army of the Rappahannock.

Topographical scrvice on the Rappakhannock river, Va.—The advantage, for transportation and other
military uses, of correct maps of the ground occupied by Lis army had been tully appreciated by Major
General McDowell in the campaign of 1861. At his request, which was made known to me through Colonel
J. N. Macomb, A. D. C. and chicf of topographical enginecrs in the army of the Rappahannock, the services
of Coast Survey topographers were continued after the arrival of the staff at Fredericksburg, Va. Sub-
Aeggistant C. M. Bache and Mr. T. W. Robbins, being assigned to duty, reached headquarters on the 9th of
May, and reported to Colonel Macomb. On the 12th a general topographical reconnaissance was made; the
stations used in the survey of the Rappahannock in 1853 were visited, and means were taken for connecting
the new work with the points then determined.

The centre line and grades, requisite as data in the reconstruction of the railroad bridge across the river,
were farnished by the party, as were also the points for locating a side track to lead from the main line to
the foundry, near the middle of the city of Fredericksburg.

_ On the 26th, direction was given by Colonel Macomb for a survey from the right bank of the Rappahan-
nock below the city, the topographers to report to Brigadier General King, the staff officers having been
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recalled to meet at Manassas. The working force necessary to the efliciency of the two parties was detailed
by General King, and, after consultation with General MeCall, the railroad was understood as the line on
which the working parties should join, Sub-Assistant Bache intending to take the traet west of it, and Mr.
Robbins that lying eastward. This service, however, was soon deemed too hazardous, in the judgment of the
military governor, Brigadier General Reynolds, the pickets on the south side of the river having been driven
in on the 30th of May. The parties were accordingly rcmoved to the north bank, and commenced work,
one opposite to Fredericksburg and the other near Falmoutl, on the 2d of June. Field-work with the plane-
table, compass, and chain was continued by both parties until the 7th of July. The contour of the ground
and all details, as roads, streams, &c., of importance for defengive purposes, on the left bank of the Rappa-
hannock, were mapped on two sheets, which show the eountry from Falmouth to a point nearly a mile below
the railroad bridge, and several miles back from the river, towards Aquia ereek and Potomac creek. On a
third sheet Mr. Robbins traced in from reconnaissance the line and topography of the main road from Freder-
icksburg to Belle Plain, at the mouth of Potomac creek, and, from a point higher up that stream, the Freder-
icksburg railroad and the main wagon road to a junction with the survey of Sub-Assistant Bachc, ncar the
head of Claiborne’s creek.

The details of men required for this work were furnished by Brigadier General Augur, from the 24th
regiment New York volunteers. :

As goon as practicable after their completion the planc-table sheets were inked and turned in at the office
in Washington. The results were there reduced in scale and combined at once into a single mayp, of which,
at the request of Colonel Macomb. copies were made by the photographic process and furnished to him for
the use of the army. An area of about ten square miles is represented by the map, exclusive of the lines of
road which conneet the environs of Fredericksburg with the waters of the Potomae.

After inking his sheet Sub-Assistant Bache was assigned to plane-table duty in Section IT; but, a eall
having reached me very soon after for topngraphical service in another division of the army, himself and Mr.
Robbing were recalled, and held subject for duty in any emergency that might arise.

Top graphical service between York and James rivers, Va—DMention was made in my last annual report
of the connexion of Coast Survey parties with the army of the Potomac, in the summer of 1861, in the vicinity
of Washington. The high testimony then given by the military authorities as to their usefulness led to the
assignment of Sub-Assistant ¥. W. Dorr and Mr. J. W. Donn for special ficld duty in the campaign which
was begun in March last by Major General McClellan. In order to secure eonformity to all the requirements
of the military department, the services of Mr. Dorr aud Mr. Donn were placed at the disposal of Brigadier
General A. A. Humphreys, chief of topographical engineers in the army of the Potomac, to whom the two
topographers reported for duty on the 20th of March.

On the way to Fortress Monroe the party engaged in the compilation of a map of the peninsula between
York and James rivers, and completed it several days after their arrival at the fortress on the 8th of April

The next duty assigned and executed was a plane-table survey of the road and adjoining country from
Half-way House to headguarters, or within five miles of Yorktown. Subsequently the survey was extended
to the outer lines of the army when distant only about three-quarters of a mile from the rebel intrenchments.
The positions of important points were determined from a base of which one end rested at the building
known as the “ White House,” the other end being the furthest point reached in the survey of the main road.
Besides thege, determinations were made of prominent houses lower down, on the river shore. The positions
thus ascertained sufficed for connecting the work with the topographical survey of the shore of York river
made in 1857 by Assistant Seib. ; .

On the 15th and 16th of April, Messrs. Dorr and Donn surveyed the Warwick road, from Harward's
mill to Warwick Court-House, and connected their work with a plane-table survey, made from the Court-
House to Lee's mill, by Sub-Assistant P. C. ¥. West, who was then on furlough from the Coast Sarvey and
gerving as aid to Brigadier General W. F. Smith. On the following day, while Mr. Dorr was connecting Mr-
West’s survey with that ef the main road, his plane-table was struck by a shell from a rebel battery near
Wynn's mill and entirely destroyed, together with a part of the working sheet. The part, however, on
which were represented the pogitions of the hitteries and the desired connexion was fortunately uninjured.
Lieutenant Orlando G. Wagner, of the topographical eugineers, standing near by at the time, was mortally
wounded, ag was also one of the soldiers, Private Jerry Luther, of the second Rhode Island regiment, attached
to the surveying party. One of the pickets was killed outright and several were wounded. The alhidade
was blown from Mr. Don’s hand and the sleeve of his coat torn away, but he received mo personal injury
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except a slight seratch on the hand. He resumed the survey at once with a compass and chain, and com-
pleted it from York river to Lee’s mill and Warwick Conrt-House on the 18th of April.

Another plane-table, to supply the place of the one destroyed, having been promptly forwarded from
the office by request of General McClellan, Mr. Dorr carefully surveyed Wormley’s ereck and its branches,
making a junction with the survey of Mr. Seib, previously referred to, az well as with his own surveys.
That work was closed just previous to the evacuation of Yorktown. A short interval before had been em.
ployed in making tracings from the completed surveys, for military use.

After the retreat of the enemy up the peninsula, Sub-Assistant Dorr surveyed the works which had
been erected by the insurgents between the main road and Lee’s mill, and that service was not quite complete
when the party was ordered to move on after the army. Sub-Assistant West had made a careful plane-table
survey of the battle field of Williamsburg, to accompany a repart of the battle, by Brigadier General Smith.
Three wmiles west of the town that survey was again taken up on the 10th of May, and continued by the
party uninterruptedly to New Kent Court-House, including also the road leading theuce nearly to Eltham,
and that to Cumberland on the Pamunkey river. Mr. Dorr reached “ White House,”” on the Pamunkey, on
the 16th of May. Mr. Donn next day surveyed the wagon road and line of railroad leading out from that
point westward, as far as Tunstall’s Station. On the 18th a general reconnaissance was ordered by various
rout:s to the Chickahominy river. The line of railroad and country adjacent to it were allotted to the party
of Mr. Dorr. By nightfall he had advanced seven miles, and had sketched a belt of about a mile in breadth.
The reconnaissance wag pushed forward to the railroad bridge aeross the Chickahominy, and its condition
was reported. Returning, the road was run which leads from Turner’s mill southward to Baltimore Cross-
roads, a point on the main road passing from New Kent Court-House to Bottom’s bridge.

Immediately after the movement of the army to the Chickahominy, which took place on the 21xt and
and 22d of May, Mr. Dorr surveyed the road from Degpatch Station to Coal Harbor, sketching in the topo-
graphical features between the road and the river, and making careful examinations with refcrence to suitable
positions for bridges. His survey was then connected near Dr. Gaines’s house with planc-table work by
Sub-Assistant West, which took in details between the same road and the river, but higher up, and to a point
within three miles ot Mechanicsville. All the roads diverging from Mechaniesville, excepting the one which
leads to Meadows’s bridge, were run by Messrs. Dorr and Donn, and contour lines of twenty fect clevation
were traced around the village and to the distance of several miles in all directiona.

Sub-Assistant Dorr mapped the vicinity of the railroad, from the Chickahominy to Fair Oaks Station,
on the 28th of May, and then surveyed the Williamsburg roud from Savage Station westward to the outer
line of pickets. Mr. West at the same time made a plane-table survey of the west bank of the Chickahominy,
between Summner’s upper bridge and the upper trestle bridge.  Contour lines also were run with great care by
the party for each ten feet of elevation of most of the ground in front of General Sumner’s position. The
road from I'yler’s house to Savage Station, across Sumuer’s lower bridge, was traced and mapped by Mr.
Donn.

South of the railroad and west of the Chickahominy the ground generally, including the minor roads
near Fair Oaks and the various roads Icading to the White Quk Swamp, were examined and traced by the
party of Mr. Dorr. ’

‘When the flank movement of the army had been decided on in the latter part of June, the party was
ordered to examine all the roads branching from the Williamsburg stage road in the direction of the swamp.
This was promptly done, and of a number examined and reported on, one practicable route, in addition to
the one in previous use, was found. Near midnight of the 28th of June, Messrs. Dorr and Donn were
detailed as guides for General Sykes’s division, which had been ordered to pass through to the James river,
The intense darkness and heavy rain made the gervice somewhat difficult, but the entrance of the road was
soon found, and the division reached Woodbury’s Ford early on the following morning.

Mr. Donn retwrned to the Coast Burvey office on the 3d of July, and uecar the end of that month
joined the party of Assistant Whiting in Section I1.

Sub-Assistant Dorr remained with the army and made a survey of the ground of occupation in the
vicinity of Harrison’s Landing, on the James river. He was detached from duty with the army on the 14th
of July, and reported at the office on the following day. During the autumn he cxecuted a ficld reconnais-
sance and made a map of the environs of Portland, Me., for military defence, which bas been more fully
referred to under the head of Section I. He is now under orders for duty in Section V1.

Verification of topography.—Assistant A. M. Harrizon ran a line with the plane-table for connecting
the survey of Chincoteague bay with that of Pocomoke gound, across the northern part of Accomac county,



40 REPORT OF THE SUPERINTENDENT OF

after the completion of work which will be referred to further on in this chapter. ¢ The line was started at
Snead Station on Chincoteague bay, (sce Sketch No. 13,) w.th two other triangulation points, for obtaining
a correct position, and then a series of courses was run in the same general direction with the plane-table and
chain for a distance of 15.41 miles, to the head of Pocomoke sound, which had been surveyed by Assistant
Seib.”  The number of courses was forty, the longest being nearly a mile and the shortest about a hundred
and fifty yards in length. The station marks on the Chesapeake side being lost, made it impracticable to
connect the two surveys at any intermediate point, without triangulation, or to verify the topographical survey
which had been carried nearly across the head of the peninsula in the vicinity of the boundary line, in the
surveying season of 1859-760.

On closing with the Chesapeake shore-line, Assistant Harrison found a difference of fifty metres, which
may properly be regarded as due to the error of the plane-table, when worked without occasional reference
to points of triangulation as checks.

Mr. Charles Hosmer, who had completed an extensive survey for military purposes, aided Mr. Harrison
in this duty. Mr. H. W. Bache was attached to his party as aid, and was employed in this and other duty
in the section. ’

Topography of Accomac county, Va.—At the request of Major General Dix, a party, in charge of Mr,
Charles Hosmer, was assigned in December, 1861, for the survey of the vicinity of Drummondtown. that
part of Accomac county being then occupied by United States forces under Brigadier General Lockwood, as
was stated in my last annual report. Mr. Hosmer, aided by Mr. F. A. Lucber, commenced, on the 17th of
December, a survey (see Sketeh No. 13) which joins on the east with one of the topographical sheets of the
Atlantic coast, and on the west with a sheet of the survey of Chesapeake bay. All the roads, woods, and
other surface features within a breadth of about eight miles north and south, and passing quite across the
middle of the county, were mapped.

Assistant A. M. Harrison, who had been, during the same period, employed in sounding out Metomkin
bay and iulet, when that work was done, joined Mr. Hosmer with his own party, and assisted in the plane-
table survey. Mr. Hosmer had previously assisted in the work at Metomkin bay, to which further allusion
will be made in this chapter. "T'he topographical survey was closed on the 21st of May.

From the sheet of the approaches to Drummondtown, including the soundings in Metomkin inlet, a careful
tracing was made at the office and forwarded to Brigadier General Lockwood. The following are statistics
of the topography :

Creeks, &e.. surveyed. . .. ... 24 miles.
Roads. ... oo oo il iieaai.o-. 132«
Arca of country, (square miles). - ... ..o Ll i 51

For this survey General Lockwood made details of men from the second Delaware regiment, and, towards
the close of the season, from the second regiment of Maryland volunteers. Means and facilities for trans-
portation were supplied by Captain Tyler, brigade quartermaster, to whose courtesy and obliging disposition
the working parties were much indebted.

Although generally level the country around Drummondtown is much intersected by roads, and these,
with other features, present a large amount of detailed work on the topographical sheet.

After completing this survey, Mr. Hosmer assisted Mr. Harrison in revieing the topography at the head
of the peninsula, near the Virginia boundary line. The parties returned to the office in the latter part of
May, and made immediate preparation for other field duty. During the summer Mr. Hosmer was employed
on the shores of the Potomae.

Plane-table surveys near Norfolk ard Portsmouth, Vai—An early opportunity was taken, after the pos-
gession of Norfolk was regained to the government, in May last, fo trace on the original plane-table sheets of
the Coast Survey the numerous batteries which had been erected in its vicinity by insurgents during the
course of the previous year. This service was performed by Assistant A. M. Harrison, in June, the requisite
facilities for working having been furnished by Major General Wool and Brigadier General Viele.

In the immediate vicinity of Elizabeth river the rebel forts and the entrenched camp on Sewell’s Point
were surveyed and mapped, as were also the fortifications on Craney island, besides thirteen, mostly of small
size, at various peints along the shores, and the Gusport navy yard, with a battery directly -opposite to it on
the river bank. ]

The survey of the navy yard was made on a large scale, to show its condition after the destruction of
the buildings and shipping by the insurgents. Mr. Harrishn says: « It presented a sad pictare of devasta-
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tion. Excepting the officers’ quarters and one or two other buildings, all the edifices were burnt.  The dry
dock and the g anite lnmber dock were not materially injured, though an attempt had been made to blow up
the masonry which held the gate hinges of the dry dock. The gates were destroyed.”

Bastions which had been crected near the wall, to command the approaches to the navy vard from the
gouth, were also swiveyed, and the positions deteimined of the remains of several vessels of the navy which
had been buirnt in the harbor.

General Viele furnished a steam {ug and hands to aid in making the surveys. Mr. Harrison mentions,
also, his indebtedness to Lieut. S. Lee Perkins, 2d regiment New York volunteers, acting engineer to General
Viele, for sketches of several of the batteries on Elizabeth river.

The positions of two other intrenched camps, designed to guard the approaches.to Norfolk from north
or south, werc marked on an engraved sketch, so as to admit of being transferred to the topographical sheets.

M. H. W. Bache and Mr. F. A. Lueber assisted in field duty in this section, and also accompanied
Assistant Harrison when he resumed topog-aphical work in Section I, in the latter pa:t of July.

The special surveys made by the paity in the vicinity of Notfolk are on two sheets containing the
details of the numerous intrenchments. 'Their positions have been laid down on the original topographical
sheets of the smivey of 1854. All of these are now on file in the office.

Hydrography of the Potomac river—The hydrog aphic reconnaissance which was made last year in
order to meet the exigencies of the naval and military seivice, and which was then reported on, has been
replaced by a thorough suivey of the greater part of the Potomac below Georgetown.

Licutenant Commander T. 8. Phelps, U. 8. N., Asgistant Coast Survey, wish a party in the steamer
Corwin, took up the regular kydrog-aphy on the 29th of July. Abreast of Britton’s bay and $t. Clement’s
bay (Sketch No. 13) he joined wo.k with the soundings which had been made in 1860, and thence upwards
extended the hydrography towards Indian Head. At the Kettlebottom ghoals the soundings weie made
more than usually close, no p oper channel having been developed by sounding in the ordinary way.

The triangulation and plane-table survey on which the hydrography of the Potomac was based has
been noticed alieady in the beginning of this chapter. Lieut. Commander Phelps is still at work, and
expects to complete the hydrography up to Indian Head by the close of the year. The following are the
statistics of work at the preseut time:

Miles run in sounding . . oo oo eu i e i it ie e 1,668
Angles measured. .. ... eiiiedaaieiiaan 7,190
Number of soundings. .. ..o i i i i it e e aeaas 109,794

The tides were observed at six stations. About six hundred and fifty miles were run in gounding at
the Kettlebottoms alone.

Special service in which the party in the Corwin was employed during the spring will be referred to
presently. Mr. Chailes Junken aided in the hydrography, and plotted the chart of the lower Potomac.
The results will be transferred to the sheets of the preliminary chart which was at first issued with the
soundings given by the reconnaissance.

During such intervals as the duties of the office would permit, the Potomac, between Alexandria and
the aqueduct at Georgetown, was carefully sounded by Captain C. P. Patterson, chief of the Hydrographic
Division. He was aided, until the 11th of July, by Mr. L. Karcher, having commenced work on the 27th
of May. The course of the Eastern branch and the channel passing to the navy yard are included in this
survey.

After closing work, which was done at the end of August, the soundings were plotted for the upper
gheet of the chart of the Potomac.

Tidal observations were made as usual while the hydrography was in progress,

The following are statistics of the work above Alexandria:

Miles run in sounding.........o.ooou.n P 205
Stations determined. .. ...t ait et eeceaeiaae e aaaan 43
Angles measured.. . ... ... .......... @t ranasnsemencreenaa. e 1,342
Number of 50andINEE. . <. .ot v et et a e 21,735

Operations of the kydrographic party in York river, Va—At the opening of the campaign on the
Peninsula, between York river and James river, the steamer Corwin, with the hydrographic party under
Lieut. Comdr. Phelps, was so placed as to pass at once under the orders of Commodore (now Admi al) Go.lds~
borough, if the exigencies of the naval or military service should o require. In the progress of the Slege

s 6
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of Yorktown, in which the Corwin engaged as one of the flotilla, it was perceived, on the morning of the 4th
of May, that the intrenchments had been abandoned by the enemy. Lieut. Comdr. Phelps at once repoited
the fact to the flag-ship, and was directed to start up York river in company with the steamer Currituck.
Near Queen’s creek a company of rebel cavalry was dispersed by shells from the Corwin, and a schooner, a
gloop, and a launch were captured within a run of thirteen miles above Yorktown, with military stores and
personal effects of officers. ,

“ Being so directed, the steamer joined the United States gunboat Chocura, which was then passing up,
on a reconnaissance towards the head of the river. "West Point was found unoccupied, though fifty prisoners
from civil life had been left there by the enemy, in wretched condition and without necessary subsistence.
Efforts had been made to burn the lumber stored there, and the Corwin, in consequence, remained to prevent
further destruction.

A few hours before reaching West Point the party had captured a second schooner, above Bigler’s
wharf, and next day took possession of a third, and of the sloop Water Witch, which had been abandoned
in the I'amunkey river. Much information was gained by Lieut. Comdr. Phelps respecting the movements of
the rebel forces, and at once transmitted to the proper quarter.

At this time the hostile garrison which had occupied Gloucester Point was known to be retreating up
the east side of York river. To cover the posaibility of an attempt to pass through West Point, Lieut-
Comdr. Phelps, under direction of the naval authorities, anchored near the ship-yard, on the night of the 6th,
80 as to command the approaches to the town. Learning, next morning, that previous measures had diverted
the retreat to the east side of the Mattaponi, the Corwin started wup that river, and by 3 p. m. had gone
thirty-six miles above West Point, learning on the way, however, that the rebel force had crossed during the
night. In the evening the steamer returned to her anchorage at the ship-yard, and by throwing shells during
the night prevented the burning of the timber there by a party which had destroyed all the other public
property in store.

Under permission of the senior naval officer, the party of the Corwin disabled Trice’s mill, in King and
Queen county, which was at work for the rebel army, leaving it, however, capable of being run for the use
of the neighboring inbabitants. The party took, at the same time, three teams laden with flour, which were
on their way to the rebel troops at Dunkirk.

On the departure of the senior naval officer, Commander William Smith, on the 15th of May, for the
James river, Licut. Comdr. Phelps was left in charge to protect the government property which was then
accumulating at West Point and in the Pamunkey river. During this period of duty the Corwin retook
several items of government property, amongst others twelve mail bags which had been the property of the
United States Post Office Department, and recovered the gun of a rebel boat that had been burnt by her
crew, on the 4th of May, to escape capture by the steamer.

On the 14th of June the schooner Starlight was seized by a party from the Corwin, in the Potopotank
river, and sent to the fleet, the fact being made clear that her owner was then serving as lieutenant in the
insurgent army ai Richmond. Others had been detained, and, after due process, released. The Corwin had,
just previously, made another trip up the Mattaponi, in which all was found quiet.

In the afternoon of the 21st of June the third officer of the Corwin, Mr. E. L. Taylor, was sent, with
& boat’s crew, to King and Queen county, and found, in mail matter which was taken in its passage between
Caroline county and Richmond, intimation that strong re-enforcements had reached the rebel army on the 11th
of that menth. The letter containing it was immediately sent to General McCleflan.

Lieut. Comdr. Phelps remained at West Point until the evening of the 1st of July, and then, in con-
formity with orders, dropped down to Yorktown. Before doing so, he turned back the steam transport Phila
delphia, which, having passed up the river in the night with horses, had o missed notice of the evacustion
of the depot on the Pamunkey. ’ -

In the course of his service in the vicinity of West Point, Lieut. Comdr. Phelps made and sent to the
office a’reconnaissance map of the Mattaponi river as far up as the junction of the Mantapike, and also of the
course of the Pumunkey river, from West Point to the military station at White House. .

~On the 13th of July orders were received from the Hoa. Secretary of the Navy, in accordance with
which the Corwin returned to Washington, and was afterwards employed in the duty which has been referred
to under the previous head. '

Hydrograply of Metomkin inlet and bay, Va-—This work was ordered for the use of Brigadier General
Lockwood, the depth and position of the bar and course of the channel from the inlet to the public' wharf en
Folly creek being necessary in the water communication with his command at Dmmmondtown. 'The inlet
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had been surveyed in 1852, but, the character of the changes being unknown, commissary stores for the troops
had been landed at PPungoteague after its occupation, and ftom thence carted fifteen miles. After the survey
by Assistant Harrison, which will now be referred to, the stores were taken by the most direct way to the
military station.

Mr. Harrison commenced the resurvey in January, and met with unusually stormy weather, which much
retarded the work. He found no noticeable change in depth at Metomkin inlet, though the bar itself had
shifted. Considerable changes had taken place in the shore-line. In reference to the alterations he says:

“The beach just inside of the northern point at the entrance of the inlet has washed away as much as
one hundred and fifty metres; the entrance has widened ; and the outer shore below the entrance has at one
point been swept away for a breadth of more than three hundred metres.”

Details of men from the 2d Delaware and 2d Maryland regiments, and mcans for transportation, were
furnished by General Lockwood.

On the 6th of April Mr. Harrison placed a can buoy on the bar, with such means for security as were
then available, but this was swept away a few days after by an unusually severe northeast storm. Two
others, with sufficient chain, were afterwards procured at Chincoteague island, One of them, * a spar buoy,
thirty feet long, painted red,” was placed on the bar about a mile seaward from the entrance; and the other,
“q gecond class can buoy, painted black and white,” near mid-channel, about half a mile outside of the mouth
of the inlet, and as mueh inside of the bar.

After completing the hydrography Mr. Harrison’s party joined that of Mr. Hosmer, and assisted in the
planc-table survey ncar Drummondtown. A tracing combining the results of both surveys has been furnished
to General Lockwood.

Mr. H. W. Bache served as aid in the party of Assistant Harrison.

After the completion of the hydrographic sheet the party was assigned to topographical duty in the
vicinity of the boundary line between Maryland and Virginia, of which notice has been taken in this chapter,
and, later in the snmmer, in the neighborhood of Norfolk. Mr. Harrison has been subsequently engaged in
Section I, and now has charge of the Drawing Division, at the office in Washington.

Magnetic observations—Before taking the field for the series of observations which has been described
under the head of Section 1I, Assistant C. A. Schott determined at the station near the Coast Survey office
the constants of the instruments intended to be used.

After his return to Washington Mr. Schott observed, as at the other stations of the present season, for
the magnetic declination, dip, and horizontal intensity at the station near the office. The results found are
included with those of Section II in Appendix No. 18.

The instruments employed and general order pursued in regard to the observations have been referred to
in the preceding chapter. ’

Tidal observations.—The tidal observations at Old Point Comfort have been continued successfully by
Mr. M. C. King throughout the year, notwithstanding the great liability to interruption last spring. A few
intervals in the series, but of no great importance, were occasioned by the jarring of numerous transport
steamers in bringing up at the wharf.

SECTION 1V,

FROM CAPE HENRY TO CAPE FEAR, INCLUDING THE COAST OF PART OF VIRGINIA AND OF PART OF
NORTH CAROLINA.—(Skercn D, No. 21.)

The surveys made in Section IV were for the use and chiefly under orders from the chief of the military
department of North Carclina and the flag-officer of the north Atlantic blockading squadron. They comprise
the following : .

1. Hydrographic sarvey and development of Oregon inlet, N. C., and buoying of the channel into
Pamplico sound. Buoys placed to mark the Middle Ground, and reconnaissance for marking the channel of
the Neuse river to a point above Newbern.

2. Physical sarvey of Hatteras inlet, N. 0. This was directed by the commander-in-chief of the army,
and wap prosecuted with reference to the cause of encroachment on,and the devising of means for preserviog,
the site of the forts from further action by the waves of the sea.

3. Hydrographic rerurvey of Beaufort harbor, N. (., determining important changes in depth and in the
direction of the channels. The same party traced the altered shore-line of the entrance at Beaufort. This
survey -was made by special request of the Navy Department.
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OFfFIcE-worRK.—The engraving of coast chart No. 87, Atlantic coast from Cape Henry to Currituck
sound, l.as been commenced ; and preliminary charts of Hatteras inlet (resurvey of 1861) and of Beaufort
barbor N. C., (resurvey of 1862,) have been drawn and lithographed.

Hydrography of Hatteras and Oregon tnlets, N. U, and special scrvice in Pamplico sound —My report
of last year contained a notice of the hydrographic resurvey of Hatteras inlet and examination of the currents,
intended to facilitate the naval operations which were in progress in the fall of 1861. The result was that
the new chart of the inlet only made more apparent the natural difficulties of the passage. Tracings from it
were furnished for the use of the second expedition, which was preparing in the winter, under the command
of Major General Burnside and Commedore (now Admiral) Goldsborough, to move in the waters of Pamplico
and Albemarle sounds; and, as intimated in my last report, a party, well acquainted with the localities, was
assigned to accompany the expedition, in crder to render such further service as might be needed.

Assistant A. S. Wadsworth joined tlie military expedition of Major General Burnside at Annapolis on
the 8th of January, and reported at once to Brigadier Gieneral Foster. When the fleet arrived off Hattceras
inlet the weather was bad ; yet the local knowledge of Mr. Wadsworth was made effective in verifying the
recorded soundings, and in piloting vessels of the expedition throngh the intricate channel of Hatteras inlet,
and in kecping the channcl buoyed. Though subjeet to rapid changes, the shoals near the entrance were
found to have only slightly altered in contour since the careful survey made by Licutenant Commander
Phelps, in November, 1861.

Tracings from all the plane-table sheets of the vicinity of Roanoke igland and other quarters on this part
of the coast had been made at the office on the full scale, and supplicd for the use of the military and naval
commanders.

Mr. Wadsworth accompanied the joint expedition in the successful attack which was made early in
February on the rebel forts and intrenched lines on Roanoke island, and after its occupation supplied tracings
of the environs of the forts from the topographical sheets. Fortunately, the minute topographical survey of
the island was almost complete when the war commenced, the instruments with which Sub-Assistant Mechan
was working at its south end, to close the survey, being seized in the spring of 1861.

Having intimate loeal knowledge of the shores of Albemarle sound, Mr. Wadsworth also attended the
detachment sent to Elizabeth City and to other points on its north side, and returned to Hatteras on the 11th
of March. IIe accompanied the army in the expedition to Newbern, and there took charge of the schooner
Baneroft, which had arrived on the 24th of March, with facilities for executing any special hydrography that
might be needed in the military operations. The party in the schooner was employed until the 5th of April
in setting stakes to mark the channel above Newbern, and on completing' that service returned to Hatteras,
where preparations were at once made for joining the party of Assistant Henry Mitchell, who had been
specially assigned in March for the survey of Oregon inlet. This work was undertaken in the hope that a
practicable channel might be found to shorten and facilitate the passage of small transports to Roanoke island.

Assistant Wadsworth crected the signals and assisted in measuring the requisite angles. Returning
with the party to Hatteras inlet in the latter part of May, he went with it again to Newbern, and assisted in
sounding the Middle Ground and in setting buoys. This service having been completed he returned to the
inlet soon after, and reached Philadelphia with the Bancroft on the 14th of June.

In his report (Appendix No. 30) Assistant Mitchell gives details of his own operations, and refers to
gpecial work performed for the military authorities, which, however, lay quite within the scope of his instruc-
tions. This embraced a reconnaissance of a portion of the Neuse river and the buoying out of the Middle
Ground.

Sailing directions were furnizshed for the use of the military department as soon as Oregon inlet was
buoyed, which was done under the direction of Mr. Mitchell a few days after the arrival of his party.
Tracings of the finished chart were sent at once to Major General Burnside and Commodore Goldsborough,
the service being completed on the 20th of May.

The sounding out of the bar and seaward approaches of Oregon inlet was the work of only four days;
but the survey of the Swash, where the winding channels are narrow and traversed by strong tidal drifts,
proved a very slow and arduous undertaking. Assistant Mitehell says ; -

“QOregon inlet has worked to the southward since the plane-table survey of 1849, and as an avenue for
commerce it has greatly deteriorated. The chart shows only six feet and a quarter over the bar at mean low
tide, and the channel lies so close along the north beach that it can searcely be regarded as safe for sailing
vessels, even in the best weather.” &

The currents of this as of all other inlets connecting our inland sounds with the ocean are of the half-
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tidal class ; that is, slack water oceurs two or three hours before aud after the high water stand, and the
maximum flood and ebb drifts oceur, respectively, at high and low waters.

The shallowest bulkheads of the Swash, as shown on the chart, are, by one channel, four and a quarter
feet; by the other, three feet. Vessels, especially steamers, when under good headway, may force through
these sand ridges with, perhaps, a foot greater draught. The recent continual passing of steamers over the
Hatteras Swash has, I am informed, deepened its channel materially.

The steamer Albemarle, for the use of which Mr. Mitchell received an order from Commodore Golds-
borough, having met with an accident just before his party reached Newbern, arrangements were made with
Assistant Wadsworth by which the two parties were combined, as already stated, on hoard the schooner
Bancroft. Special allusion is made by Assistant Mitchell to the eordial co-operation of Mr. Wadsworth.

Mr. Edward Cordell was attached to this party as hydrographic draughtsman, and was prompt and
efficient in plotting the work and preparing the chart. My, O, P. Dillaway served as aid, and Messrs. Ames
and Sengteller as observers.

Assistant Mitchell returned to the office at the end of May, leaving Mr. Wadsworth in charge of the
vessel. He was subscquently employed in hydrographic duty in Section I.

Assistant Wadeworth remained at the office after his return in June. He died in Washington on the
9th of Aungust.

In a letter addressed to me, dated “ Headquarters Department of North Carolina, May 31, 1862,”
Major General Burnside says:

« 1 beg leave to express to you my high appreciation of the services of Mr. Henry Mitchell and party,
of your department, at Oregon inlet and in the Neuse river. They have worked most faithfully, and given
us very valuable charts, sailing directions, and general information.”

Phiysical surcey of Hatteras inlet, N. C—In my report of last year I referred to the fact that 1 had,
at the request of Major General McClellan, sent one of my assistants, Mr. Henry BMitehell, to inguire into
the nature and causes of the emcroachments of the sea upon Fort Hatteras, and the changes in the form of
the inlet. Mr. Mitchell remained at and near Fort Hatteras until the 9th of January, when, baving com-
pleted his obscrvations and compiled his notes, he returned to the office. A short time after he furnished a
full report upon the subjeets of his mission, which I communiecated to the War Department.

It may not be out of place to refer here to some of the more general inductions which this report con-
tains. The long, narrow strip of sound which separates Pamplico sound from the ocean is spoken of as “a
ridge made by the waves of the sea, which have disintegrated the borders of shallow flats and gradually
elevated or heaped up that portion of the material which could not be dissolved or carried off by currents.”

« The waves upon a beach are obscrved to make a sclection among the carths with which they come in
contact. The vegetable mould and light soils are washed out and borne away in the recoil of the sca and
by littoral currents, while the gravel and coarse sauds are left rolled up in ridges, near the highest reach of
the rollers.” .

Examinations about Hatteras inlet seemed to show that at the depth of fifteen to cighteen feet below
the low water plane the action of waves is not traceable, and that here the antecedent soil of the country may
be found.

The report is very full upon the causes of inlets, and shows how dependent the depths of these avenues
are upon the amount of outflow and the angle at whick this outflow encounters the waves of the sea.

The tides and currents were carefully studied. *In small barbors and bays upon our coast the epochs
of the tides and currents are coincident : that is, sfack current occurs at the stand of the tide, at Aigh water
and at Jow water. But where the tide wave enters a narrow inlet, connecting with a great inland basin, the
cage is different. The basin, being nearly tideless, has its surface lying at about the mean level of the sea—
that js at the half-tide plane—and it is upon this plave that the currents of the inlet must take the initiative.
Flood currents can only commence to run in at the inlet when the surface of the ocean has risen above that
of the basin; and ebb current must commence when the surface of the former falls below that of the latter.
Moreover, the maximum velocities must ocenr when the greatest contrasts of heights between the ocean and
sound obtain; that is at kigh water for the flood and at low water for the «bb. At Hatteras inlet the con-
ditions described are in a great degree realized, although it would appear that the land waters which have
accumulated in Pamplico sound have raised its surface somewhat above the half tide plane of the ocean, so
that the flood current does not commence until three and a half hours after low water, and gives place to the
outflow in less than three hours after high water.

“ It is'a well known paradox of Hatteras harbor that ¢ a tight vessel grounds on the Bulkhead at kigh
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warer, during the strength of the flood current, she will ‘cut off, at low water, during the strength of the ebb
drift’

An opportunity was offered Mr. Mitchell to examine into the character of quickeands of varions kinds.
He attributes the formation of the deeper class of quicksands to the «drifting of fine silicious dust into
lagoons and slues during the prevalence of dry winds.” The slucs, which have been occasioned by violent
storms, soon become bordered by dangerous quicksands as the wind-drifts encroach upon them. ¢ Slougks
are sometimes caused by the escape of gases from the sands on the rise of the tide.”

Among the diagrams accompanying this report there is one showing the variations of density and tem-
perature of the water which occur at different stages of the tide. It was observed that during the ¢bb or '
ourflowing current the water was continually freshening and falling in temperature, the least density and
lowest temperature being recorded on the slack of the rising tide. On the other hand, the waters of the flood
current came in warmer and denser, reaching their maxima on the slack of the falling tide. This warm water
was evidently from the Gulf Stream. 1 obscrved,” says the report, “that the state of the atmosphere was
much affected, especially at spring tides, by the eurrents ; that it was sensibly more humid and mild during
the énflow than during the suiflow. A thermometer hanging on the outside of my quarters indicated the
changes of the currents at the inlet.

The report contains specifications for building dikes and canseways, and some of the plans are new. In
a locality like Hatteras, where material is limited both in quantity and varicty, original methods of con-
struction must be resorted to. Instead of using baskets of stones to protect the exterior slope of a dike, as
in Holland, it is proposed to place a large number of cedar trees inclined against the fore shore slope, their
butts to be loaded with pig iron, and to lie six or eight feet apart in a trench. These trees are to be con~
nected by two paraliel rows of chains, the lower chain securing the trunks, and the upper passing among the
branches ; thus a continuous watling may be formed which cannot be torn asunder by the breakers, but on
the conlrary may cause the sands to collect in permanent masses.

Every facility was offered Mr. Mitchell by the commander of Hatteras, the late Brigadier Geeneral
Thomas Williams, and in a letter from the latter, dated February 4, the return of my assistant is solicited
with flattering comments.

Hydrographic resurvey of Beawfort harbor, N. C—The chart of Beaufort harbor was published in
1857, but, like all other harbors on the South Atlantic coast, its bar and channels are known to be subject to
changes of very serious consequence to navigation, if net from time to time pointed out.

The capture of Beaufort and the reduction of Fort Macon by Major General - Burnside, having restored
the harbor to the possersion of the government, a resurvey was ordered in May, so that the port might be
made as available as the capacity of the channels would allow for the purposes of the Navy Department.
The duty of making the examination and soundings was intrusted to Mr. Albert Boschke, and the schooner
Joseph Henry was assigned for the use of his party. The vessel reached Beaufort on the 28th of May.

By natural or artificial changes most of the triangulation marks had been lost, and it was found necessary
to determine thirteen stations anew. Nine of these required the erection of large tripods for observing with
the theodolite. Mr. Boschke occupied eleven of the stations and observed eleven handred and eighty angles.
Mr. E. H. Courtenay served as recorder, and the work was drawn by Mr. Charles Heyne as the obser-
vations were completed at the several stations. The triangulation was completed on the 13th of June and
the soundings cominenced next day. For this last duty assistance was furnished by the commander of the
United States gunboat Daylight.

The changes in outline noticed at Beaufort entrance made it necessary to resurvey ten miles of the shore,
which was done in the usnal way, with the plane-table. The nature of the changes will be again referred to.
A summary given in the report of Mr. Boschke containg the following as statistics of the hydrography :

Miles run insoundings............... . 216
Sextant angles. o uvo oo e 2, 248
Castsof thelead. ... ... .. ... ... ... ... et et e 16, 540
Area sounded, (square miles).. ... .. ... .. L.l Ll e 14}

Seven current stations were occupied, each during one full ebb and flood. A tide staff was sct up at the
government wharf, Fort Macon Point, from which the tides between the 8th of June and the 26th of July
were recorded by Mr, Thomas Thompson.

As the hydrograpbhy advanced the plotting of the chart was pushed or, the gailing lines were drawn,
and new positions assigned for buoys, so a8 to conform to the actual alterations in the proper courses. The
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United States quartermaster at Beaufort furnished a steam-tug, and the engineer of the Daylight proeured
the temporary moorings for the bnoys. The buoys belonging to the port were found in the city, where they
had been deposited by the parties who removed them at the outset of the war.

The following remarks on the changes which have taken place in Beaufort harbor are extracted from the
report of Mr. Boschke :

“ Considerable changes have occurred on the shores of Bogue and Shackleford banks. The west end
of Shackleford bank has made out three hundred and sixty yards; and from Bogue bank, at Fort Macon
Point, sixty yards have washed away. 'To the westward of Fort Macon Point, on the seaside, and to the
eastward of Shackleford Point, the shores have grown from one bundred to one hundred and fifty yards
seaward.

“The present channel and bar are about a third of a mile further west than they were in 1857. The
depth on the bar at mean low water has slightly improved. The former channel is obstructed and now gives
only seven feet at low water, or no more than the western slue.

«The southwest breakers have changed considerably, there being now a shoal bare at low water in their
place. A epot is also barc at low tide on the Middle Ground, and both shoals are at present iucreasing in size.
The channels and shoals of the inner harbor have not materially changed.”

The results of the examination made by Mr. Boschke render it probable hat the bar of Beaufort entrance
will continue to move westward for some time in the direction of the main ship channel, and that the depth of
water on it may further improve, From a reduction furnished by Mr. Boschke, a new preliminary chart of
Beaufort harbor was lithegraphed at the office in August and distributed for the use of the navy and of the
army trangports.

The schooner Joseph Henry returned north at the end of July, reaching Boston on the 12th of August-
Bhe was at onee assigned for use to the party of Assistant Harrison, in Section I. The records of obser-

vations, the duplicates, and the original chart of the resurvey of Beaufort harbor, are now at the office in
‘Washington.

SECTION V.

FROM CAPE FEAR 10 ST. MARY’'S RIVER. INCLUDING PART OF THE COAST OF NORTH CAROLINA, AND THE
COAST OF SOUTH CAROLINA AND GEORGIA.— (Skerca E, No 25 )

The service performed in this section was by parties which accompanied the South Atlantic blockading
squadron. Some of the orders of Admiral DuPont, under whose immediate direction the work was done,
will be found in Appendix No. 31. The details are stated in the following order, after a few preliminary
remarks relative to the organization of the partics, and reference to duty connected with the eapture of Fort
Walker and Fort Beaurcgurd, the particulars of which were stated in Appendix No. 31 of my report of last
year:

1. Rattlesnake shoal, examined by sounding, and buoys placed to mark its ends.

2. Stono river and bar mapped and sounded, including also Folly and Kiawah rivers, and topographicaj
survey of their shores and of the islands ncar Stono entrance, 8. C., showing the forts and rebel intrench-
ments. The requisite triangulation for these surveys was executed during the present working season,
Stono bar and entrance was permaneritly buoyed by the party.

3. North Edisto entrance, S. C., sounded out. The changes of the channels were developed and buoys
set in eonformity with the present courses for entering.

4. St. Helena entrance, S. C., examined and buoyed. Sketches were made of the defensive works found
on the shores of the sound. ‘

5. Port Royal sound, including Broad and Beaufort rivers and Skull creek; 8. C.; extended topograph-
ical and shore-line surveys and hydrography, with plans of the rebel fortifications. Buoys were permanently
set to mark the channels into Port Royal, and others for the navigation of the interior of the sound.

6. Calibogue sonud, 8. C., and Savannah river entrance thoroughly sounded and buoyed.

7. Wassaw entrance, Ga., examinoed, and buoys set to mark the bar.

8. St. Simon’s bar, Ga., sounded, and chauges in depth developed. Buoys were placed to mark the
channel into the sound.

9. Fernandina harbor, Fla., examined ly soundings on the bar and in the channel. The buoys whiech
had been removed by the enemy early in 1861 were found and replaced. ]

The list given in Appendix No. 36 shows .the number of aids to navigation placed by the wor.kmg
parties in each locality for the use of the blockading squadron on the coast of South Carolina and Georgia.
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Orrice WoRK.—The engraving of Sapelo sound, Ga., Ossabaw sound, Ga., and of St. Simon’s sound’
Brunswick harbor, and Turtle river, as finished charts, has been completed. The drawing of general coast
chart No. VII, Atlantic coast from Winyah bay, 8. C, to 8t. John’s river, Fla., and that of Calibogue sound
and Skull creek, forming the inland passage from Tybee roads to Port Royal sound, and the engraving of
Savannah river as a finished chart, have been in progress. Additions have been made to the progress sketch
of the section. The following preliminary charts have been drawn and lithographed for immediate use, viz :
sea-coast of South Carclina; sea-coast of Georgia and Florida to St. Augustine; Port Royal entrance, with
Beaufort, Broad, and Cheehessee rivers; Calibogue sound and Skull creek ; Wassaw bar; St. Helena sound ;

the addition of James’ island and Stono river to the chart of Charleston harbor; and a chart of Stono inlet, -

with parts of Stono, Folly, and Kiawah rivers, from the survey of the present year.

Coast Survey operations on the coast of South Carolina, Georgia, and part of Florida.—As stated in
my last annnal report, the party of Assistant C. O. Boutelle, at the end of the year 1861, was in active ser-
vice with the naval and military expeditions which moved in several directions from the naval station in Port
Royal sound, 8. C. T'wo surveying steamers for a short period, but ultimately only one, (the Bibb being
seut to replace the Vixen when disabled,) and two schooners, the Arago and the Caswell, were assigned to
the charge of Mr. Boutelle. Several of the most active sub-assistants and aids had been attached to his
party, their selection being made g0 as to insure the most thorough efficiency.

Uunder the orders of Commodore (now Admiral) DuPont, the first duty performed by the party was the
temporary buoyage of the south chanuel into Port Royal sound, and piloting the fleet and army transports
over the bar, as stated in my previous report.

After the suecessful naval attack of the 7th of November, by Admiral DuPont, which restored the waters
of Port Royal sound to the possession of the government, the several members of the party were occupied
in local surveys until the 24th of that month, or a little beyond the close of the surveying year, at which
time my annual report. is made up.

In noticing the further operations of the party of Assistant Boutclle referenee will be made to the locali-
ties in geographical order, in accordance with the plan of previous reports, though this will, in some cases,
jnvert the order of dates at which-the work was executed. The parties proceeded from I'ort Royal as a
centre, and worked north and south of it, but I will notice first the most northern locality of operations, and
proceed with the others in the usual order, going southward.

The surveyors were repeatedly under the fire of the enemy, either while co-operating with the naval or
military forces by reconnaissance, or when employed in usual field-duty in this section.

Rattlesnake shoal—It having come to the knowledge of the flag-officer that most of the vessels which
ran the blockade of Charleston had taken the advantage of local knowledge to cross the Rattlesnake shoals
Mr. Boutelle was directed to examine it, and to place buoys so that the movements of our blockading vessels
might be free from danger. This was promptly done, the buoys being set on the 10th and 11th of May.
The steamer Bibb was used in running the necegsary lines of soundings, and the buoy vessel, which was
then serving as her tender, in placing the buoys. Two first-class buoys were fixed in position, one at each
end of the shoal. The result of the examination was made known to the squadron, and that, with the marks
which had been set, had much effect in checking the evasions of the blockade that had become quite frequent
in that quater.

Triangulation, topography, and hydrography of Stono entrance and bar, and of Stons, Folly, and Kia-
wak rivers, S. C—On the 18th of May Mr. Boutelle received orders to transfer his party to Stone inlet, to
examine the bar, to buoy the channel, and, if practicable, to pilot in the gunboats which had been sent there
as the preliminary to an attack on the fortifications of that vicinity.

On the morning of the 19th the Stono bar was examined, and a channel found giving seven feet at low
water. 'Fhis was temporarily buoyed by the party at once, and permanently marked on the following morn-
ing. Assistant Boutelle, aided by Mr. J. 8. Bradford, piloted in the guuboats Unadilla, Ottawa, and Pem-
bina. The reconnaissance was extended up the Stono, above Legardville, to a fortification known as  Old
Battery,” on James’ island. When the gunboats were anchored for the night Mr. Boutelle and Mr. Bradford
returned to the bar, the steamer Bibb, owing to her draught, being as yet obliged to anchor outside.

Some days were occupied in gounding the lower part of the Stono in the vicinity of Bird key, and the
remaining part of May and the month of June in hydrographic duty, and in the preliminary work requisite
for it.  In that interval Assistant Boutelle made two short visits to Port Royal on public gervice. At Stono
he was rejoined by Sub-Assistant W. S. Edwards, in the surveying schooner Arago, and by Mr. Cleveland
Rockwell, these parties having completed extensive surveys for military purposes near Port Royal. Mr-
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Edwards rendered able assistance in the survey of the rivers connected with Stono inlet, and Mr. Rock-
well by tracing the shore-line of the adjacent izlands.

The resurvey of Stono bar and inlet revealed great changes which had occurred in the direction of the
channel, and in the depth of water. All of the hydrography was, of necessity, done in boats, though the
heat of the weather was extreme. The Stono, Folly, and Kiawah rivers were scunded. Mr. Edwards, tak-
ing the upper part of the Btono, extended the soundings to Newtown Cut, above which his progress was
stopped by a strong rebel battery.

By the untiring industry of Mr. Rockwell the shore-line survey of Coles, Folly, Kiawah, and James’s
islands, and that of Bird Key, was ready for the use of the hydrographic party when called for.

The triangulation of this part of the coast of South Carolina was executed in 1855. Some of the stations
then used being necessary for the topography and hydrography, the duty of restoring the signals, a work
attended with danger, was assigned to Mr. C. H. Boyd. This was done in armed boats, and in one instance
(Big Sandy Pt. station, ) it was necessary to have aid from one of the gunboats stationed in the river. Captain
J. B. Creighton, of the Ottawa, kindly sent his first cutter, in charge of Master R. K. Duer, to accompany
the cutter of the Bibb, which was in charge of Mr. Bradford. No reconnajssance had been made previously.
Mr. Bradford reset the signal, and his party returned in the afternoon. Other signals were in like manner
set up, and the positions of the buoys and hydrographic points werc determined from them.

The position of Fort Pemberton, a rebel intrenchment on Wappoo creek, and of other batteries, and of
lookout stations erected by the encmy in the neighborhood of ¢ Secessionville,”” was determined in the same
way. The exact distance from them to given points, being in cach case deduced and stated, proved of great
advantage to the gunboats in ranging their guns.

It is proper to remark that during the stay of the Coast Survey party at Stono the buoy vessel was in
service as the tender of the steamer Bibb, and, in charge of members of the party of Mr. Boutelle, she piloted
in from time to time from the outer bar buoy the gunboats and traunsports as they were assigned to service in
the river. Mzr. Boutelle was for the most part personally engaged, under Commander Drayton, senior naval
officer at Stono, in reconnaissance, for which his intimate local knowledge fitted him. He accompanied and
piloted the expedition up Folly island river, as also the recomnaizsance of Fort Pemberton, made with the
gunboat Ellen, and another, made with the steamer Bibh, up the Kiawah river.

The Coast Survey party left Stono inlet on the 23d of June, the Bibb being then much out of repair,
and the time of most of her crew having expired. She had been in service with the party afloat during six
consecutive months. On the 1st of July she left Charleston bar, having passed the intervening week at Port
Royal, and, after touching on her way north at Fortress Monroe, returned to New York. The Caswell
reached New York on the 12th of that month, and the Arago on the day following.

Among the incidents while the party was at work in the vicinity of Stono inlet was the capture of six
out of a company of outlying rebel pickets belonging to the twenty-fifth South Carolina regiment, one of
whom was about to fire on Mr. Boyd when he was taken. This was effected by Messrs. Boyd and Bradford,
who had landed from their boats with four men opposite to Legaréville, to examine the western side of James’s
island. The prisoners were brought in by the party and delivered to Captain Godon, who was at that time
(May 21) the senior naval officer at Stono.

North Edisto entrance, S. C—A partial examination of this harbor was made in December, 1861, with

~the steamer Vixen, when Assistant Boutelle piloted-into the river the naval expedition under Captain Percival
Drayton, U. 8. N. No attempt was then made to buoy the chamnel, nor until the 11th of the following
February, after General Sherman had decided to occupy Kdisto und the adjacent islands. At that date, and
under the orders of Commodore DuPont, Mr. Boutelle, with the steamer Bibb, convoyed the army transport
Ben Deford, with the forty-seventh regiment New York volunteers, and, in company with the gunboat
Crusader, protected the troops for some time after their landing on Edisto island from night attack, the enemy
being then in force only a few miles from Rockville. Daylight was employed by the party in sounding the
bar, and the boats of the Bibb returned each night to the vieinity of « Point of Pines House” to guard the
approaches to the military station. The hydrographic work was made very difficult by stormy weather, bat
the labors of the party were successful. A new channel was found to the southward of the old one, aud thh
more water. The bar was thoroughly sounded, and temporary buoys were laid, from the boats.

Commodore DuPont requiring the services of the party in Port Royal gound, the steamer Bibb left North
Edisto on the 233 of February, and did not return until near the end of April. In the last wi eek of that
month both channels were permanently buoyed, and a first-class buoy was placed at the point where the

cs 7
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channels meet ; the sailing lines were plotted ; and the sailing directions were drawn out and communicated
to the flag-officer.

The triangulation work dene at Noxth Edisto was auxiliary to the hydrography, and was exeented by
Mr. Boyd. Some of the old points were restored, and those, as well as the hydrographic signals and the
new buoys, were determined in position. The survey was completed by the end of April, and on the 1st of
May the vessel returned to Port Royal. During both of her visits to North Edisto the Bibb had been con-
stantly employed in the protection of the shores, and in scrvice incidental to the objects of the military and
naval expedition. :

St. Helena sound, S. C—Assistant Boutelle’s party went with the naval expedition which visited St.
Helenz sound on the 24th of November, and at that time made a preliminary examination of the bar and
placed some temporary buoys. As the differcnt vessels of the squadron passed to the bar, they were piloted
by members of the Coast Survey party. Drawings and plans of the rebel works were also furnished, the
intrenchments there being strong and elaborate. Mr. Boutelle’s local knowledge was again made effective,
and under his direction the sloop-of-war Dale was piloted through Parrot creek to her anchorage off Otter
island. Soundings were made through the tortuous channels of Morgan river and the creek just mentioned,
a service rendered hazardous by the narrowness of the streams, as the pilotage was made difficult by the fact
that the Dale drew fourteen feet of water. After closing this preliminary service the party left for another
station, and did not return to St. Helena until the 5th of April, for the survey of the bar und entrance.
Commodore DuPont having special duty for the stcamer Bibb, Mr. Boutelle, with one of her officers, went to
work with the buoy tender, partially sounded the channels, placed large iron buoys in one, determined their
position, and took measures for restoring the triangulation points. On the 19th the Bibb, having been
relieved, returned with the party, and by the 23d the bar and channels were thoroughly sounded and buoyed.

Port Royal sound, Beaufort and Broad rirvers, Skull creek, §e., S. C.—As already stated in the begin-
ning of this chapter, the party of Mr. Boutelle was employed in local surveys in the vicinity of Port Royal
between the 7th and the 241h of November, 1861, and had in use the steamer Vixen and the schooner Arago.
During that interval obstractions in Port Royal harbor were buoyed ; a hydrographic survey of Skull ereek
was commenced ; and some of the party were occupied in restoring the triangulation points, in setting up
signals, and in observing with the theodolite, so as to give data for extending the shore-line survey beyond
the limits of the published charts.

Sub- Assistant W. H. Dennis and Mr. Cleveland Rockwell arrived on the 1st of December in the steamer
Bienville, and at once reported for duty, Mr. Rockwell was directed to take up for military purposes the
topography of the inside shore of Port Royal island, and that of the adjacent inside islands. 'I'his service he
steadily prosecuted, under the orders of Brigadier General L. 1. Stevens, to the extent required inland, and his
zeal and activity were warmly commended in a communication addressed to me by that commander. Mr.
C. L. Bixby aided in this plane-table work.

To Sub-Assistant Dennis was at the same time assigned the topographical survey of the shores of Broad
and Beaufort rivers and that of Archer’s ercck, and the outside shore-line of Port Royal island. The work
was commenced immediately, and will be again referred to in the course of this notice.

Sub-Assistant W. 8. Edwards reported for duty on the 21st of December, and with him returned Mr.
Bradford, of the party in the Vixen, who had been sent from Port Royal with official despatches after the
naval attack of the preceding month. Mr. ldwards at once took charge of the schooner Arago, and began
the sounding of Skull ereek. He was aided by Mr. W. W. Harding. Mr. Bradford returned to his former
position on board of the Vixen.

'The party in the steamer proceeded on the 22d to the important labor of surveying and permanently
buoying the south and southeast channels into Port Royal sound, and by the end of December ten first-class
iron buoys had been fixed in position in both passages. A change in the direction of the channels was
observed, and an increased depth. In the south channel was found nineteen and a half feet of water, and in
the southeast chiannel twelty-one feet,

The hydrography of Skull ereek was finished by Mr. Edwards on the 3d of J anuary, and that of Broad
river at once taken up. About a week afterwards the light-vessel for Port Royal which had been sent out

- by the Light-House Board was taken to her station and safely moored in the position indieated by Mr,
Boutelle. Sailing directions for Port Royal sound were then made out, and, after being approved by the
flag-officer, were published for the use of the navy and of the army transports.

The arrival of the steamer Bibb on the 12th of January relieved the Vixen, which had become unfit for
service. By an arrangement with the chief quartermaster, Captain Rufus Saxton, U. 8. A, the disabled
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vessel was shortly after taken in tow by the steamer Baltic as far north as Cape Henry, and thence made
her way unaided to New York. )

During the month of January the field-work and hydrography were vigorously earried on. The Bibb
was elsewhere employed. Messrs, Dennis and Rockwell were surveying the shores of Broad river and Port
Royal island. By the end of February the hydrography of Broad river was extended up as far as Hogg'’s
Neck, but it was found impracticable te continue soundings through Whale Branch to Port Royal ferry, as
had been intended when the work was taken up.

As already mentioned, the Bibb had been some time on zervice at North Edisto. She was detained after
her return to Port Royal to act as an armed vesgel in concert with the Varuna, the greater part-of the fleet
having gone southward to repossess certain points on the coast of Florida. Mr. Boutelle was also directed to
sound and buoy an anchorage proper for the United States ship-of-the-line Vermont, then daily expected at
Port Royal. MHis party executed that duty early in March.

On the 2d of March the steam transport Mississippi, having on board Major General Butler and fourteen
hundred soldicrs, destined for the coast of Louisiana, reached Port Royal in distress, the vessel having struck
on the Frying Pan shoals. She was then leaking badly. Commander Boggs, senior naval officer at Port
Royal, assigned the charge of the repairs to the party in the Bibb, and, by the unremitting labors of Sailing-
master Platt and Chief Engineer French, the transport in the eourse of a weck was declared seaworthy. At
the request of General Butler Mr. Boutelle detached Sailing-master A. C. Mitchell from the Arage, with
direction to proceed with the expedition to the Gulf of Mexico, his local knowledge of its northern coast being
extensive and accurate.

Commodore DuPont detailed the steamer Bibb on the 5th of April to make special visits at the naval
stations between Port Royal and Mosquito inlet. Assistant Boutelle being then engaged at St. Helena sound,
the vessel went in charge of Mr. Platt, and returned on the 11th. The flag-officer came on board, visited
Yort Pulaski, which had just surrendered, and then proceeded in her to Port Royal, where she was returned
to the charge of Mr. Boutelle on the 18th.

The United States frigate Savannah having in the absence of the party struck on a shoal point near the
southeast channel, a spar buoy was set to mark the position. 'fohis was done after the return of the party
from the survey of North Edisto. Mr. H. W. Longfellow, one of the aids in the party of Mr. Boutelle, was
detached on the 10th of May and returned to the north, in consequence of illness.

The hydrograply of Beaufort river, Archer’s creck, Jericho creek, and Cowan creeck was reported by
Sub-Assistant Edwards complete on the 23d of May. Mr. Rockwell at the same date had completed the
topography between the shores of the Beaufort and Coosaw rivers, and was then under orders to report at
Stono inlet. My, Dennis finished the shore-line survey of Beaufort river and of Archer’s and Cowan creeks
near the end of May. He returned to the north soon after and engaged in other planestable duty, as I have
stated under the head of Section I.

Tybee roads, Calibogue sournd, and Savarnal river, S. C. and Ga—In accordance with orders from
Flag-Officer DuPont, the surveying party procecded about the middle of January to examine and buoy the
channels into T'ybee roads and Calibogue sound, and notwithstanding the extremely stormy weather at that
period, the entrance of the Savannah (Tybee bar) was marked with iron buoys, and the sound with spar
buoys, by the end of the same month. Other duty, which has been mentioned under several preceding heads,
wag performed in the succeeding three months.

On the 1st of May, Mr. Boutelle made a careful examination of the lower part of the Savannah river
between Fort Pulaski and Square Beacon. Three large hulks had been sunk there by the enemy, and it was
found that they had deepened the ehannel by as much as nearly six feet. It was, moreover, found that the
obstructions could be easily removed.

Sub-Assistant Edwards bad taken up the hydrography of Calibogue sound on the Sth of March. He
completed that work by the 23d, and then returned to Beaufort river.

One of the buoys set at the entrance of Calibogue sound having been carried away by the collision of a
vessel, the working party placed larger buoys in May, and slightly changed the sailing lines, o as to give
the best water across the bulkhead.

The facts ascertained in regard to the channel into Savannah river were promptly communieated to the
flag-officer. Sailing directions to accord with the changes observed were reported without delay.

Wassaw sound, G'a—TImmediately afier closing his first examination of T'ybee entrance and Calibogue
sound, Assistant Boutelle sounded and buoyed the Wassaw bar, and the channel leading into Wassaw sound.
This work he finished on the Sth of February, and on the next day farnished sailing directions for the sound
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in a report to the flag-officer. He also forwarded a preliminary chart of Wassaw sound to the office in
‘Washington, copies of which were at once made by lithograph, and distributed from the Naval Observatory for
the South Atlantic squadron.

The survey of Wassaw entrance, as mentioned in my report of last year, was provided for by instruc-
tions issued for the surveying season of 1860-"61. The instructions were not then carried out, for reasons
given in the same report.

St. Simon’s bar and sound, Ga.—The surveying party reached St. Simon’s entrance on the 23d of March,
and at once proceeded to set buoys in place. The examination made then showed that the bar had decreased
in depth since the survey of 1857, the chart of that ycar showing scventeen feet. Mr. Boutelle found only
fifteen feet on the bar at low water.

The light-house at St. Simon’s having been destroyed by the rebels, the party set a large signal on the
ruins, and marked it as a conspicuous object for the use of vessels of the squadron, as a range, when they
might have need to run into the sound.

This survey was finished on the 27th of March. Sailing lines proper for entering were at once reported
to the flag-officer.

Fernandina bar and Cumberland sound, Fia—~On the 13th of March the surveying steamer Bibb
arrived at Fernandina, and at once commenced the examination of the bar. The fact was soon established
that the depth of water had changed for the worse, and also that the bar had shifted to the southward. Ouly
twelve feet depth was found on it at Jow water. The channel was buoyed by the party with the old buoys,
which had been removed and hidden by the enemy.

Mr. Boutelle, on the oeccasion of a visit of General Sherman, whom he accompanied to Jacksonville,
found thirteen buoys and a lot of mooring chain which had been provided by the Light-house Board. The
property was brought away and put to its proper use on other parts of the coast of this section.

In all of the nine harbors examined this year by Assistant Boutelle, the triangulation done was merely
auxiliary to the plane-table surveys and hydrography, and was effected by restoring the station points which
had been used in the regular progress of the Coast Survey. Without such data the buoys set in position,
fifty-four in all, could not have been properly marked on the charts.

I give, in conclusion, a summary of statistics from the field-books of the topographical parties, and from
the journals of the hydrographic parties :

TOPOGRAPHY.
Shore-line surveyed . - ... ... LLil... 1004 miles.
Outline of marsh .. oo i iiieieiiiieeen 76 ¢
Roads and causeways. .. ..o oL e iiiciiieaciaan 102«
TP OTE ICAEIONS & - - o v e e e e e e e e e e e e e et e e 14
HYDROGRAPHY.
Miles run In BOUNAINE . ¢« v c et i e it iceiacaanen 803
Angles measured ... ... e e iaaaeiciaacaaaaan 9, 038
Number of soundings. .. ... oo i iiiiiieiiiaenen 62, 247

It has been stated already, in the notice of work done at Stono inlet, that the steamer Bibb and schooners
Arago and Caswell returned to New York in July. The party in these three vessels had been nine months
uninterruptedly employed in their several spheres of duty.

SECTION VI.

FROM ST. MARY'S RIVER TO ST. JOSEPH'S BAY, (SOUTH,) INCLUDING THE EASTERN AND PART OF THE
WESTERN COAST OF FLORIDA, WITH THE REEFS AND KEYS.—(Skercs F, No. 32.

The only party available for contimuing the survey of this section was prepared to co-operate by recon-
naissances, or hydrographic duty, in any military or naval service which might be deemed expedient by the
commanders of the department of Florida. None of the harbors of the peninsula below St. Augustine and
Cedar Keys having been occupied by the forces of the government during the working season, the party took
up and continued the hydrography of the Florida reef This important work will be completed by a party
which is now preparing to return to the section.
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The magnetic observations have been continued at Key West.

Orrice-work.—The drawing and engraving of the chart of St. Angustine harbor, and the engraving of
St. Mary’s river and Fernandina harbor, have been completed.  Irogress has been made in the drawing and
engraving of general coast chart No. X, Florida reef, from Key Biscayne to Marquesas keys, and coast chart
No. 71, Newfound-harbor key to Boca Grande; the engraving of coast chart No. 70, Garden Key to Lower
Matacumbe, has been commenced ; and the annual additions to the progress sketches of the section have been
made. A preliminary chart of the vieinity of the Tortugas, Fla., has been lithographed.

Hydrography of the Florida Reef—DBeing advised by General Brannan that in the spring of the present
year such arrangements would be in progress in his department as might render it desirable that Coast Survey
parties should be detailed for work on the coast of Florida, instructions were issued in April, in aceordance
with which Assistant George Davidson organized a party in the surveying steamer Vixzen and schooner
James Hall. As in other cases, on the coast below Cape Henlopen, he was directed to co-operate, as far as
possible, with any military operations that might be devised. To that end the Vixen was furnished with two
Parrott guns, and was well provided with other means for making or resisting attack. Some delay occurred
in fitting out the Vixen, the call, at that time, for iron-clad gunboats having pre-engaged all the suitable
mechanics. The vessel did not reach Key West until the 14th of May, having touched at Port Royal to
deliver despatches from the blockading squadron off Charleston and to take in coal. Admiral DuPont, at
Port Royal, promptly ordered such facilities as furthercd the wishes of Assistant Davidson to he at his des-
tination.

Upon consulting with General Brannan, at Key West, it was found that operations by the land forces
were not contemplated. The bays on the western coast of Florida, moreover, were all in possession of the
enemy, so that the unfinished work could not be profitably taken up.

In accordance with the discretionary instructions which had been given, Assistant Davidson transferred
his party to the Florida reef, on which a stretch of twenty-five miles remained to be sounded in order to com-
plete the chart. The parties of Assistant G. A. Fairfield and Sub-Assistant C. T. Tardella being under his
general direction were likewise moved to that locality in the schooner James Hall, and signals were erected
for the prosccution of the outside hydrography. The weather proved unfavorable, being marked by exces-
sive rains and beavy squalls. Attempts were made to work by the boats, but these being frustrated the
sounding-lines were mostly run by the steamer. The area sounded out embraces Alligator, Crocker, Conch,
and Pickle reefs, (See Sketch No. 82,) and leaves a gap of but a few milez in the outside hydrography of the
reef. Soundings were carried seaward to the depth of forty fathoms. While the work was going on the
positions of the steamer and most of those of the boats were determined by two theodolites from long bases.

The statistics of this work are as follows :

Hydrographic signals erected . ... ... .o o L 10
Miles 1D 0 SOURAIDE . « -+« .\ e ven e m e et e et e e e e 422
Angles measured.......... peneaen e et 1,119
Number of soundings. o ccvo it i e e, 15, 965
Avrea sounded out, (squaremiles). .. ... ... i il 70

A tidal station was occupied'on Indian Key, at which nearly a thousand observations were recorded in the
space of twenty-six days. The zero of the tide-staff was referred to the bench-mark previously used, and
which was more distinetly marked by Mr. Davidson. He also reported on the condition of the lettered bea-
cons on the Florida reef, some of which had been displaced. In the interest of navigation, the following
remark occurs in his report: “ As seen from seaward, Indian Key is so well and so peculiarly marked by the
houses and cocoa trees that a sketch of it was taken from the edge of the Gulf Stream, on the line of best
water for crossing the reef to the anchorage in soft bottom about six hundred yards off the key, and also to
give Alligator reef on the starboard hand a good berth,” This sketch will be engraved for the finished chart
of the Florida reef.

Sub-Assistant C. Fendall was attached to the party of Assistant Davidson. Messrs. A. T. Mosman, L. L,
Nicholson, and A. R. Fauntleroy served as aids. Assistant Fairfield and Sub-Assistant Iardella heartily
co-operated in prosecuting the hydrography.

During a heavy blow on the 4th of June the sehooner Hall dragged her anchors and was driven on the
coral rocks of Indian Kcy. After three daya of severe labor she was hauled off by the steamer Vixen. As-
sistant Davidson acknowledges the valuable assistance of Acting Master Wm. Richardson, U. 8. N., in his
efforts to get the vessel off,
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Late in Junethe two vessels repaired to Key West, where the needful facilities for coaling and watering
had been on different occasions supplied by General Brannan. The season for active operations in this sec-
tion being past, both parties returned to New York. Assistant Davidson reported to me personally at Wash-
ington, and then took up the reduction of the season’s work. The other members of the parties have, since
the middle of July, been employed at various localities in Sections 1 and II.

The steamer Vixen, with her armament, was transferred to the Navy Department on the 12th of July.
At the end of October she was returned to the Coast Survey, and is now fitting out for the completion of the
hydrography ontside of the Florida reef. .

Magnetic Observations—Sub-Assistant J. G. Oltmanns remained in charge of the magnetic instruments '
at Key Wost until near the end of March of the present year, when he was detailed for duty near the mouths
of the Mississippi, of which notice will be taken in a succeeding chapter. The regular photograplic and differ-
ential observations were continued by Sub-Assistant F. F. Nes, aided by Mr. G. F. Ferguson, until May,
when Mr. Samuel Walker was left in charge, and Sub-Assi-tant Nes assigned to duty in Seection IL

In May of the present year magnetometer No. 6 was sent to replace the instrument which was stolen from
the temporary ebservatory at Key West in the midst of the publie troubles, and which has not yet been traced.

The recerds from Key West have bheen regularly received from Mr. Walker since April.

Tidal Observations.—The series of observations which had been conduected at Fort Clinch was stopped
soon after the breaking out of the present war, as stated in my last annual report.

After the port of Fernandina had been regained to the authority of the government, steps were taken
for the recovery of the self-registering tide-gauge, but so far without suceess. According to the most direct
information yet obtained the instruments were destroyed at an early date in the war.

SECTION VII.

FROM ST. JOSEPI'S BAY (NEAR TAMPA) TO MOBILE BAY, INCLUDING PART OF THE WESTERN COAST OF
FLORIDA, AND THE COAST OF ALABAMA.

Of the most important harbor in this section (Pensacola) the survey is nearly complete, and the chart
published scveral years ago is sufficient to niect all the prescut requirements of the naval and transport service.’
The work yet needed is chiefly in the upper part of the dependencies of the bay, in localities now held by
the enemy.

My regret that no party was uvailable for continuing the survey of the western side of the Florida
peninsula is lessened by the consideration that nonc of the unsurveyed parts have been occupied by the
government forces. TFor the ports visited by our blockading vessels, the preliminary charts have sufficed.
Those already published give the soundings in Waccazassa bay, in Cedar Keys harbor, Ocilla river entrance,
St. Mark’s harbor, the passes of St. George’s sound, Apalachieola bay and harbor, and St. Andrew’s bay. The
hydrography most pressing, and for which preparation has been made by preliminary work, is that of St
Josepl’s bay at the lower end of the seetion, (near Tampa,) and the coast soundings northward from it in
the approaches to Bayport, Chassahowitzka bay, Homosassa bay, Orystal bay, and We-thlocco-chee bay.
These include St. Martin’s reef. The party last employed in St. George’s sound, and which, but for the
outbreak of the rebellion, would have completed hydiography for the full chart by soundings from Royal
Bluff westward to Apalachicola entrance, has been constantly on duty afloat near the seat of war in Virginia
and North Carolina. Of other hydrographic work which might be taken up, if means and the requisite
parties were available, may be mentioned that to the eastward of, and betwecn St. George’s. sound and St.
Mark’s harbor, and that of St. Joseph’s bay ncar Cape San Blas. The triangulation which was commenced
in the working season of 1860’61 for the survey of the latter, and the completed topography of the firat
named locality, furnish ample preliminaries for the soundings

The double party which has usually divided its field-work between this section and Section VIII
passed the entire season in active service at the delta of the Mississippi, of whieh further mention will bf;
made in the next chapter. Besides this and the single hydrographic party alluded to, the only assistant here-
tofore connected with the scetion, and who has usually worked on the western coast of Florida in winter and
spring, has been employed in Section I. .

Though all due interest has been shown by the blockading officers to whom the inventories were referred,
none of the property of the survey which was forcibly taken by rebel citizens from the custody of the topo-
graphical party while working last year near Bayport, as stated in my report for 1861, has yet been recovered-
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It is supposed that the tide-gauge which had been in use at several stations near Pensacola, and finalky
stored at Warrington, was destroyed by the burning of the navy yard.

OFFi1CE-WORK.—A sheet showing the entrance to Santa Rosa bay, and a general chart of the northeastern
part of the Gulf of Mexico, in two sheets, have been drawn and lithographed for the use of the blockading
squadron. Copies of these and of the charts referred to in the notice of the field-work of the scction have
been largely supplied for the Gulf squadron and for the transport service. The engraving of the chart of
Escambia and Santa Maria de Galvez bays, Fla., has been completed.

SECTION VIII.

FROM MOBILE BAY TO VERMILION BAY, INCLUDING THE COAST OF MISSISSIPPI AND PART OF THE COAST
OF LOUISIANA.—(*gercen H, No. 35.j

The issue of the labors of the party sent to this section shows in a strong light the soundness of the
policy which provided means for their supply. The steamer which had been used for the hydrographic work
was lost at sea in 1860, and had not been replacel when the war broke out, though I have requested an
appropriation for the purpose. Neither of the few vessels left to us by the emergency of the spring of 1861,
capable of standing a long sca voyage, was available for the accommodation of the party. 'The difficulty thus
presented was overcome by the liberality of the Hon. Secretary of the Navy, to which further allusion will
be made in the detailed notice of the work done.

OFFICE-WORK.—The engraving of coust chart No. 93, Lakes Borgne and Pontchartrain, has been com-
menced. Additions have been made on coast chart No. 92, western part of Misgissippi sound, and to the
progress sketch of the section ; and a hydrographic sketeh of the southwestapass of the Mississippi has b#n
lithographed. Drawings and photographs have also been made of the approaches to Forts St. Philip and
Jackson, below New Orleans, and of a survey of Fort Jackson after the bombardment.

Coa~t Survey opsrativns between Mubile bar and New Orieans—Upon the application of Commedore
{(now Rear Admiral) D. G. Farragut, U. 8. N,, Sub-Assistsnt R. E. Halter was detailed as topographical
assistant to accompany him in the flag-ship Hartford. Subsequently a complete topographical and hydro-
graphical party was organized to accompany the western gulf blockading squadron of Admiral Farragut, and
to be especially attached to the mortar fleet of Commodore (now Rear Admiral) David D. Porter, U. 8. N.
Assistant ¥'. H. Gerdes was placed in charge of this party, his personal knowledge of the Gulf ecoast, its
harbors, inlets, and anchorages being extensive and precise, from a service of many years in this quarter.
Sub-Assistant J. G. Oltmanns and Mr. T. (. Bowie were attached to this party, and some time after Sub-
Assistant Halter also joined it. Mr. Oltmanns and Mr. Halter bad both served for several years with Mr.
Gerdes on the Gulf coast.

In a ready spirit of co-operation in the government service, the Commissioner of the Northwestern
Boundary Survey, Archibald Campbell, esq., placed at my disposal for the same duty, the services of Mr.
Joseph 8. Harris, who bad previously been attached to a Coast Survey party in this section, and who was
also well acquainted with the localities in which the squadron was to operate. His intelligence and character-
istic encrgy fully mect the expectations which I had formed in organizing the party.

Sub- Assistant Halter preceded the other members assigned to this section, having in accordance with
my instrygtions reported to Uommodore Farragut on the 17th of January at Philadelphia. He reached Ship
island in the flag-ship Hartford, and, under the orders of the commodore, a few days after took up the sound.
ing and buoying of the chaunel of the southwest pass of the Mississippi. For this service, which was
completed on the 11th of March, the schooner Wilder was detailed for his use, by the flag-officer, with a
working crew. On the 14th Mr. Halter piloted the sloop-of-war Brooklyn over the bar, and on the 16th took
in the flag-ship. Other vessels of the squadron intended for the reduction of New Orleans were furnished
with sailing directions for entering the Mississippi by the Southwest Pass.

At the end of March the party in the Wilder, which was then provided with a twelve-pound gun and a
well-armed crew, made a reconnaissance to the rear of Fort St. Philip, the object of the commodore being
to ascertain the depth that eould be carried towards Raccoon Point. It was found that the water approach
to the fort afforded only seven feet in depth at a distance of rather more than three miles.

Sub-Assistant Halter returned to the head of the passes on the &th of April, and retransferred the
Wilder to the naval authorities. When not employed in surveying or reconnaissance, the schooner had
served as a tender to the larger vesscls of the fleet, and in that way had rendered much general service while
in charge of Mr. Halter. On the 10th he reported to Assistant Gerdes, who bad arrived in the Mississippi
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a short time before, by way of Ship Island, in one of the naval transports. Sub-Assistant Oltmanns reached
the Scetion in the same vessel, from Key West, where he had been employed on other daty, to which T
have referred under the head of Section VI.  Both had rendered assistance in passing vessels of the squadron
over the bar of the Southwest Pass, us Mr. Halter had done in the case of the flag-ship and others.

For the use of the Coast Survey party, when it was organized in February, the honorable Secrctary of
the Navy temporarily transferred to the Treasury Department the steamer Uneas, with a suitable armament.
That vessel left New York on the 27th of February, in charge of Mr. Harris, but stormy weather on the
run to Hampton Roads showed clearly that she could not make the passage to the Delta without extensive _
repairs, With as little delay as possible, the steamer Sachem, of the same class, was there substituted by
the Navy Department, and, in charge of Mr. Harris, after a tedious passage, reached the mouth of the Mis-
sissippi on the 10th of April, where she was joined by Assistant Gerdes and the other members of his party.
By previous arrangement with the fag-officer their rervices were placed at the digposal of Commander D. D.
Porter, who was then about moving with the bomb flotilla of the squadron to attack ¥ort Jackson

In the season previous to the breaking out of the rebellion, the triangulation of the Mississippi delta had
been extended up to the vicinity of the lower defences of theriver. The points then determined, and the com-
puted distances between them, gave the means for assigning exact distances from either of the forts, by the aid
of some additional observations. Mur. Gerdes took up this work on the 12th.  Next day all the members of the
party were employed in it, and by the morning of the 18th, when the mortar vessels, twenty-one in number,
were in position, the exact distance of each of them from Fort Jackson, and the precise direction, had been
made known to the officers in charge. "T'his hazardous and difficult service, the river being at that time over
its banks, was mainly performed by Mr. Harris and Sub-Assistant Oltmanns, aided by Mr. Bowie. While
m&suring with the theodolite, Mr. Oltmanns was, in one instance, fired on by riflemen from the bushes on
the river Lank, but, though at short range, ouly the oars of his boat were struck. In nearing the forts, on
the last day employed in making observations, the party of Mr. Harris came under the fire of the enemy’s
gunboats, but no casualty occurred, though the distance was inconsiderable.

The bombardment of Fort Jackson opened immediately after the completion of the measurement of
distances to the several positions cceupied by the mortar vessels. For the next three days Messrs. Harris
and Oltmanns remained with the flotilla, and when, from various causes, any of the vessels had to shift their
berth, the distanecs to other positions were computed for them anew.  The rest of the party were meanwhile
engaged in furnishing manuseript charts of the Mississippi in the neighborhood of the defences, for the use
of the fleet, the regular hydrography of the river not having extended, previously, above the passes.

At the request of Commodore Porter, the Sachem dropped down the river on the 22d, to await the
return of a detachment which he had sent to reconnoitre in the rear of Fort Jackson. Mr., Qltmanns, having
charge of the vessel, then completed an examination which had been commenced the day before by Mr.
Harris, Mr. Halter, and himself, of the channcls which start near TFort Jackson and counect the Mississippi
with the Gulf, Next day the Sachem took the wounded men of Commodore Farragut’s fleet to the hospital
at Pilot Town,

On the 24th of April Assistant Gerdes accompanied Major General Butler into the waters north of Fort
Bt. Philip, and piloted his boats to the quarantine ground on the east bank of the Mississippi, the intention
of the general being to turn the forts, which had not, at that date, surrendered. Sub- Assistant Halter piloted
the army transports to the anchorage nearest to the intended landing place, and marked the way for boats to
pass up into the quarantine bayou. In performing this duty his party necessarily came within range of the
guns of Fort 8t. Philip, but received no injury. Scveral days after, when the Sachem reached the anchorage
of the army transports, soundings to the northward of the fort were begun, to ascertain whether the light-
draught vessels could approach near enough to attack from that side, but the surrender of all the defenees of
the Mississippi, on the afterncon of the 28ih, made it- unnecessary to continue the operations. The party
therefore rejoined the flotilla of Commodore Porter in the vieinity of Fort Jackson. As a matter of interest
a map was made, at his request, by Mr. Harris, to show the condition of the fort at the time of surrender,
with marks corresponding in position to the places in which solid shot and shells had struck during the bom-
bardment ; the parts burnt, and the portion of the site overflowed by the effect of shot on the levee, that,
until so damaged, bad always kept out the water of the river at its highest level. A reduction of the drawing
lere referred to appeared in a printed veport from the Navy Department to Congress in June last.

Sub-Assistant Halter was detached from the party on the 30th of April; and soon after reporting at the
office in Washington was assigned to ficld duty in my party in Section I.

On the 6th of May the party in the Sachem accompanied the bomb flatilla to Mobile entrance, and on
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the following morning buoyed the bar, so that vessels might pass Sand Island light. The purpose being
merely a reconnaissunce of the defences at the entrance of Mobile bay, the steamer retdrned with the fleet,
on the 9th, to the anchorage at Ship Island.

The assistants on board of the Sachem being well acquainted with all the waters in the vicinity of New
Orleans, that vessel was taken to pilot the steamers Westfield, Clhifton, and Jackson on an expedition intended
for Lakes Borgne and Pontchartrain on the 13th; but finding at Madisonwville that Lientenant Commander
Read, with the gunboat New London, had becn looking after the vessels of the enemy in that quarter, Lieu-
tenant Commander Renshaw, senior naval officer of the expedition, decided to return and make an examina-
tion of the same kind in Pecarl river. This was done on the 15th. At a point about fifteen miles above the
mouth, the river being there so narrow and crooked that the larger vessels could not pass the bends, Lieutenant
Commanders Renshaw and Baldwin came on board the Sachem, and that vessel proceeded alone towards
Gainesville, where it was supposed that a small armed vessel of the encmy was lving. 'With great labor the
Sachem was warped around the sharp tums of the stream and taken up as far as the town site of Napoleon,
The breadth there and at some places below wage barely equal to the length of the vessel,  Suddenly a vol.
ley of musketry was fired on her from the wooded shore, and that, though instantly returned, was followed
by a sccond volley. Sub-Assistant Oltmanns, executive officer of the Sachem, being at that moment in an
exposed position, was severcly wounded by a bullet which pierced his right breast. With this exception, all
the officers on board, and the crew, were uninjured, though nearly twenty shots had struck the vessel. To
disperse the enemy the Sachem fired round shot and grape into the woods, and was not further molested.
Where this occurred the river was not over fifty yards wide, and the bushes were so thick on both banks that
the enemy could not be seen. Lieutenant Commander Renshaw deeming it unadvisable to proceed further
up, the steamer was swung arognd with difficulty and passed dowa the stream. After receiving surgical
treatment, Mr. Oltmanns was sent to New York. He recovered in part from his hurt, and has since been en-
gaged in field duty in Section I1I, but is still suffering from the effect of the wound.

Mr. Gerdes had meanwhile collected the buoys belonging to the Dedta, all of which had been tuken up and
seereted by the insurgents, and had towed them to the Southwest Pass,  After making the requisite soundings,
gix buoys were set in place in the channel. A thorough hydrographic reconnaissance of the bar was made,
and materials collected for the issue of a chart of the pass. This work cccupied the party in the Sachem
until the 7th of June, when the vesscl was ordered to accompany the flotilla to Vicksburg. The health of
Mr. Gerdes having declined, he was obliged to give up the charge of the party after it had reached New
Orleans. Mr. Harris again took command of the steamer, but at his request Commander Porter detailed
Acting Master E. C. Merriman as executive officer, the sailing-master and the first mate of the Sachem being
both sick. Mr. Harris started up the Mississippi on the 13th of June, but near Baton Rouge the wachinery
of the propeller was disabled by a snag, and the party returned to New Orleans. The Sachem was there
transferred to Commodore Farragut, to be put in order for naval serviee, which he then had in view west of
the Mississippi.

The work for which he had been assigned to the western gulf blockading squadron having been completed,
Assistant Gerdes left New Orleans on the 18th of June and reported at the office in Washington.

Mr. Harris sailed for the north on the 10th of July, and after discharging his party resumed his duties
in the office of the Northwestern Boundary Survey.

Mr. Gerdes has, sinee his return from this section, completed a hydrographic survey, to which reference
has been made under the head of Section I. He is now making arrangements to resume work on the Mis-
sissippi in connexion with Admiral Porter. Mr. J. W. Donn, who has performed much duty in plane-table
and ordinary reconmaissance in aid of the military operations in Scction III, bas been assigned to service with
the same expedition.

Military surveys in the vicinity of St. Louis, Mo.—This gervice was performed at the request of Colonel
R. D. Cutts, of the staff of Major General Halleck, whose headquarters during the winter of 186162 were
at 5t. Louis.

Sub-Assistant John Mechan commenced work on the 15th of January, taking the northwest quarter of the
city suburbs, aud surveyed the ground to a range of rather more than three miles in front of the five forts
which had been erected there. 'The forts are included on the plane-table sheets, and also the anxiliary lines
of defence. The contour of the ground js represented in his survey by curves of twenty fect clevation,
showing, amongst others, one height of a hundred and sixty-five feet. These curves were run carefully with
the military water level. Colonel Thorn, of the topographical engineers, supplied the initiul altitudes, which

facilitated the execution of the detailed topography.
C.s. 8.
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Mr. Mechan cloged work on the 5th of April, and after inking his plane-table sheet and turning it in at the
office, was assigned to field doty in Section 11, of which mention has already been made. His sheet of the
military defences of St. Lounis shows an area of about fifteen square miles.

Assistant R. M. Bache commenced work in the southern suburbs on the 12th of March, and continued the
survey to Carondelet, joining at Chouteau avenue with the work of Bub-Assistant Mechan. He is still en-
gaged in the contouring of the ground, which will probably occupy his party until the end of December,
Four miles of the river shore are shown on the sheet, ag well as the details of ground three miles back from
the shore. 'These include the sites and surroundings of five forts, and all the particulars of surface that
could be needed in the arrangement of military operations. -

The map of Assistant Bache represents ninety-nine miles of road and twenty-eight miles of the courses
of uceks and other water-line within an area of fourteen square miles.

Tidal Observations—The self-registering tide-gauge left by Mr. P. H. Donegan at the ofﬁce of the
Britlsh consul, in New Orleans, after the observer’s release from captivity, the particulars of which were
stated in my previous report, was recovered after the eapture of that city, and together with the other instru-
ments used by Mr. Doncgan has been returned to the Coast Survey Office. '

The vbservations taken at Isle Iderniére {Last island,) in April and May, 1861, were received from New
Orleans throngh the post office in June of this year, but without explanation. Since the breaking out of the
present war nothing has been ascertained either in reference to the observer or the instruments which he had
in charge.

SECTION IX.

FROM VERMILION BAY TO THE RIO GRANDE BOUNDARY, INCLUDING PART OF THE COAST OF LOUISIANA
AND THE COAST OF TEXAS. .- .

The death of SBub-Assistant Wyllys 8. Gilbert, in January of the present year, of which notice has
been taken, under the head of Obituarics, in the introductory part of this report, has left the charge vacant
of the only party that worked in this section during the season of 1860-'61, under a civilian. The only
other party available during that year was in charge of Captain George Bell, U. 8. A., who was detached
from the survey in April, 1861. Mr. Charles Hosmer, who assisted Mr. Gilbert on the coast of Texas, has
been constantly employed during the present year in Section I11, as was stated under that head. He is now
preparing for daty under the oxders of Major General Banks, and is specially qualified for rendering assist-
ance in reconnaissances or special surveys by his local knowledge of the most important parts of the south-
western coast, over which he has passed in prosecuting the shore topography in previous years.

1n addition to the active assistance, the expedition has been furnished with copies of the coast memoir
relating to Texas, and copies of all the charts which have been issued for the western part of the Gulf of
Mexico.

Several efforts have been made, but thus far without avail, for the recovery of the schooner Twilight,
which, together with the property on board, in April, 1861, was seized by the insurgents at Aransas, and for
the property supposed to have been detained at Corpus Christi. The particulars of these seizures were stated
in my last annual report. Inventories of the lost articles have been furnished to officers of the blockading
squadron, whose convictions of the usefulness of the survey, and interest for its success, were well known.
Copies of them have also been made for such contingent use in regaining the articles as the events of the
coming winter may render practicable.

OrricB-woRK.~—The drawing of coast chart No. 108, Matagorda and Lavacea bays, Texas, and of general
chart No. XVI, Gulf coast, from Galveston bay to the Rio Grande, has been continued. Progress has been
made in the engraving of chart No. 106, Gulf coast, from Galveston bay to Oyster bay, Texas, and the
annual additions to the progress sketch of the section have been made. A general chart of the northwestern
part of the Gulf of Mexico, on two sheets, has been drawn and lithographed for the use of the blockading
squadron.

SECTION X.

FROM SAN DIEGO, OR THE SOUTHEBEN BOUNDARY ON THE PACIFIC, TO THE FORTY-SECOND PARALLEL,
INCLUDING THE COAST OF CALIFORNIA. —(Skercues J, Nos. 37 anp 38.)

The surveys made during the year in this section have developed the coast-line and hydrography in the
following named localities :
1. From Point Duma eastward, triangulation has been extended to meet the work going northward and
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westward from San Pedro. The stations occupied this year give the shore-line of Bihia Ona, (part of the
Santa Barbara channel,) and provide for the topography of San Clemente igland.

2. Topographical survey of Bodega bay, and, in connexion with it, that of the coast above and below
the entrance. The plane-table work is now continucus from the Golden Gate northward to Bodeza bay,
inclusive.

3. A hydrographie resurvey made in the lower part of Karquines strait, and continued into Mare Island
strait, developing important changes since the previous survey, (1856-°567.) Changes were ulso noticed in
the hydrography of the eastern part of San Pablo bay, Cal.

4. Bodega bay aud roadstead sounded out, in connexion with the coast hydrography between it and
Tomales entrance, Cal. i

5. Tidal observations at San Diego and San Francizco.

OrricE-work.—The drawing of Napa ereck and Petaluma creek, as finished charts, and the engraving
of the same in preliminary form, have becn completed, and a preliminary chart of Tomales bay has been
drawn and engraved. The engraving of the chart of San DPablo bay is nearly completed, and progress has
been made in the drawing and engraving of that of Drake's bay. The drawing of the lower part of SBan
Francisco bay, and of a chart of the Pacific eoast from Point Pinos north to Bodega Head, has been ecommeneed-
Additions have been made to the progiess sketchies of the section, and to plates of charts previously engraved.

Triangulation of the Santa Barbara channcl and of San Clemente island, Cal.—This work was in
active progress at the end of the last surveying year, the party of Assistant W. Ii. Greenwell not haviug
then returned to San Franciseo. Before closing for the season he erceted thirteen signals on San Clem:nte
island, intending to go on then with the triangulation ; but his vessel, the surveying schooner Humboldt, was
driven away by a southcast gale of unusual severity. Mr. Greenwell states that no scason zinec the autumn
and winter of 1849 has been so unfavorable as the last for field operations on the lower part of the Western
coast.

Previous to disbanding his party for the winter, Mr. Greenwell set up a tripod signal on the west end
and another on the eastern end of Santa Cruz island, (Sketeh No. 37.) A similar one was ereeted on
Anacapa island, and a fourth at Station San Buenaventura, on the main shore of the ehannel.

With the opening of spring the triangulaticn of San Clemente island was resunied, and completed by
the 1st of June. Twenty-five signals were used in that work, additional to the ones prepaved in the preceding
autumn. The only two anchorages being at the extreme ends of the island, the field operations proceceded
from them, and met at stations near the middle.  Mr. Greenwell found that San Clemente istand is twenty-
four miles in length. Its entire surface is broken into gulches or valleys, without a vestige of wood or run-
ning water. The signals required were got into their places only by great labor and with much difficulty,
there being no inhabitant on the island, nor any animals, with the exception of about one huudred and fifry
head of wild sheep. Mr. Greenwell states that the highest point on the surface of the izland has an eleva-
tion of about fifteen hundred feet.

During the summer the coast triangunlation was taken up at Point Duma, (Sketch No. 37,) and stations
were occupicd for defining seventeen miles of the shore-line eastward, which eonstitute the bight known as
Bahia Ona. This work was joined with the secondary triangulation, which had been pushed upwards from
San Pedro in a previous season. To provide for ficld operations during the winter, Mr. Greenwell readjusted
the main signals, intended for connecting the islands with the coast, and took his camp fixtures to - Santa
Barbara, the next station which will be occupied on the shore of the channcl. The schooner Humboldt
returned to San Francisco in September, field-work for the autumn having been dizcontinued on the 14th of
that month.

Assistant Greenwell was aided by Mr. Julius Kincheloe, and makes special mention of his readiness and
efficiency in the performance of duty.

Four volumes, containing the records of the work of the season, with computations and sketches, and
descriptions of signals, have been received and deposited in the office. The following statistics, reported by
Mr. Greenwell, include also the work of last season, the rcturns of which were not received in time for my

last annual report :

Primary signals erected. .. ... ... ... ... ..eciaia... Mereeeeaeeaeaes 5
Secondary signals erected. . . - . e me e e teiee e e 58
Stations oceupied. o . ... ... e iiima aeeaaan s 42
Signals observed on . ...t n e e e 56

Number of observations. . ... oot et e e e e 3,268



60 REPORT OF THE SUPERINTENDENT OF

The angular measurements were made with the eight-inch Gambey theodolite, No. 44.

Mr. Greenwell, in the course of the present seazon, again examined the lagoon at the mouth of the Santa
Anna river, the general character of which was deseribed in my previous annual report., Ilis attempts to
pass in were in all cases attended with 1isk, and he states that the emtrance, for any general purposes, may
be regarded as impracticable.

Topography of Half Moon bay, Cal.—No report of the season’s work has yet been received from Sub-
Agsistant 'W. M. Johnson, who has been engaged in the survey of the shores of Ilalf Moon bay, though it is
known that good progress has been made.

One of his plane-table sheets of the survey of Sania Cruz island has been forwarded to the office by
Mr. Johnson, and three others of different localities are reported to be nearly complete in their office details.

Topography of Bodega bay, Cul—This survey, made by Assistant A. ¥. Rodgers, completes the land
work on the shores of Bodega bay. 1t iircludes the topography of the coast to the southward and westward,
and connects with the plane-table survey of Tomales bay, which was made last year by the same party.
Above the entrance to Tomales bay, (Sketeh No. 38,) the work was taken up early in December and carried
on during the winter and spring. In the latter part of April the party commenced the topography of the
ghores of Bodega bay, and furnished shore-line for the hydrographic sheet of this season, the particulars of
which will be mentioned presently. The plane-table survey was extended to a point about four miles north
of the mouth of Bodega bay, and from that point southward the topography is continuous to the Golden Gate.
It has throughlout a breadth of about a mile and a half.

Assistant Rodgers was aided by Mr. David Iserr.

The following are statistics of the work, which was closed early in October:

Shore-line surveyed. . - oot ot i e it ia e 35 miles.
Area of topography, (square miles). .. ... ... .. .. L . 25

The finizshed topographical sheet of Bodega bay is now at the office.

Assistant Rodgers is at present with his party oun the shores of Suisun bay. He will, also, for the
time being, take the oversight of the labors of the hydrographic party now on board of the schoener Marey.

Mr. A. W. Chase has been assigned to duty under the direction of Mr. Rodgers.

Hydrographic resurveys in Karquines strait, Mare Island Strait, and off Point Wilson, San Pablo
bay, Cal —These localities were examined by Commander B. ¥, Sands, U. 8. N,, assistant in the Coast
Survey, soon after the great flood of February, 1862, and the results have been reported on after eomparison:
with the soundings made in 1856-"57.

In reference to Karquines strait, between Benicia and Martinez, Commander Sands remarks:

«The water on the three fathom bank, off the ferry wharf at Benicia, has decpened to four fathoms, and
we now find four fathoms on the lump off the Pacific Company’s wharf, which in 1856-'57 had only three
fathoms on it, but around the wharf itself the water has shoaled in some places five and in others as much
as fifteen feet. On the south side of the strait the six and twelve feet curves have made ouk considerably
from the shore.” ’

“ At the confluence of Karquines and Mare Island straits an important change has taken place. The
gpit of the shoal which stretches out from the north shore, at the meeting of the straits, has been cut off and
shifted to the southward and westward since the survey of 1856. This cneroachment has materially narrowed
at its entrance the channel which passes up to the navy yard.”

Commander Sands promptly communicated to the light-house inspector of the district the fact concerning
the lessened width of the channel into Mare Island strait, and recommended the marking of the gpit by a buoy.
‘He thus continues, in allusion to the « bar” or shoal water in San Pablo bay off Point Wilson : ’

« At the bar, or shoaleat water through Saun Iablo bay, in passing towards the navy yard abreast of Point
Penole and Point Wilson, the depth seems to have changed somewhat. The four fathom curve of the resurvey
is different from that shown by the survey of 1856, and the bar has shoaled about a foot. The six feet curve
also has made out from a quarter to a half a mile from the castern shore of the bay, in the bights between the
several points which are represented on the chart.”

The finished chart of San Pablo bay, the engraving of which is now nearly completed, will contain the
results given in the three hydrographic sheets forwarded by Commander Sands. The following are the
general statisties of the work:

Miles runin sounding . - - ... oo i aeae i 150
Angles BT e (o U0 < o e eeeeieo. 1,034
Casts of the Yead . . . oo o oL e 8, 295
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The labors of Commander Sands in this part of the gection are associated with a sad event—the losz of
his son, Acting Master William 17, Sands, who was drowned in consequence of an accident near the Mare
Island navy yard, on the night of the 2d of April

The steamer Active was sold, in accovdance with my instrnctions, on the 12th of Junc, the extent of
Tepairs required to make her ceaworthy being too great to be made by our limited appropriation. The hy-
drography will be done with the schooner Marcy, transterred from the revenue service, until another steamer
can be had and maintained.

Hydrography of Bodega bay and roadstead, Cal.—This survey was made in August by Commander
Sands, with the schooner Marey. Shore-line for the chart (Sketch No. 41) was farnished by Assistant
Rodgers. The location of the bay is shown by the general chart (No. 40.) Besides the bay and roadstead,
the soundings made develep the coast hydrography between the roadstead and the bar of Tomales bay, which
was sounded out last year. From Tomales entrance a line of soundings was eontinued to Point Reyes in the
track of vesscls that make that headland from the northward.  The following is a synopsiz of the statisties:

Miles run in sounding ...................................................... 135
Angles observed ... .. oL el 437
Casts of the lead . oL . oo o i e e 4,977

This work was conclnded on the 2d of September.  Of the character of the bay, Commander Sands says:
“Bodega bay will admit vessels of less draught 1han eight feet. The roadstead is a good lirbor of refuge
during the summer mouths from the northwest winds and sca that prevail at that season.”

Commander Sands was detached from serviee on the Coust Survey by an order from the Navy Depart-
ment dated October 11th. Since his departure from the scelion, the nautieal duty in the hy dmgmphlc
party has becn conducted by Acting Must,cr A. 8. Hussey, under the general direction of Assistant Aug. I
Rodgere.

Tidal vbservations—Under the general supervision of Lieutenans G. H. Elliot, of the eorps of engineers,
the self-registering tide-gauges at San Triego and San Francisco have bLeen kept in successful operation in
charge of Messrs. A, Cassidy and H E. Uhrlandt. N

Mr. Uhrlandt has alzo, as heretofore, read off the results of the observationg for the two stations named
above, and for the third permanent station, (Astoria,) previous to forwarding the rolls to the Coast Survey
office.

SECTION XI.

FROM THE FORTY-SECOND PARALLEL TO THE NORTHWESTERN BOUNDARY OF THE UNITED STATES, INCLUD-
ING THE COAST OF THE STATE OF OREGON AND THE COAST OF WASHINGTON TERRITORY.—(Sxercu K, No. 42.)

The work of the only party which was available for duty in this section comprises the following surveys:

1. Supplementary triangulation and topography continucd at Koog bay, Oregon. A chart of the entrance
to the bay has been published.

2. A hydrographic reconnaissance in Koos bay, supplementary to work done in the vicinity of the bar.

3. Hydrography of the bar amg entrance of Gray’s harbor, W. T.

4. Tidal observations at Astoria.

OFFICE-WORK.—A prcliminary chart of Koos bay, Oregon, has been drawn and engraved; and the
drawing and engraving of a new cdition of the chart of Washington sound, W. T\, and the cngraving of that
of Coquille river entrance, Oregon, have been completed. Additions have been made to the progress sketch
and other plates of the section.

Topograply of Koos bay, Oregon~This work was referred to in my last annual report as being in
progress at the latter part of the surveying year. Before returning to San Francisco for the winter, Sub-
Assistant J. 8. Lawson reoccupied two of the stations used in bis triangulation, and at them and two others
intended for topographical purposes measured twelve angles by over five hundred repetitions, with the ten
inch Gambey theodolite, No. 20. The concluding work for the season was the tracing of shore-li.e and
topographical details along the south side of the entrance from Koos Head to Cape Gregory, (Sketch No. 42.)
and further plane-table work in the South Slough. This duty proved difficult by reazon of the dense fogs
that prevailed. Six miles of shore-line were added to the plane-table sheet, and, as last year intimated,
measures were taken for sounding out the entrance of "the bay.

r. Lawson was aided by Messrs. A. T. Mosman and H. Anderson.
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The party in the brig Fauntleroy sailed for San Francisco on the 22d of October, and returned to Koos
bay about the middle of April. During the winter the computations of the season’s work were made, the
topographical sheets were inked, and these, with duplicates of the vecords of observations, were forwarded to
the office.  The prelimivary chart of the entrance of Koog bay which accompanied my previous annual report
containg the shore-line traced during the working season.

Hydroggaphic reconnaissance of Koos bay—The soundings in the channel and approaches and on the
bar of Koos bay, as shown by the preliminary chart referred to in the preceding notice of work, were made
in October, 1861.  Sub-Assistant Lawson used for this service the steam-tug Fearless, the sailing vessel
employed generally by his party not being suitable for the purpose. The work inside of the entrance was
done with one of the boats of the brig Fauntleroy. Tidal observations were made while the party was
engaged in sounding,  The following are statistics of the reconnaissance :

Miles ran in gounding ..o i e e 65
Angles measured . . oL Lol 377
Number of soundings . .. .o e it e 3,167
Area sounded, (square xiles). ... L. 10

This work was plotted soon after the return of the party to San Francisco. The sheet containing the
soundings is now at the office, with duplicates of the journals of observations.

Mr. Mosman, one of the aids of the party, was detached on the 1st of November, and has been on duty
in the Atlintic scetions.  Mx. Horace Anderson also aided Mr. Lawson at Koos bay and in the execution of
his office-work during the winter.

In April the party in the Fauntleroy again proceceded to Koos bay, and made a reconnaissance of its
upper shores, with a view of completing the entire hydrography of the bay, if practicable, in the carly part
of the season. Some of the requisite signals were erected, but it was found, as the party advanced, that
natural difficulties there would make it impracticable to take up work in another locality which was also
included in my instructions for the season. The inside soundings have been for that reason deferred, but will
be resumed and completed at an early date.

Hidrography of Gray's karbor, W. T-—In July the party with the surveying brig Fauntleroy pro-
ceeded northward, the intention being to take up and prosecute to eompletion the soundings necessary for a
chart of Gray’s harbor, provision having been made for that work by the triangulation, and by the topography
which was concluded last year. Sub-Assistant Lawson, after providing what was necessary for the service,
took passage from San Francisco and rejoined his vessel at Port William, in Shoal Water bay. Three days
had been spent by the erew of the brig in attempting to pass into Gray’s harbor. No one belonging to the
vieinity would congent to take the vesscl in, the belief being general that no definite channel existed to lead
across the bar.

Betore Mr. Lawson’s arrival, his aid, Mr. Anderson, had taken up stores and had commenced work with
a boat and crew. A tide-gange was set up, and a register kept of each high and low water. The signals
required Lad been erceted.  Soundings were commenced immediately, but frequent interruptions oceurred, in
consequence of bad weather. Mr, Lawson met hindrances also in the currents, which are naturally very
strong in that vicinity. Close watch was kept for opportunity to work #n the bar, but during his stay of
nearly two months he reports that only three days offered in which a boat could be risked for sounding, and
that during oue of them there was a break until the flood tide had run a considerable time. Arrangements
had been made for determining the positions of the boat while on the bar by simultaneous angular measure-
ments at three stations on the shores, which were to be oecupied, respeetively, by Mr. Lawson, Mr. Anderson,
and Captain Charles F. Winsor, of the quartermaster’s department, who had kindly offered his assistance,
and who seconded all the efforts of Sub-Assistant Lawson during the entire working season. At this juncture
the sailing-master refused to do duty, and Mr. Lawson was constrained to take charge of the boat, leaving his
shore station unoccupied.

The hydrography was continued until the middle of September, when it had embraeed about four miles
of the inside of the harbor, the anchorage in South bay, and part of the north channel, as will be seen by
reference to the resulting ehart (Sketch No. 44,) which accompanies this report. The following is a summary
of the hydrographic statistics :

Miles run in sounding .......... ... . L . e 198
Angles measured . . o ..o e 1,036
Number of soundings . ... ... o 15.230

Area sounded, (square miles). ... ... .o L L, 24
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Two hundred and eighty-five observations werc made with theodolites in determining the positions of the
boat when sounding on the bar.

The party of Mr. Lawszon returned to their vessel at Shoal Water bay, and went to sea on the 25th of
September, his purpose being to stop at Koos bay. A very heavy and long-continued gale made it impracti-
cable to do so.  The Fanntleroy reached San Francisco on the 8th of October, and was there laid up for the
winter. After discharging his crew Mr. Lawson and his aid took up their office-work.

The embarrassment before referred to in connexion with the charge of the hoat was relieved by the
continued kindness of Captain Winsor. Under the terms of a leave of absence from the quartermaster at
Gray’s harbor, he acted as sailing-master of the Fauntleroy and conducted the vessel to San Francisco. His
unremitting dispesition to oblige is specially mentioned by Sub-Assistant Lawson as having furthered the
work of the party.

M:. Lawson’s report containg the following remarks in allusion to the character of Gray’s harbor:

“The results of the work confirm my previous estimation of the nature of the entrance. There seems
to be no well-defined channel across the bar, and the bar is very uneven and lumpy. In onc place I found
nine feet of water on it. Nor is the channel as straight as I supposed ; it takes a curve to the northward.”
« According to my experience on the bar the coast cwrrent always sets to the northward. The flood tide
sets in across the South sands, and not in the chaunel across the bar. The strong ebb tide strikes this
off-shore current and is deflected to the north, thus, probably, causing the curve in the channel. 1 estimate
the off-shore current that runs across the bar to have an average rate of about three knots per hour.”

Mr. Anderson was detached from the party of Sub-Assistant Lawson on the 21st of October, and has
sinece reported in person at the office in Washington. He had served in this seetion from May, 1860.

Tidal ebservations—Mr. L. Wilson has continued, under the general supervision of Lieuntenant G. H.
Elliot, U. 8. Engineers, to keep in operation the self-registering tide-gauge at Astoria, in Oregon, He has
also furnished a very complete series of meteorological observations.

COAST SURVEY OFFICE.

Major W. R. Palmer, U. S. Topograplhical Engineers, Assistant Coast Survey, retained the charge of
the office until the 11th of April, taking occasional supervision of the division details, while at the same time
attached to the staff of Major General MeClellan, and at intervals performing active wilitary duty in the
army of the Potomac. Since that date the office operations have been directed by Assistant J. K. Hilgard,
the permancnt charge having devolved upon him by the death of Brevet Lieutenant (folonel Palmer in June.

The duties of general assistant were performed until June by Assistant Edward Goodfellow ; since
that time in twrn by Mr. W. L. Nickolsor and Mr..J. §. Bradford, of whom the last-named had passed the
first half of the working year in ficld service in Secetion 'V, which he is now about to resume. He has been
replaced by Mr. C. H. Boyd, who was also of the field party which worked until June on the coast of
South Carolina.

The report of Assistant Hilgard, (Appendix No. 11,) and the sub-reports accompanying it from the chiefs
of the several divisions, give & general view of the occupation in each. Though the foree of the office has
been materially reduced since the outbreak of the war, it will be scen by the statistics given in the sub-
reports that the average of work heretofore done has not been remitted. No change in the charge of either
branch has occurred within the year excepting in the Drawing division, the charge of which was resigned
by Capiain T.J. Lee on the 8th of April, his services having been requested by the Burcau of Topographical
Engineers.

I proceed to review here briefly the report of the assistant in charge, referring for further details to the
Appendix. The office divisions will be mentioned in their usual order.

" Hydrographic division—The details of office-work, arrangements in regard to vessels for the parties
assigned to duty afloat, and an emergency requiring his personal services for the hydrography of the Potomac
xiver, have fully tried the energy of Captain C. P. Patierson, the able chief of this branch of the office. At
certain junctures during the year the requisites for service in connexion with the blockading squadrons, to
which reference has been made under the heads of sections, have called for more than usual address and
promptitude in action. As the instances occurred, the difficulties have been met and overcome with the
sound judgment that has also directed the ordinary details of his division. These have been cxeeuted, as
heretofore, chiefly by two draunghtsmen.

Mr. Arthur Balback, principal hydrographic draughtsman, has verified the reductions prepared for
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engraving, and alzo the soundings on the engraved proofs of charts and on lithographed sheets, adding the
sailing lines and the positions of buoys, beacons, &e., plorted for the purpose in the division, from data fur-
nished Dby the Light-house Board or by assistants of the Coast Survey. He also verifies the work shown
by the original hydrographic sheets, and tests the ranges of sailing directions sent in by the working parties,
as a preliminary to the engraving of notes on charts. In addition to the routine duties of the year, he has
revised and made additions to the table of depths at port entrances of the United States, whieh is given in
Appendix No. 5, and, as heretofore, has furnished information to the hydrographic aids as they were assigned
to duty in connexion with parties afloat.

Mr. Louis Karcher has made the projections required for the work of the hydrographic parties, and,
generally, the reductions for the engraver and lithographer from the original hydrographic sheets. He has
assisted in the verification of soundings marked on the sheets turned in, and has plotted two sheets of
souni]iugs from the bydrographic journals, in addition to those now in hand of the survey of the Potomac
river between Georgetown and Alexandria, in which he agsisted Captain Patterson during June and part of
July. The miscellaneous dutics performed have been, among others, the tracing of curves of equal depth
for the engraver, and the addition of soundings to tracings from topographical shects on the full seale.

Tidal Division—This has remained under the charge of Assistant L. F. Pourtafes. The foree of the
division has been kept nearly at a minimum, owing to the lessened number of observations received since the
breaking out of the rebellion. In Appendix No. 10 the field return is given of the observations recorded
within the year, and in Appendix No. 11 a report on the office-work and computations.

Mr. R. S. Avery bas continued the reduction of tidal observations, tabulated the daily inequality for
geveral stations, and has completed the graphical decomposition of those made in the Gualf of Mexico. He
is now employed in cxamining the record of diurnal tides. My, Jokn Downes has read off the sheets from
the self-registering tide-gauges and reduced the results. Mr. P. H. Donegan, though still suffering from the
ill-treatment reccived at Calcasien and New Orleans, the particulars of which were stated in my last annual
report, has continued on duty and has made various reductions from the tidal registers, besides completing a
catalogue of the tidal records now in the archives. In July and August he served as recorder to Assistant
Schott in ficld duty in Seetion II.  Some of the ordinary reduections, and the copying required in the work:
of the division, have been performed by M. Thomas and 8. D. Pendleton.

Computing Division—~—The charge of work in the computing division has remained with Assistant Charles
A. Schott, of whose qualification for its important duties I have made repeated mention. When engaged in
ficld service in Section 11 during parts of July and August, the assistant in charge of the office, Mr. Hilgard,
directed the details of the division. The current office-work has been kept up, though no change has been
made in the number of computers, which was diminished last year. In the Appendix, Nos. 18 and 21 are
given the reports of Assistant Schott on observations additional to the duties of the office. In Appendix
No. 11 will be found a detailed statement of the labors of each computer. They have been in general as
follows : Mr. T. W. WWerner has been chiefly employed in computing triangulations. Mr. E. Nulty in
reducing magnetic obzervations and in making computations for time, azimuth, latitude and longitude. Mr.
James Bain has been engaged, generally, in revising astronomical computations, and also in caleulations for
the magnetic clements at ccrtain stations.  Mr. G. Rumpf has been employed in geodetic computations; in
extending the geagraphical registers, and in the office adjustinent of triangulations. Mr. J. Wiessner has
made reductions from the records of angles in primary and other triangulations.

During the year the clerical duties of the division have been discharged in turn by Mr. J. E. Dow and
Mr. G. J. Pinckard.

Drawing Division—Until the 8th of April, this branch of the office continued under the charge of
Captain T. J. Lee, and since under the supervision of Assistant Hilgard, who, a few days after, as already
stated, took the general direction of this and of the other divisions of the office. In the matter of details
pertaining to the oversight of the division he was assisted by Mr. W. T. Bright. The distribution of work
amongst the dranghtsmen has been as follows : Assistant M. J. McClery bas added topographical details to
the photographs taken from original plane-table sheets, and prepared the photographs for engraving. My, E.
Hergesheimer has been engaged in compiling military maps from the sheets of this and of last year, and in
making projections for others. He has also generalized the details of original sheects intended to be photo-
graphed, and exccuted the lettering for first class maps and charts. Mr. A Lindenkohl has worked on topo-
graphieal and hydrographic reductions, and made projections for the field parties. He has also continued the
compilation of geographical sketches of the coast, and the addition of details for the progress sketches.
Mr. L. D. Williams has been engaged on fine reductions of topegraphy and hydrography for copper-plate
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engraving, and on projections and verification of details. Mr. . Lindenkoll has continued the construe-
tion of lithographic maps and sketches by compilation and engraving on stone, and has also worked on ro-
ductions from original plane-table and hydrographic sheets. M. I Fadrfux has made reductions of various
kinds, projections, and traciugs. Br. J. W. Maedel has cxecuted lithographic tracings, and others to be
used in photography for engraving, besides ovdinary tracings and miscellancous work. Mr. T. Petingale
has worked upon miscellaneous maps and tracings, and ulso assisted in another branch of the office in the
distribution of charts and compilation of statisties. DMessrs. B. Hooe and W. Fairfux have been employved
in making tracings. Mr. T. I2. Smith has been engaged since February on tracings and in miscellancous
work. Mr. W. B. McMurtrie was transterred to this division in August, and has been employed in plotting
hydrographic work and in inking plane-table sheets.

Engraving Division—The distribution of the details of work in this part of the office has remained
during the year in charge of Mr. Edward Wharton. The engravers have been employed as follows:
Messrs. G. MecCoy, A. Relle, and J. Enthofer, upon topographical details from photographic reductions;
Mr. John Kright, upon lettering for first-class charts; Messrs. 4. Sengteller, H. C. Evans, A. Blondeau, and
A. Maedel, upon topography ; Mr. W. Phillips, upon topography aud sanding; Mr. G. B. Metzeroth, upou
topagraphy, sauding, and views for charts; Messrs. H. S. Burnard and W. Ogilvie, upon sanding generaliy ;
Mr. J. C. Kordrup, upon topography and outlinc engraving for first-class charts; Messrs. E. A. Maedel and
W. Langran, upon lettering and figures; Mr. 4. Petersen, upon topogfphy and lettering ; Messrs. R, F.
Bartle, W. 4. Thompson,and F. . Berrer, upon topography, zanding, and miscelluneous engraving ; Messrs,

25
C. T Klakring, J. (. Thompson, and E. H. Sipe, upon lettering and diagrams ; and Mr. 4. Buckle in further
practice with punches as substitutes for eut figures to represent soundings on charts.  Threc plates have been
prepared by this process for publication.

Photograph and Electrotype Diviston—The details of work done in this division will be found in the
report of My, George Blathiot, (Appendix No. 11,) who has continued in charge. Further improvement has
been made in the photographic process, and an important advance in the reversion of the collodion plate in
the camera, instead of the tracing which is to e reproduced as a glass “ positive.”  The results of experi-
ments which Mr. Mathiot has made in photo-lithography ave also given in the appendix.

The newer applications of the photographic process have muck facilitated the miscellaneous work re-
quired in the office, and extensive use has been made of them during the past year in producing eopies of
maps for military purposes. This has been done in addition to the routine work of electrotyping plates and
photographing for the use of the engraving division.

Mr. David Hinkle, the intelligent and efficient assistant of Mr. Mathiot, has been constantly employed
in the division.

Lithographing Division.—This division, whicl was organized and added to the office establishment during
the month of May, 1861, to meet the increased calls for charts arising out of the exigencies of the war, has
been continued in active operation under the charge of Mr. W. L. Nickolson.

Besides the printing of a number of charts from transfers, in order to assist the issuc from the copper_
plate presses, many impressions have been taken from original drawings, some engraved or drawn vpon stone,
and others transferred by the ordinary lithographic process. The requirements of the War and Navy Depart-
ments have been promptly met. On the two lithographic presses nearly thirty-one thousaud copies of eharts
and sketches have been printed during the year ending with October, and assistance has been rendered in special
cases for the use of the War Department by the rapid duplication of the details of military maps and sketches.

The preparation and distribution of lithographed descriptions of the coast have been continued. Of the
edition now on record, three hundred and eighty-five copics with accompanying charts have been furnished to
officers of the army and navy, in command of expeditions, since the commencemnent of their Issne in Augusi,,‘
1861. Appendix No. 11 shows in full detail the operations in this branch of the office.

Meiscellaneous Division—The dutics connected with the oversight of the copper-plate and lithographic
printing, and distribution of maps, charts, and sketches, and the distribution of the annual reports, have also
been discharged by Mr. Nicholson sinee the 1st of June, when Assistant Edward Goodfellow, who had the
charge up to that date, was assigned to field service.

The demand for maps and charts for the use of the army and navy having increased move than seven-
fold within the past two years, has called for great activity with the limited means at our disposal for keeping
up the supply of printed sheets. The detailed report of Mr. Nicholson (Appendix No. 11) shows that over
fifty-one thousand copies of maps, charts, and sketches have been printed within the ycar, and that more than

cs 9
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forty-four thousand of them have been distributed, the greater part (about twenty-six thousand) through the
naval observatory, and the others to officers of the army and nm-'y; the government departments, to captains
and pilots in the transport service, and, with the discrimination alluded to in my report of last year, to loyal
citizens. .

Of special topographical sheets of the vicinity of Washington, which for obvious reasons have nat been
either engraved or lithographed, about a hundred photographic copies have been furnished from the office for
the use of the corps of engineers and prineipal commanders of the army.

The supervision of hydrographic details in the office, and the arrangements in regard to the vessels of
the survey, have been, as Jast year, under the able charge of Captain C. P. Patterson, hydrographie inspector:
whose unremitting exertions in the public service are worthy of all praise.

The services of the general disbursing agent, Samuel Hein, esq., have been continued with his nsual zeal
and fidelity. ‘

The clerical services in the office of the superintendent have been aceeptably discharged, as heretofore,
under the direction of T¥V. TV, Cooper, esq., and the clerical duties with the superintendent in the field, which
have heen unusually mtricate and onerouns this year, have been most thoroughly and zealously performed by
M. J. T. Hoover.

Respectfully submitted by
A. D. BACHE,

Superintendent United States Coast Survey.

Hon. 8. P. CHASE,
Secretary of the Treasury.
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APPENDIX.

APPENDIX No. 1.

of the Coast Survey wupon the coasts of the United States during the surveying
season of 18G1-"G2.

|

Limits of scctions. | Partics. . Operations. Persons conducting opera-
| . tions. :
BrcrioN 1. i
t
From Passamaquod- | No. 1 | Triangulation - .... F. P. Webber, sub-assistant_
dy bay to Point ; ‘
Judith, including |
the coast of Maine, !
New Hawpshire,
Massachusetts,and .
Rhode Island. ‘
2 Triangulation . ..... G. A. Fairfield, assistant. ...
i !
| I
3 \ Triangulation - _ 8. C. McCorkle, sub-assistant._
E H
! !
i !
i
|
4 | Topography.-... ... W. H. Deunis, sub-assistant.
: | |
{ | i
| i
I i
: i
I
5 Topography.-..._. i Cleveland Rockwell ___.___.
| 3
| 6 | Topograpby......-| Charles Ferguson, sub-assist-
| ant.
|
|
7 | Topography.omeon- C. T. Iardella, sub-assistant.

Localities of operations.

Secondary triangunlation of the crast of
Maine, from DMachias bay, southward
and westward, to Pigeon Hill, including
Englishman’s bay, Chandler’s River
bay, Indian river, and Pleasant river.
(see also Section IIT)

Secondary triangulation embracing Isle
au Haut bay. Kggemoggin Reach, and
the adjacent islands between Mt, Desert
and Peuobscot bay., (See also Section
VI

Triangulation above Belfast and Castine,
pearly completing the preliminary
work in Penobscot bay, and including
the shores of Belfast bay and the mouth
of the Penobscot river.

Shore-line survey of Eastport harbor com-
pleted, including Eastport or Moose
island, in Passamaquoddy bay; shore
of Juhnson’s bay and of the St. Croix
river traced from its mouth up to Pleas-
ant Point; that of the western side of
Campo Bello island traced; and that of
Lubec Neck surveyed southward to
embrace West Quoddy Head. (See
also Section V.})

Eastern shore of Frenchman's bay em-
bracing the coast of Maine from Jones’s
Cove to Winter Harbor, and most of
the islands between the coast and Mt.
Desert island.  (See also Section V.)

Planc-table survey of the shores of Ten-
pant’'s harbor, Wheeler's buy, and Long
cove, including Crescent, Clark’s, and
other islands; and embracing the west-
ern shore of Penobscot bay from Fig
Hill, southward, to Hack’s Neck. (See
also Section 1IT.)

Topography nearly completed between
the Sheepscot and Kennebec rivers,
by shore-line and detailed survey of
the lower part of Back river, Robin
Hood's cove, Hall's bay, and Little
Sheepscot river,  (See algo Section VI1.)
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ATPENDIX No. 1—Continued.

or

Limits of scctions. |
i
I

FParties.

Operations. ’ Persons concducting

| tions. .

vpera-

Localities of operativus.

Seerion I—
Continued.

Secrron II.

From Point Judith |
to Cape Henlopen, |
including the cuast |
of Connecticut, N.
Yoik,New Jersey,
Pennsylvania, and
part of Delaware.

' No.

10

11

12

14

i

8  Tupography...... . A, W. Longfellow, assismnt_} Detailed survey of theshores of Yarmouth

|
|
|
i
]
i .
9 | Flane-table recon- | F.'W, Dorr, sub-assistant; H.
naissance. i W. Loogfellow, aid.
I
|

Topography. ao... H. L. Whiting, assistant....

| i
1

{ f

! |

P

i |

i
i

Topograpby.-.....; A. M. Harrison, assistant;
H. W. Bache, aid; F. A.
Lucber, aid.

¥. H. Gerdes, assistant; C.
Fendall, sub-assistant; T.
C. Bowie,aid; F.H.Gerdes,
jr., aid.

Hydrography .....

! Hydrography Edward Cordel], L. T.. Nich-

A. Sample, aids.

'
|

|

b
{
i
|

|
l

Hydrography . .... Henry Mitchell, agsistant; C.
L. Bixby, C. P. Dillaway,
P. Frazer, jr., aids.

Samuel Walker, (part of sea-
son,) R. H. Talcott, (part
of season.)

Magmetic observa-
tions.

Tidal observations.| R. H. Talcott, T. E. Ready..

1 | Geodetic,astronom- | A.D. Bache, superintendent;

jcal, and mag- G. W. Dean, assistant; Ed-
i netic  observa- ward Goodfellow, assist-
: tions. ant; R. ¥.. Halter, sub-

assistant; 8, H. Lyman
and H. M. De Wees, aids,

olson, L. A. Scngteller, J, ©

and Treeport rivers, and of Wolf's
Neck, in the upper part of Casco bay,
Me. (See also Section IIIL.)

Reconnaissance for defensive purposes,
and mapping of the environs and south-
ern approachés of the city of Portland,
Mc.  (See also Section I1I1.)

Special plane-talde survey of Coaster’s
Harbor island and of the adjacent shore
of Narragansett bay from the environs
of Newport, northward, to include Cod-
dington cove, and eastward to Mian-
tonomy Hill, and other details. (Sec
also Sections II and III.)

Plane-table survey continued on the
islands of Narragansett bay, including
parts of Connanicut and Dutch islands,
with Taylor's cove and Dutch Island
harbor; and shore-line survey of Pru-
dence, Paticnce, Dyer’s, Gould, and
other islands, (See also Section III.}

Soundings completed between the Sheep-
scot and Kenncbece rivers, including
Wiscasset bay, Montseag bay, Great
and Little Hurl Gate, Little river, and
Robin Hood's cove. (See also Section
VIIL)

Hydrography of Casco bay extended by
soundings east of Crotch and Jewel
islands to Mark Island ledge; and from
Haurpswell Neck to the main shore,
westward, above Cousin’'s and Whale
Boat islands, and as far as the mouth
of Freeport river; Yarmouth and Free-
port rivers sounded ; supplementary
soundings made in the vicinity of Peak’s
and Bange’s islands, and between
Trundy’s reef and Portland Head.

Soundings continuedin Narragansett bay,
R. L, from Half Way rock, southward,
to a point below Goat Island light, in-
cluding the approaches to Newport
harbor, and hydrography of the west-
ern passage in the vicinity of Dutch
island. (See also Section 1V.)

Determination of magnetic constants con-
tinued montbly at Ilastport, Me. (Ses
algo Section VI.)

Series of tidal observations continued at
Eastport, Me., with self-registering and
staff ganges ; and at Charlestown navy
yard, Mess., with box gauge and self-
registering gauge.

Mount Tom, Hampshire county, Mass.,
and Sandford Station, in New Haven
county, Conn,, occupied for connecting
the primary base on Epping Plains
(Section I) with that on Fire island.
Observations made at both stations for
latitude, azimuth, and the magnetic
elements,
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Limits of sections.

Secrioxy 1T —
Continued.

Secrion 111,

From Cape Henlo-
pen to Cape Hen-
ry, including the
coast of part of
Delaware and the
coast of Marylaund
ﬂl_ld_ part of Vir-
ginia.

Tarties.

3.

{ Triangulation

Operations.

Triangulation ..... i

Triangulation

Topography..cae...

Topography and
hydrography.

Hydrography -.... ‘

Magnuetic obscrva-
tions.

Tidal observations.

Triangulation and
topography.

Topography...c...

Topography.ewan..

Persons conducting  opera- |
tions. |

Localities of operations.

W. 8. Edwards, sub-assist- |
ant; F. H. Dietz, aid. i

Edmund Blunt, assistant; A. ]
T. Mosman and A. R.
Fauntleroy, aids, ‘

\

|
H. L. Whiting, assistant; J. !
W. Donn, aid. )

John Mechan, sub-assistant;
W. W. Harding and C. 8. |
Hein, aids. I

George Davidson, assistant..

C. A. Schott, assistant; P. H.
Donegan, aid.

R. T Bassett.. ... ._._.._...

Fairman Rogers, acting as-
assistant; H. L. Whiting !
and A. W. Longfellow,
assistants; F. P. Webber,
Chas Fergueon, John Me-
chan, and R. E. Halter,
sub-assistants; Chas. Hos-
mer, aid. !

John Mechan, sub-assistant;
Charles Hosmer, W. W.
Harding, and F. A. Lue-
ber, aids.

Charles M. Bache, sub-assist-
ant.

Triangulation of Connecticut river ex-
tended upwards from Goodspeed's land-
ing to Higganam., (See also Section
V)

Triangulation on the east side of Hudson
river, in the vicinity of Rhinebeck and
Poughkecpsie.

..... ~ John Farley, assistant _.. ._| Revision of triangulation on the coast of

New Jersey from Shark river, south-
ward, to Green island,

Supplementary  topography  between
Flushing and Jamaica, L. I., and de-
tails extended westward to the envi-
rong of Brooklyn, for completing the
new edition of the chart of New York
harbor.  Plave-table survey of the
Hudson river extended on the custern
slde from Tarrytown, northward, to
Croton river, including Sing 8ing and
other villages. (See also Sections I
and IIL.)

Shore-line survey extended to Coxsackie,
and soundings continued in Iludson
river, upwawds, from Tivoli to Four-
Mile Point, below Coxsackie.  (See also
Scction VIIL)

Special hydrographic examination made
in the vicinity of Pea Patch island,
Declaware river, and development of
changes by comparison with previous
surveys. Lines of level run on League
island, and at Red Bank, N.J. (See
also Section VI.)

Magnetic elements determined at Phila-
delphia, at Harrisburg, near Browns-
ville, at Eric, and at Williamsport,
Penn’a.; and at Bath, N. Y. (See also
Section 111.)

Observations continued at the station on
Governor's island, New York harbor,
with self registering tide gauge.

Triangulation and plane-table survey of
the banks of the Potomac completed
from Blakistone island to Washing-
ton, and joined with thie topographical
survey of the District of Columbia.
(8ce also Sections 1 and I11.)

Detailed survey of thc environs of Wil-
liamsport, Md., for military purposcs.
(See also Sections IT and VIIL)

Topography for military use of the ground
north and west of Bladensburg, Md.,
along the line of the District of Colum-

bia.
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Operations.

Persons conducting opera- |

tions.

; Localities of operations.

|

Secrion 111

Continued.

No 4 : Topography

5 Topography..

6 ' Topography.......

7
8 ‘ Topography. ...,
9 | Verification of to- |
| pography. |
I
t
10 ;‘ Topograpby .....
1
I
|
11 | Yopography.aeoa..
i
|
|
12 1 Hydrography -....
I
E
1
i
13 ‘ Hydrography . ._..
|
14 | Specialservice.....

Topography..__.. .

|
f
{
]

i
;
f
|
-l
|

J. G. Oltmanns, sub-assist-
" ant.

: T. W. Robbius oo ovaoooao.

H. L. Whiting, assirtant; C.

M. Bache, sub-assistar t.

C. M. Bache, sub-assistant;

T. W. Robbins, aid.

T W, Dorr, sub-assistant; !

J. W Donn, aid.

A. M Harrison, assistant; |

H. W. Bache, aid.

Charles Hosmer; F. A. Lue-
ber, aid.

A. M. Harrison, assistant;
H. W. Bache and F. A,
Lueber, aids.

Lient Comg. T. 8. Phelps,
U. 8. N., assistant.

C. P. Patterson,bydrographic
inspector.

Lieut. Comg. T. 8. Phelps,
TU. 8. N., assistant.

i Plave-table survey commenced of the site
and approaches of Fort Lincoln, and

i other defensive works, near Washing-

( ton city. (See also Section VIIL)

|

} Extension of the topographical survey in
Fairfux county, Va., from Falls Church

towards Fort Marcy and Lewinsville.

Topography of Manassas Junction, Va.,
and its vicinity, including, with other
surface details, the intrenchments
erected in 1861, (See also Sections I
and IL)

Plane-table survey on the north side of
the Rappahannock river, opposite Fred-
ericksburg, including Falmouth and its
environs, and the roads leading to
Belie Plaiv and the vpper part of Poto-
mac creek.

Special topographical gervice in the army
of the Potomac, on the peninsula, he-
tween York and James rivers, includ-
ing local gurveys and general recon-
naissance. (Seealso Sections [and IL,)

Line run with the plane-table from the
| upper sea-coast of Virginia to the head
ot Pocomoke sound, connecting the
survey of Chincoteaguebay with thatof
the Chesapeake. (See also Section I}

Topographical survey of Drummondtown
and its vicinity, for military purposes,
embracing also the surface details of
.Accomac county, Va., eastward and
westward, to junctions with former
plane-table surveys of the Atlantic
coast and shore of Chesapeake bay.

Special plane-table surveys of redoubts,
forts, and intrenched camps on the
banks of Elizabeth river, Va., and in
the neighborhood of Norforlk; showing
also the condition of the navy yard in
June, 1862. (See also Section 1.)

Hydrography of the Potomac river ex-
| tended upwards from Blakistone island
to the vicinity of Indian Head, includ-
ing the development of the Kettlebot-
tom shoals, (Sec also Section 1V.)

I
. Hydrographic survey of the Potomac from
Alexandria to Georgetown, including
the Fastern Branch to the vicinity of
the navy yard.

With North Atlantic blockading squad-
ron before Yorktown, Va.; in York river
and its Branches; extended reconnais-

| sance up the Mattaponiriver; and guard

‘! glvlty at West Point. (See also Section

)
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Limits of sections.

Parties. :

Operations.

tions.

Persons conducting opera- |

Localities of operations.
|

Secrrox 111-—
Continued.

SecrroN IV.

| No. 15

From Cape Henry to
Cape Fear, ingjud- |

ing part of the
coast of Virginia
and of North Car-
olina.

SrorioN V.

From Cape Fear to
St. Mary’s river,
including part of
the const of North
Carolina, and the
coast of 5. Caro-
lina and Georgia.

2 Physwal survey....! Henry Mitchell, assistant. ..

Hydrograpby
Magnetic observa- !

tions.
Tidal observations..

Hydrography

A. M. Harrison, -assistcmt;
H. W. Bache, aid.

C. Schott, assistant; P.

A
H. Donegan, aid.

|
i
i
|
!

Lieut. Comg. T. § Phelps,
U. 8. N., assistant.

P
|
{

i

Special service and | A S. Wadsworth, assistant ;

hydrography.

© Topography
hydrography.

Triangulation,
pography,
hydrograpby.

Topography..-.....

H. Mitchell, assistant;

aids.

aid.

to-
and

C. O Doutelle, assistant;
C. H Boyd,J. S. Bradford.
H., W. Longfellow, C. L.
Bixby, aids.

M C King.occmcaeannan-- {

; Edwd Cordell, C. P. Dilla-
i way,and L. A.Sengteller, ;

and . Albert Boschke, acting as-
sistant; E. H. Courtenay, |

Cleveland Rockwell ... .. __

! Hydrographic resurvey of Metomkin in-
let, Va., inctuding also Metomkin bay,
and development of chapngess in the
shore-line of the entrance for military
purposes. Buoys set to mark the chan-
nel into the inlet,  (See also Section I.)

Magnetic declination, dip. and intensity,
and iustrunmental constants determined
at the station in Washiogton, D. C.
(See also Section IL)

Self-registering tide gauge continued in
operation at Old Point Comfort, Va.

Complete hydrographic resurvey of Hat-
teras inleb. including its approaches
from seaward and the channels leading
into Pamplico souud.” {See also Sec-
tion IIL) )

|

i

i

3 Observations on the tides and corrents at

| Hatteras inlet, N. C., with reference to
their effect in changing the shore-lines
outside and inside of Pamplico sound.
(See also Section 1)

Specml service at Hatteras inlet with

orth Atlantic blockading squadron.

Hydmgmphy of C(regon inlet, aund

hydrographic rcconnaissance in Necuse

| river, N. C. Btakes get to mark the

i channel and buoys placed on the Mid-
i dle Ground. (See also Scetion I.)

Shore-line survey to determine changes,

and hydrographic resurvey of the en-

" trance, approaches, and harbor of Beau-

fort, N. (.

Special and general service on the coast
of Seuth Caroling and Georgia, with the
South Atlantic blockading squnadron.
Soundings made and buoys set on Rat-
tlesnake shoal. Recornaissance and
direction of surveying pasties in sound-
ing Stonc inlet and its branclies; in
North Edisto river; St. Helena sound;

! Port Royal sound, including Broad and
i Beaufort rivers and their tributaries;
I Skull creek and Calibogue sound, S. C.;
| Tybee roads; Wassaw sound; and St.
t Simon's sound, Ga ; and Fernmandina
| harbor, Florida. Buoys set and deter-
mined in position at these entrances.
i Hydrographic changes ascertained and
i sailing directions furnished for new
‘ editions of the harbor charts.

Shore-line survey for military purposes

of Stono, E‘olly, and Kiawah rivers, and
I of John's, James's, Cole’s, Kiawah,
i and Folly islands, mcludlua the in-
trenchments found on their banks.
Topographical survey of the inside shore
of Port Roval island, and of part of
Broad river, 8. C. (Seu also Section I.)

2 Superintendent’'s Report for 1861, page 44
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Limits of sections. = Parties.

Secrion V— ! No.
Continued. i

3

{
'
{
i ¢
!
}
i

Secmiox VI ]

From Saint Mary's
river to Saint Jo- |
seph’s by, includ-
ing the eastern !
and part of the |
western coast of
the Florida penin-
sala, and the Flo- . |
ridareefsand keys |

Sgcrion VIILL
From Mobile bay to | 1
Vermilion bay, in-
cluding the coust
of Alabima and !
Missiseippi, and !
part of the coast :
of Louisiana.

SEcrion X,

Western coast of the ! 1
United States from ;
the San  Diego . i
boundary to the ' |
forty-second par-
allel, iancluding
the coast of Cali-
fornia.

. Hydrography

| Topography

REPORT OF THE SUPERINTENDENT OF

APPENDIX No. 1—Continned.

Operations.

Topography

- Hydrography — ...

Magnetic observa-
tions.

Hydrography and !

wpcua.l service.

Tapography

tions.

| Persons conducting opera- :

Localitics of operations.

W. H. Dennis, bub-&subt.mt_ Shore-line survey for military purposes of

i
i

Beaufort river, 8. C., and of the upper
part of Broad river, 111(,1udmg Archer’s
creek and Cowan creek.  (See also Sec-
tion L)

W. 8. Edwards, suh-assntzmt, Hvdrographv of Stono, Folly, and Kiawah

George Davidson, agsistant ;
G. A. Fairfield, assistant;
C. T. Lardella and C. Fen-
dall, sub assistants;
Mosman, I, L. Nicholson,
and A. R. Fauntlcroy,
aids.

J. G. Oltmanvns, sub-assist-
ant, (part of season;)

F. F. Nes, sub-assistant,

AT

(part of season ;) Samucl !

Walker,

F. H. Gerdes, assistant; J 8.

rivers, and supp]em(,ntary soundings in
Broad and Beaufort rivers, 8. C., includ-
ing the channels of Archer's and Cowan
crecks for military purposes. Complete
hydrographic survey of Skull creek and
of Calibogue sound. (See also Section
1I.)

Hydrography outside of Florida reef
abreast of Upper Mat&umba Key, and
extending southward and westward to
a junction with formet work abreast of
Lower Matacumba Key. (See also Sec-
tions I and IL.)

Differential observations for the three
magunetic elements continued by pho-
tograpby, and absolute determinations
made monthly. (Sec also Sections I
and VILL)

! Special service and determination of posi-

Harris, acting assistant; |

J. G.
sistant; T. C. Bowie, aid.

John Mechan, sub-assistant ;

Triangulation .. _. . |

’» Topgraphy. ... i

R. M. Bache, assistant.

W. E. Greenwell, asgistant ;
Julivs Kincheloe, aid.

W. M. Johnson, sub-assistant.

A. F. Rodgers,
David Kerr, aid.

Oltmanns, sub-as- |

tions Ly triangulation pear Forts Jack-
gon and St. Philip, Mississippl Delta.
Southwest Pass of the Mississippi
sounded out and buoys set to mark its
channel.  Sailing divections furnished
and general service with the Westein
Guif blockading squadron. (See also
Section 1.)

. Plane-table surveys for military purposes

i
]

!
i
1
|

!
|
|

i

2

!
i

of the ground commanded by the de-
fensive works erected at St. Louis, Mo.,
in 1861. (See also Section IL.)

Triangulation of Bar Clemente island
(Santa Barbara channel) completed,
and that of the coast of California be-
tween San Pedro and Point Duma.

Plane-table survey continued of the shores
of Half Moon bay, Cal.

assistant ; | Topography completed of the shore of

Tomales bay. Cal., and complete plane-
table survey made of the shores of
Bodega bay.
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Limits of sections. | Parties. :

Srerron X—
Continued.

Secrion XI.

From the 42d paral-
lel to the north-
western boundary
of the United
States, including
thecoastof Oregon
and that of Wash-
ington Territory.

Operations. Persons conducting  opera- Localities of operations.
: tiovns.
No. 4 @ Hydrography ._.... Commander B. ¥. Sands, U. | Hydrographic survey of Bodega bay and

i

J
|
i
!
|
i
i
t

| Tidal observations_

S. N., assistant.

roadstead, and of the coast of Cali-
fornia between it and the bar of Tomales
! bay. Soundings made in Karquines
strait, between Benicia and Martinez.
. and at the junction with Mare Island
strait; and development of the bar and
shoal water off Point Wilson in San
Pablo bay.

. A. Cassidy, H. E. Ukrlandt.. Regular series continued with self-regis-

tering tide-gauges at San Diego and San
Francisco.

i

Hydrography -.... | James 8. Lawson, sub-assist- | Soundings further extended in Koos bay,
I ant; A.T. Mosman, aid, |  Oregon, and hydrographic survey com-
I (part of season;) H. An- ! menced of the bar and entrance of
’ derson, aid. Gray's harbor, W. T,
1
' Tidal observations. L. Wilson oo cmmamn. Observations continuned at Astoria, with

self-registering tide-gauge.

s 10
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No. 2.

Information furnished from the Coast Survey office by tracings from original sheets in reply to special calls
during the year 1861-'62

Date. lt Names, Data furnished
1861. *
Nov. 6 Navy Departmunt - . . oo ...___. Tracing of the topography of the coast of North Carolina from
! Cape Hatteras to Ocracoke inlet.
Dec. 3 Captain R. F. Loper, U. 8. A_...coaa-. acaee. . Tracing from the hydrograplhic resurvey of Hatteras inlet, N.
| i 0, (1861
i
3 | Brig. Gen. John G. Foster, U. 8. A___.._ ... Tracings fror the hydrographic and topographlcal sheets of
1 Roanoke island and vicinity, N.
1862, | j
Jan. L QO emrceevensmcmscmm e cnnn ———- | Tracing of the shore-fine of the coast of North Carclina
i 1-200,000.
4 ‘J ____________ S R Tracings from the hydrographic and topographical sheets of
i Roanoke island and vicinity, N. C.
24 e O e iamercea e rcanan Tracings from topographical sheets, coast of North Carolina.
Feb. 12 | Brig. Gen. Seth Williams, U. 8. Av veov oou.-.| Tracings from reconnaissance sheets of White House Point,
E Lower Cedar Point, and Mathias Point, Potomac river.
March 21 | Brig. Gen. Joseph G. Totten, chief engineer, | Tracing from hydrographic sheet of Casco bay, Me.
| U.S A,
17 i Com (. J. Pendergrast, U. 8. No__.. ... Hydrography of the Delaware river, ahove Fort Miffiin,
1 S G (S Hydrography of the Delaware river, below Fort Mifflin.
18 : Hon. Henry Ingalls, Maine ., c - cocemeooo. Hydrography and topography of the Sheepscot river, Me.
18 ; Brig. Gen. W. B. Franklin, T. 8. A.._.__._._. Tracing of the topography of the Pocosin river, Chesapeake
bay.
18 | Lieut. Col. J. N. Macomb, corpe of topograph- | Tracing from topographical sheet of the city of Richmond,Va.
ical engineers.
20 |iccearcemems A0t cdiiaccme—nan Tracing from hvdrograplnc and tor)ographical sheets of the
Appomattox river to Petersburg, Va
April 14 | Hon. P. H. Watson, Assistant Secretary of War_| Tracing of the topography and hydrography of Sewell’s Point,
Hampton roads, and vicinity, Va.
15 | John A. Clarke, esq , Philadelphia. «ooc.mca.- Topoegraphy of Lockwood’s Folly inlet and vicinity, N C.
16 | Col. Andrew A. Humphreyr, corps of topo- | Topography of Yorktown and vicinity, Va.
ﬂ graphical engineers. -
26 | Lieut. Col. J. N. Macomb, corps of topographi- | Tracing of the topography of Fredericksburg and vicinity,Va.
| cal engineers.
29 | Col. Richard Delafield, corps of engineers__.._. Hydrography and topography of the vicinity of Fort Schuyler,
N.X.
May 7§ War Department oo cno o cceanecneaan. Tracing of the plane-table survey of Richmond, Va.
12 | Bowdoin, Larocques & Barlow, N, Y _uo..... | Shore-line of the Rio Grande river, Texas, with gix, twelve,
and eighteen feet curves.
12 4 ol Ao i Geographical positions mouth of the Rio Grande river, Texas.
20 | Hon. Benj. Stark, Washington, D. C._........ Shore-line of the Rio Grande river, Texas, with gix, twelve,
and eighteen feet curves
June 14 | United States district attorney for the southern | Tracing showing shore-line, soundings, and currents in the
district of New York, East river, near the Brooklyn navy yard.
14 | Charles Hastings, consulting engineer, Brook- | Tiacing showing shore-line, soundings, and currents in the
Iyn navy yard. East river, near the Brooklyn navy yard.
14 | Nuvy Department . ... .. Lo ... Topography and hydrography of League island and vicinity,
Delaware river.
18 | ccravanan T L Hydrography of the upper waters of Stono river, 8§ €, and of
the inland passage Detween Charleston and Savannah,
) O . (R, Traciog of the hydrography and topography of the Delaware
river from the Philadelphia navy yard to Fort Mifffin.
Jaly 8 | Maj, Gen. George B. McClellan, U. 8 A...... Tracing of the plane-table survey of James river from Harri-

| son’s Point to Curi’s Neck, Va.
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Date.

1862.
July

August

Sept.

Oct.

9

11

17

17

29
22

14

14

16

20

22

25

31

Names. Data furnished.

Maj. Gen. George B. McClellan, U. S. A ocueu- Tracing of the plane-tuble survey of James river from Curl’s
Neck to Falling creek, Va,

Brig. Gen. Andrew A. Humphreys, U. 8. A....| Tracing of the James river survey from Kingland’s creek to
Falling creek, including site of Fort Darling, Va.

Hon. Henry May, Maryland o aeenioeocmvemans Topography of St. Michael's river, with part of Thirdhaven
creek, Md.

Brig. Gen. Andrew A. Humphreys, T. 8. A....! Topography and hydrography of James river from Sandy
Point to Harrison’s bar, Va,

............ A0 e iveee cnen e~ Topography of James river from Curl’s Neck to Wilton, Va
Cmmmmerewnm—— A0 mnceemer e me e ——— Topography of James river from Curl’'s Neck to Cogain's
Point, Va.

Hon. G. V. Fox, Assistant Secretary of the Navy. T acing of part of Narragansett bay, R 1.

|remammme——— dOcuana emsemmeseienanm— s am—- © Hydrography of Potomac river from the entrance up to Indian
i Head.
| Col. Richard Delaficld, corps of engineers ... 3 Topography and hydrography of the vicinity of Castle Rich-
- moud, X. Y.
Navy Yard Commission macemeacecmaaccoman- i Hydrography and topography of League island and vicinity,
| Delaware river.
........... dOacccciicineensacecaae-waa.’ Hydrography and topography of New London harbor and
i Thames river, Conn.
Brig. Gen, H. H. Lockwood, U. 8. A.ocaana. | Topography of part of Accomac county, with hydrography of

Metombkin inlet and Onancock creek, Va.

Brig. Gen. Andrew A, Humphreys, U. S. A_...| Topography of Appomattox river from City Point to Peters-
i burg, Va.

Col. Richard Delafield, corps of engineers .... ; Topography and bydrography of Willet s Point and vicinity,
L. I sound.

Lieut. Col. J. N. Macomb, corps of topographi- | Topography of the left bank of the Rappahannock river, Va.
cal engineers.

............ A0 ccitnicciicccaccccaaa.| Tracing of a reconnaissance of the roads near Fredericksburg,
Va.

Navy Department - c v commcomccccmcmaeanas Hydrography of the resurvey made in 1862 of Deaufort har-
bor, N. C.

Gouverneur Morris, esq., N. Yooaias ono Hydrography of Throg’s Neck reach, Long Island sound.

Prof. Warren Holden, Philadelphia .. .__.... Results of azimuth computations for Girard College, Phila-
delphia,
Navy Department - .o cneeucaccuacacoccana. Topography and hydrography of James river from Harrison’s

Point to Richmood, Va., manuscript maj, in three sheets
on full geale of survey.




APPENDIX No.

Statistics of field and office work of the United States Coast Survey during the years—

9
D

Eeconnaissance —

Base lines—

Triangulation—

Astronomical operations—

‘Topography—

Hrdrography—

i : i
Previons 1834, ’ 1845, | 1840, | 18M7. | D848, | 1849, | I850. . ISl | 1ea2, | 1854 | 1854, | 1855, | jesg.

to 1844, i i ;
Area, in square M8, vene vas vaes| 9,642 ] 1,140 -8 T ‘ 1,830 | 2,930 | 3,940 | 10,159 | 3,280 3,510 1 1,706 | 1,708 795 ] 1,487 0 4,072
Parties, number of, in cach year.,, 4 2 41 5 5 7 6 4 : 6 6 5 13 7 5

|

Primary, number of, veevessiesvars 1 2 e e 1 ) PORRIOS | PR TER PR L PRI 2 G
Seeondary, namberof. ... ..., 2 2 1 4 3 3 4 5 2 8 R
Length of, in miles.eesearvaveness 194 93 13 6 Vi 2 44 18} 3 24 03
Aren, in gquare miles ... 9,076 795 2,166 | 1,185 | 1,903 | 9,502 4,091 9,007 2,465 | 1,703 | 3,080 0 2,701 2,720 2,793
Extent of general coast, in miles. . 70 179 102 123 159 115 285 216 243 220 94 216 R}
Extent of shore-line, in miles, in- '

cluding bays, sounds, islands, i

ANd FIVErS Loiien wevsecavnnnnene] 1,588 589 554 1 1,018 541 796 | 1,328 730 1 1,097 i 1,104 B84 | (069 1,401 i 1,895
Harizautal angle stations occupied. 750 120 &0 197 180 28 204 157 184 223 24 204 410 ° 544
Geographieal positions determined.| 1,183 147 148 372 194 237 319 201 307 4416 346 388 581 1,210
Vertical angle stations occupied ... 15 2 5 7 3 1 18 15 22 14 7 3] 6 1
Eilevationg determined, number of,, 44 12 7 48 44 1 59 22 53 66 9 127 6 12
Farties, number of, in each year ... 4 5 g 7 8 LI} 13 14 14 13 18 17 17 20
8tations oceupied for azimuh ... 9 8 2; 2 3 3 4 1 6 6 9 5 4/ 2
Btations occupied for latitude ..ooe 9 8 5! 3 ) 2 4 6 8 N 20 6 4 6
Btations oceupied for longitude ... 1 i e 2 3 3 7 3 7 18 21 4 1 1
Permanent longitude stations ... [vee.... 1 1 2 1 1 2 3 5 5 5 4 3 1
Special longitude stations for oc-

CUILALIONS, BLC vuue: vuvsrs cugns [eoersnan]vnnsnn Tosaruosa]|iaronns. [cansnron]cane cnelenssnenelornnrnn: T TR T TS FYRT IO PPN
Parties, number of, in each year... 1 3 2 2 4 3 5 5 6 4 7 7 6 4
Magnetic stations occupied tem-

Porarily . uiiiiveeniniiiiannnn 8 14 21 28 19 4 11 9 10 8 13 ¢ 8 23
Permanent magnetic stations......[........ FR O T T R T R N I T s
Parties, number of, in each year, . 1 2 3J 3 3 3 5 4 3 2 3 6 3 4
Aren surveyed, square miles, ...,..[ 6,131 195 503 750 595 471 532 652 6et 633 55 519 655 536
Length of general coast, in miles... 414 110 168 119 117 185 45 133 260 235 251 174 176 165
Length of shore-line, in miles, in-

cluding rivers, ereeks, and ponds.| 7.667 424 8791 1,190 | 1,460 | 1,503 1,708 | 1,557 | 1,760 | 1,737 {2,100 1,796 | 2,138 | 2,308
Length of road, in miles, ,,,, ., ..., | 1,734 995 | 97| 1,402 | 1,851 640 504 511 500 7321 502 618 733 750
Parties, number of; in each year ... 6 5 6 8 9 9 11 1! 13 13 17 12 | 17 17

!
Parties, number ofy in cach year... 2 5 5 6 [ 8. 1 it 12 9 9! 10 § n 12

1857,

20
o
&
S

@

—

1,640

357

1,481
85
7

15

20

—_ N o e

e e

1,003

209
3,913
1,404

23

12

— 2 ;2

30

e

Ceesaea

798
202

3,5%
885
93

2,002
344

794

17
31
21

TR

pI|

1860.

6,050
1

R

e

4,773
232

232

1,617 | 1,200

32
681

17 |

44

i

1,6%
173

1549
an2
10
L
14

Total.

61,039

10
55
1643

54,187
4,518

92,809
5,109
9,452

252
623

1 233

CR IS
478 16,930
190 | 9,098
1,505 ) 42,250
669 | 23,07
17 [veaeannne

-1

(=

A0 1303949

THL

dO INTHANTLNIFAJNS
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i T ] S e v—
!l’reviﬂus 1844, 1845, 1846. 1847, 1848, 1848, I 1850, I 1851, ‘ 1852, 1843, i 1834. 1853, 1856. 1857. 1ESB. 1858, 1360, 1861. Toyal.
t 10 1844 { l
. | -
H) drography — | | : i
Number of miles run while sounding.| 20,214 | 1,857 | 3,403 | 3,559 | 3,138 | 8,047 | 4,200 ' 5,995 . 10,500 8,534 | 9,050 ; 9,141 | 13,145 | 15,305 | 12,877 | 8.881 ! 9.49%6 | 0,438 2,434 168,806
Area sounded out, square miles... | 9,601 663 677 574 979 | 2,185 | 1,35 2,M2 ¢ 3,900 | 2,823 | 2,061 | 1,837 | 3,433 | 3,743 | 2,705 | 1,799 | 4,310 | 1,631 225 45,913
Miles ran additional of outside or
deep.sea soundings «o. . .oeeee | 1,800 [ 3,020 | iiiifiinann 210 2,240 | .......; 1,198 2,007 3601 1,962 2,793 5,219 1,202 3.218) 2.082. 2,353 .37 |....... 30,018
Zoundings, number of ,..,......... 808,147 120,827 |195,173 220,402 28,402 235,003 965,824 21,718 ‘371,660 288,373 303,377 162,454 726,875 439,614 1506034 513607 393,053 |373,951 921,078 1 6,398,774
Boundings in Gulf Stream for tem-
perature .. ... T T S 18 581 207 L 2+ 2 P PN RS DU DTS I | 53t] A7 310 478 172 205 236 foeuans 4,072
Tidal stations, permanent , g 2 2 H] 3 3 3 4 4 Tie 7 7 8 8 wi 10 h Tl
Tidal stations oecupied temporarily, 127 bL] 33 30 33 a9 35 4] ! 51 76 78 89 8 s 74 51 32 50 an ! 1,034
Tidal parties, number of, in each
year ..., srertnasaenaranens 2 8 3 5 i} 8 ‘ I n 12 0 l_l i 12 13 11 14 13 10 12 T [rerveeinn
Current stations occupied, . oecensfeees )y 27 42 41 59 | 51 ‘ 28 4 41 21 2y | 10 l‘ 81 84 156 A7 8 84 a6 - 978
Current parties, nwinber of, in each i |
year......... BT YT 3 5 3 3 4. ﬁ) 4 7 7 5 3 3 [ [ 2 | 2 i 2
8pecimens of bottom, number of...| 1,029 | 2,776 &9 129 ki 69, W7 8 278 215 1H 135 255 | M6 42) 6631 164 188 1t
Recotds — \‘ ‘
Triangulation, originals, number of
VORIIES ,yvene cvaonsvuyian arenn 97 12 17 23 17 N 38 40 33 33 64 46 ] 96 6 98 94 120 g 1,085
Astronomical cbservitions, origi- j | “
nals, number of volumes .vuu... 17 10 )31 10 16 21 72 30 41 45 29 » &3 35 12 a5 63 av a3 13 ‘ 614
Magnetical observations, originals, ; ‘
numberof vohumes....... ...... 4 2 1 6 7 4 3. 5 a 7 6 1 33 3 4 10 9 13 17 ; 153
Duplieates of the above, number of | ‘ | |
VOMIMES ceiivt it iirees oenn 27 26 32 kM 44 49 19 28 45 76 84 T 10 140 167 Kl m 108 § 1,564
Computath ns, number of volumes 78 25 17 21 26 24 57 | 2 | LUl 101 4 01 104 84 83 101 83 115 63 1,436
Hydrographic soundings and angles, ! j i ’
originals, volumes vv\.\,0peeees 188 2 2% 152 54 154 134 ’ 170 24 206 183 66 332 197 agL o m 306 194 120 3,307
Dydrogeaphic soundings and angles, [ i
duplicates, volumes, ... ... ee0. 28 2 ! b 4 1 11 12 i 12 16 27 15 ! 7 20 27 ] 2) 19 10 4 297
Tidal and current observations, f ‘\ !
originalg, volames. ..., ......... 197 23 47 51 44 0 67! & 1M 1y 1m0 195 el e 104 ki 64 k1 1,5
"Tidal and current observationg, du ) k X
plieates, volumes o veuyysvees vens| connnn. 23 47 by a4 630 5 132 1 70 R 100 a1l T 57 53 11 1,510
Sheets from seltf-regintering tide- } | i ‘ |
ERZES, NUmBET OF Ly vesveaid e | e e e e PP ! ‘ ....... %6 72 106 81 ny 1y B8 149 189 116 1,082
Tidal reduetions, mumber of vols... | covses| 40 ge! 102 83 @ 181 s 2 B, 1T W 79 71 @l 6 5 i a5 1.085
Towtsumbsrofvolumes of records. | 566 | 191 257 | 4521 BI| 456 49 590 40 3| T O LUG] e 100 ’ Lo e TS s 19,08
Maps and chartz— | | ‘ ! V ‘ |
Topograplical maps, origivafs ..., | 168 Ml 2w m. m oy, 4 47 st a4 s 5l I 47 | 84
Hydrographic charts, originals L.,..{ 142 [N B 18! 18 2 150 @ 47 56 | 56, 52 65 82 ) sl 33 41 87 16 76
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‘Previous| 1844, | 1815, | 1846, | 1847, | 1sds. | 1s19. | 1830, ‘ vt | asa, | 1se | resd. | 1ss. | 1856, | 1857, | 1838. i 1. | 1860 | 1861 | Total.
to 1844. : |
N .
Maps and charts— i | } ;
Reductions from original sheets, ‘ ! ! i
RUMBET Of venerormursvarerenns] 15 5| 15| 16 L S N 18| e, 9! 48, 3| 27| | 9. 4| & el = ol 547
Total number of manuscript maps | i ‘
and chatt8. . oviaeanees PTTRTTI 325 32 39 &9 64 54 56 2 114 151 | 145 124 156 i 152 167 114 178 . 107 0 92,179
Number of sketches made in field ! |
and office....... riaseearssaanas 311 24 33 32 29 48 B2 85 126 137 103 101 132 125 132 127 } 303 108 62 2,150
Engraving and printing— i 1
Engraved plates of finished charts, i “ |
BUMBEE 0f vvess sesssarnssrasnn: 5 b 3 5 3 6 3 5 6 5, 4 2 ki 3 7 6 8. 8 y 97
Engraved plates of preliminary ! |
charts, sketches, and diagrams I ;
for the Coast 8urvey teporis, i
DUMDET Of 1 s es oerevensrsarrosciioirnacanioraseres|ore onee 4 5 7 6 10 . 38 20 30 2 46 51 51 95 2] i7 14 396
Electrotype plates made in each ; ‘
VOhATeaereaves cossscseraarnesvolorrsanrionvesrnelisnssnssfonnes 1 7 6 LB 16 283 47 77 50 69 79 95 ; 87 58 43 683
Finished charts published in ezeh | | |
FEBTurarasenrrasirasnsvnsennsresliiinners 4 3 4 3 10 3 4 6 ] 3 2 8 3 5 6! 6 7 7! 90
Preliminary charts and hydrographic : 1
sketches published.ieiicanss i sanfsietoin i, 2 4 2 4 10 36 19 34 31 34! 38 41 23 [ 15 15 31 341
Printed sheets of maps and charts . .
GStriDUIEd s e rere v rnnere snennensionennaa.| 169 416 | 1,708 | 1,104 | 2,93} 1,818 6| 5,619 5,799 8,042 | 5,195 | 5302 | 8,858 | 10,147 | 4,200 10,486 © 4,002 | 13,004 08, 457
Printed sheets of ditto deposited } ‘ | ‘
with sale BZENtS veeesiieresrrecefiiannsiifonaiines 880 ( 1,686 ( 4,981 5,016 | 1,506 | 3,115 5,168 | 6,866, 4,375 | 3,232 | 2,577 2,808 648 | 1,717 | 3,584 ‘ 2,145, 733 51,187
Library— | } |
Number of volumes scvsvassnsss oliseaosnrfrsncrinatiiaisanrfrescsnnsfineinan 655 95 590 333 m 73 155 250 389 106 116 i 17, 159 163 ! 3,629
Instruments— | !
COBE OF. veeeersevessssnenuransarnslnssrnncorer soclivssnns{ove vunseversnnsoncuren.| 88,320 | $4,652 | $4,603 | §3,630 | $5,200 | #5,402 | 33,008 {45,360 | $3,185 | §1,224 ' 1,652 #1,729 | 82,522 |..cuvs ...,

GENERATL NOTE.

Purties.—An average number is given for the years previous to 1844, A party operating in more than one
section during the year is counted but once.

Triangulation.—The extent of general coast is measured in general outline, including Delaware and
Chiesapeake, as well as all open bays, but omitting the minor indentations of the sea-coast. T'he extent of
rhore-line is algo measured in generai outline, and includes such rivers only as have been triangnlated.

Toposraphy.—The length of general coast is measured simitarly to that under triangulation ; but shore-
line under topography represents the whole water-linc sutveyed, including all the minor indentations, as
represented on the plane-table sheets,

Records.—The total number of volumesof records given in the table is greater than the number now on
hand, owing to the binding up of separate volumes.

Engraved plates.— Progress sketches (averaging fourteen yearty} are not counted,

) Preliminary charis and sketches published.—Lueiuding a large number or maps of the scene of operations of
the war.

Library.—The number of volumes purchased and donated up to 1818 was 655,

Tt is to be remarked thiat the numbers appearing in the eolumn of this table for the year immediately pre-
ceding that of"its compilation are, in some cases, suljoel to be changed, more or less, in the saceeeding
report, owing to duta not being, at the time of compilation, fully tarned into the office from the distant par-
ties in the field.
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APPENDIX No. 4.
GENERAL LIST OF COAST SURVEY DISCOVERIES AND DEVELOPMEXNTS TO 1861, INCLUSIVE.

1. A ledge with four fathoms of water on it, discovered S.8W. 1 W. (true) and a mile and a quarter
from Pemaquid light-house, coast of Maine, 1860.

2. Numerous dangerous reefs and ledges developed at the entrance and in the approaclics of Damariscotta
river, Maine, 1860.

3. T'wo rockes, one with three and a quarter fathoms, the other with only ten feet of water, and a ledge
with three and a half faﬂmms, found in the channel of Beoth bay, Maine, 1860.

4. Jeffrey’s bank and Jefirey’s ledge, off the coast of Maine, thoroughly sounded out, 1860,

5. Only eighteen feet at mean low water found on the rock one mile to the southward of Seguin island,
eoast of Maine, 1859.

6. Temple’s ledge, near Cape Small Point, Maine, 1857.

7. True Posiaun of the Hussey rock, in Casco bay, determined, correcting the erroneous ome assigned
on previous charts, 1859. :

8. Determination of the position of a sunken rock on which the steamer Daniel Webster struck, in Casco
bay, on the evening of the 13th of October, 1856.

9. Determination of the dimensions of Alden’s rock, near Cape Elizabeth, Maine, 1854,

10. Determination of the position of the “Hue and Cry,” the “Old Proprietor,” and other dangers off
Cape Elizabeth, Maine, 1859.

11. Huzzys rock, south of Fletcher’s Neck, Maine, determined in position, 1859.

12. Development of a four-fathom bank off Cape Porpoise, Maine, 1859.

13. Fishing ledge, off Kennebunk, Maine, thoroughly sounded, 1859,

14. A rock one mile to the southward and westward of Boon island, with seventeen feet water, The
sea breaks on it in heavy wefther, 1855.

15. Devclopment of a rock off Ogunquit, bare at low tides, and very Ilittle kuown, 1859.

16. Development of Boon Island ledge, coast of Maine, 1858.

17. A rock off Cape Neddick, Maine, determined in position, 1858.

18. A detached rock, two thirds of a mile northward and eastward of York ledge, Me., 1853,

19. Determination of the position *of a rock more than a mile off’ the mouth of York river, Maine, bare
at low tides and dangerous to coasters, 1858.

20. Development of Duck Island ledge, 1858,

21. A fishing bank sounded out off Wood island, coast of Maine, 1859,

22. A very dangerons rock, with only six and a half feet water, off the entrance to Portsmouth harbor,
New Hampshire, about four naatical miles eastward from the Whale's Dack light, 1858.

23. A rock with twelve feet at mean low water about four miles and a third eastward of the Whale’s
Back, 1858,

24. Determination of the positions of four points of rock in Sandy bay, (Cape Ann,) Mass.. 1861.

25. A rock (not on any chart) in the inner harbor of Gloucester, Massachusetts, discovered in 1853,

26. Determination of rocks off Marblelhiead and Nahant, 1855.

27. Determination of the position of White Rock ledge, at the entrance of Saugus river, Massachusetts,
1860.

28. A bank ninety miles eastward of Boston, with about thirty-six fathoms of water, probably a knoll
connected with Cashe’s ledge, but with deep water between it and the ledge, 1853.

29. Boston harbor; Broad Sound channel thoroughly surveyed and marks recommended, 1848.

30. Several rocks in the fair channel-way in Boston harbor entrance, 1854.

31. An extension of the sand-pit to the southward of Sunken ledge, Boston harbor, since the survey of
1847, 1858,

32. Discovery of a rock with only seventeen feet of water at mean low tide in the Narrows of Boston
harbor, 1860.

33. Special investigation of the currents of Boston harbor, 1860 and 1861.

34. A bank (Stellwagen’s bank) with ten and a half to fourteen and a half fathoms of water on it, at
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the entrance to Massachusetts bay, and serving as an important mark for approaching Boston and other
harbors, 1854.

35. Extension of Stellwagen’s bank to the southward and eastward some sixteen or seventeen square
milss, enclosed by the twenty-fathom curve, 18535,

36. Changes in the vieinity of ILast harbor, (Cape Cod,) 1857.

37. Bpecial tidal and current observatious at the mouth of Seusset river, (Cape Cod bay,) 1860.

38. A dangerous sunken ledge (Daviss ledge) to the eastward and in the neighborhood of Minot’s ledge,
1854.

39. Development of a reef extending between Minot’s and Scituate Iight, 1856.

40. A sunken rock, with only six feet on it at low water, off Webster’s I'lag-staff, Massachusetts bay,
1856.

41. A dangerous rock ncar Saquish Head, entrance to Plymouth harbor, 1856.

42. Three rocks determined in position, partly bare at low water, off Manomet Point, Massachusetts bay,
18506. .
43. Determination of a very dangerous rock off Indian Hill, and four miles soutl.lward of Manomet
Point, Massachusetts bay, with as little as six feet water on it, 1856.

44, The currents of Cape Cod bay observed with refercnce to their physical effects on the shores, 1861.

45. Determination of the position of a small rock with less than four feet at mean low water, near the
channel and in the vicinity of Great Rock, Hyannis harbor, Massachusetts, 1859.

46. Probabie connexion of George’s bank and the deep sea banks north and east of Nantueket, 1855. .

47. The decrease of depth, with general permanence of form of George’s bank, off the eoast of Massa-
chusetts, 1857,

48. A shoal spot near Little George’s bank, 1857. .

49. Non-existence determined of “ Clark’s bank’ and “Crab ledge,” laid down on certain charts as
distinet from an immense shoal ground off Cape Cod peninsula, 1856.

50. Nantucket shoalz; Davis’s New South shoals, six miles south of the old Nantucket south shoeals,
in the track of all vessels going between New York and Europe, or running aléng the coast from the eastern
to the southern States, or to South America; dizcovered in 1846.

51. Two new shoals north and east of Nantucket; discovered in 1847.

52. Bix new shoals near Nantucket, the outermost fourteen and a half miles from land, and with only
ten feet water ; discovered in 1848.

53. MeDBlair's shoals off Nantucket ; disenovered in 1849.

54, The tidal currents of Nantucket shoals and the approaches, 1854,

55. Davis’s bank, Nantucket shoals; discovered in 1848, and survey finished in 1851.

56. Fishing Rip, a large shoal extending north and south, about ten miles to the eastward of Davis’s
bank, and thirty miles from Nantucket, with four and a half fathoms; surveyed in 1852

57, Aridge conneeting Davis’s New South shoal and Davis’s bank ; found in 1853.

58. A small bank or knoll with buf five fathoms on it, about five miles east of Great Rip, with twelve
fathoms between it and Davig’s bank and Fizhing Lip, the water gradually deepening outside of it to the
northward and eastward beyond the limits of the series of shoals, 1853,

59. Dizcovery of a shoal lying N.NE., over six miles long, and twenty-four miles southeast of Davis’s
gouth shonl, with ten to ten and a half fathoms of water, 1860.

60. Discovery of three small banks off the Nantucket shoals in the vicinity of Phelps’s bank, and fur-
ther development of the extent of that shoal ground, 1861.

61. Diseovery of Edwardys’s shoal, one mile and seven-cighths southward of Nantucket light-boat, 1855.

62. Examination of the intcrference tides of Nantucket and Martha’s Vineyard sounds, 1855.

63. The study of the tidal currents of the Vineyard and Nantucket sounds, 1857.

64. Contraction of the inlet at the north end of Monomoy island, and opening of a new entrance to
Chatham harbor, 1853.

65. Muskeget channel, surveyed by Lieutenant €. H. Davis, in 1848, and Lieutenant C. H. McBlair, in
1850.

66. Discovery of two shoal spots, with twelve and thirteen feet water, eastward from Great and Little
Round shoals, Nantucket sound, 1856.

67. Determination of twe shoal spots near the northern extremity of Davis’s bank, with fourteen and

eighteen feet water, [856.
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6S. I'nrther development of Edward’s shoal, three-fourths of a mile from the southern Cross Rip; Nan-
tucket sound, 1856.

69. Shoal sand ridges discovered northward of Great Point light, Nantucket sound, 18756.

70. Tmportant changes in geographical feature at the southcastern end of Martha’s Vineyard, Muskeget
channel, 1856.

71. Numerous rocks in Martha’s Vineyard sound, Long Island sound, and the various bays and harbors
conneeted with them.

72. Luddington rocks determined in position, about ten yards apart, amile and a half (nautical southwest
by compass from New Haven light, 1858,

73. The tidal currents of Long Island sound, 1854.

74. The tidal currents of Hell Gate, 1857.

75. Least water on the Hell Gate rocks determined by dragging, 1857.

76. Tidal currents in Iast river, New York, and surface and sub-currents investigated in New York
harbor, the lower bay, aud on the bar, 1858.

7. The currents of the great bay between Massachusetts, hode Island, Connecticut, New York, and
New Jersey. 1555.

78. Gedney’s channel in New York bay, having two feet more water than the old chiannels.  Had the
true depth of thus channel been known in 1778, (then probably existing, as scen by eomparing old and new
charts,) the French fleet under Count D’Estaing would have passed into the hay and tuken the assembled
British vessels, 1845,

79. The changes in New York harbor, near New York city, between 1845 and 1838,

80. Imcrease of depth in Buttermilk channel, ascertained and made known in 1545 by survey of” Licu-
tenant 1. D. Porter, United States navy.

81. The existence of a seventeen-foot spot on the shoal off the battery, New York harhor, the extension
of the shoal towards the channcl, and the shoaling of the water generally between the shoal and shore, 1859,

82. Shoal in the main ship channel of New York harbor, 1835,

83. The existence and character of sub-currents ascextained as bearing on the physical conditons of
New York harbor, 1859,

84. The tides of Hudson river, 1856.

85, Sandy Hook; its remarkable incrcase traced from the surveys of the topographical engincers and
others, and by several suceessive special surveys made between 1844 aud 1857,

86. Development, by soundings, of a ridge lyiug sixteen miler off Barnegat, N. J., with cleven to thir-
teen fathoms of water, and sixteen fathoms between it and the eoast, 1S61.

87. Special examination made and changes noted in the vicinity of the Five-fathom bank, offt Cape May,
1861.

88. Delaware bay ; Blake’s channel at the entrance discovered in 1844; open when the eastern ¢hannel
is closed by ice. This diseovery has served to develop strikingly the resourees of that portion of Delaware.

89. Blunt’s channel in Delaware bay. ’

90. Chauges in the Delaware, near the Pea Pateh, 1847.

91. Hydrographic changes developed in the Delaware river, at the Bulk Ilcad shoal, near Fort Dela-
ware, at the bar off Fort Miflin, and opposite to Pliiladelphia, 1861.

92. The true extent and position of the dangerous shoals near Chineoteague inlet, Virginia, 1852,

93. Metomkin inlet, Virginia, shoaling from eleven to eight fect in the chaunel during 1852,

94. Two channels into Wachapreague iulet, Virginia—one from the northward and the other from the
eastward ; both with seven feet water at low tide, 1852,

95. -A shoal half a mile in extent, not put down on any chart, five and a half miles cast from the north
end of Paramore’s island, Virginia. It has but four fathoms water on it, and nine fathoms avound it, 1852,

96. Great Machipongo inlet, Virginia. Found to have a fine wide chaunel, with eleven feet water on
the bar at low ebb and fourteen at high tide. Good auchorage inside, from two to eight fathoms.  The best
Larbor between the Chesapeake and Delaware entrances, 1852,

97. Two shoals near the entranece to the Chesapeake—one four and three- quarters nautieal miles SE. by
E. from Smith’s Tsland light-house, with seventecn feet water upon it; the other, E. by 8., nearly seven and
threc-quarters miles from the same light, with nineteen and a half' feet upon it, 1853.

98. Only three feet water upon the “inner middle,” the shoal part of the middle ground, west of the

“mnorth channel” at the Chesapeake entrance, 1852.
cs 1l
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99. A twenty-five fathom hole two and a half’ miles W.SW. from Tazewell triangulation point, eastern
shore of the Chesapeake. All other charts give not more than sixteen fathoms in this vicinity.

100. A shoal at the mouth of the Great and Little Choptank, in Chesapeake bay, 1848.

101. The sounding and meagurement of the bars in Rappahannock river, 1855,

102. The general permanence of the Bodkin channel and shoals in its vieinity, at the entrance of the
Patapsco river, between 1844 and 1854.

103. Changes developed in the shore-lines at the entrance of Little Amnemessex river, Chesapeake
bay, 1859. ’

104. A shoal (New Point shoal) in Chesapeake bay, with sixteen feet water on it, southeast from New
Point Comfort light-house, off Mobjack bay, 1854.

105. Re-cxamination of York spit, Chesapeake bay, and least water determined, (nine feet,) 1855.

106. York river, Va., as a harbor, 1857.

107. A rcconnaissance of the Wimble shoals, near Nag’s Head, coast of North Carolina, 1874.

108. Submarice range of hills beyond the Gulf Stream tracked from Cape Florida to Cape Look-
out, 1855,

109. Deep water found on Diamond shoal, and a dangerous nine-feet shoal off Cape Hatteras, 1850.

110. A new channcl, with fourteen fect water, into Hatteras inlet, formed during the year 1852, which
is better and straighter than the old channel.

111, Changes at Hatteras and Oecracoke inlets, 1857,

112. Extent of the sea encroachment at Cape Iatteras, and changes found near Hatteras inlet, N. C.,
1860 and 1861. i

113. The general permanence in depth on the bar of Beaufort, N. C., with the changes of position of the
channel, 1854.

114. Changes on the bar of Beaufort, N. C., 1857.

115. The well-azscertained influence of prevailing winds in the movement of the bars at Cape Fear and
New Inlet entrances, and the gradual shoaling of the main bar; the latter fact being of great importance to
the extensive commerce secking that harbor, 1853.

116. Changes in the main Western and New Inlet channels in Cape Fear, 1855.

117. Frying Pan shoals, off Cape Fear, N. C.; a channcl of two and a half fathoms upwards of a mile
wide, distant eleven nautical miles from Bald Head light-house across the Frying Pan shoals. A channel
extending from three to four miles from the point of Cape Fear to eight or eight and a half miles from it,
with sufficient water at low tide to allow vesscls drawing from nine to ten feet to cross safely. A channel at
the distance of fourtcen nautical miles from Bald Head light-house, one mile wide, with three and a half to
seven fathoms water on it. The Frying Pan shoals extend twenty nautical miles from Bald Head light-
house, and sixteen, seventeen, and eighteen feet water is found seventeen and eighteen nautical miles out
from the light, 1851.

118, Shoaling of Cape Fear River bar thoroughly examined for purposes of improvement, 1852.

119. Changes of shore-line and hydrography determined at the Cape Fear entrances, N. C., 1858.

120. Changes of the Cape Fear bars and channels, 1857.

121. Changes at the entrance of Winyah bay and Georgetown harbor, and the washing away of Light-
house Point at the same entrance, 1853.

122. Less water found off Cape Romain, by preliminary examination, than has been heretofore assigned,
1859.

123, Mafiitt’s new channel, Charleston harbor, with the same depth of water as the ship channel, 1850.

124. The changes in Maffitts channel, Charleston harbor, S. C., from 18352 to 1857.

125. Increase of depth developed in Maffitt’s channel, Charleston harbor, 8. C., 1858.

126. Changes in the main ship channel, Charleston harbor, 1851.

127. Changes in the channels at the entrance of Charleston harbor, 1852,

128. The remarkable discovery of continuous deep-sea soundings off Charleston, and of soundings in
the depth of between four and five hundred fathoms beyond the Gulf Siream, 1853.

129. Development of the changes affecting the entrance to North Edisto river, S. C., 1856.

130. Greater depth found through the channcl of Coosaw river, 8. C., (inland passage,) than has been
hitherto supposed to exist, 1860.

131. Discovery of a new channel between Martin's Industry (shoal) and the southeast breakers, Port

Royal entrance, 8. C., 1856.
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132. Discovery of cold water at the hottom of the ocean below the Gulf Stream, along the coast of
North and South Carolina, Georgia, and Florida, 1853.

133. The discovery of the cold wall, alternate warm and cold bands, and various other features of the
Gulf Stream, especially such as concern its surface and deep-sea temperatures, and its distribution relative
to the shore and bottom of the ocean.

134. Various facts relative to the distribution of minnte shells on the ocean bottom, of probable use to
navigators for recognizing their positiona.

135. Changes in shore-line and in depth observed in Ossabaw sound, Ga., 1860.

136. A new channel developed leading into Sapelo sound, Ga., three-quarters of 2 mile southward, and
better than the one in usc, 1860.

137. Examination of Doboy, St. Simon’s, and Cumberland entrances, 1855,

138, A shoal ingide of the entrance to Amelia river, Fla., 1857.

139. Hetzel shoal, off Cape Canaveral, I'la., 1850.

140. A shoal spot found off the coast of Florida, ten miles from land and fifteen miles NE. of Indian
. River inlet, 1860.

141. Temperature of 34° beneath the Gulf Stream, thirty-five miles east of Cape Florida, at a depth
of three hundred and seventy fathoms, 1854.

142. Further explorations and investigations in developing the character of the Gulf Stream in the
Florida channel, 1859 and 1860.

143. A harbor of refuge (Turtle harbor) to the northward and westward of Carysfort light-house,
Florida reef, with a depth of water of twenty-six feet at the entrance, 1854.

144. A new passage, with three fathoms water, across the Florida reef, to Legar¢ harbor, under Trinumph
reef, (latitude 25° 30’ N, longitude 80° 03’ W.,) which, if properly buoyed, will be valuable as a harbor of
refuge, 1852.

145. A safe rule for crossing the Florida reef near Indian key, 1854.

146. Tennessee shoal, Florida reef, developed, giving only twelve feet of water on its outer pateh, 1860.

147. The position of a sunken wreck determined and marked, lying off Grassy key, Florida reef, and
ncar the track of vessels, 1860,

148. A new channel into Key West harbor, 1850.

149. Co-tidal lines for the Atlantic coast of the United States, 1854.

150. Rules for navigators in regard to the tidal currents of the coast, 1857.

151. Isaac shoal, near Rebecca shoal, Florida reef; not Jaid down on any chart, 1852.

152. Channel No. 4, a northeast entrance into Cedar Keys bay, 1852.

153. Directions for entering the harbor from Crystal River offing, west coast of Florida peninsula, 1856.

154. A new channel discovered, leading into St. George’s sound, {Apalachicola, Fla.,) at the east end of
Dog island, and anchorage connceted with it, 1858.

155. Shoals near the east and west passes of St. George’s sound, (Apalachicola, Fla.,) and a new chan-
nel found between St. George’s and 8t. Vincent’s islands, 1858.

156. Indications noticed of a deeper and better channel forming to lead to the East Pass anchorage, St
George’s sound, Fla., 1860. .

157. Changes in the depth of water observed by comparison of soundings at Perdido entrance, 1860.

158. Mobile Bay Entrance bar; in 1832 only seventecn feet at low water conld be carried over it; in
1841 it had nineteen, and in 1847 it had twenty feet and three quarters, az shown by successive surveys, 15847.

159. The diminution, almost closing, of the passage between Pauphine and Pelican islands, at the
eutrance of Mobile bay, 1853.

160. The currents of Mobile bay specially investigated, 1860.

161. Horn Island channcl, Mississippi sound, 1852.

162. The removal of the east spit of Petit Bois island in the hurricane of 1852, opening a new com-
munication between the Gulf and Mississippi sound, and the rendering of Hom Island Pass more easy of
access by the removal of knolls, 1853.

163. The aceurate determination of Ship shoal, off the coast of Louisiana, in connexion with the site
for a light-house, 1853.

164, An increase of depth of water on the bar of Pass Fourchon, La., 1854.

165. Deep-sea soundings in the Gulf of Mexico, 1855-"56.

166. Tidal phenomena of the Gulf, 1855. )
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167. The ehanges at Aransas Pass, Texas, as bearing on the question of a light-house site, 1853.

168, Co-tidal lines of the Gulf of Mexico, 18356.

169. On the effeet of wind in disturbing the tides of the Gulf of Mexien, 1856,

170. Development of o bar at the entrance of San Diego bay, Cal., 1856.

171. A shoal inside of Bullast Point, San Dicgo bay, with only twelve and a half feet of water, not
aid down on any chart, 1852,

172. The determination of the poesition and soundings on Cortez bank, off the coast of California, 1853.

173. Complete hydrograpbic survey and determination of a point of rock on Cortez shoal, 1856.

174 Tides of San Dicgo, San Francirzeo, and Astoria, 1854,

175. The non-existence of San Juan island, vsually laid among the Santa Barbara group, 1852,

176. Co-tidal lines of the Pacific coast, 1855.

177. Determination of Unele Sam rock, 1855.

178. Investigation of the currents of Santa Barbara channel, 1856.

179. Red sand marking the entrance to the Golden Gate, 1855. )

180. Channel sounded out between Yerba Buena and the Contra Costa, San Franciseo bay, 1855.

181. A reef developed off the Contra Coesta flaty, San Francisco bay, Cal., 1858.

182, Whiting’s rock determined in position, near the « Brothers,” at the entrance of San Pablo bay,
Cal.. 1838.

183. Further development of the extent of Commission rock, San Pablo bay, 1846.

184, Changes in the channel entrance of Humboldt bay or harbor, Cal., 1852 and 1853.

185. Bouth channel, Columbia river, surveyed and made available to commeree, 1851. Changes of
channels, their southward tendency, and a new three-fathom channel from Cape Disappointment due west to
open water, Columbia entrance, 1852. Further changes, 18353.

186. The depth of water on the bars at the entrance of Rogue river and Umpquah river, Oregon, 1853,

187. A shoal at the northern entrance to the strait of Rosario, W. T\, giving good holding ground in
thirty-three feet, 1854.

188, Boulder recf, northwest of Sinclair island, Rosario strait, partly bare at unusually low tides, and
surrounded by kelp, 1854,

189, A bank of three and a Lalf fathoms, about a mile off the southwest point of Sucia island, at the
northern entrance of Washington sound, W. T, 1838,

190. Belle rock, in the middle of Rosario strait, visible only at extreme low tides, 1854.

191. Kntrance rock, at the entrance of Rosario strait, 1854.

192. Unit rock, in the Canal de Haro, W. T, visible only at extreme low tides, 1854.

193. A three-fathom shoal in the strait of Juan de TFuca, off the southeast part of Bellevue, or San
Juan island, 1854,

194, Allen’s bank, Admiralty inlet, W. T, 1857.

195, A five-fathom shoal in the strait of Juan de Fnea, between Canal de Haro and Rosarie strait, 1854.

196. A bank in eleven fathoms off the southern entrance to Canal de Haro, 1854.

197. The non-cxistence of two islands at the northern entrance of Canal de Haro, laid down on charts,
1853.

198, Various surveys and charts of small harbors on the Pacific coast of the United States, and a con-
tinunus reconnaissance of the entire Western Coast and islands adjacent, a great part of which was imper-
fectly known. .

199. Winds of the Western Coast of the United States, 1857.

s

ADDITIONAL LIST FOR 1862.

1. Two rocks discovered in the approaches to Newport harbor, R. I. One of these has fourteen and
a quarter feet of water on it at mean low tide ; the other has seventeen foet at low water. Ten other rocks,
before known, were determined in position.

2. The shifting of the bar of Mcetomkin inlet, Va., and changes of shore-line, but without alteration of
depth on the bar. -

3. Development of the best line of water for erossing the Kettlebottom shoals, Potomac river, there
being no well defined channel.

4. Changes in depth and outline at Oregon inlet, N. C.
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5. Special examination of the tides and carrents, with referenee to the hydrograplie and shorc-line
changes at Hatteras indet, N. (.

6. Development of the alteration in outline and depth, at the entrance of Beaufort harbor, N. C.

7. ‘Re-examination, by soundings, of the Rattlesnake shoal, 8. C.

8. Stono entrance, S. €., sounded, and channel found half a mile to westward of itz former position,
with slight inercase of depth.

9. The shoaling of North Idisto entrance from its former depth, to nine feet of water.

10. St. Helena entrance, 8. (., examined, and a new channel from the eastward found, giving sixteen
feet at mean low water.

11. The south channel of Port Royal sound developed, and ninctcen and a half feet found to be the
least depth of water.

12. The channel of the inland passage thorvoughly sounded, leading from Port Royal sound to Tybee
roads, through Skull ereck and Caliboguce sound. .

13. The bar and entrance of St. Simon’s sound, Ga., examined, showing no material change of depth
within the past two years.

14. The shifting to southward and shoaling by geveral feet of the channel into Fernandina harbor, Tla.,
having now only eleven fect at mean low water.

15. The further encroachment of the sand spit at the confluence of Karguines and Mare Island straits
upon the channels which lead to the navy yard and to Denicia.
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APPENDIX No. 5.

Table showing the least water in the channels of certain harbors, rivers, and anchorages on the coasts of the
United States; reprinted from the list of 1859 and revised with additions and tidel data.

| | LEAST WATER IN CHANKEL WAY.

T
I

i | Mean. Spring tides. |
i i
FPlaces, ; Limits between which depths are given, J . . i . i Authorities,
; 5§ 5 | 5§ . 8 |
. | 8 i E ¢ B I 87
I R T
i [ R~ N B 5
2 E & F
| Feet. % Feei. | Peet, Feet.
Kennebec river..............j On sailing line up to HanniwelPs Poink. cooooeiiiaans cnnen 1 25.5 | 53.6 25.1 34.4 | C. 8., 1838.
Portland, Maine ,,u. vveven..! From Cape Eizabeth to Portiand BENE sesevrss corens eoeens. 45 s 44.5 54.4 1
*From Portland Hght to BreakWater vveeue cavess - eee vaes sovar’ 36 | 44.9 3.5 45.4 l
| From breakwater to end ot Muujoy Paing . } 30 1 38 ¥ 29.5 39.4 1 C.8,1850,1853, and
| Prom breakwaler 10 ANChOTAZE ... evvres saeesmronsesansenes| 16 : 24.9 15.5 25.4 i
j Chanpel wiy off 1oWn and WHarves ..veue veareeanees sans T 85 26.5 36.4 '
! From Munjoy to railroad bridge ... ..... 19.5 28.4 19 3.9 1)
I’unsmuuth,N-H...........“ From Whaie’s Back to Fort Constitation. cieseicennee, oaeel 42 50.6 41.4 51.3 !
¢ From Fort Constitution to the NAarrows civevs enerssranransn 51 59.6 50.4 60.3 1} c. 8., 1651
! From the Nariows L0 the City ., ceee vvonvss - 45 53.6 44.4 54.3 | TEe :
L O the WIITES vvvvuerses vevnsensssns ussennsonesnes sarnns] 63 716 | 2.4 | 2.3 }
Newburyport . OVEr DA (i ivueriienrivrerraissnesans cnonnssansrasennorenssnn 7 14.8 6.6 15.7 ]
IPSWICH. s vt veneennaninns| OVerbar ..., . . e 730161 6.6 | 168 IC' 8., 1857,
ANuiSGUATML..tneeecens triens! OVET DA iviit icusriieneriinssans sasrsnanmsesns susevnes: 6.5 1 155 5.6 | 15.4
Gloucester c..eo.eveevtvan..’ Channel into southeast BArboT.cvessicviarvseinesasensnesaes| 30 ;’ 38.9 29.1 | 89.8
i Innet harbor channel to abreast Ten Pouud Island light,.....| 31 39.9 0.1 40.8 lc 3., 1854.
L U into Imer BAEDOr. ceees veesaraers censansnseneseonss seeanel 24 32.9 | 231 | 338 |J
Salem, Mass. ..... . .| Northern ship chunnel, between Baker’s and Misery islands..| 32 61.2 51.3 61.9 |
< Southern ship chaupel, passing Half-way Rock, Gonseberry l
| and Eagle islands to the northward, and Cat island and | +C. B., 1850 and 1€51.
i Coney istand to the southward . . 28 37.2 27.3 37.9 J
E Inside of Salem NecK...ov.veiniicisecasniarnaenansvanecaas| 19 28.2 18.3 28.9
Boston, Mass,...... . Main ship channel, between Lovell’s and Gallop’s istands....! 28.5 38.5 7.8 9.1 )
I Broad sound, south channel ., . 195 | 20.5 188 | 300 ||, 8., 1846, 1847, 1848,
i President’s roads, anchorage ...... ... e 1 41.5 30.8 42.1 j‘ and 1853,
i Main ship channel, between Governor’s island and Castle
i island ... Cercaevens e veran . 18 28 17.3 28.6
PIymout ..veeyvusenes ennnn ‘ Entrance off Gurnet lights.,...... P 1§ 3.2 20.3 31.7 }
i South of Duxbury pler, in wid channel ... ..........u0 .‘ 48 58 2 47.3 58.7
| Up to anchorage inside the pier head on Long Beact ! 14 24.2 13.3 2.7 ; C. 8., 1857,
( At anchorage inside the pier head. ceeve: vaves avsree [ I 34.2 93.3 } 34.7 !
j Anchorage in the Cow Yard oiveevenen. 24 5 3.2 23.3 ; 34 7 j
Barnstable barbor....ovie v UVErBar coieiunstinnsas eensoas 7.9 1 170 | 6.7 | 17.5 | C.8.,1862
Narragansett. bay to Pru- | Entering with Boston Neck on port hand, Beavertail and
dence iland. Durch island lights on starboard hand, passing between F
Canonicut Point and Hope 151208 vavviner. orvaenone nroe] 25 1 28.9 2.6 29.2 | Com. Wadswoith,
Entering with Beavertail light on the port and Castle Hill on | 1832,
the starboard hand, 1p 10 GO is1and .v..vvverinns cansross] 60 ‘ 63.9 59.6 64.2 |y
Anchorage southward and westward of Guat isiand.. .33 36 9 26 37.2 l
Abreast of wharves inside of Goat island. veeveerievesnes,...| 21 24.9 20.6 25.2 I
Fr‘om Newport harbor, inside of Gult Rocks 10 Prudence +C.8,1848,
LT S PR - | 34.9 30.6 35.2 l
To Mount Hope BaY .veeorvnnet coencrn. taneonar. aeuvenes | 42 45.9 41 .6 46.2
To Mount Hope' hay, with Cormerant Rock, Sachuest Point ‘ l
] on port, and Saughkonnet [Poiot on starboard hand ._......! 20 23.9 19.6 242 |J
New York. cevvues saveneroes| Grdney’s chammel.vivesceussoiiernernss cimreervessonennnan] 23 | 27.8 | 92.6 | 98.1 )
Swash channel . tee e 17 i 218 | 16.6 22.1 C. 8., 1855 and 1856,
O:d South channel. ..., .. 21 25.8 20.6 8.1 J
Main ship channel, passing S8andy Hook to sw.spn. buoy....; 31 35.8 30.6 36.1
Main ship channel, after pasesing 8W. spit buoy on NE. }U. 8., 1855,
{ course, one mile up the bay for New York ..o ..oooiliolf 23 27.8 W6 ] 981

* The depth in channel way varier hetween 6 and &} fathoms.
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i
! LEAST WATER IN CHANNFL WAY.

j‘ Mean. i Spring tides.
Places, Limits between which depths are given. ‘ . 1 . ) . T— Autliorities.
[ s = H
5 [ 81 8 F @ 2
= B F E
Feet. Feel. Feet, Feet.
Artdur’s Kill .oves.n Anchorige at Perth Ambay 22 25.9 . 21.5 27.5
From anchorage to Woodbridge wharf c.v.vveivves viaaan 22 269 21.5 \ 27.5 1
.*me Woodbridge wharf to Rossville..eu. . ciceviniiines 13.5 iz.6 13.0 | 19.2 !
tFrom Rossville to Chelsen ... vv. ..., .14 19.1 | 135 | 197 . 8., 1855
|From Chelsea, in the western channel, to Elizabethport.,.... ‘ 13 18.1 | 12.5 18.7 f T o
{ From Elizabethport to Shooter’s island. .o, cieceeeianisenean ! 8.5 109 ' 60 | 11.5
Kill van Kalt «.... ... «vos.| From Shnoter’s island (o Bergen Point light-house ..., . ..., 14.3 ¢ 95 4.9 I
i From Bergen Point light-house to New Brighton. ... ....0 BL3 D 25.5 3t J
Newark bay....o.oeve cneee. IFrom Bergen Point light-house to the mouth of Hackensuck | | !
T ) 16 : 85 | 129 C. ¥., 1855,
Hudson river cesevevavscsrs. | From Castle Gurden to Manhattanville coves. vere oones eaven o2 3.0 @ 31.6 | 358 Do,
From Manhattanville to Yonkers . e eee e Doy 3.8 . 2.7 | 3.3 ° Do,
TFrom Yonkers to Plermont Ferry.ouee. vove verenvese.se oon = 39 42.6 . 387 | 43.0 C.8., 1853,
**From Piermont Ferry to Sing Sing ... etemrieeriiese.l 945 23,0 24.3  28.3 Do.
From Sing Sing 1o Haverswraw .. i 29.1 2W e 2.8 Da.
From Haverstraw to Peekskill .voviaaiviiiies tiviianinieee. | 27 30.t i 26.8 : 30.8 | C.8.1854.
Delaware bay............... }tMain ship channel, passing Delaware breakwater .......... ;‘ 61 61.5 60._4 {' 64.9 | 1
Off Brandywine light-house..,.... : 43 45.5 A 42,4 } 46,9
Main ship channel, passing Falsc Liston’ tree to abreast of ! | ‘
Bombay Hook HEhT «.v...ooevseveessemvressereoeseeses| 97,5 | 33,4 | 27,3 | 349 [ O 8 from 1860 w0
Biake’s channel, along Flogger shoal.... . 19.4 . 13.3 | 20.2 | 1843, mciu:we.'
Blake’s channel, passing Mahon river light ... coueivraes 19.4 ‘ 13.3 : 20.2 .
Main ship channel approaching Liston’s Poibt.cevceviivreee.t 20 25.9 | 19,8 ‘ 2.7 )
Delaware river veavesa .oa. | Main ship channel up 10 Reedy istand coavvieiniia aauas | 20 26 “ i19.6 | 926.3
@ | Main ship channel, opposite Reedy isiand light-house, . ... .. 21,5 30.5 24.1 ; 30.8 ; ‘
Opposite Delaware City «vesveran 30 36 | 20.6 ' 363 ‘ {
Up to Christiana Creek light . ...ooiitvent soviiaensrenses 0.5 27 1 20.3 ‘ 27.32 '|C. £., from 1840 to
Up 1o Marcus HooK. i ceannaiieiasnaioiioneveenciannes | 205 <7 {2003 ¢ 2re 1} e
i = - | i : 1844, inclusive,
Opposite Chester.cvviieseeersarivriones srrssrrraarnersae| 243 30.7 | 24.4 | di.2 I
Bar off HOg 15120d vavtvevieaninr cnvrmsonns iansansanar-aeas | IR5 24.7 | 184 | 25.2 |
Between Greenwich Point and Gloucester Poiit. vee. . cuu.l 31.5 37.3 | 31.4 ; J8.2
From Greenwich Potnt up to Philadelphia, 21.5 27.5 © 21.4 : 22 | ’
Chesapeake bay ....ccecoae.| From capes at entrance 1o Hampton Roads .evvvevsvursvnens 30 325 ¢ 208 318
Anchorage in Hampton Roads ........ Cedseareneaaaans 50 61.5 S8.8 | 61.B :
From Hawnpton Roads to 8ewall’s’ Poi 25 97,5 ¢ 24.8 | 27.8 |
South of Sewall’s Point, (one mile and a balf) taeiescieoeed.i 21 235 | 2.8 | 238 :
Up t0 NOTIOIK, ovnvr arrveeesearss snmnene seveneevaseenens | 23 25.5 | 22.8 | 45.8 | 11852, 1853, and 1854,
From Hampton Roads to James river, entering to the north- : ! ’
ward of Newport News middle ground...coviacearee. an ] 22 245 217 ‘ 4.8 |
From Hampton Roads to James river, entering to the south- !
ward of Newport News middle ground...cooveivaniineenerj 27 f
POLOINAC FIVET 10uvusvaneoas ] conrennanromnanossassss teasannctstestssanasas sonrascansses ' . | ,

i
eee] vevees

Yotk river, Vaveusvisesoaass| From abreast the tail of York spit up to Yorktown.......... R H ‘ 1832, 1853, and 1854,
* Two bare, each & quarter of a mile, have a less depth than 18 feet.
1 A small ahoal, with 12 feet, lies in the middle of the kill, opposite the wharf at Blazing Star; and another, with 10 feet, » quarter of & mile to th
northward § but deeper water is found on east side of both.
1 A shoal, with 4 feet, obstructs the castern channel, half way hetween Chelsen and its junction with the main chaancl.
% Lhannel very narrow in the vicinity of Black beacon.
{l From Bergen Point light, halt’ way to Newark Bay light house, 17 feet may be earried.
¥ In a suraight line,
** A shoal of 21.5 feet occurs about 8 mile beiow Sing Sing.
H Boundings varying between 10 and 15 fathoms.
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OF

' LEAST WATER IN CHANNEL WAY,

' Mean. Spring tides. {
Piaces. Limits between which depths are given, - :_‘ - ‘ - !‘ Authorities.
| S H o3
! 3 £ g 5
3 23 & |
| Feet, Fect. Feet. | Feet. \
James Fver, VA, cecerasans oo OVEr TWhite Shoal BAE o1 uvvs cessre cnnsen . vos cosvvs smmencesns: 16 18.3 155 189 !
i On sailing line up to Junestown Tsland DAT.cove vees cnaees 19 2.5 18.5 i 21.9 |
: Through channel to the northward, and northward and wes
i ward of Wliite shoslsto 2 point one mile gbove Derp Water ‘Y ;
1 HENEhouse LLoeeiiiieen s e Ve ieeneinvan 21" ~3»5 N5 B9 "C.S,]852-'59.
! Over Jamestown Island baz, 15 19 14.5 17.9
§ HArTSON S DAT cvevees vos cnaeas consensarnsennrinnnnseanes 13.5 | 163 | 13.4 | 8.5 |
FTEENES FOAC evet s vams ramasncoseoniannnerancoarsansar 8.5 1.7 8.5 ‘ 11.9 ;
WAFWICK BIE tiess e viiis vanese romseinmnan sonrneacane 12.5 | 15.7 12.5 © 15.9
DRICDITONA DAL veus vs arsveereecnonars sonosnovaserisenovnses T 0 0.8 7.0 10.1 |
Elizabeth river, Va.... ! Between Norfolk and NAvy ¥ard cees ciaveninns oo, 255 2 25.3 983 1852 1853, and 1854,
Hatteras indet, N. C.ooovvent’ OVEEDBAN coun vevnvsavs vane vanaans M 176 | 13.6 @ 8.2 }; 1662
4Over bulkhcad into Pamplico sound i vivit ivveinsninesanesr 7 1 8 69 9.1 ¢ ©. 8- '
Ocracoke inlet . auveeen ooo. Overbar. . ..., . v eaeanaaaas i 9.8 12.6 521857.
! Anchoiage in Wallico’s chanacl ...... g8 21.6

Albemarie sound,... ........ tFrom tight-boat off Carcosn’s Point to a line joining Powell’s
Point and shell bank, near the mouth of Currituck sound...

\I’F])l‘ll(’P up the sonnd to Martin’s Point....ooviesiieivvnnne

iFrom Maztin’s Poiut to Trout Hole,south of Rattlesnake island. :

Nogthaiver, N. C «ees JAL ¢ntrance, and seven miles up from Albemarie spound.

Beaufurt, N. C.ovun.vsne oae; Main ship chiannel.oy civeac o toserernarnrcrnraananes 15
i Through the slue. ...eo..... [ P 7
Cape Fear . veas caviasmenns. | New Jnlet bar.,, 8
" Western bar ..., e wemeseen casearaevs 8
Georgetown, 8. C. vvaes.os.. Entrance to Winyah bay, East 'md Southeast Pass .veveseen-: |
. Anchorage inside of North island . |
F Up 1o Georgelowni. . uoviiies cevr it st s iiaeel ! i
Bull’s baY cuvervanremeniee: OVRIDAI Lo it i e tiiee ciiae esrnonanas 13 ‘
. At anchorage ., . |
Charleston, 8. C.uvves seeeee Mainbar oo Lo 1L
" | Novth channel o uviiiiii et veaieenneniaiincianniccnasenss 10
I Maffit’s channel...... ... . 11
Stonn inlet _..... & T 6.5
North Edisto o ceesenvavens] South or main ehaBNCl . oo . oot iii it i e e e 2 4
¢ Bast channel coaiehviaien caein e :
St Helena Sound.vessees.! Snouth channel siovesiioiiiiiiveriscoiiiniitivoen sinnoane. . 17
| East channel. cvaes ceuasn iasrsaicasacrnerenrsenar tas
D Suuth Bdis10 vieeeveiirneoieeeannoas 14
Port Royal entrance Trreeesl SE. channe! cvisieseeas e vonse renen s 19,5
Sonth channel ... 9.5
Tyhee Emmncc.............i Bar near Tybee island . veeesvvneas vins canaecsnranenrian 19 ‘
PIYBee roads seveetieit iiie i e e e e P 1 ¢
Savannah ...oeieeiiiensd Ghanmet up to city, (Wrecks and Garde. B«mk).... crens ....; 11 i
! |
Ossabaw 8CUnd . coveesciiees North channel 10 Veruon river.ooaes.ons e tnre et taennne 8
Sough chiannel to Vernon river ... 12 |
Sonth channel 10 OZeeche® Hiver vevs vverseesan. o 13
B Rl 1 &t S O I
Doboy bar, {inlet). .cve vieot Euirauce over bar, i 15.5 |
I Anchorage in sound ..., ciiisiiiiii ey v e, ‘
St Simon’s SOURA seaveiens OVErBAF ..u.vrerveras orrees ensanrienrenonnssrness L5
Entrance to sound -
{ Turtle river np 1o Biythe iskand oo viianeiiiininns ‘ 2N i
| TaBrunswick over bar off south end of Buzzard’s Roost island. '1 9 11
| To Brunswick through chaunel north of Buzzard’s Roost | !
I T U OTUOUITSRRPPRNN B *

The effect of spring and neap tides is very small,  The depth ie affected much more sensibly hy
{ Vhe tide diminishes rapidly after entering the inlet.

‘J,]851.

. e «....] 1830,
17.8 | 14.8 | 181 | C. S, 1862
9.8 6.8 | 10.1 Do.
12.5 7.5 119 |
12.5 7.5 . 13 *1857'
10.8 6.7 | 1l. !
30.8 | 96.7 | 31.3 | }1851, 1852, and 1853,
12.6 8.7 | 13.1
17.8 | 126 | 18.3
958 | 0.6 @ 26.3 '}1857'
*16.1 | 106 | 16.5
15,1 9.6 | 155 :”857'
16.1 | 10.6 : 16.5 [1858.
12.5 59 ;130 Do.
17.8 | 11.5 184 o,
14.8 8.5 | 15.4 Do.
22.9 16.3 23.7 DNo.
2.8 | 153 | =:.7 Do.
19.9 | 13.3 | 20.7 | 185657,
25.9 | 19.2 | 926.5 ! 1862,
259 | 19.2 : 9.5 Do.
:':g ;:: iz; }1851 and 1652,
17.5 10.6 ! 18.2 - captain Gitmer, U. 8.
i . Engineers.—1856.
14.6 7.0 0 151 1860,
1£6 | 11,1 | 191 po.
19.6 | 121 201 . po.
25 0 7.4 f 157 | po,
22.1 | 147 | 215 |
0.6 | 932 ; a1 §‘B55'
208 | 14.3 | 22.5 . 1s62.
[-44.8 | 37.3 | 455 |y
7.8 | 0.3 2.5 ||
158 | 8.3 | 165 11655736,
19.8 | 12,3 20.5 H

the stage of the river ahove.

{ There are no lunar tides in Albemarle, Currituck, and Pam plico sonnds.
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Places.

Limnits between which deptlis are given.

LEAST WATER IN CHANNEL-WAY.

Bt Mary™S.ceise veervensoase
St. John’s river, Fla ..., ...

81, Augusting. ..oeao ...
Florida reef sveves aanes

TOrtUgas evvvaesonnns.

Tampa bay.,..

Waceasassa bay
Cedar keys ..

Bt Mark’s iee sennineaees

Bt. George’s s0und.ieaersese

Apalachicela .o.ivcieneen.s.

8t. Andrew’s bay ....... ...

Pensacoln . vvveruiiieannes

| West Pass, over bar,,

Over bar

Over bar at entrance.oe.eciess
Channel pa

sing up to Jackeonville coivernianaan.
Overhare...........

Approaches to the inside of the reef:
Cape Florida light-house bearing W.8W, 3 W..ieovuiivns .oy
Entrance to the northward of Fowey Rocks; Soldier key
beariug SW, 2 Wit o veritiooniantsaronsnans secasas
Entrance to Legaré anchorage
‘Turtle Harbor entrance.... .

Channel inside the reefs (Hawk channel) from cntrance off’
Cape Florida light-house to Rodrigues key
Anchorage one mile from Indian key

Bahia Honda channel, west point of Bahia Honda bearing

N.NW..,
Key Sambo channel, between Middie and Western fambo. ..
tnside the recf and steering W. by N, for buoy . ....

Main ship chanuel to nriddle buoy on shoals.o.ves eanasvevans
From £hoals 10 anchorage .. escesnsiveiserooitote sncs cnrns
East ehannel, entering .. ..., cceuss vicianonesionae anansens
On course N.NW. § W. (light on O’Hara’s observatory) and

passing between shoalS. ... ccaver i nosssesansanncseses
From 14-feet shoals to anchorage..

AL anchoriage ooveevevans vocroeses

Rock Key channel covie avesniiernsesionns sornssissscnone,
Sand Key channel
West channel.....

Northwest channel up 10 abreast Northwest light...evsenaes
Over Northwest channel bar
Northwest chanunel

Southbwest chuanmel cau.evvs crtenanivanrsans saonrcsnsasnss:
Overbar ceoveenss

Channel betwween Egmont and Passage Keys. .. ...
Chunnel up to anChoOTABE 1 civvvevrinsre teseennririnren
Main channel.... «..e0en

Main channel overhar ceovesivecesmeasricoeosacrsesenans:
North Key ehanbel.coee ciee oo entesancaranceas tors saoes
Through Nerthwest channel up to Depot Key. cavene incoase:
OVer BT cuvuveiicaii i vasnarnaee o o ¢ cte coveratonns

Channel at Middle buoy.....ooier ot oraticann o
In mid-channel, off Jight-ROUSE v isnciacrartes conrens e
Up to Port 8t. Mark™s.iceaernerssrnaeresrercinrnssrrns sese
East entrance over bar ...... cveenvvnioeesn

Mainship channel (... iiicarenviianes seriecnnn ancrean
Swash channel civviveniionvennns

At anchorage.

I

Up to anchorage ......

* Main ship channel, OVer bar c.ee.vivieer st viascinenssrens
Swash channel, 0VEr Bar .o cevee i sonsciniinans aran

seaes

*Overbaricaiiiorinanonn,.

4aee e srisseses et cros oot anys

From bar to navy yard. ......... ..

Off wharf at Pensacola ...

Mean.

E 0 E
H B
“cet. Feet.
11 16.6
7 1.5
23 25 1
7 1.2
20 21,5
19 20.5
20 21.5
2 27.5
n 12.5
a1 22.8
18 19.3
34 a5 3
14 15.3
27 28.3
30 41.3
36 31.3
28 99.3
30 | 31.3
27 i 926.3
20 21.3
27 98.3
30§ 313
15 16.3
120 133
45 | 46.2
54 | 85.2
| 20.4
17 184
8 10.6
8 ...
9 1.5
55 ' 8.0
7.5 | 10.0
9 s
12 14.5
5175
7 1 9.5
15.5 | 17.1
14 15.6
18 1 148
19 | 20.6
13 141
39 | 401
10 l 1.1
131 147
7 | 8
T |8
22.5 | 23.5
27 | o8
2t | 22

i

Spring tides

19.9

18.9
19.9
25.9

10.89
20.9

8.7
5.2
7.2
2.7
1.7
14.7
6.7
15.2
3.7
12.7
18.7
12.6
38.6
9.6
12,8
6.8
6.8
2.3
26.8
20.8

; Authorities,
i

;? | High water.

17,1
1.8
25.5
1.7

21.7

i

LIg62,

8
-1

<]
3

~ N

T

.5
3L.5

29,
31
28
21
28,
3.5
i 185
13.5
46.4
55.4
M, 4
18.4
10.9 1857,

o

oo

1856 and 1851.

o

11.8
8.3
10.3
1.8
148
17.8
9.8
17.4
1 15.9
4.9
20.9
14.4
40.4
1.4
14.3 |
8.3
8.3
38
28,3 | )1856.
22.3

1858,

1855.

* The highest tides occur at the moon’s grcatest declination, and are applied in the column headed *spring tides.”

LS

12
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Places. Limits between which depths are given,

Mobile bay and river,....... *Over cuter bar, .,
Miin sbip channel to Fort Morgan .......

To the upprr fleet w0 ovel,

Farant’s Pass, ...

Mississippi sound......o. ... “From Grant’s Pas 1goula mail whal

Horn I[sland Pass,overbat.c i cieaisvss

Anchorage inside Horn island,

7p to Pascagoula mail wharf ..., . «.... ... EETIP

Ship Istand harbor ..... *Channel cavsvvennun,
Northwest channel. cvoees viivarannrierraasiorinsnonss .....-i

Ancherage, Man-of- war harbor, c.oooeveen ooiinens U
Cat [stand harbor....,. ....:*3hip ¢hannel ...
South Pass «..,,
Shell Bank channel

Siarsesaaan

Mississippi defta. oo cannes

Northeast Passoi., ooeaene, *Over bar, 10th €RIFBNCE iviat v iiitanas . coineoconsass
Over bar, south entrance .,

Southrast Pass .oy vevas FENERFNE it ety covs tatearaianetcotans searansonssen

South Pass.civeiecieeans.. *Channel oo e,
Southwest Pass ....,....... Channel ... .

Barratlaria Day cvnv v canras ‘*ﬁver bar nutside of Grand Pass. .. :

| Grand passage to Independence is1and .......covevivannsn, i

Deraiére or Liast island . ....*Chanpel inside, and North of Ship Island 8hoal light-ship....|

Channel north of Ship [sland shoai, one milc from beach of :

Derniére island ... . ceerarrserens !

Atchafalaya bay .....cve00..i*From entrance to Cut-off Chanuel buoy ... .

On the NaITOWs caeues vsessnss inansssesossans
On Bulkhead ..
Mouth of Atchafalaya siver in mid-channel .o.cv ool vear.

Vermulicn bay..c.oeivver oo’ In mid-channe! off 1ight - honSe .aeeesverssareness conssassane.

Caicasieu river ............. "Entrance over bar .........
Sabine Pass civviiiuie vevre *ACTOSS 1hE DAT. L iuetviiasrsssnnone sersonnsnennns savernrsa

i
Galveston bay ... ooeniiie FERtrANCE OVEr BAF..ciutaetciienen shniianerentianensannes |

San Luis Pass.......... 0. *Over bar ... ..,..,., Meestieaceseitanes FPTPN

Brazos river c.vec. iy oyee

*OVEE BAC cocevs . avansvnss sosene aorsenanans nssaancsns senaan

Matagorda ba; Entrance over bar ...

Aransas Pass, . vensnes e ATANSAS PASS tiiiiy cerienninsnae

meviaramraaaans

Rio Grande. «ovy vveeveren BOBARNEL L1ty verianes cveensiarencenassrensnnanarnnns RIS
i i

Mean,

203
20 8
i9.3
17.3
15.3
16.5
10.6
13.1
10.6
10.1
11.1
g1
16.6
8.7
16.2
28,4

15.4
9.6
8.1
8.1

49.6

43.6
7.4

13.1
9.1
9.1

10.1

10.1
4.9

LEAST WATER IN

CIANNEL WAY.

Spring tides.

._H
O - ]
oW s

&0 =1 o
N

-
I T
o

PN

@

8.3
11.8

8.8
9.8

15.2

7.2
14.7
26.7

13.7
7.6
6.1
6,1

47.6

41.8
5.3
7.2

1.7
7.8

7.8

8.8

8.7

3.8

 High water,

8.9
16.4
28.8

15.8
10.0
8.5
8.5
50.0
41
7.6
9.3
13.3
9.3
9.3
10.3
10.5

Authoritics.

1847 to 1852, inclu-

1 osive.

1851.

e e

1862,
z. 1852,

1853.

* The highest tides occur at the moon’s greatest declination, and are applied in the column headed ¢ spring tides, ?



Places.

San Diego

PEETIN

San Clemente island, (SE.
end.)
San Clemente island, (NW.
end.) |
Mission San Juan Capis-
rano. i
Santa Catalina island, (SW. |
side.)
Ban Pedro oaentivenan vnnn !
|
Point Duma ........ P

San Buenaventird .o.sie...
8anta Cruz island .,
Santa Barbara ...
San Miguael island... .......
Caxo harbor

San Luis Obispo ..oivn e
San Simeon ... ..

Monterey harbor........ ..

Eanta Cruz harlor 4.0 ...,

8an Francisco bay ....

San Frauciseo harbor..,....

Blare Island straits.... ce...,

Ballenas bay......... [EYPERN
Rir Franeis Drake’s hay..
Tomales bay ...

Bodega bay.........

Coast .,

Albion river .. ...,

Mendocino city
Bhelter cove., .. ... .....
Humboldt bay .. ...........

Crescent City harbor ..,...
Port Orford, or Ewing harbor.

Koos hay

crresiiasstanasenns

Umpqna river ... .........

THE UNITLD STATES COAST SURVEY.

APPENDIX No. 5—Continued.

LEAST WATEK IN CHANNEL-WAY,

-
Mean iowest of
day.
Limits between which depths are given, o
g £
Feet. Feet.
Entranee oo i aieciiiiiieani e areiemeraeran eeae. . 27.4 3.4
Midway between south end of Zunign shoal and Point Loma
light-house . hearing N. 613 W. by compass, distant nearly
astatte mile Lo iiiiis il e sniie ., Cevranianes 20 23.9
! Middle Ground Hght-house, bearing N. 671 ' W. by compass,
distant three-fourths of a statate mile, 18 21,8
Midway and nearly in range betwesn Ballast Point aud point
OPPOSILE sv st vnvasre sans s vre s svneesonsnan ) 23.9
_ Abreast of La Pinza, 160 yards from shore I8 21.9
i At the end of wharf, (Newtown) ..o us PRI 23 26.9
About midway between NE, and 8W. points at anchorage
in deepest bight, 450 yards from share..... ... 40 43.9
About 200 yards from shore at anchorage . ... a3 399
At ANCHOIAER evvosirenvanstcarerssnsssrrsmeivin sasvians 42 45.9
Auchorage in Catalina harbor ... S eeeeeaen 21 24.9
In range between Point Pedro and half a mile from Dead
L R T T PR T £~ 209
Arnchorage ... 54 580
Ancharige bali a mile from shore .| 36 40 ¢
: Auchorage, PP.isoner’s harbur oo cooas ot iein i 75 79.0
Anchorage inside of kelp, 450 vards (rom shore ... B 2.0
Aunchorage, Cuvler’s harbor ...,y cevrveveunvane PR 108 ]
AUCHOTAZE L aiee iiasar tesnvorsnssassssanrerenense ses. S0 3.0
Anchioraze in DArDOT vovues ovioenscae consnrrnnesrss srons 33 6K
Harbor unchorage.... ... e eaaaaeas 24 2.8
Anchorage .. vee F O 42 439
L (R 33y
ANCHOIAZE v1va vvsseeaesvrsnscenosscn oasnnrs sesnvenen:i 27 3.6
From 4-fathom bank areund to southern shore | crae.. 28 32,1
Anchorage off Rincon Poiunt, 450 yards from shore, ... ...., 66 70.1
Auchorage off Market Street wharf, San Francisco ......... 54 3.1
OfF Cunningham’s Whirf vaev e ciiiviierinincansens ieans | 30 40.1
Off Clark’s Point, 450 yards from shore .. 42 46.1
On the bar..... seeean (s seess seseniaas 33 37.1
At best wharves ... .... P e N 20 24.1
shore . ceeen s . Lo i 30.5
[n mid-channel, between navy vard and Vallom poRA .85
Inside of bretkers ou Duxhury reefiabouta mite frou shore 1 24 28 1
Half a wile inside the poing, and 400 yards from shore V1T 211
| Over tar. i 10 141
Ilnlfa mife inside of reef, a1 anchorage ufT point, 960 yards i
from shore.. .. ... S PO - 4.1
At Haven’s anchorage cove vevs corevosessaseoss snennersas. | 48 52.9
Anchorage at entrance . . o048 52.4
Anchorage inside of point.. N 31.4
Anchorage 500 yard= inside of point covsviivit veenvren o, | 22 Po2W 6
On bar, hail a mile froin sboie 24 %7
Main chiannel .. 0 24.7
Anchorage haif a4 mile off Creseent ity . c.oo. ciaa. aas opo2 25.2
Anchorage three fourths of a mile from Tichenor®s l{ock, [
and halt a mile trom Battle ROeK civvevanass vaan ..,...} 45 51.7
Over bar, ... L 16,7
Ui bar, opposite 1tid channel ... . veeieries srrere.ene oo | 13 19.0

Rpring tides,
Menn.

41.5

20.5

23.6

45.6
1086
12,5

24.1

28,1
24,1
29.1

46.1
42 1

24.1
6i5.2
42.3
1.3
24.4
43 D
3.3
30.0
29.9
47 B
5.6
33.3
33 6
T
58.6
41.6
47.6
32.6
25.6

320
320
24 8
22.6
15.6

1.6
51.0
54.1
35.1
23.5
277
25.7

28.1

53.6
18.6
20.9

S

28,9
a1.8
2.8

—~ D
DL e
w 2

34
46.
16
28

19
M.
19,

.
<
L A -

ne tides,

Moon’s greatest
decli

1AL,

24.4

28 4
24.4
29.4

46.4
42.4

485

27.5

245
.7
42.8
[
24.9
41.0
6.8
8.3
480
35.0
337
33.8
T8
59.8
41.8
47.8
3.8
25.8

41,8
542
54.4
36.4
28,7
28 .0
270
23,5

51.0
19.¢
2.3

91

Date.

1836,
1856,

1876,
1856
1856,

1856,
1852,

1833.

1852,

18252,
1833,
1855,
1652,
1852.
1832,
1852,
1852,
1852,
1852,
1852,
1852,
1851,
1851,
=51
18651,
1851,
1835.
1865,

1856,
1E58,

1853,
1853,
1833,
1853,
1-53.
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APPENDIX No. 5—Continued.

Places.

LEAST WATFR IN CHANNFL-WAY.

| P

Spring tides.

Mean lowest of Bpring tides.

Columbid FIVEr saus sainconss

Shoalwater bay cacesiranrens

Grenville harbor ...

Neé-ah harbor oouseesivi e

False Dnngeness ............
New DURZENESS vever.nssan
Bmith’s istand, (north side) .

Bellingham bay..aoouyiviaen,

Port Townshend............
Port Ludiow .
Port Gamble
Beattie civeriaiiansrrivraass
Blakely harbor ... ... civenn

Steilacoom harbor .....

Olympia harbor.......o.veeas

§ day. | Mean. | Moows greatest
| ! ' declination.
Limits between which depths are given. i | - Date,
g g o5 28 | i
3 L E 15 18§
I cet. | Feet.| Feet.| Feet. —Feot.| Fuct. |
I North channe! 10 BaKer’s bity . vuseas voaiansne wan ‘ 24 30.5 | 23.3 32.4 226
*Entrance into south chanuel . Csreneen f19 25.5 18.3 | 27.4 17.6
On bar of south chanuel oy eeaarenrevisesriersesornanesess; 16 225 15.3 + 24.4 14.6
ON AL erres.ann. Y 245 | 17.2 | 26.4° | 15.6
North channel ........o... | 2.5 | 29.0 218 : 30.9 211
Souths channel....... O R 31.5 © 24.3 | 33.4  23.6
Anchorage three-quartess of a mile inside of Point Grenville, i i 1
and same distnce from Bhore . veeevree vveres conananees B2 28,5 ' R1.2 | 30.5 ' 20.5 31.0 | 1854,
Aneliorage a mile inside ol Waddah island, and 450 yards | : ; i
fYOIN SNOPE tvevernenriuievvenonns nunennes O 42.5 3.0 | 44.7 | 34.3 45.3 | 1851.
Harbar anchorage .c..vviiieecsonanorcnienasanoenanness: 54 60.4 i 53.2 62.3 l 52.2 62.5 i 18573,
T T 45 51.4 ¢ 44.3 52.9 43.1 53.3 1855.
Anchorage ncar kelp, 430 yards from shore cav.avean vons % 1.4 ' 244 | w7 i 231 33.0 { 1854,
O PP - 66.4 50.4 | 67.7 | 58.1 | 67.9 | 1855,
Anchorage 400 yards southwest of Fitzhugh’s wharf.. las 24.4 17.4 | 25.7 " 16,1 25.9 1855,
tAnchorage 400 yards east of CUStOM-NOUL@. .. iavnu srerser, 48 54.4 47.4 55.7 . 46.1 55.9 ‘ 854,
FANICHOTAZE <. oevvne meaeas } 35 4.4 ° 35.4  43.7 ‘ 3.1 1 43.9 | 1855,
| 18 24 4 17.4 25.7 | 6.1 25.9 1855.
creeerses sresrseresraniecriinrersanasennsl 20 28.0 19.3 295 : 17.8 €0 ‘ 1854,
tAnchorage 450 yards inside of entrance ... vieeeavanecss 16 84,0 45.3 55.5 | 43.9 56,0 & 1836,
tAnchorage off Steilacoom creek, 400 yards.. . 18 29,5 17.0 32.0 1 15.3 n.2 1855.
tMid-channel, town 13 mile distant, mission bearing E NE .. i 11 ! 22.5 10.0 Wi 25.0 i 8.3 25.2 | .eee.

*Twenty-one feet may be carried in at mean low waler by keeping a little northward and westward, nearer the breakers of the middle sands, and,

at the turn, haufing up for Cape Disappointment.

tThe last column at these stations gives the height of highest water of spring tides at the time of the moon’s declination being zero, the highest

high waters of the month eccurring at that time.
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APPENDIX No. 6.

KOTICE TO MARINERS.

In the approaches to Newport harbor, Rhode Island, two rocks have been discovered by Henry Mitchell,
Assistant United States Coast Survey.

1. Lies about 700 yards west from the poor-house on Coaster’s Harbor island, and 375 vards north Ly
east from Red Buoy No. 6. This rock is about one acre in extent, with 17 feet at mean low water on iis
shoalest spot, which is not over 6 feet squarc. At the lowest spring tides there will probably not be less than
15% feet on this spot.

This rock lies in nearly mid-channcl of the northern passage. To clear it, hug elosely the bold shore of
Coaster’s Tlarbor island.

2. Lies nearly on the line between the Rese Island spindle and Goat Island light-house, and about
325 yards from the Hose Island spindle.  This rock has two sharp peaks Iving XW. and SE., with 14§ feet
on the outer one at mean low water. To the westward of this rock the depth is 5; to the northward, 73 to
the eastward, 8; and to the southward, 7 fathoms water. This rock lies outside of the line between the
Rose Island spindle and Buoy No. 3. To clear it, keep on the Goat ixland side of the channel.

A. D. BACHE,

Superintendent United States Coast Sureey.
CoasT SUuRVEY OFFICE,

November 4, 1862.

APPENDIX No. 7.
NOTICE TO MARINEES.

Notiec is hercby given to mariners that the Baltie, Captain J..J. Comstock, is reported to have run
aground, drawing 184 fect, on a shoal spot situated abour 23 miles due east from Winter Quarter shoal, on
the eoast of Maryland, and about 11 miles from the shore.  This shoual is not laid down on the charts, and a
survey of the ground will be made at the earliest practicable moment.

A. D. BACHE,

Superintendent United States Coast Suriey.
CoasT SurvEY OFFICE,

November 5, 1862,

APPENDIX No. 8.

TIDE TABLES FOR MARINERS, PREPARED FROM THE COAST SURVEY OBSERVATIONS, BY A. D. BACHE,
SUPERINTENDENT.

{[Furnished by authority of the Treasury Department to E. and G. W. Blunt, New York, and revised October, 1862 ]

The following tables will enable navigators to ascertain the time and height of high and low water in
some of the principal ports of the United States. The results are approximate, the observations being still
in progress, but they may safely be used for practical purposes. The number of places of observation, aund
the time during which many of them have been made, are steadily on the increase as the Coast Survey
advances.

The tides on the coast of the United States, on the Atlantic, Gulf of Mexico, and Pacific, are of three
different classes. Those of the Atlantic are of the most ordinary type, ebbing and flowing twice in twenty-
four hours, and having but moderate differences in height between the two successive high waters or low
waters, one oceurring before noon, the other after noon.

Those of the Pacific coast also ebb and flow twice during twenty-four hours, but the morning and after-
noon tides differ very considerably in height, so mnuch so that at certain periods a rock which has three feet
and a half water upon it at low tide may be awash on the next succeeding low water. The intervals, too,
between successive high and snecessive low waters may he very unequal.
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The tides of ports in the Gulf of Mexico, west of Cape St. George, ebb and flow, as a rule, but once in
twenty-four hours, or arce single-day tides. At particular parts of the month there are two small tides in the
twenty-four hours.  The rise and fall in all these ports iz small.  East of Cape St. George the rise and fall
inereases; there are two tides, as a rule, during the twenty-four hours, aud the daily inequality referred to in

the Pacific tides is large.
These peeuliaritics require a different way of treating the cases, and in some of them separate tables.
I propose to enable the navigator to find, from the Nautical Alnanae and the follewing tables, the time

and height of Ligh and fow water at any date within the ordinary range of difference produced by winds and
other variable circumstances. I will endeavor to divest the matter of unfamiliar technical expressions as far
ag practieable, though for shortness-suke some such terms may be cmployed after defining them. The dis-
cussion of the Gulf tides has not been carried so far as to enable me to present the results in as definite a
form as the others.

As iz well known, the interval between the time of the moon’s erossing the meridian (moon’s transit) and
the time of high water at a given place iz nearly constant ; that is, this interval varies befween moderate
limits, which can be assigned.  The iuterval at full and change of the moon is known as the establishment of
the port, and is ordinarily marked on the charts.  As it is not gencrally the average of the interval during a
month’s tides, it is a less convenient and less accurate quantity for the use of the navigation than the average
interval which is used on the Coast Survey charts, and is sometimes called the “mean” or ** correeted estab-
Iishment.”*  The following table gives the prineipal tidal gnantities for the different ports named in the first
column, where they are arranged under specific heads,  The third column of the tabie gives the mean inter-
val, in hours and minutes, between the moon’s transit and the time of high water next after the trausit; the
fourth, the difference between the greatest and the least interval oceurring in different parts of the month,
(lunar.) A zimple inspection of this column will show how important it is to determine these changes in
many of the ports where they amount to more than half an hour, or to more than fifteen minutes from the
average imnterval. The fifth, sixth, and seventh columns refer to the height of the tide. The fifth gives, in
feet, the average rise and fall, or average difference between high and low water.  The sixth gives the great-
est difference commonly known as the rise and fall of spring tides, and the seventh the least difference known
as the rise and fadl of the neap tides.

The average duration of the flood or rising tide is given in the eighth column; of the ebb or falling tide
in the ninth; and of the period during which the tide neither rises nor falls, or the “stand,” in the tenth.
The duration of the flood is measured fromn the middle of the stand at low water to the middle of the stand
at high water, so that the whole duration from one high water to the next, or from one low water to the next,
should be given by the sum of the numbers in the eighth and ninth columns. At most of these places given
in the list a mark of reference has been established for the height of the tide. I have omitted the description
of these marks, (exeept in the following localitics,) as of no particular interest in this connexion.

BENCH-MARKS.

Boston—Lhe top of the wall or quay at the entrance of the dry dock in the Charlestown navy yard is
fourteen feet 52 (or 14.69 fuet) above mean low water.t

New York—The lower edge of a straight line cut in a stone wall, at the head of a wooden wharf on
Governor’s island, is thirteen feet %% (or 13.97 feet) above mean low water. The letters U. 8. C. 8. are cut
in the same stone,

Old Point Comfort, Va—A line cut in the wall of the light-house, one foot from the ground, on the
southwest side, iz eleven feet (11 feet) above mean low water.

Charleston, S. C—The outer and lower edge of embrasure of gun No. 3, at Castle Pinchney, is ten fect
23 (10.13 fect) above mean low water.

2 This termn was introduced by the Rev. Dr. Whewell, who has done 580 much. for the investigation of the laws of the
tides

+Tn consequence of alterations made to the wall during the year 1860, the coping is seven hundredths of a foot lower
than formerly.
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TABLE 1.

Tide table for the coast of the

PORT.

STATE.

1.

COAST FROM POKTLAND TO NEW YORK.

Hanniwell’s Point, Kennebee river
Portland ..

POLSTOU 12 cevasver. sernaereeesensons

Newhuryport .

ROCKPOIt vuveey wvie veivnarsnecanianns s

Salem . Loivieiiiiiieinenees

Baston Light

BOStOT. o0 tavannaiars sensvansresrannsvens

Plvmouth... ceeauounuas P
Wellfleet vacueniariniriscanrsnvrans
Provimcetown*.. o, iiivenciiies sinenean

Monnmoy .
Nantucket. ...

HYARNIS vovveonrscnrens conearenioassannen

Edgartown. ...

Holmes’s Hole ., .._,..
Tarpaulin Cove.,oiiveeseanariecrasenans.
Wood’s Hole, narth side
Wood’s Hole, south side .
Menemsha Bight, ...

Quick?®s Hole, north sid€.oee covuvesres e
Quick?’s Iole, southside.vvresessruevruns.
CuttyBunK . civtiinrionenassarcassas connes
Kettle Cove.... ...,
Bird Island Light. oo vens covivsne o oi veass:
New Bedford entrance, {Dumpling Rock)..
Newport....
Point Judith . oiiiiivans cuvisaranons canes
Block island. ..., ..
Montauk Point, L. I..e.cvveneennnvnnnnne.
Sandy HooKee ... cvveerncnncnnnns
New York ....

HUDSHN RIVER.

Dobl’s Ferry . vuveeyaue. s

Poughkeepsie cuvuv, ..
Ti
Btuyvesant

VOl vatineiiniairansins ceesnt snnnanns

Castleton ............
Greenbushe.oiiiiiciiiesiennanenn.

LONG ISLAND 5OUND.
Wateh Hillov .oy vevevs vaes
Swonington.... ........
Littie Gul! islaug
New London ,

New Haven......... .v.vevaeees

sene

Sascs sttt sasaanan

DI Y Y I T

Bridgeport....,.. sereasaessaneant aeranss

EEEFTT T

PR [

R [ N

I L T

e do.

ceeodoos.,

P [
ve Ot i, e

B 1

RN« (o

P«

s 1

PR

EERTY: (¢ P
Y
Rhode Island ,

P 1

v O caan e

New Yor

Y NP

s

New York.........

ERPEN « s D

reeedOiveisnvieenn,,
R ¢ PO
RPN« s P

U | PPN

do.......

PSR T B

Rhode Teland ......
Connecticut
New York.........

Connecticut . .....

o0 alB caviriiiiae

INTERVATL
TIME OF
TRANSIT

BETWEEN
MOON’s
AND TIME

OF HIGH WATER,

;.:
=
=
=
=
3.
hoom.
11 15
11 25
11 20

113
1112
11 27
11 19
1t 5
11 a2
11 38
12 24
12 22

7 28
813

919
9 57
10 8
3
12 34
124
323
429
522

9 0
9 7
9 38
9 28
11 16

11 i1

SURVEY.

Uwited States.

RISE AXD

Spring tides,

FalL.

41
88
34
37
54
&l
48
55
40

13

1.9 2.4
4.8 5.6
4.3 5.4
3. 4.4

4.0

3.8
2.7 3.2
3.9

4.0 4.6
3.8 4,4
2.7 3.0
2.3 2.5

2.7 3.1

2.7 3.9
2.5 2.9
2.6 3.1
59 | 6.2
6.5 8.0

* From Major J, D. Grabham’s observatious.

l =
4. 5. 7.
A, m. Feet Feet. Feet,
114 ¥.1 9.3 7.0
0 44 Y 9.9 7.6
33 &.6 9.9 7.2
50 7.8 9.1 6.6
48 8.6 16.2 7.1
5 9.2 10.6 7.6
35 9.3 10.9 8.1
43 16.0 11.3 25
b1 102 11.4 8.0
113 1.2 13.2 9.2
40 9.2 10.8 7.7
37 3.8 5.3 2.6
37 31 3.6 2.6
30 3.2 3.9 1.8
34 2.0 2.5 1.6
31 1.7 1.8 1.3
49 2.3 2.8 1.8
53 4.0 4.7 3.t
45 1.6 2.0 1.2
14 T 3.9 1.8
115 3.7 4.3 2.9
110 3.1 3.8 23
44 35 4.2 2.0
10 4.3 50 3.7
45 4.4 5.3 3.5
41 3.8 4.6 2.8
24 3.9

-0 oW
w o D e

4.0
3.4

2.7
2.7
2.5
2.0
2.4
d.2
3.0
2.3
1.9

2.4
2.2
2.3
2.1
5.2

MEAN DURATION

[STE -}
—
a8

Y-
<

20

=
[

= -
—
=N

T = = - =)
©c

50
21
12
23

17

- A A R )

6 6
525
528
541
5 4u
518
5 1
4 26

63
6 15
6 1
5 56
6 24
6 !

6
G
8

AN IR = R

o W n

Gt

oo

o

4]

[ Y - B 7 B e B 7

P & O

LS4

“1 =1 =} o

59

OF —
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TABLE I—Continued.

1} INTERVAL BETWEEN ||
| TIME OF MOON'S | RISE AND FALL. MEAN DURATION OF-——
| ! TRANSIT AND TiME
; 1 O0F HIGH WATER. \
PORT. ! STATE. T B Y R
i b ! = | g ¢
! I s | = | Z 2 e <
| £ J £ | £ z 2 £
. | = | % I = = @
; , ; i
1. 2. I3 T - N R 2 i[ 8 9. 10.
I i i
- T . . . i :‘ k; o i = 1
LONG ISLAND soUND—Continued. b om \ heom. Feet. | Feel. Fet. i b B . .
OVSter By, L Tevvveneeacose cousnsoaress NeW YOIKaivon ons 17 | 651 7.3 | 9.2 ‘ 5.4 6 8 6 24 095
Sand’= Pointy LoD ieeritcenvenninsiaemneei,, 060 coiiiiannonn- 1y 13 ’ 31 77 8.9 | 6.4 5 55 6 30 14
New Rochelle, covvniineinconraimrasnes i @0.iiian sananse 1122 32 7.6 8.6 | 6.6 5 it 6 35 12
Throg?s Neck . ccoees -~j....du..............‘ 11 20 39 7.3 4.2 l 6.1 5 50 633 43
.
COABT OF NEW JERSEY. | ‘ i
Cold Spring inletciesss saerneeiessonn - New Jersey ... . 73 51 4.4 | 5.4 ] 3.6 6 8 6 18 19
Cape May Landing...... .do 819 47 45 | 6.0 l 43 | 611 615 20
DELAWARE BAY AND RIVER. ! i !
! |
Delaware break water, L veeviaaeenae anaess] Delaware. oo . L] 50 3.5 \ 4.5 ! 3.0 6 15 6 6 26
Higbee’s, Cape May ... PR New Jerseyoavans s 8 33 43 4.9 ‘ 6.2 3.9 6 26 6 0 19
Eyg Iadand Hght ove veaerninnemr el doiicen . cer 9 4 51 6.0 | 7.0 §.1 552 6 27 36
MANONE TIVEr 1 vvsvs senvanoenaenseesansers Delaware oouu,.... 9 52 1 59 68 . 50 611 611 26
NEWCRUCn cavvnssonssane suresconssnnrsa]eaesdO ounn 11 53 4 24 1‘ 6.5 | 6.9 | 6.0 5 6 6 43 17
Philadelphia. ., Pennsylvauia ,,.... 13 41 | 44 6.0 ; 6.8 5.1 4 52 76 15
CHESAPEAKE BAY AND RIVERS. -
O1d Point Comnfort . ..... ceavesaree o] Virginia ciaceiieen B 17 60 2.5 3.0 2.0 6 1 6 25 14
Point Lookout ... | Maryland ...... 12 58 15 1.4 1.4 0.7 5 b9 619 35
Annapolis c.oeen . T S« 17 4 49 0.9 1.0 0.8 6 11 6 15 32
BodKID HEHL . vesene corrne svsasomnvesnenifore-0iiiivane, 8 B 48 1.0 1.3 0.8 523 78 15
Baltimore .. R L TP 18 59 44 1.3 1.5 0.9 5 54 6 33 44
Washington Dist of Coluinbia. . 20 10 52 30 3.4 2.6 5 37 649 |...i.ans
James tiver, {City Point). vv.. Virginia o vueensona. 14 37 10 2.8 3.0 2.5 514 6 58 32
RichImonde: veesas savercsannsnasneorsaseectoee . @Bumiiiianesanrs 16 54 16 2.9 3.4 2.3 4 53 73l 45
TappahannOcK. o ceeisvessrsesotassaosnciieeclO0iatsrscin,nens 13 8 46 1.6 1.9 1.3 521 R T P
COAST OF NORTH AND SOUTH CAROLINA,
BGEORGIA; AND FLORIDA.
HAUEras ilet.eseresaneiones sianes seene. ) North Caorolina..... 74 a7 2.0 2.2 1.8 6 7 6 7 50
Beaufostcaes .+ .. ‘\ e 0 i 746 50 2.8 3.3 2.2 6 1 610 42
Bald Head. ... cierciiiiieiisiinennssnnriree i @0uienniineneanss 7 26 3 4.3 5.0 3.4 6 18, 6 17 a1
Boihville.cet it iiei s iansrs seniaeons searfeee B0 il aiiiann 719 - 38 4.5 55 3.8 6 1 6 26 26
Wilmingion.. . vee @0 Leiien 9 6 10 2.7 3.1 2.2 4 45 7 40 30
Georgetown entranee ... eiie.ere. ... South Carolina. ... 756 ! 42 3.8 4.7 2.7 6 4 619 35
BUll’s ISIAN0 DAY, .evtvenevrnnaer veve vans|erer@Peeasvun s sees 716 57 48 5.7 3.7 6 20 6 6 30
Charleston, (custom -house wharf) . [ 1 P 726 48 5.1 6.0 4.1 619 6 7 33
S Helena s0und wonneennninniinn o, 78 . 10 5.9 7.4 4.4 613 612 p=
Fort Pulaski, (Savannah entrance}........; Geotgia ..o.eouuun,. 720 40 7.0 80 5.9 549 635 26
Savannah, (dry-dock whar{)......... \ . 813 51 6.5 7.6 5.5 5 4 72 14
Doboy Light-BOUSe. ve.. vl tovrsvinnennsiee i dBesians eans ana. 733 55 6.6 7.8 5.4 6 2 820 l..o...
St. Simons. LT Y . 1 P 7 43 46 6.8 8,2 5.4 6 10 6 16 20
Fort Clineh \ Florida ceuur ..., 753 16 5.9 *6.7 5.3 69 B 17 {u vanree
Bt. John's riverccicee ciinsscuies Y 7 o8 48 4.5 5.5 3.7 5 58 B 28 16
St Augustine .o i eneriananaian & 91 43 4.2 4.9 3.8 6 5 8 11 59
Cape Florida cies veserriovsnerccenssinend! 8 34 51 1.5 1.8 1.2 6 ¢ 6 26 45
Indian key ... 8 93 49 18 2.2 1.3 625 5 59 19
Sand Keyoieseeaneoneen. B40 |.eeiannnn, 1.2 2.0 0.8 6 31 5 55 13
Key West.aennnnas saesnns cons cons IR s 930 115 1.3 1.5 0.9 6 55 529 12
TOTLUEAS «cavoens o T (S, 9 56 132 1.2 1.5 G.6 6 43 540 f.i.esne
Charlotte Harbor. covcesiesceineecnceaand coido . 13 g 1 38 11 1.3 0.8 6 51 535 luceeare
Tampa Bay, (Egmont key)......,........;....do...........‘.. 21 133 1.4 1.8 1.0 6 35 6811 43
Cedar Keys, (Depot key),...........‘....%....do.............. 1315 155 2.8 3.9 1.6 612 613 levereors
Bt. Mark™® ..oiiacerernenacasaiias [eae. do. 13 38 oo 2.2 2.9 1.4 612 ;30 § S
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TABLE I—Continued.

! INTERVAL BETWEEN

TIME OF MOON’S . . .
H RISE AND FALL. MEAN DURATION OF —
TRANBIT ARD TIME
OF HIGH WATER.
PORT. STATE. - PR ‘ . T
€ 5 ¢ | ! A :
B T : 3 2 { - |
ER S H B T ¢ 2%
5 =g g S g 2 = =
= = = o 4 [ = 3
1 - 2 3 P4 s 6 7 8 9 10.
WESTERN COAST 7 ! ' !
’ : home | Rom. Feet. Feet, ' Feel. h.om. E h. m. k. m.,
Ban Diego ..y aui et veen . California ... ... 93 ! 13 3.7 5.0 2.3 622 | 6 030
San Pedro , . TN D 939 | 148 3.7 47 2.2 618 | 6 5 30
Cuyler's barbor «..... ceeedoL.., 925 : 12 3.7 5.1 2.8 61F {6 5 Leereeas
San Luts Obispo . . OO T S 108§ 18 3.6 4.8 2.4 625 | 553 .iee....
MONTETEY .. aennouee cenndOLiiinn 1022 49 3.4 4.3 ! 2.5 6 31 6 2 a5
SBouth Farllone . .. [ 1 T 1037 1 116 3.6 4.4 28 6 18 6 Y
Ban Francisco, (north beach). PR [ 12 6 J 1 4 3.6 4.3 2.8 6 39 5 51 34
Mare Isiand, (San Francisco bay)... 1340 1 115 4.8 | 5.2 4.1 613 6 7 e
BENitia . vvesenearens G0uivivseansns 14 10 ‘f 10 1.5 81 3.7 6 26 550 .eieee
Ravenswood «.ovae.. s C 12 36 | 57 6.3 7.3 .8 615 : 611 ...l
BOACEA . v v nurs tonearansresnnsans 1117 ! 1 54 36 | 4.7 i 619 . 559 ..
Humboldt baY . v.everarisvisenaans. 12 2 11t 4.4 5.5 3.5 6 19 6 0
PO OXfOrG v ces ceenee eee ns | 16, 51 6.5 3.9 619 | 6 7 39
Astoria.... ... 1242 1 113 6.1 7.4 1.6 6 3 6 28 33
Nee-ah harbor.... sieicieinennn i Washington Terr’y. 12 33 1 128 5.6 7.4 : 4.8 6 20 B 6 ...
Port Townshend® ccevvevvernanceassiienns e @0 34 | 1 3 4.6 ‘ 5.5 | 40 ! 6 34 | 552 ciiiiiae
i | ! i
SLEIIRCOOMI®, covsvvraanes cosessermracesar o@Dt ecenns o 446 ! 1 6 ‘.2 ; 1i.1 782 6 3 ! 6§25 28
BeIiaAlIN00 DAY v reveesrercorssnssvenneeionn 00ereaeunn oes 4 50 ; 1 2 5.7 6.6 48 | 6L 619 2B
L ! i i ie

* See remarks on page 102 and following.

Note—The mean interval in column 3 has been increased by 12%. 26m. (half a mgan lunar day) for
some of the ports in Delaware river and Chesapeake bay, so as to show the succession of times from the
mouth. Therefore 124. 26m. ought to be subtracted from the establishments which are greater than that
quantity before uging them,

T'he foregoing Table I gives the means of determining, roughly, the time and height of high water at
the several ports named. The hour of transit of the moon preceding the time of high water is to be taken
from the Almanac, and the mean establishment being added, the time of high water results. Thus:

Example I—1t is required to find the time of high water at New York on November 5, 1854. The
Amcrican Almanac gives 0/4. Om. as the time of transit of the moon on that day. The mean interval for
New York, from Table I, column 3, is B/. 13m., which, as th> transit was at 0%, is, roughly, the time of
high water. The moon being full, the height is that of spring tides of column 6, viz: 5.4 feet. If the
soundings on the chart are reduced to low wate spring tides, 5.4 feet are to be added to them to give the
depth at high water. If the soundings are reduced to meau low water, the rise and fall of mcan tides being
1.1 foot less than for springs, the rise or increase of depth will be half of this, er 0.6 of a foot less than 5.4
feet, which is 4.8 feet, or nearly four feet ten inches.

Ezample II—Required the time of high water at Boston on January 23, 1851. From the Amecrican
Almanac we find the time of the moon’s southing or transit on that day 54. 18, a. mi., and from Table I the
mean interval at Boston dry dock is 114. 27m.

We have then 54. 187. time of transit.

To which add 11 27 mean interval from Table L.

16 45 time of high water, or 4%. 45m. p. m.

If the Greenwich Nautical Almanac is used, add 2. to the time of transit of Greenwich for every hour
of west longitude, and its proportional part for less than an hour. It will suffice to take the half hour which
may be over any number of hours, as the correction for less than this would be less than one minute, and

cs13
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need not be taken into account. Thus, Boston iz 44%. 44m. west of Greenwich. The correction to be applied
to the time of transit of the moon is, for the four hours, eight minutes, and for the forty-four minutes, one
minute. The time of transit on the date assumed in the preceding example is 172. 9m. of the 22d, or 54. Yon.
a. m. of the 23d, to which add nine minutes ; the correction just found gives 6%4. 18m., as before ascertained
from the American Almanac.

In using the United States Nautical Almanae, in the astronomical part of which the transits of the moon -
are given for the meridian of Washington, the corrections required may, in this first approximation for the
Atlantic coast, be neglected. To find the time of the next following low water, add, from Table I, the
duration of ebb tide.

This gives 4%. 45m. p. m. time of high water.

6 13 duration of ebb tide from Table I.

10 588 p.m.

By subtracting the duration of flood tide we obtain the time of the preceding low water, 104, 32m. a. m.,
recollecting that 4%. 45m. p. m. is the same as 164. 45m. reckoned from midnight.

The height of this tide, corresponding to the transit of 5k., will bring it nearly to a neap tide, and the
rise and fall obtained from column 7, Table I, is 8.5 feet. The next following high water may be had by
adding to the time of low water the duration of flood from Table I, thus:

10%. 58m. p. m. time of low water Janunary 23.
6 13 duration of flood from Table 1.

Sum 17 11  or 5% 11m. on Jannary 24.
Or, having found the time of high water, the time of the next following high water may be found by
adding the duration of flood and ebb together, and their sum to the time of high water found, thus :
6%. 13m. duration of ebb tide from Table 1.
6 13 duration of flood.

duration of whole #ec.
p.m., January 23, time of high water.

Sum 1 2

4

[
(=1

(<)

Sum 17 11 or 5% 1lm. a.m., Jannary 24, time of the next succeeding high water.
Subtracting the same quantity will give the time of the preceding high water, thus
4h. 45m. p. m., or 16%. 45m. from midnight, iz the time of high water.
12 26 duration of flood and ebb tide.

4 19 a.m. of the 23d for the preccding high water.

The duration of the flood and the ebb being reckoned from the middle of one stand or slack water to the
middle of the next, the time of beginning of stand of ebb or flood will be found by subtracting half the duar: tion .
of stand or slack water given by column 10, Table I, from the time of high or low water, and the time of the
end of the stand of ebb or flood by adding the same. A nearer approximation to the times and heights of
high water may be obtained by the use of Tables IT and III.
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TABLE 1I.

Interval between the time of moon’s transit and the time of ligh water for different lours of transit, and for
sereral different ports.

i ! i i | |
Time ofmoon’s ' Boston, Mass.. New York, Philadelphia, Old Pt. Com- Baltimore, | Smithville, Charleston, iFi. Pulaski, 8a- Key West, |3an Francisco,

ransit. | CONY. Pa. i fort,Va. | Md. N.C. B. C. vannah, Ga. | Fla. Cat.
h, m. | h. m, A om, | hom. 1 heom, | k. m. h. m, h. m. h. m. A, m. k. m.
6 o | 11 3 8 20 13 s s |6 o4y 7 926 7 88 7 30 9 33 12 5
03 | 11 m 818 , 1 w8 | 827 ! 6 42 721 7 33 ! 72 | 9 9% 1L 59
1 0o | 114 815 | 195 | 821 | 6 37 716 | 7 27 719 | 919 1 53
13 | 0o £10 | 192 [ 815 | 63 713 7 al 715 ! 9 13 47
2 ¢ | 1 2 § 6 . 11 | 8 9 | 6 9% 709 716 71 9 6 141
2 3 | 11 16 8 0o | 11 | 8 4| 6a 76 T2 78 | 9 1 1 3%
3 0 11 13 78 1 11 | & 0o | 617 74 708 76 B 57 Il 93
330 . 1 Io 7 52 18 7 | 613 73 7 5 | 75 853 | 1o@m
. 40 n o7 7 52 16 i3 | 6l T2 T2 | 7 4 8 58 | 11 38
4 30 i 6 7 52 13 1 74 | 610 703 7 2 | 7 3 8 56 | 11 46
5 0 1 6 75 | 1 0 | 74 | 610 T4 i3 7 4 9 2 | 1l 55
5 30 n o9 7 5% ¢ 059 750 6 13 T8 7% T 6 910 12 3
6 0 1 13 759 | 0 59 753 6 19 709 712 T 8, | 8@ 12 1
6 30 n o1 8 5 11 8 0 6 25 7 13 719 712 | 83 12 16
7 0 25 8 1t 107 8 7 6 22 717 794 I 716 9 49 12 23
7 30 1 3R 8 17 115 8 15 6 39 7 23 T 2R T 000 | 12 9
8 0 1 38 8 23 1 93 8 2 6 44 7 98 7 38 7 8 10°6 12 3
8 30 143 8 27 1 29 8 33 6 19 7 33 T4 | 7T K [ 12 37
9 0 1 47 8 3 134 8 40 6 52 ©7 o3 v | 7o 10 6 12 3%
9 20 148 8 34 1039 8 45 6 54 7 39 750# 7 42 10 3 12 34
10 0 11 49 8 35 1 4 § 48 6 53 7 40 T | T4 005 12 3
10 30 11 48 8 3 1 43 8 48 6 52 7 40 7 47 7 4 9 56 1224
1n o 11 47 8 31 1 41 8 46 6 50 736 | 7 44 i 7 3 Y 48 1217
11 30 1 43 8 25 1 37 8 40 6 48 730j7411 7::4;940 12 9
TABLE III

Showing the rise and jfall of tides, and corrections to be applied to determine the depth at high water of
soundings on charts referred to mean low water, and to low water spring tides.

Time af Boston, Mass. New York, N. Y, Philadelphia, Pa. Old Point Comfort. ‘ Baltimore, Md. Time of
moon’s - - moon’s
transit. A B. C. A. B. t C. A. B. o. A B. ‘ C. A. E B. C. transit.
i

Hour, .| Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Hour.

0 11.2 10.6 11.3 4.9 4.5 4.9 6.3 6.2 6.3 2.9 26 | 2.9 1.5 1.4 1.6 0

1 113 10.6 11.3 4.9 4.5 4.9 6.4 6.4 6.5 3.0 2.7 1 3.0 1.5 1.4 1.6 i

2 11.2 10.5 1.2 4.7 4.4 4.8 8.6 6.5 6.6 2.9 2.7 1 2.9 1.5 ¢ 1.3 1.5 2

3 10.6 10.3 10.0 4.3 4.2 4.6 6.6 |. 6.5 6.6 2.6 2.6 | 2.8 1.4 1.3 1.5 3

4 30.0 10.0 10.7 3.8 4.0 4.4 6.4 6.4 6.5 2.3 2.4 2.7 1.3 1.2 1.4 4

b 9.2 9.7 10.4 3.5 3.8 4.2 6.1 6.2 6.3 2.1 23 | 26 11 1.1 1.3 5

8 8.8 9.4 10.1 3.3 3.7 41 . 5.7 5.9 6.0 2.0 2.2 @ 2.5 0.9 1.1 1.3 6

7 8.6 9.3 10.0 3.3 3.7 4.1 5.4 5.6 5.7 2.0 2.3 . 235 0.9 1.1 1.3 T

8 8.9 9.5 | 10.2 3.6 3.8 4.2 @ 5.2 5.3 54 | 22! 24 | 2.6 1.0 1.2 1.4 8

9 9.4 9.7 104 4.0 4.0 4.4 1 5.4 5.4 5.5 2.5 2.5 2.8 1.1 1.3 1.5 9

10 10.1 | 10,0 | 10.7 4.5 4.3 4.7 | 5.7 5.7 5.8 2.8 2.7 | 2.9 1.3 1.4 1.6 10

11 10.7 | 10.3 11.0 4.8 4.5 | 4.9 | 6.0 6.0 6.1 3.0 2.8 i 3.0 1.4 ‘ 1.4 1.6 11
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TABLE III—COl_ltinued .

) Smithiville, N. C, 1 Charleston, 8. C. ;. Fort Pulaski, Savanuah | Key West, Fila. San Franeisco, Cal. } )
Time o! i i enwrance. | Time of
moon’s ! _ ! ! moon’s
wansit )AL ¢ A B | A B c. A B c A | B c | transit

i i i i i ! | i

Hour, Feet. 1 Feet. Feet. | Feet, | Feet. Feet. “ Feet, Feet. Feet. Feet. Feet. Feet. Feet, i Feel. Feet. Hour.,
° 5.2 { 4.8 5.1 | 60 | 55 { 601 7.8 7.4 0 7.8 1.5 1.4 1.5 1 45 1.0 4.4 0
1 5.1 4.8 5.1 1 59 | 55 | 5.9 [ 7.9 .4 0 7.8 1.5 1.4 16 | 3.9 | 3.7 4.1 1
2 5.0 1 4.7 5.0 | 5.7 5.4 ‘ 58 1 76 73 1.7 1.5 1.4 1.5 0 3.7 3.6 4.1 2
3 4.6 | a5 48 1 53 | 52 56 71 7.0 7.5 1.4 1.3 1.4 ! 35 3.5 4.0 3
4 4.3 ° 4.4 47 1 47 | 49 | 54 | 65 6.7 7.2 1.2 1.2 1.3 | 3.1 3.3 3.8 4
5 4.0 | 43 4.6 | 44 48| 52 61 6.5 7.0 1.0 1.1 12 | 28 @, 3.6 5
6 . 3.8 | 4.2 45 0 42 ' 46 | 51 5B | 6.4 ; 6.8 ; 0.9 Lo 14 2.7 | 3.1 3.6 6
7 1 3.8 41 4.4 | 43 i a7 5.1 6.0 65 69 | 09 1.1 1.2 3.0 3.3 3.7 7
8 | 40 42 4.5 0 45 0 48 | 53 6.4 6.7 7.1 1.0 1.2 1.3 3.4 3.5 39 8
9 1 43 43 46 1 50 ] 50 | 55 6.9 6.9 7.4 1.2 1.3 1.4 38 3.6 4.1 9
10 ! 4.7 46 | 49 i 55 i 53 58 | 7.4 7.0 | 7.0 1.4 1.4 1.5 4.0 3.8 4.2 10
1| 50 | 47 5.0 5.9 J 5.5 J 5.9 | 7.5 | 7.2 I 1.5 14 15 a2 3.8 4.3 1 -

-

In these the variations in the interval between the moon’s transit and high water are shown for some of
the prineipal ports contained in Table I. These variations of intervals depend upon the age of the moon,
and, as they go through their values in half a lunar month, are known as the half‘monthly inequality of
jnterval. The table extends from the 0%. of transit, midnight of the calendar day, or full of the moon, to
114 hours. The numbers for change of the moon correspond to those of 0%., and for 13 hours (or 1% p. m.
of the calendar day) to 1 hour,-and g0 on up to-23 hours. The ports for which the numbers are given are
designated by the heading of the columns.

The mean interval, it will be seen, does not oceur at full and change, but nearly two days afterwards,
on the Atlantic coast. At Key West it occurs more nearly at full and change, and at San Franeizco still
more nearly.

The same remark applies to the heights. Spring tides oceur about two days after the full and change
of the moon, and neaps two days after the first and last quarters. The use of this table of nearer approxi-
mation i quite as simple as that of Table 1.

Rule to find the time of Jigh water—Look in the Almanac for the time of moon’s transit (or gouthing)
for the date required. In the table corresponding to that time will be found the number to be added to the
time of transit.

Example II1—Required the time of high water at New York Octobér 1, 1856. Using the United
States Nautical Almanac, we find the time of moon’s transit 14. 24m. astronomical reckoning, or 14. 24m.
p. m. calendar time. From Table IT we have, under the heading of New York, for 14. 30m. (the nearest
number to 1%. 24m. in the table) 84. 10m.

Thus, to 14. 24m., time of moon’s transit,

Add 8 10  ianterval found in Table I1T.

The sum 9 34  p.m. is the time of high water on the 1st of Qctober, 1856.

If the sum of these numbers had exceeded twelve, the tide would have belonged to October 2, and we
must have gone back to the transit of the day before and computed with it to obtain the tide of October 1.

Rule to find the height of high water—FEnter Table 111, column 1, with the time of moon’s transit.
In the column headed with the name of the place, and marked A, will be found the rise and fall correspond-
ing to the time of transit; in column B, the number to be added to soundings on the chart, where the sound-

ings are given for mean l(m.f water; in column C, the number to be added to charts of which the soundings
are given for low water spring tides.

In the foregoing example, (I11,) the time of transit being 1 and 2 hours, we find from “Table IIT the

. rise and fall of tides on the 1st of October, 1856, between 4.9 and 4.7; the number to be added to soundings
given for mean low water 4.5 feet, (column B,) and for low water spring tides (column C) 4.9 feet.

Having found the time of high water, that of low water may be obtained, nearly, by adding the duration

of ebb from column 9, Table I.  The time of the next preceding low water may be found by subtracting the

duration of flood from column 8, Table I. The time of the next following high water may be found by



THE ENITED STATES COAST SURVEY. 101

adding the duration of both flood and ebb, and of the next preceding high water by subtracting the same
duration of the whole tide.

Example 1V.~—To find the next high water following that of Example ITI.

Thedduration of flood, eolumn 8, Table I, for New York, is 64. Ozm.; and of ebb, from column 9, is
64. 25m.; the sum is 124. 25m.

To  9%. 34m. p. m., October 1, time of high water found,

Add 12 25 duration of flood and cbb.

Sum 21 59 or 9% 59m. a. m. of October 2, the time of the next high water.

TIDES OF THE PACIFIC COAST AND OF PART OF THE COAST OF FLORIDA.

On the Pacific coast there are, as a general rule, one large and one small tide during the day, the height
of the two successive high waters occurring one a. m. the other p. m. ¢f the same twenty-four hours, and the
intervals from the next preceding tramsit of the moon are very different. The inequalities depend upon the
moon’s declination ; they disappear near the time of the moon’s declination being nothing, and are greatest
about the time of its being greatest. The inegualities for low water are not the same as for high, though
they disappear and have the greatest value at nearly the same times. The tides of the southern part of
Florida and of the western eoast of that peninsula, as far as 5t. Mark’s, are of the same character.

In Puget’s sound the inequalitics for the interval of high water and for the height of low water follow
this rule; but those for the interval of low water and height of high water disappear about one day hefore
the moon’s declination is greatest, and are greatest about four or five days before the greatest declination,

When the moon’s declination is north, the highest of the two tides of the twenty-four hours occars at
San Francisco ahout eleven and a half hours after the moon’s southing, (transit ;) and when the declination
is south, the lowest of the two high tides occurs about that interval.

The lowest of the two low waters of the day is one which follows next the highest high water. The
nature of these tides will probably appear more plainly from the annexed diagrams. In them the height of
the tide is set off at the side on a scale of feet, and the hours of the

H
1 v nuaiw ;i day are at the top. At 12 noon, for example, the tide-gauce marke
- y P p adls d
7 m)nm £ 1 3 6.7 feet.  Joining all the heights observed in the twenty-four hours,
. ; \ H we have a curve like that marked in the figure. The two high

/ waters are @ and c,; the two low waters 4 and &. If a iz the high

K 3‘& water which occurs about twelve bours after the transit of the moon,
4 L/ ' when the declination is south, the ebb @ & is quite small, and the
high water, @, is much lower than the next high water, ¢. If the
moon’s declination is north, it is the large high water, a, of the
gecoud diagram which oceurs next after the transit, and about twelve
o hours from it. At Key West the contrary obtains, diagram 1 apply-
ing when the moon’s declination is north, and diagram 2 when south.
| Tables IV and 'V give the number to be added to the time of moon’s
o i / transit to find the time of high water almost as readily as in the
7 \ R former case. They are of double entry, the time of transit being,
as before, placed in the first column. The number of days from
‘ the day at which the moon had the greatest declination is arranged
/ at the top of the table. Entering the first column with the time
of transit, and following the line horizontally until we come under
the column containing the days from the greatest declination, we find
3 the number to be added to the time of the transit to give the time of
| o [\6,/( high water. If the moon’s declination is south, Table IV is to be
used ; if north, Table V.

Tables IV to IX, inclusive, have been recomputed, using more complete data for the incqualities above
referred to, and to those for San Francisco similar tables have been added for Saun Diego, Astoria, Port

Townshend, and Key West, Fla. For the other places on the Western Coast given in Table I the following
rules will give sufficiently close approximations. ‘ :

IS - | °

® e
-

»
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To obtain the times of high or low water for San Pedro, Cuyler’s harbor, and San Luis Obispo, com-
pute first the time for San Diego by Tables IV, V, or VIIT; then add to the time thus obtained 30 minutes
to obtain the time for San Luis Obispo, and subtract 13 minutes for Cuyler's harbor. At San Pedro the
time of high or low water iz sensibly the same as at San Diego.

Yor Monterey, South Yarrallone, Mare island, Benicia, Ravenswood, and Bodega, compute first the
time for San Franeisco; then subtract from the time thus obtained 1%. 44m. for Monterey, 1%. 29m. for the
South Farallone, and 49m. for Bodega; and add 34m. for Mare island, 1%. 4m. for Benicia, and 30m. for
Ravenswood. For Humboldt bay, Port Orford, and Neeah harbor, compute first the time for Astoria;
then subtract from it 40m. for Humboldt bay, 1%. 16m. for Port Orford, and 9. for Neeah harbor.

For Steilacoom and Semiahmoo bay, compute first the time for Port Townshend, and add to it 57m. for
Steilacoom and 1%. for Semiahmoo. The approximation will be only a rough one for Steilacoom.

For the heights, Tables VI, VII, and IX for San Diego can be used without change for San Pedro,
Cuyler’s harbor, and San Luis Obispo. Thege tables for San Francisco are also applicable to Monterey,
South Farrallone, and Bodegm For Mare izland add 1.2 foot, for Benicia 0.9 foot, and for Ravenswood
2.7 feet, to the quantities for San Francisco.

For Humboldt bay, Port Orford, and Neeah harlor, the tables for Astoriz may be used, subtracting 1.7
foot for Humboldt bay, and 1.0 foot for Port Orford. For Neeah harbor the tables will give approximate
results without change.

For Semiahmoo bay, add one foot to the quantities in the tables for Port Townshend. For Steilacoom,
a rough approximation may be obtained by adding 4.6 feet to them.

For the coast of Florida, compute the times of high or low water for Key West, and subtract 14. 7.
for Indian key, and add 26m. for Tortugas and 14. 51m, for Egmont key, 3%. 45m. for Cedar keys, and
4%. Sm. for 8t. Mark’s.  For the heights, add half a foot for Indian key, and use the tables without change
for Tortugas and Egmont key. For Cedar keys and St. Mark’s, the results could not be obtained with much
accuracy in this way; special tables will be prepared for those places.
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TABLE 1IV.—KEY WEST.

103

Time of moon’s
transit,

SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

Before— Alter—
7 . 6 5 4 3 2 1 o 1 2 | 3 1 4 5 6 i 7
H i
{h. m. h.m.! h.m. h.m. h.om kh.m.  h.m. h.m. k. m. h.m. k. m. h.om. | h.m. hom. [ h.m.
0 ou a0 | w30 | g18¢| yor | 901 | 849 | B4 840 | 840 | 846 831 | 900 916 | 9 37
0 30 933 | 923 | 911 | son [ 8A4 . 842 | 837 833 | 833 | 839 | B47 . 858 909 | 9 30
100 99 | 916 | vo4 | 853 [ 847 | 835 | B0 . 89 | R | 832 | g40 €52 ;. 902 | 923
130 990 | 910 | 858 | 847 | 841 . 829 | 824 | 820 | B2 | 826 | 834 646 . 856 | 9 17
2 00 913 903 | B51 | 840 | 834 | 822 | BIT | K13 | BI3 , 81¢ | g97. B3 | 849} 9 10
2 30 908 | B58 | B46 | §35 | 899 . 817 | 812 | BOR | BO8 . 814 ; £22 . BB 844 | Y 03
3 00 vos . 854 | 842 | s3m | B2 ! 813 | 8us . 804 | BO4 I £10 . B8 . B30 840 | 9 01
330 oo | es50 833 ! 627 | e2l ! BCI ! S01 [ 8BGO | B0 | BOG . El4 | 826 | €35 | 8 57
4 60 900 ; E50 | 833 | 897 | B2l  8UB [ BO4 | 500 8O0 | 805 E14 | €96 8135 | 8 57
4 30 903 { 53 | 641 | 530 | 824 , 812 | 807 | BU3  BO3 | B9 . 817 | 829 | 83¥ | 9 00
5 00 9 09 B59 | 847 | BU6 | 8H0 . B8 | By . ®oud 0 E0 | 915 g23 | 83 845 9 06
5 30 917 907 | 855 | 844 | 838 | 8 ;82 | BIT BT | B2 841 ; €43 EET 9 14
6 00 9 29 919 . 907 | £56 | 850 B33 B33 | B9 . B B 0 B43 | £3 gusj' 9 u6
6 30 Y 40 930 | 913 | 907 | 9ol . 849 | 844 | B840 | B4 ' B4 . 854 | 906 916 | 9 a7
7 00 9 56 946 | §3¢ | $23 [ 917 905 ! 900 | BB | ®56 . w02 910 | 92 | 939} Y 53
7 30 10 07 957 | 945 | 934 1 923 : 916 : 911 ; 907 | 907 | 913 92 | v33 943 | 1004
8 00 10 13 1003 | 951 | 946 | 934 © 9922 - Y17 | 913 | 813 | 919 ! @27 | em | 949 | | 1800
8 30 10 14 1004 | 952 | 941 | 935 | 923 S 918 | 914 | 914 | 920 : 928 ; 940 . 930 | IS I
$ (0 1013 003 ["951 | 940 | w34 , 9823 | w17 | 8ix | 913 | 919 g2 | wm | gaw | ST [/
930 | 101 000 | 943 | 93% | 941 | 919 | 914 | 910 | 9lo ; V16 9 . 936 Y46 | 957 | 1007
10 00 10 08 95 | 944 | 833 | 997 | 915 | 910 | 806 | 806} Y12, 920 | Y3 4z, 953 | w03
10 30 10 03 953 | 94l | 930 | 924 | 912 | 907 : 803 | 903 | 909 | 917 | 929 | 939 | 95 . 1000
11 60 9 55 94 ;Y33 | 92 | 916 | 94 s5¢ | 835 | 5 | 90l | voes | e | gm | va ! gm
11 30 o4r | 937 925 | 914 908 | 856 | 851 | 847 8473853;901i9135 923 | 934§ 9 44
TABLE V.—KEY WEST.
'; NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
gz \
5 § Before— ! After—
g - _ ‘ ‘ . T T
£ 7 6 5 14 3 2 1 [ oloe )3 ¢ | s L os T
hom. h. m. h.m. hm | hom h.om. | k.o | k. m. h.m. R.m. hem. | hom. h. m. h.om. h.m. h. m.
00 929 93 | 943 | 953 |1006 (1016 1022 1092 102 1018 | 1006 | 9356 9 43 9 34 9 97
0 30 922 920 | 936 | 946 | 959 (1009 (1015 | 1015 1013 (1011 ; 939 | 949 9 36 9 27 9 20
10 915 922 | 920 | 939 | 952 1002 {1008 | 1008 1008 1004 ; 9352 | 942 909 920 913
1 40 9 09 916 | 923 | 933 | 946 ; 9356 {1002 | 1002 3002 , 958 [ 946 ; 93 983 | 91 9 07
20 9 02 909 | 016 | 9926 | 939 © 049 | 955 955 ; 955 | 951 | 939 | 929 916 9 07 9 00
2 30 8 57 804 | 911 | 921 | 934 | 944 950 950 | 950 | 946 | 934 | 924 911 9 02 8 55
30 853 900 | 907 | 917 | 930 | 940 ' 946 94 | 946 | 942 {930 | 9 9 07 8 58 8 51
3 30 8 49 85 | 903 | 913 | 926 | 936 . 942 942 952 | 933 ! 992 | 916 9 03 8 54 8 47
40 8 49 85 | 903 | 913 | 992 | 936 | 942 942 - 942 | 938 | 926 | 916 9 03 8 54 8 47
4 30 8 52 850 | 906 | 916 | 92 | 939 ; 945 945 , 945 | 941 | 939 92 9 05 8 57 8 50
50 8 58 905 | 912 | 922 | 925 945]951 951 951 | 847 | 935 | 925 9 12 9 03 8 56
530 9 06 913 { 9920 | 930 | 943 | 953 | 959 959 | 959 | 955 | 943 | 933 9 20 911 9 04
6 0 918 92 | 932 | 942 | 955 1005 1011 011 11011 [1007 | 955 | 945 9 32 9 43 9 16
6 30 929 | 938 | 943 | 953 |1006 (1016 |10 22 1022 10922 {1013 | 1006 | 958 9 43 934 | va7
70 945 952 | 959 {1009 {1092 |1032 11038 103 1038 {1031 11022 1012 | 950 950 | 943
730 9 56 1003 [ 1010 [10%0 | 1033 | 1043 11049 1049 11049 1045 1033 {1023 10 10 1000 | 954
8 0 10 02 1009 [ 1016 [1026 | 1039 2049 | 1055 1055 |1055 105 11039 [ 102 | 1015 1007 1 10 00
8 30 10 03 1116 1017 1097 {1040 | 10 50 imss 105 {105 1052 [1040 |1030 , 1017 | 1008 | 1001
9 0 10 02 1000 {3016 [10926 | 1039 1049 1°10 53 1055 1055 (1051 [1039 (102 | 0108 [ 1007 | 1000
% 30 9 59 1006 | 1013 {1093 | 1038 | 1046 1052 1052 (1052 (1048 1036 [10%26 | 1013 ; 1004 | 957
10 0 955 l002 {1009 (1019 1032 | 3042 |10 48 1048 [ 1048 1044 | 3032 102 | 109 | 1000 | 953
10 30 9 52 959 [1006 | 1016 | 1029 | 1039 |10 45 1045 |1045 ;1041 {1029 1019 006 | v ] Y 50
e 9 44 951 | 958 (1008 {1021 |1031 | 1037 103 |1037 1033 |02 [0l 958 | s | sm
1L 20 9% 943 | 950 (1000 {1013 |1023 | 1099 1020 1099 [ 1025 | 1013 gmoa | 850 | 94l { 934
i
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REPORT OF THE SUPERINTENDENT OF

TABLE 1V.—SAN DIEGO.

Time of moon’s
transit

SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

Before— After—
! i
7 6 5 4 3 9 1| e 2 3 4 5 6 7
h.m. | k.o, k. m, h m. hom ho m. k. m. hom | home h. m. k. m. hom, h. m. h. m. h.om k. m.
g 0 925 9 40 9 52 10 3 10 12 10 20 10 25 S T/ 20 ‘ 10 29 10 23 10 19 10 10 10 0 9 47 9 30
0 30 915 9 3 942 9 53 0 2 10 10 16 15 “ w1y ' 1019 10 15 Bl 0 o 9 50 9 27 9 20
10 | 9 8 9 23 9 35 946 9 55 10 3 16 81 10 12 10 12 10 8 10 2 9 53 9 43 9 30 913
130 9 1 9 16 928 9 39 9 48 9 56 10 1 10 5 10 5 10 1 9 55 9 46 9 36 9 23 9 6
‘20} 8 54 49 992l 9 32 9 4] 949 Y9 54 4 58 9 58 9 54 9 48 Y 39 9 29 916 8 59
2 30 8 49 9 4 916 "9 27 9 36 9 44 949 953% 9 53 949 9 43 9 34 924 911 8 54
3 0 B 48 9 3 915 925 935 9 43 9 48 952? 9 52 948 9 42 9 33 923 910 8 53
230 B 48 9 3 915 925 935 9 44 g 48 9 52 9 52 9 48 9 42 9 33 923 910 8 53
4 0 | B 52 9 7 919 g 30 Y 39 9 47 9 52 956 9 56 9 52 9 46 9 37 9 27 9 14 8 57
430_3 & 56 9 11 9 23 9 34 9 43 9 51 9 56 . 100§ 10 ¢ 956* 9 50 9 41 9 31 918 9 1
5 0 ¢ 915 9 30 9 42 9 53 10 2 1010 10 15 J0 19 10 19 10 15 10 9 100 0 950 9 37 9 20
& 30 “ 7 9 52 10 4 10 15 10 24 10 32 10 37 ‘ i0 41 10 41 10 37 10 31 10 22 10 12 959 9 42
6 0 I 9 55 16 1 10 22 10 33 10 42 10 50 10 55 10 59 10 59 10 55 10 49 10 40 10 30 10 17 w o
630 | 1012 16 27 10 39 10 59 1¢ 39 17 1112 1016 | 1016 11 12 11 8 10 57 10 47 10 34 10 17
70 10 18 10 33 10 45 10 56 11 5 1] 13 118! 1122 r 11 22 1118 11 12 1 3 10 53 10 40 10 23
7 30 10 20 10 35 10 474 10 58 11 7 11 15 1120 1124 ! 1194 1120 1 14 11 5 10 55 10 42 10 25
B o 10 22 10 37 10 48 11 ¢ 10 9 1117 11922 11 25 11 26 ) 11 16 11 7 10 57 10 44 10 27
8 30 30 24 16 3% 10 51 11 2 11 11 11 19 11 24 : 11 28 11 28 11 24 1118 11 93 10 59 10 46 10 29
9 0 10 ]9 10 33 10 45 10 56 1L 5 11 13 1118 11 22 ; 11 22 1118 1t 12 11 3| 1053 10 40 10 23
9 30 10 10 10 25 10 37 10 48 10 57 11 5 1110, 1114 ;| 1114 11 10 i 4 10 55 10 45 10 32 10 15
10 0 100 10 15 10 27 10 38 10 47 10 55 1t o 11 4 11 4 10 10 54 10 45 10 35 10 22 10 5
10 30 ! $ 53 10 8 10 20 10 21 10 46 10 48 10 53 \ 10 57 ‘ 10 57 10 53 10 47 10 38 10 28 10 15 9 58
I o 945 10 0 10 12 10 23 10 32 10 40 10 45 10 49 10 49 10 45 10 39 10 30 10 20 10 7 9 50
11 30 9 36 951 (10 3 10 14 16 23 10 31 10 36 10 40 ‘ 10 40 10 36 14 30 1021 10 11 9 58 941
TABLE V.—SAN DIEGO.
g : NORTH DECLINATION,—DAYS FROM MOON’S GREATEST DECLINATION.
E = |
o & Before— After—
c & |
o =
5 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
hom | B om h.om. h. m hem.| dewm. | heom.| hom k. m. hoom. h.m. hom hm| hhm | h.m i m.
0 v 9 30 9 16 9 4 8 53 8 44 8 36 83t 8 2w 8 27 831 8 37 8 46 8 56 99 9 26
030 g 21 g9 8§ 8 54 8 42 8 34 8 26 821 8 17 8 37 B8 21 8 27 8 38 8 46 8 59 $ 16
1 0 914 8 59 B 47 8 36 8 27 %19 8 14 8 10 810 B 14 820 82y 8 39 8 52 9 4
130 [ 852 7 840 8.29 8 20 812 87 8 3 8 3 8 7 813 8 22 8 322 8 45 9 2
2 ¢ 9 0 8 45 833 822 813 8 5 8 0 7 56 7 56 g0 8 6 8 15 825 B 38 8 55
230 8 55 8 40 B 28 817 8 8 8 0 7585 751 7 51 7 85 8 1 8 10 8 20 833 8 50
3 0 8 54 8 39 827 B 16 8 7 739 7 51 7 50 7 50 7 54 8 0 8 9 8 19 8 R 8 49
33 ] 54 839 B8 27 816 8 7 T o9 7 5% 750 7 50 7 54 8 0 8 9 819 8 32 8 49
4 0 & 58 843 8 3 820 811 8 3 T 58 7 54 7 54 7 58 8 4 813 8 23 8 36 8 53
4 30 9 2 8 47 & 33 B 24 815 8 7 8 2 7 58 7 58 g2 8 8 817 827 8 40 8 57
5 0 921 9 6 854 B 43 8 34 8:26“ 8 21 817 817 g8 21 8 27 8 36 8 46 8 59 916
5 30 9 43 998 916’ 9 5| 856 848 843 839 839 843 gag| 85| 9 8| 92 938
6 0 10 1 9 46 i 923 914 g 6 91 8 57 8 57 91 9 7 916 9 26 9 39 9 58
6 30 30 18 10 3 & 51 9 40 931 923 9 18 914 914 918 924 9 33 943 9 56 10 13
70 10 24 10 9 9 57 Y 45 g 37 829 9 24 9 20 8 20 99 9 30 939 949 16 2 10 19
730 10,96 19 11 959 9 48 9 3% 8 3] 9 26 922 92 926 9 32 9 4l 51| 10 4 10 21
8 0 10 28 19 13 10 1 9 50 9 41 933 928 921 924 928 9 34 943 9 53 10 6 10 23
8 30 10 30 015} 10 3] 95 ] 043 935| 930 9928 9% 930 936 945| 935! 10 8] 1025
9 0 10 24 109 957 946 937| 920] 94 9% | 020 991 93| 93| 54 10 3 1019
9 30 10 16 10 1 949 938 929] 82| 918 912 912 916 92| 931 o4 951 1011
10 0 10 6 9 51 930| 92| 918 91} 96 9 2 9 2 9 6 s12] 92| 9m| a4 101
10 30 9 59 94a | 93 92| 912| 9 4] 859} 85 855 859 | 95| 94| 94| 93| 954
)R ] 9 51 9 36 924 913 9 4 8 58 8 51 8 47 8 47 8 51 8 57 9 8 915 9 29 9 46
3 9 42 9 97 915| v 4| 855 B47] B4 8 38 838 8 42 848 857 9 7] 9920 937
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TABLE TV.—8AN FRANCISCO.

{; QOTTH DECLINATION. —DAYE FROM MOON'S GREATEST DECLINATION.
; g Before— After—
- — ; ‘
£ 7 6 5 ] 0 2 1 oo P ‘
b homf ke | hemof Aowo | homo | bom hom iom fom e
0 W43 sy @] 23] 1250 130y 14013 1319 1314 !
[ war) 1as] moes| 12er ] wal s 131! 13 13 13 63 ‘
1 nma| 114 123 1221 K 12 51 13 05 15 03 1302
1 test 1rar] 11T 1215 12 45 12 o4 1ot 12 55 |
2 Wil 113 nas| 1meo| 12 89 1253 | 12 35 1250
2 el 13| a4 1o | 1@l 12 34 12 4w ! 12 50 1245 |
3 LELL] 1127 14 1201 1218 123 1245 | 12 47 13 42
3 [VEDAIR IS SRR I § ISR B AT [ 12 15 12 31 1245 1 12 47 1242 |
4 W6 | 1132 1rad| 1206 12928 )23 12 50 12 52 1247
1 e 14| | w2l R 12 58 13 00 1255
& 38| 1149 1205 | 1221 12401 1253 JERt 13 a9 1504
5 4L | 1157 1218 12481 1248 1301 13 15 ’ 1317 | 1312
6 IL49 | 1205 ] 12 @i | 1239 1255] 13069 1 | 1325 | 0 313
6 1sal 121 12ad] 1301] 13w . 3 | EREBEE
7 2ol | 1217 12 51 3 0% i3 9 i 13 47 g !
7 1207 129230 1 257 151 1327 13 43 I
8 for2| 1228 144 1302} 1310 1332 13 18 IR ! {
8 1215] 1231 1247 S o1mee] 138 13 51 13 2y ‘ R ‘l 130 wut] 12a
¢ 21 1230 | 1246 13 21 13 34 13 45 13 50 PR ol I 2 (N B S 1240
1212] 1228) 1244 1318 13 32 13 46 13 48 | EEENERESEN } 19 47
12 1221} B 315 139w 13 42 11 41 ! P10 1257 1243
1202] 1218 123 [ 1ee! 1502 123 ] T | 1o ‘i 1346 13080 1250 247
55 121 1297 [ 32| 1315 13 29 13 32 “ 13 51 i 131¢ ] 1308, 1257 1244] R
1t 47| 12 03 ‘ R1Y] 123 I 1254 ) 1307 13 21 mad | 12 sl { 12 49 ‘ wail 1w
TABLE V.—S8AY FRANCISCO.
'; NORTH DECLINATION —DAYS FROM MOON’S GREATEST DECLINATION,
g
Eg
.: g Before — l | After-—
€ £ |
E 7 6 5 4 i 3 2 ! 1 { 0 PR T | s 1 4 } s boa |7
h om, heom, | howmo| hom | homo| hom ho . ho om. hom. ko om. ko, hoom, 1[ k,om ‘ L. m. : oom. i hom,
0 6 | 1297 1| 1ss) 11371 el 1Lov 1053 | 10 50 | 10 51 | 10 56 Lozt nin ! 25] 13 152
030 | 1221 | 1205| 1149 1131] 1114} 1101 W47 | 10 41 | W0 45 | 10 80§ 1esT{ o LoT ) 119y 1 31} 11 46
10 12157 1160 1143 112 | 1108 10 55 1041} 1o 38 10 39 10 a4 WA P e 113 112 [ 1140
1 1200 1153 1137 ] 1119 1102 1049 103 [ 10 82 | W0 33 | 10 3% | W4a| 16550 1107, 2] 13
2 12080 1147 1131 1113) 1056 ] 1043 way | 10 2 | 10 27 10 32 | e3¢ 1040 mor| 1w P
2 1058 | M4 1196] 1108) 1051 1038 W+ | w2 | 10 22 | 1o 97 | 1051 ] 1641 10551 114y
3 1155 1139) 1123} 1105] 1048| 1035 10 21 10 18 | 10 19 | 1o 24 | 1031 o4t 10a3] 166
3 1155 11399 1183 1105} 048] 1035 02 | 10 18 [ 10 18 | looei | 108 ] 14| 053] H6]
4 1200 11 44f 1128] 1L10| 1053 | 1040 | 1026 4 10 23 | 10 21 | 10 20 | W36 1046 | Wa| 11
4 203 1052 10381 1138) 1101 1048 } 103 [ 108 ] 1030w wal o ] 1LOG | 1118
5 1237 1201 145 1127 ] 1110 1057 1043 | 30 40 | 10 41 | 10 46 | 10 53E 1103 1115 1128
12851 1209 1153 13| 11 1% 11 05 10 51 10 48 10 49 W 54 110! ILEL| 1128 013
1233 1217 1201 ) 1143| 1196| 1113 Wws9 |t 56 | 10 5T | 1oe2 | 1109 5119 11a] 1144
1238 1292 1206 1148] 1131 ] 1118 1ed | o101 f o1 o0 | ooy | 1114 2 w2t 1rus ] 14
1245 1299f 1213 155 1138 112 1nn M08 | 11 09 | 1l 14 | 20§ 1131} 11431 1156
1251 12351 1219 1201 ] 1144 1131 117 ) 11 4§ 11 15 | 1l 20 | 1127 W OT| 1148 1209
1956( 12401 1224 1206 11 49| 1135 mwe 11y | ooge b e | o 1 a2 s e
1259 1245( 1227 12094 1152 1139 10925 | 1L 22 } 0L 23 0 11 98 | 1133 145 1LET 12 R
1258 12421 1226 1208 1151 ] 1138 124 | 10 20 | 192 | 11 27 | 4134, 1144 1La6 ] L2 06
1256 1240 1224} 1206} 1149 11 36 11 22 it I1s 1i 20 11 25 1132‘: 11 ‘42? 1150 1207
1259 1236] 122 1202] 1145 &R 18 | 1L 15 | Gn 36 | It w1 | Tres| nas, 1S 1208
1246 | 1230 1214 1156 | 1139| 1196 2 poIoes | otro1e o115 | e i3 s j 11 57
1289 12e3]| 1207 el ma| 1118 105 | 11 02 | 1t o3 | 1t o3 | 1115] II 25 113 150
1231 1215) 1159 1 4p 24| 11 1057 | 10 54 | 10 55 | 11 00 [ I107 1117 e o1l 42 i
| j

cs 14
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TADLE IV.—ASTORIA.

THE SUYERINTENDIENT OF

;; H SOUTH DECLINATION,—DAYE FROM MOON'S (GREATEST DECLINATION,
- S — -
: Z i Before— l After—
¢ g i S -
@ I " T T o T | i
lé L 5 | 5 4 * 4 L. : 0. ;o2 Lo 3 6 7

i i
A. m :’ koom boom ke om, (\ Ao o Ao . he . b o, A, m. k. m. h.om, Eome R Lo m. L m.
00 f 1242 1Woa  1sspoj3ed 13 3 13 41 | 13 95 0 13 46 183 44 s 40 183310 1324 314 13 2t
030 | 1236 1950 1312 322 13 92 1 13 85 0 13 80 13 40 13 38 1334 139 I13le. 18 B 2 56
1 0 12 20 12 42 18252 o5 13815 18 25 13 23 3 82 13 33 13 31 332 3210 131 3131 12 49
180 C 12230 1286 12460 1259, 13 9! I3 19 0 13 22 C 13 26 ;. 13 27 13 25 | 132 1313 13 5 1235 12 &
20 01215 298 1R U25l] 13 1§ I W3 M LIS 319 00317 0 1333 1Y) RO 4T 02 0
a0 | 12 90 Imee 12y 1243 255 I3 5 0 13 8 . 13 12 13 13 ¢ I3 1L . 13 T, 13 15 12510 1241 12 29
300012 30 1216, 1226 1339 1249 12 59 13 2 . 13 6 13 T ! 13 5 ; i3 1 1255 1245 123 12 93
a0 | 1156 1211 IR 1234 12 12 8¢ .12 57 13 1L 13 2 | 13 0 0 2356 1250 1240 1230 12 18
4.0 0 1157 1219, 123 1233 13 12 86 13 0 0 13 1 | 12 59 . 1255 240! 128 12200 12 17
4 30 12 0 1213, 1223 5 12 56 12 59 13 3 3 4 | 32 12 Zn i2 "l; 12 42 12 # 12 20
50 12 8 122 1231 W o4 1@ 7 I3 11| 12 12 0 13 lo | 13 6 13 ¢ 1250, 1240 12 28
530 | 1215 1228 1238 13110 13 14 ) 13 18 0 13 19 13 17 : 131y 13 T 1257 1247 12 35
6 6 i 1223 123 1248 211 13 81 13 24 13 98 1 13 29 13 97 [ 13wy 1317 13 7. 1257 12 45
630 | 1236, 1249 1239 f13e2 13 32 13 85 ¢ 13 39 | 13 40 13 38 1304 1398 318, 13 8 13 56
70 | 1245 1258 13 € [ 138l 13 41 19 44 13 48 | 13 49 13 47 | 1343 133 1327 13170 13 5
3 | 1255 13 5| 1318 : 13051 0 13 54 ¢ 13 58 | 13 59 . 13 57 0 13530 1347 1337 13%7 . 13 15
80 133 1316! 132 1358 14 2 16 | 1 7 34 5 14 10 1355 134 133 13 23
@80 | 13 & 1331 @810 1344 1351 M 4 | 14 07 0 14 11 | 14 12 0 14 10 14 6 14 0] 350, 13400 13 98
90 ;1316 i3esc 1333 1346 5 14 6 14 9 - 14 13 | 14 14 14 12 ' yi o8 14 2 13520 1342] 13 30
930 | 13 9, 1322 1332 1345 4 5 . 14 8 14 12 0 M 13 11 4070014 1§ 13510 13410 13 99
100 | 13 50 1318 1228 13 41 | 14 1 M4 4 0 M & 149 4 T, 14 ¥ 13571 1347 1337 13,95
103 | lesy. 1312 1322 1335 13055 1 13 58 0 14 02 0 14 3 14 o7 151 1341 33310 13 19
11 0 ;. 2530 13 6, 1316 149 | 13 52 13 56 . 13 57 | 13 55 1331 1345, 1335 13251 13 13
1130 . k246 1259, 13 9 13 42 | 13 4> 13 49 13 50 D13 48 1344 1388 1328 13180 13 6

TABLE V.—ASTORIA.

'é NORTY DECLINATION.—~DAYS FROM MOON’s GREATEST DECLINATION,
<
; é:.: Before— After—
IR L e | s |4
= | E ‘ | Lo 30 e | s 6 7
h. m. hom hom., h.m' | h m h.om h. m. ; A oo, [ Y ,’ he m., heom J Do m.j hem. | ko omo| A m..
00 B 1257 14T U231 12240 12 140 2 1 12 7 12 6 |12 8 | 1212l 1218 12es i 1] i s0
03013 ar 325l 12410 w2 1M 1R 8 512 5 012 10 12 0] 12 2 26 w2l 129l 1232 12 4
1o 1287 1231, 1235 1220 1230 12 L, 11 8 11 51 0 11 43 | 11 55 | 1t 591 12 5! 1215 122 12 37
130 125 12 2U 1295 1215 12 5 11 85 § 11 52 @ 11 48 | 11 47 ' 11 49 | 1153 J159] 12 9 1219 12 3
2 0 0 1zaz 123! 12200 12 7 1157 11 47 | 11 44 | 11 40 RERE: - AR T 1045 1181 12 1. 1211 12 23
230 1237 1220 12140 12 17§15 11 41 j 100338 0 no34 0 11 83 | 11 35 | 1139 N45) 11550 12 5] 12 17
40 123 W@E 12 80 115G 114D 1L 3 L 1 R Panoes 1o oer 12y 11 33{ 18| 1149 1! 12 1
340 a6 113 12 30 115 1140 130 o1 27 23 | o1 2 11 24 1098, 1134 1144 1151] 12 6
40122 1212 12 2 149 1101020 12 o2 | 12l | N2 ] 1127] 11a3| 1143 10s3] 12 5
430 lw@s ) 12150 1205 1152 1142 1 32 3 10 99 1L 25 0 11 24 | 11 26 | 1130 1186 11460 16| 12 8
50 1936, 1223 1213 12 0 11807 11 40 7 1L 37 . 11 33 1 J1 32 | 11 34 | 1138| li44 | 1l 12 4] 12 16
530 0 1243 12800 12200 127 N5 1 47 D4t ) 140 0 18 [ ono40 | nasl msl| @1l 1200 12 83
60 128 12400 123 2 2 7N 57} o540 10050 0 11 49 | 11 5L 1155;121 121 azel | 32 33
63 | 134 125 1241 12 1218. 12 8 ) 12 5 12 1 .12 0|12 | 12 6] 1212 222! 1232 12 4
70 BI13 13 0 1250 92 1227, 12 17[ 1214 La2 0 {12 9 [ 12 0 | i) 12 23| 34| 12 53
TE0 01823 1310 13 ¢ 12470 12370 12 97 D12 et L 12 20 | 12 19 | 12 21 | 1225} 1231 w24l | 1251} 13 3
8¢ 133x} 13181 13 B/ 1255 1243 12 3 I 12 032 012 28 012 ov | 12 99 | 1283 1238 1249£ 1259] 13 11
830 | 1336 1323, 1313003 0 1250 12 4 | 1287 12 3 | 123 | 12 3 | 1238 24| 1250 13 4| 13 16
g0 /1338 1325] 1315, 13 2 1252 12 2 | » 39 1 12 35 | 12 3¢ | 12 35 | 1240 1246 re56) 13 6] 13 18
930 | 1337 1391{ W13 1 1250 12 41 f 12 38 | 12 3¢ 12 33 | 12 35 | 1239 1245 1255.1i 13 5] 13 17
100 | 1333 1320! 10 1257 12470 12 37 12 3 0 12 30 . 12 99 | 12 31 | 1235( 1241 12510 13 1] 13 13
1030 | 3397 13140 13 4, 12517 1241 12 31 1223 0 12 24, 1228 | 12 % | Bw 12 1245 125 | 183 7
100 1391 13 8. 1258 1245 1235 12 25 | 12 22 [ 12 18 12 17 | 12 19 | 1203 1299 1239 1040 13 1
11 30 ‘ 1314‘},13 xg 1250 1233, 129¢; 12 18 g 2015 012 1 ) 12 10 | 12 12 1216‘1 2l enl wa| 2 o
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TABLE IV.—TORT TOWNSHEND.

SOUTH PECLINATION.—~DAYS FROM MOON'S GREATEST DECLINATION.

Beforo— : Aftor—

Time of moon’s

7 6 4 3 | 2 1 o 1 2 b 4 5 6 } 7
; i
; !
he m hom, h.m i k. hem, | hom,  hom. hom. fe.m., hoan, home, hoon, h.om. hom. : hom.
[ 345 321 | 2 Ta2 0 1Mo o128 - 144 2020 2921 242 25357 0 315 0 333 | 34
0 s | 3w 3 1 125 16 11y 13y 155 0 914 235 250 3 & 386 ! 338
1 a : 332 3 1 g 16 113 ¥l 1 49 2 B 2 29 2 44 3 2 3 20 33
1 30 : 326 3 1 112 ¢51 00107 res 143 2 2 2oy 23 256 314 | 326
2 0 32 2 HIE 1 g, 046 1 2 120 138 157 . 218 233 25 39 | 39
28U 31z P4 1 14 0 46 U35y 117 135 1 54 215 220 Q48 3 6 318
3 0 316 2 1: 13 041 657 . 115 1385 152 213 222 246 3 4 | 316
3 30 317 253 1 1 4 045 L 0& 116 13t 183 214 292 24T 3 5 | 317
4 [} 3 21 257 1 1 8 0 49 1 2 120 138 157 2 IR 233 am 39 E 3 21
4 30 326 3 2 1 113 051 1 7 11 143 22 223 233 256  SI4 | 3206
5 0 332 3 8 1 119 16 113 L 149 2 8 299 244 3 2 320 | 33
5 30 1 341 317 47 158 124 1oy lorer 140 1A 917 238 253 (B3] 399 | 341
6 0 | 38 3 28 2 58 29 1 Yoo 133 150 29 298 249 3 4 322 . 340 | 352
030; 41 3 87 3 7 298 0 148 | 120 142 2 0 218 23 R2L8 I 10 331 349 | 41
700 48 34 314 29y , 15 136 149 2 7 2 941 3 5 0 F2W 3%’ 356 | 4 8
T30 ‘ 415 ‘ 3 31 3t 232 22 143 1 a6 214 2 2 a1 312 3o 3 45 4 3 & 415
g8 0 418 354 . 34 23 1 25 146 ° 138 217 2 251 315 330 348 4614]8
8 30 419 355 325 23 | 46 14T 2 0 0 RiE ;2 2355 316 331 dag 4T 4l
9 0! 418 2 54 394 235 2 5 V46 . 159 217 0 2 251 315 130 348 4 6 | 418
W 415 351 0 8:; 2 32 2 2 143 136 214 . 2 251 812 0 327 345 4 3 i 4§13
0 410 346 818, 2027 157 13% 151 © 2 9 0 297 . 246 3 7 298 340 358 | 410
30 14 6 34 - 312! 3m 133 136 . 147 25 223 243 33 0 318 3 . 35 | 46
¢! 40! 33 @ 36 213 147 Tes . 1dp 0 1Ar - 217 238 257 312 330 348 | 4 0
30 1 35¢  8s ' 30 211 141 192 ‘el8 153 o 211 230 - 2a 3 6 324 342 i 254
TABLE V.—PORT TOWNSHEXND.
£ H
'; H NORTH DECLINATION.—DAYS FROM MOON’Y GREATEST DECLINATION,
;é Before—— J After—
=S A T S R 3 | 2 1 ;0 2 3 4 5 1 6 7
' : I ; . [ [
h. m., ko om. i h.m ‘ beome o koo Y ko : foome o oo h.om. h.om hom. ko om. h ™. ! hm. | hm,
0 ‘ 345 | 4 9 ¢ 439 : 523 & o 617 ' 6 4 ! 528 54 4 48 4 33 415 387 345
30 | ass | 42 am i s5: | 551} 610 i 557 ¢ 520 5 2 440 42 4 B | 330 338
0 s @2 35 | 42 | 515 545 6 4 | 551 ! 515 446 - 43 420 42 | 344 | 33
30 0 396 3sw | 49 ' 59 ! 5y 553 0 545 | 597 | 5 9 0 430 . 429 ¢ 414 . 3536 | 338 | 39
0 3ol : 345 415 54 i 531, ns3 540 0 592 | 5 4 © 445 424 4 9 - 35 | 333 ] 321
30; 318 | B2 4121 511 53! 550 ) 53 0 519 | 51 442 4821 4.6 348 | 330 | 518
6 | 316 ' 34 410 | 450 i 599 548 | 535 1 517 . 450 440 . 419 . 4 4 346 | 328 | 316
33 ;317 3 41 411 50 5 30 540 : 535 518 | 5 0 . 441 420 ' 45 0 347 | 39 | 317
4 0| 32| B34 415 | 54 & 553 0 540 0 522 7 5 4 445 . 424 4 9 35 | 38 | 32l
4301‘ 326 0 850 420 1 59 | sag 5585543{527%59 450 | 429 414 336 | 338 | 396
5 0 | 332 356 42 | 515 1 545 6 4 ! 550 0 533 | 515 456 0 435 . 420 4 @ | 344 | 33
530‘\ 3 41 45 43 1 52 | 553 613 {6 0 0 542 | 524 5 5 0 444 499 411 | 333 | 341
6 0! 352 416 446 | 53 | 6 5 624 (611 | 553 | 535 - 516 455 4 40 422 4 4 3 52
[ 30J 4 425 455 | 54t ] 614 633 | 620 0 6 2 | 544 <523 5 4 449 43l 413 | 41
7 0 48 432 52 53 em 640 < BT . 6 9 | 551 53 | 511 436 448 | 420 | 48
730i 415 43y 59] 558 | 693 647 | B3 616 | 558 541 0 518 . 5 3 443 | a2 | 415
8 0 48 42 51;! 61! 631 650 637 ;619 | 61 . 542 52 56 443}430 118
g 30 | 419 4 43 5131 6 ¢ [ >] 651 | 633 | 620 ' 6 2 543 52 5 7 440 | a3 4w
9 Of 418 142 512 | 61 621 65(156373619361 5432 59l 5 8 448 | 430 418
93(); 415 4 39 59‘ 558 | 693 847‘63-1‘618‘{558‘539 518 5 3 443‘497 415
EL LR B U 4 34 .54 , 5583 1 623 6 42 629 . 611 ‘ 553 5 34 513 | 48 440 | 422 i 410
03! 40 430~$ 50! 54 1 619 ] €33 625 6 7 i 540 531 59 . 451 43:;;418*\45
oo 40 LT 451 | 543 613 | 642 619 1 6 1 | sS4 531 43 48 404140
11 3 5 3 54 4 18 j 4 48 3 3r i 8 7 ; 6 9B i 613 | 555 i 537 LR L 451 4 42 424 ‘ 4 6 ! d54
: i H -
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If we disregard the daily inequality, the column headed San Franeisco in Table TT wounld give us, as in
the examples on the Atlantic coast. the means of determining the time of high water.
Erample Ve—Ilequired the time of high water at North Beachi, San Francizco, Cal,, on the 7th of
Tebruary, 1853,
1st. The time of the moon’s transit at Greenwick, from the Nautical Almanace,is 114. 41m.; the longitude
of San Francisco 84. 10m., requiring a correction of 16m. to the time of transit for San Trancisco, which is
thus found to be 117. 57m.
2d. The "+ declination is sonth, and at the time of transit ab o days af he gr 3
2d. we moon’s declination is south, and at the time of fransit about two days after the greatest.
Entering Talble TV, we find 124, (or 04.) of transit, the nearest number to 11%. 57m. which the table gives;
and following the line horizontally, until we come to two days after the greatest declination, we find 13%. 140,
To 114. 5% m., time of transit of the moon, I'ebruary 7. San Irancisco, add 134, 14m., from column 04.,
transit, and 1wo davs atrer ereatest declination; the sum, 254, 11, or 1. 1lm., I'ebruary 8, is the time of
high water, eorrcaponding to the transit which we took of February 7. If we desive the tide of February 7
we must go back to the moon’s transit of the 6th. The example was purposcely assumed to show this casc.
117. 0bm. time of tranzit February 6, 18535,
13 31  number for 114, transit, and one day from greatest declination.

Sum 24 32 time of high warer 0. 32m. a. m. I'¢bruary .

The height of Ligl water.—The height of high water is obtained in a similar manner by the use of Table
VTand Table VIL entering these in the same way with the time of transit and days from the greatest declina-
tion. Table VI iz for south declination, and Table VII for north.

TADLE VI.—EKEY WEST.

SOUTH DECLINATION.~DAYS ®#ROM MAON’S GREATEST DECLINATION. -
Before— 1; After—
g 6 5 1 3 1 e o1 boe s, 4 5 6 7
Firur. Feet Feet, Feel. Fect, | Feet. Feet, Fect. Feel. | Feel. ! Feet. Feet. Feet. Feet, Feet, | Feot,
0 1.5 1.6 1 LR 1.9 2.0 ; 2.0 i 20 20 1 20 ¢ 20 1 2.0 1.9 1.8 0 1.7 1.5
1 1.3 1.5 1.8 ‘ 1.9 2.0 ¢ 2.0 2.0 2.0 | 2.0 |20 1 20 1.9 1.8 ¢ 1.7 1.5
2 1.5 1.6 1.8 1.8 2.0 & 2.0 2.0 20 20 20 @ 20 1.9 | 1.8 | 1.7 1.5
3 1.4 1.5 1 1.7 1.8 1.9 1 1.9 1.9 1.9 - 1.8 19 . 1.9 1.8 1 17 1.6 0 1.4
4 I3F T VPR S O 1.7 18 | 1.8 : 1.8 1.8 | 1.8 1.8 | 1.8 1.7 1.6 1.5 1.3
5 12 13 1.5 1.6 IO R S T S % 17 17 1.7 0 LT 1.6 1.5 © 1.4 1.2
6 L1 1 1.4 1.5 1.6 | 16 1.6 i 16 | 1.6 16 © 1.6 1.8 0 14 0 13| 11
T 14 1.2 1.4 1.5 1 1.6 1 1.6 1.6 16 | 1.6 1.6 L& 1.5 1.4 1 1.3 ¢ 1.1
8 12 1.3 1.5 1.6 S O 0 H R W 1.7 1.7 1.6 1.5 | 1.4 1.2
9 1.3 14 ¢ L8 17, 18 ‘r 1.8 118 1.8 ' 1.8 1.8 | 1.8 1.7 0 16 | L5 1.3
10 1.4 1.5 1.7 1.8 L9 Ly ne 1.9 ¢ 1.9 1.9 1 1.9 1.8 17| 18 1.4
11 1.5 16 18 19 2.0 | 2.0 | 20 2.0 1 20 20 @ 2.0 1.9 | 1.8, 17 1.5
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'g’ { NORTH DECLINATION —DAYTE FROM MOON'F GREA
g | ——

B o T T - T

= ;f:' Before—

e ‘

g | 7 6 5 | 4 3 2 1 0 1 e ., 3 4 F 6 7

3] ! i ;

Hoeur. Feet. . Fect. Feet, ! Feet. - Feet Feet, Feet. Feel. Feel. Feet. Feef.  Feef. Feet.  Fecl. Leet,
U O 1.6 1.4 1.3 1.2 1.1 1.0 1.0 1.1 1400 1. 1.3 1.4 1.6 1.8
[ 1.6 1.4 1.3 1.9 1.1 1.0 1.0 1.1 1F 1. 1.3 1.4 1.6 1.8
2 ; 1.7 1.6 1.4 1.3 1.2 1.1 1.0 1.0 1.1 1.1 1.2 13 1.4 1.6 1.8
3 1.6 1.5 1.3 1.2 1.1 1.0 6.9 0.9 1.0 1.0 1.1 1.2 1.3 15 1T
4 | 1.5 1.4 L1010 0.9 0.8 08 0.0 0.9 1.0 11 1.2 1.4 1.6
5 1.4 1.3 .11 1.0 0.9 0.8 0.7 0.7 0.5 6.8 0.9 1.0 O 1.3 1.5
€ 1.3 1.2 1.0 1 0.9 0.8 0.7 0.6 0.6 0.7 0.7 1 og 0.9 1.9 1.2 1.4
7 1.3 1.2 1 0.9 0¥ 6.7 0.6 6.6 0.5 6.7 0.8 0.9 1.0 1.2 14
8 ‘( 1.4 1.3 1.1 1u 0.9 6.8 0.7 0.7 [ 0.5 ‘ 04 1.0 1.1 1.4 1.5
9 | 15 1.4 1.2 1.1 1.0 0.9 6.9 6.8 0.9 0o |t 1.0 1,1 1e 1.4 1.6
01 1.6 1.5 1.3 12 1.1 1.0 0.9 0.9 1.0 Lo o1 1.2 1.3 1.5 1
T 1.6 Li | 13 1.2 1.1 1.0 1.0 1.1 1] 1.3 1.4 1.6 1.

TADLE VI.—SAN DIEGO.

';:: E' BOUTH DECLINATION.—~DAYE FROM MOON'S8 GREATEST DECLINATION,
£l S B e
. ; Before— ! After—

@ T T T T e e e e P T T T T T T T T T T T e . -
£ 5 4 3 2 1 0 ] 1 2 3 4 5 6 5
= | | 1

Heuwr.!| Ft. . Ft.  Ft Ft. Ft. Fr. Pl Fi. Fi. Ft. Fi. Fr. . Fr. Ft.
0 4.7 | 4.5, 4.3 4.2 4.1 4.1 4.1 . 41 42 4.2 4.5 4.8 Y 5.5 5.8
1 4.6 4.4 ¢ 4.2 4.1 4.0 4.0 4.0, 4.0 4.1 4.2 1.4 4,7 5.0 57
2 | 44 | a2 4.0 3.4 ER as 3w 3.8 3.9 3.0 4.2 4.5 4. 5.0 5.4
3 1 41 ! a9 a7 36 3.5 3.5 3.5 8.5 3.6 3.7 3.9 4.2 4.5 4.9 5.8
4 3.8 | 3.6 3.4 3.3 3.2 3.2 3.2 8.3 3.4 3.6 5.9 4.2 4.6 4.9
5 3.6 | 8.4 3.2 | 3.1 3.0 3.0 3.0 3.1 3.2 3.4 3.5 4.0 4.4 4.7
6 3.6 3.4 | 32| 31 3.0 30 3.0 3.1 3.2 . 4.4 3.7 4.0 4.4 4.7
7 3.7 85 | 3.3 32 21 31 8 2.2 33 1 35 38 41 48 4.8
8 3.8 1 36 ; 3.4 ! 3.3 3.9 2.2 2.2 1 33 54 3.6 39 1.8 1.9
.9 a4 | a2 a0 | 39 3.8 3.8 | 3.8 ERIA 4.0 4.2 4.5 4.5 . ©5.5
10 4.7 | a5 | 43 @ 42 4.1 41 1 44 42 | 4.3 4.5 4.8 5.1 5.8
11 ; 4.8 ' 4.6 | 4.4 . 4.3 4.2 1.2 | 4.2 4.9 4.4 4.6 4.9 5.2 | [N

i | |
TABLE VII —SAN DIEGO.

é NORTH DECLINATION ~DAYS FROM MOON'S GREATEST DECLINATION.

e ‘ } e

% é Before— | ! After—

o = ; e N | S—

g 7 i 6 | 5 4 30 2 1 | o 7

Hour. | Ft. | R Ft. Fe i k., k., F. , F. Ft. . Fu FL. Er Ft. Fr,

0 5.7 5.9 6.1 6.2 63! 63! 63 | 6.3 6.2 6.1 5.9 5.6 53 4.9 4.6
1 5.6 5.8 6.0 6.1 6.2 \ 62 ¢ 62! 62, 6 6.0 5.8 5.5 5.2 4.8 4.5
2 5.4 5.6 5.8 5.9 60 i 60 | 6.0 % 6.0 5.9 5.8 5.6 5.3 5.0 4.6 4.3
3 5.1 5.3 5.5 5.6 571 57 1 5T | 5T 5.6 5.5 5.3 5.0 4.7 4.3 4.0
4 4.8 5.0 5.2 5.3 54 | 5.4 54 | 5.4 5.3 5.2 5.0 4.7 4.4 4.0 3.7
5 4.6 48 5.0 5.1 52| s2! 52 52 51 5.0 0 4.8 4.5 4.2 3.8 45
6 4.6 48 | 5.0 5.1 52 | 5.2 5.2 | 5.2 5.1 5.0 4B 4.5 4.2 3£ 4.5
ki 4.7 4.9 5.1 5.2 531 530 53 53 5.2 51 1 4.9 4.6 4.3 3.9 3.6
8 4.8 5.0 52 | 5.3 54 0 54 54 | 54 5.3 5.2 5.0 1.7 4.4 4.0 3.7
9| 54 56| 58 59| 60! 60 60| 60 59 . 58 0 56 54 0 50 46 43
10 f 5.7 5.9 6.1 6.2 6.3 ' 63 63 6.3 | 62 , 6.1 i 59 5.6 5.3 4.9 4.6
1| 58| 60| 62 63 ] 64 . 64 64 6.4 63 : 62, 6.0 57 54 50 37
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TADLIY VI.—SAX FRANCISCO.

'; SOUTH DECLINATION.—Da¥s FROM MOON'S GREATEST DECLINATION.
-
; z Betore— After—
< :.. :
g " i o S ’7 - i T i
g i 6 3 5 a3 2 i 0 1 2 i 3 4 5 [
i ‘ ) | ;
Hour. | Feet. Fref. Fret. Feet, | Feet, Feet. Feel, Fuet. Feet. Feet, ; Feel. Feel. Feet. Feet. Feet,
o | 4w 4.7 4.5 4.3 | 4.3 4.2 43 4.3 4.4 45 1 4T 4.8 5.0 5.3 5.5
1.6 A.4 1.2 1 4.2 41 4.2 4.2 4.2 14 1 a6 4.7 4.9 | B2 . 5.4
2 . 46 4.5 1.3 41§ 4.t 4.0 4.1 4.1 4.2 4.3 ' a4 4.6 4.8 5.1 5.3
3 1.5 44 . 4.2 2.0 | a0 2.4 1.0 4.0 4.1 4.2 14 ¢ 4.5 4.7 5.0 5.2
4 . 4.3 4.2 4.0 3.8 1 3.8 3.7 3.8 3.8 3.9 4.0 1.2 - 4.3 4.5 4.8 5.0
5 1 41 4.0 3.8 36 | 3.6 3.5 3.6 2.6 3.7 3.8 4.0 4,1 4.3 . 4.6 4.8
1 4.1 4.0 | 4.& 3.6 1 3.6 3.5 3.6 3.6 37 3.8 | 4.0 4.1 43 | 4.6 . 4.8
r ol a2 4.1 0 0 3.7 3.7 3.6 3.7 3.7 3.8 3.9 1 4.1 4.2 - 4.4 | 47 | 49
8 ¢ 4.4 4.3 4.1 3.9 ‘J 3.9 R 3.9 3.9 1.0 4.1 ‘ 4.3 4.4 | 46 4.9 | 5.1
9 4.5 4.4 1 4.2 1.0 1 10 3.9 4.0 1.0 i 4.2 1.4 4.5 4.7 5.0 5.2
10 4.7 4.6 | 4.4 4.2 | 42 4,1 4.2 4,2 4.3 4.4 1.6 3.7 49 | 52 ! 54
H 48 : 4.7 43 4.3 | 4.3 4.2 4.3 4,3 1,4 4.5 4.2 1.8 50 | 8.3, 5.5
TADLE VII.—SAN I'RANCISCO.
NORYH DECLINATION.— DAYS FROM MOON'S GREATEST DECLINATION,
; Before — J j After—
E vl os 5 1 3 a I T s e oW
Hour. Feet Feet. Fect. Feet. Feet, ‘ Feet ‘eel. | Fevt. J Feel. Feet. ‘ Feet. Feet. Feet. Feot. Feet.
[ 5.5 5.7 5.8 1 5.9 60 59 5.9 1| .8 5.7 1 5.5 | 5.4 5.2 . 4.9 4.7
5.3 5.4 5.6 5.8 5.8 5.9 5.8 | . 5.7 5.6 | 5.4 5.3 5.1 4.8 46
2 5.2 5.3 5.5 5.7 5.7 | 5.8 5,7 5.7 ) 5.6 55 | 5.3 5.2 5.0 4.7 4.5
3 3.1 5.2 5.4 5.6 5.6 | 5.7 5.6 | 56 | 5.5 5.4 @ A2 5.1 4.9 4.6 | 4.4
4 4.8 1 5.0 52 5.4 5.4 5.5 5.4 “ 5.4 | 5.3 5.2 } 5.0 ° 4.9 47 5 44 4.2
5 4.7 4.8 5.0 5.2 5.2 ! 5.3 5.2 5.2 | sl 5.0 7 48 4.7 45 . 492 | 4.0
[ 45, 4w 5.0 5.2 5.2 ¢ 5.8 5.8 5.2 | 5.1 5.0 . 4.8 4.7 45 1 4.2 . 4.0
T 48 b a9 52 5.3 0 53 1 5.4 534 1 53| 5. a0 49 48 | 46 43 41
& 5.0 0 5.1 5.3 5.5 5.5 . 5.6 55 0 55 | 54 53 | 5. 5.0 48 45 a3
9 H.1 ! 5.2 D4 3.6 5.6 2.7 56 5.8 5.5 a.4 5.2 5.1 4.9 4.6 | 4.4
10 A% i 54 . 56 . 5.8 58 | 5.9 58 | 5.8 57 56 | 54 53| 51 48 46
1 54 55 5.7 5.9 5.9 . 60 5.9 } 5.9 5.8 5.7 ‘ 5.5 5.4 5.2 4.9 | 4.7
i H
TABLE VI.—ASTORIA.
'I:l-: % SOUTH DECLINATION.—DAYS PROM MOON’S GREATEST DECLINATION.
5 Belore— i After -
< S T [ —— - T
Z T8 5 4 3 2 o o i 1 2 3 0 4 5 6 7
i
Hour. | Fcel. : Feet. : Feet. Feet, Feet, Feet, Feet. ‘ vel. ; Feet. Feet. . Feet, Feet, Feet, : Feet. Feet.
0 8.0 | &3 84 85 : 8.6 8.8 8.6 | 8.6 8.5 8.4 | &.3 8.1 7.7 7.4 7.0
1 B0 . B2 B4 B5 B 8.6 86 | 86 | &5 g4 | €2 | 81| 7.7 14| 1.0
P 7.8 | 8.1 . &2, B4 Ba4 8.4 8.4 | 8.4 ‘ 8.3 8.2 | 8.1 7.9 75 | 7.3 68
3 5 7.8 ¢ 78 0 81 B1 81 8.1 | 8.1 ] 40 7.9 78 7.6 7.2 6.9 8.5
4 21 T4 TS AT T 7.7 7.7 7.9 | 7.6 7.5 7.4 7.2 6.8 6.5 6.1
5 67 70 | 72 .3 R 7.3 7.3 73 7.2 71| 7.0 | 68| 65 | 61 5.7
6 65 68 | 70, Tl 71} 71 LIS U R 25 T . 200 6.9 | 68 6.6 6.3 | 59 5.5
7 6.7 ; 7.0 0 71 7.2 13 7.3 7.3 7.3 ‘ 7.2 7.1 7.0 6.8 6.4 | 6.1 5.7
8 70 TR TS| 76 76 7.9 6. 16 15 74 0 73 71 | 68 | 84 | 6.0
9 7.5 78 80 81 Bl 81 8.1 : 8.1 8.0 7.9 7.8 7.8 73 | 6.9 6.5
1w | 7.9 82 ' 8.4 85 I 85 . 8.5 835 8.5 | 8.4 83 | B2 8.0 77 ‘ 7.3 6.9
no| s ! 84 | 86 | 87 | 8.7 | 8.7 8.7 ‘ 8.7 | 8.6 8.5 j 84 | 8.2 .9 ‘ 75 T4
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TABLE VIL—ASTORIA.

!
|

NORTH DECLINATION.-—PAYS FROM MOON'S GREATEST DECLINATION.

Tine of wmoon’s

Beiore— After—
7 6 [ 3 2 1 0 1 2 4 | 4 5 6 7
! — -
Hour, . Feet. | Feel. ‘ Freet. Feet e Feet Fret Feet. cdeel, Feet, f Fret,  Fect. Fect. Feet.
0 7.4 T 0.8 6.= 6.8 6% 6.8 6.9 PR 1 7.3 7.6 B0 .4
1 T4 7 6.9 6.8 5.3 .8 6.7 6.2 6.9 7.0 7.1 7.3 7.6 €0 2.4
2 7.2 6.9 6.5 . 66 6.6 6.6 6.6 66 6.7 6.8 6.9 Tl w5 € €3
3 69 6.6 6.5 6.3 6.3 6.3 6.3 6.4 6.5 66 | 6.8 7.9 75 7.4
1 6.5 6.2 6.1 5.9 = 5.9 5.9 5.9 6.0 6.1 6.2 ¢ 64 6.7 7. 7.5
5 6.1 5.9 5.7 5.6 5.5 5.5 5.6 5.6 5% 5.7 5.9 6.0 6.4 6.7 7.1
6 5.9 5.7 5.5 5.4 5.3 53 ' 53 5.4 5.5 5.5 5.7 5.9 6.2 6.5 6.9
7 6.1 5.8 5.6 55 5.5 5.5 55 56 5.7 ; 6.0 6.3 6.7 T
8 6.4 6.2 6.0 5.4 5.8 I 5.8 ; 5.9 6.0 L 6.3 6.7 .4 T4
0 6.9 6.7 . 6.3 6.4 6.3 6.2 6.3 6.4 0 6.1 6.5 6.7 1 6. T2 T 7.9
10 73 71 69 5 8.7 6.5 1 6.7 6.8 6.9 6.9 7.0 7.2 7y &
i1 7.5 7.8 ; 7.1 7.0 G.Y (] 69 6.9 .0 T4 7.2 7.4 E.l
TABLE VI.—PORT TOWNSHEXND.
'é NORTH DECLINATION.—DBAYS FROM MOON’S GREATEST DECLINATION,
; e - e o [
" i Biforo—
<
D e - S —— — —
£ 7 6 5 1 3 2 1 0 1 2 3 4 5 6 7
Hour. | Ft . Ft. | F. | It Fr. Ft Fe Fr. Fi Fr. Ft. Fr. FI. F.
v 6.6 63 5.9 1 6.1 6.4 6.9 5.2 7.4 7.5 ! .5 7.5 TG T 5.9
1 6.7 6.4 6.0 6.2 6.5 .0 7.3 7.5 7.6 5.6 1 1.8 7.6 T T €9
2 66 | 6.3 59 6.1 64 | 69 3.9 7.4 5 % 0 EI- TR I S 5.9
3 6.3 6.0 56, 58 | 6.1 6.6 6.9 7 7.2 7.2 7. 7.2 T8 T 7.6
4 6.0 5.7 53 0 &4 | 58 6.3 6.6 6.8 6.9 69 Gy 6.9 ) | 7.3
5 59 ' 56 | 5.2 54 5.7, 62 0 65 6.7 6.8 68 68  G.¥ 6.9 7.0 7.2
6 6.1 5.8 5.4 56 5.9 64 1 6.3 6.9 7.0 .0 7.0 7.0 o g 54
3 6.4 6.1 5.5 59 62 6.7 | 7.0 7.2 7.3 78 7. 7.3 T4 7. 7.7
s 6.5 6.2 58 | 6.0 1 63 68 7 73 T4 7.4 7.4 7.4 7.5 5. T
9 6.5 6.2 5.8 1 6.0 6.3 | 6.8 7.4 7.3 71 7.4 74 ! 7.5 T4 T8
10 6.6 6.3 ‘ 5.4 6.1 6 4 6.9 | 7.2 T4 T T.a 7.5 7.5 76 7 70
1 6.6 6.3 | 58 | 6.1 6.4 6.9 7.2 7.4 T N 7.8 7.6 0 7.9
TADLE VII.—POKRT TOWNSHEND.
e e [
=1 H EGUTH DECLINATION.—DAYS FROM MOON"S ((REATEST PECLINATION.
E P _ R i e
b -J;: i Before— . Afer—
e Bl e o ,
E 7 5 5 4 3 2 1 oo 3 P ;
Hour. | #1. F. | P Ft. Fe. . Fi. e . Fu. . Fi. £
0 7.6 79 | 83 51 0 1B 7.3 7.0 6.7 6.7 6.7 6.6 6.5 6.3
1 77 80 | 84 8.2 . 7.9 7.4 7.1 6.5 6.8 68 6.7 66 6.4
2 76 0 7.9 ] 83 8.1 1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.6 6.5 6.3
3 .3 7.6 [ 8.0 78 7.5 7.0 6.7 6.5 6.4 6.4 6.4 6.3 ‘ 52 60
1 7.0 73 | 1.7 7.5 0 T2 |+ 6.7 6.4 62 6.1 6.1 6.1 6.0 59 5.7
5 6.9 7.2 ‘ 7.6 7.4 7.1 6.6 6.3 6.1 6.0 - 6.0 6.0 5.9 | & 5.6
6 71 0 74, 1.8 | 7.6 7.3 6.8 6.5 6.3 £.2 62 6.2 61 | 68 ax
7 74 77 i 61| 7.9 7.8 7.1 6.8 6.6 6.5 6.5 6.5 6.1 ] Br . 6.1
8 7.5 78 | 8.2 8.0 7.7 7.2 6.9 6.7 6.6 66 6.6 | 6.5 | 6.4 6.2
9 75 7.8 ( 8.2 8.0 7.7 7.2 6.9 6.7 6.6 6.6 66 ¢ 6.6 6.5 J 6.4 6.2
10 76 | 79 i 8.3 8.1 7.8 7.3 T.0 6.8 6.7 6.7 6.5 0 6.7 6.6 ] 6.5 5.3
oo7e | one | s 8.1 7.8 7.3 7.0 6.8 6.7 6.7 67 | 67 656 | 6.5 6.3
: H £ -

NoTe.~To use these 1ables with a chart on which the soundings ar - referred to mean low water, subtract 1.2 fool front the numbers in }lxe tables
from San Diego for Asteria, {,7 foot for Neeah harbor, 2.3 for Port Townshend, and 2.7 for Semialunoo aud Sieilacoon.
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Ezample TI—In Example V, to obtain the height of tide on February 7, the declination being south,
we enter Table VI for Saa Franeiseo, with 02, of transit, and two days after greatest declination, and find
that the tide will be 4.5 teet above the mean of the lowest low waters, or that 4.5 feet are to be added to the
soundings of a cliart reduced to the mean of the lowest low waters of each day. 1t the soimdings of the chart
are given for mean low water, then 1.2 foot ouglit to be subtracted from the Tables VI and VII. Thus, in
thiz example, it would be 3.3 feet.

The approximate time of the suecessive low and high waters of the day will be found by adding the
numbers in Table VIIT to the time of the first high water already determined. The table gives the numbers
for the different days from the greatest deelfiation.

Taubles containing wundiers to be added to the time of high water fownd from Talbles IV and ¥, to obtain the
suceessice leegh and Lo waters.

TABLE VIII -KEY WEST.

SOUTH DECLINATION. ; NORTH DECLINATION.
- - £
Low water. . High water.  Low waiter.  Low water. | High warer.  Low water, %
(Large) (Siail.) (Small.) C (Bmall) (Large.) (Latrge.)y 5 ::
: -
L.oom ! h. m. P e h. m, ho o, ; h. m.
7 5 [ 17 88 5 36 O] 1743 7
6 5 Co12 o3l 17 40 [t 1213 17 50 6 l
5 6 j 1255 17 41 4 5% B0z 0 17 a8 513
4 [ N A 17 44 4 4 144 ¢ 17 59 4 2
E i SRS 17 30 4 11 FTRB T 17 58 33
} 2 7 S E > B (] 350 05 17 54 2
t1 5 o140l 1 17 39 3 39 0 45 17 56 1
0 7 Coowole 1T 42 3 uv 0 45 1 17 59 o
rl 7 |14 10 YL 3 44 16 46 17 52 1 1)
2 6 [ B 17 51 3 57 0 54 | 17 47 2
3 6 TR L a1 o 17 a4 3l
4 6 o138 17 53 4 43 18 17 43 4 > &
5 5 12 59 17 33 5oy 12035 L 17 44 5 (<
G 5 12 36 17 54 5 2 o2 746 [
7 5 1216 17 53 5 40 12 % 7 48 7
TADLE VIII.—8SAN DIEGO.
-
EOUTH DECLINATION. NORTH DECEINATION. : é ;:
Low water.  High water. ; Low water. | Low water. | High water. | Low water. ! = z
{(Rmall.) : (Large.) (Large.) (Small) ‘ (Small.) | 2. 5
E i H c 5
v om. iome L R ome hem. | kom b m.
cF 5 <4 12098 L 8 o4 6 16 12 16 18 00 | 7))
8 5 18 1 oa8 |18 40 6 42 12 46 18 04 6
ERI] 50 0 oo ) oas 34 7 00 13 10 1810 51
E44 447 1 112 13 95 713 13 @ 1818 | 48
N 4 M 10 5 18 90 7 2 13 50 18 94 344
9 4 24 10 33 18 14 7 36 14 05 18 30 2
Lt 417 10 28 181 7 43 14 16 18 33 1}
o ! 4 12 10 20 | 18 68 7 48 1 14 24 18 6 | 0
3 4 14 | 30 2 | 18w 74 | M m 18 38 1
2 a 24 1 10 g8 18 04 7 36 14 16 18 40 2
o3 4 38 10 40 18 02 7 2 14 04 18 42 3.
{4 500 . 10 s 17 57 6 59 13 46 18 47 448
<5 ‘ 52 | 118 17 53 6 35 | 13 26 18 51 5 1<
6 | 549 | 11 4 17 45 6 1L ! 13 w 18 49 | 6
7 6 18 12 18 18 00 542 1 12 2 18 44 \‘ 7 )
. H 1
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TABLE VIII.—SAN FRANCI®CO.

£ g . E g
g § BOUTH DECLINATION. NORTH DECLINATION, E ;Z-‘.
et —— g
e = i c =
= E Low water.  High water. | Low water. . Low water. . High water. ' Low water. = 75
2 ’g‘ (Smail) | (Large.) (Large.) (Large) | (Small) | (Small) Z '§'
e w | { I = 8
]
k. m. ko om. i ke m. i B . b om. ! kom. l
{7 5 88 13 14 18 58 ! 5 41 1 46 | 17 4 | 7
5 5% | 124 1848 | 60 | 1218 17 5 | 6
sl 5 5 14 12 10 18 38 6 28 | 12 50 18 04 | 5
%4 4 4 & Lo ox 18 el 6 47 13 % 18 9t ‘ 4
& 3 4 37 11w 18 05 765 | 14 00 1831 | 3
2 4 24 10 34 17 52 7 18 14 26 18 50 | 2
L1 4 12 10 ¢6 173 ¢ 780 oo 1906 1
0 1 4 13 10 00 17 30 | 78 . 15 0 1812 50
1 4 17 1002 | 17 oer | 72 | 145 | 115 1
2 | 4 97 0 12 17 a7 715 [ 1448 | 1915 2
RE , 4 41 10 26 1 17 27 76 14 34 18 15 3],
&4 4 l 4 56 10 46 | 17 & 6 46 1 14 14 19 10 4 53
<715 | 5 14 ] 11 10 } 17 38 6 28 13 50 | 19 04 5 =
§ | 53 (1o | 17 e 6 06 | 13 24 | 19 00 6
7 i 5 57 ' 12 04 ] 17 49 54 | 12 86 18 53 7 )
TABLE VIIL.—ASTORIA.

15 ¢ s

g . L g E
E E SOUTH DECLINATION. NORTH DECLINATION, j .CE E‘
= i =
= E Low water. High water. ‘ Low water. | Low water. | High water. | Low water. . = ’gj
B g Small) | (Large) (Large.) " (Lage) | (Small) ‘ Gmay | EE
g & | | ‘ ‘ _ =
. hom | kom. Eom | hom B | R om.
7 6 38 12 59 19 17 ‘ 5 18 1203 18 4t 7
& 6 14 12 33 ¥ 15 6 42 2 29 18 43 6
s1 5 5 55 12 13 19 14 | 7 01 12 49 18 44 51
.g-‘ 4 5 # 11 a7 19 09 } 7 2 13 15 18 49 4q ré
=3 5 20 1n 27 19 03 | 7 36 13 35 18 55 a|=
2 5 09 1 o7 18 54 7 47 13 55 19 04 2
1 5 05 11 ot 18 52 7 51 14 01 19 06 1
0 5 03 10 53 18 46 7 14 09 | 19 12 0
[ 1 5 05 10 51 18 42 7 51 1411 | 19 18 1
2 5 11 10 55 nw 7 45 14 07 19 18 2
. {3 5 18 11 o3 18™1 - 7 38 13 59 19 17 3],
&) 5 32 [TER T 18 39 7 24 13 47 19 19 445
<5 5 50 u 3 18 41 7 06 13 27 19 17 5 <
[ 6 I I 55 18 40 6 45 13 07 19 18 ¢
7 6 35 1219 18 40 € 21 12 43 19 18 7

'
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TABLE VIII.—-PORT TOWNSHEND.

(S i < a
_§_ % SOUTH DPECLINATION. ; RKORTH DECLINATION. é %
S | E X
g 8 & | Low water. | High water. | Low water. | Low water. | High water. | Low water. | g g g
g v | ! &=
k. m. i‘ h. m. k. m. l ko om. k. m. h. m.
7 6 05 | 12 95 18 05 53 | 12 % 18 31 7
6 6 38 | 13 14 18 20 J 506 | 11 38 18 16 6
a5 718 | 14 14 84 | 42 | 10 38 17 56 515
S a 813 | 15 52 19 23 3 31 9 00 17 13 4 b3
&3 8 % | 16 5 eoooJ 3 08 8 00 16 36 3 &
2 8 43 | 17 a0 2 31 ! 361 7 22 16 05 2
11 812 | 17 oot 20 % | 3@ 7 48 16 00 1)
0 T4 1698 | 20 om@ | 4w 8 24 16 04 0
1ol T s 20018 | 4% 9 00 16 18 1)
g 6 5 ¢ 1514 | 19 89 | 4 45 9 38 16 a7 2
RE 6 33 J 14 32 1938 | 50 10 16 58 3.
B4 6 24 | 14 02 1922 | 52 . 10 50 17 14 4+ B
<y 5 6 10 | 13 %% o0 | 5 34 1 S V- 5 1%
6 5 59 12 50 | 18 3 ‘ 5 45 12 @ 18 01 ]
L7 | 5 a2 122 | 1w | 502 12 2% 18 08 7

The days from the greatest declination are written in the first and last columns of the table.
eond, third, and fourth columns refer to south declination, and fifth, sixth, and seventh to nerth, an
werse for Key West. The second column gives the number which is to be added, according to the de
on, to the time of high water, obtained by means of Tables IV and V, to give the next low water, wi
1e small low water, 4, of diagram I. The third contains the numbers to be added to the same to gi
rcond or large Ligh water, ¢, of diagram I. The fourth, the numbers to be added to the same to gh
«cond or large low water, d, of diagram I. The succceding columns give the numbers to be used
mme way for north declination to obtain the low water, 3, (large,) of diagram IT; the high water, ¢, (s
id the low water, d, (small,) of the same diagram. The rise and fall of the same successive tides
stained by inspection from Table IX, in which the first column at the side contains the time of transi
e successive columns the numbers corresponding to that time and to the number of days from gr
:clination. The arrangement of this table is like that already given.

The numbers for the small ebb tide, @ 4, of diagram I, or ¢ d, of diagram II, are first given; then
r small low and large high waters, & ¢, of diagram I, and & ¢, of diagram II; next, the large ebb tid
" diagram I, or @ b, of diagram II; and lastly, from the large low water to the small high water,
agram I, or b ¢, of diagram II.
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HSMALL EBB TIDE.

SMALL LOW TO LARGE

HIGH WATER,

Days from moon’s greatest declination.

Days from moon’s greatest declination.

Time of mmoon’s transit.

Time of moon’s transit.

i Before— After— | Before— ! i After—
|
3 | - | ] ' P [ J I I
L7 s]s 43 9;1 15 si7y7js!5\4§3,‘2‘1 0 |1 2{3:4 5: 6|7
! | — ; RN TS U — 7__‘t)]»“—— U OO N U S NS ol
AN SIS Ft,{! AR : "R | PR RR)RCFC PG RGP RL R R R FU R R FUH,
0. 1.6 1.4{ 1] 1.0 0.] 0.7 0.7 {0508 0.9 L} 1.2/ 1.5 1.8 14 1.4 L5 1.0 16 L 17 L7117 1.6 L7 1.7 L6 1.5 14 0
1]1.6 L4 1] 1.0[ 0.6] 0.5 0.7, 0.7 0.7 o8fogi 11 1.2/ 1.5 18 1.4/ 1.4 1.5 1.6 1.6, 17, 1.7 1.7 [ 1.7 l.ﬁz‘ 1.7 1.7 1.6: 1.5 1,4 1
2 1814 1.1 1608 0.7 0 107107 08 M'; L1115 L8 14l 1aLa 1.6 16 LT LT 1_74 L7 1.6 17,17 1.6 1.5 1.4 2
3/1.5 L3 1.0 0.9/ 0.3 0.6, 0.6 0.6 0.6 0.7 0.6 1.0 L[ 1.4/ 1,7 1.3 1.3 1.4 1.5 1.5 1.6'1.6 1.6 1.6 1.5 1.6 1.6 1.5 1.4/ 1.3 3
4 1.3 1.1, 08 0.3 0.5 0.4 0.4, 0.4 0.4 0.5 0.60.6 0.8 1.2 1.5 1.1 1.1j 12 1.9 03 1.4 14 14118 L3 14 14 1.3 1.9 11 ¢
5 1.2/ 09 0.6/0.5 030202 0.2 0203040603 1.0 13 0.9 0.9 1.0 1.1] L1312 1.2 1.2(12 1.1]1.2 1.2 1.1 1.0 18 3
6;1.0 0.8 0.5/ 0.4 6.2 0.3 0.3l 0.7 01 0.2 0.3 0.5 0.6/ 0.8 .2 0.8 0.¢] 0.9 1o 1.0 11 11 Ll f 1.1,1.0 1.1 1.t 1.0 0.9/ 0.8 €
7, 1.0] 0.8 0.5 0.4/ 0.5/ 0.1/ 0.)] 0.1 6.1/ 0.2 0.3 050608 1.2 0.8 0. 0.9 1.0 1.0 1.1/ 1.1 1.1 SRR RN 1.1 1.0 0.9 0.8 7
8100906 05050203 020203040607 1.01309081.611 151212 12! L2 1112 12 L1 1.0 u.8 8
911.31.1,0.807 070404 040405060809 1.2 15 11 1.7/1.2 1.5 1.5 1.4 1.4 1.4 | 14053 1.4 14 13 1.2 1.1 9
16 1.5 1.3 1.0: 0.8 0.7 o.ts]1 0.6 0.6 0.6 0.7 0.6 1.0 1.1) 1.4 1.7 1.3 LB 1.4/ 1.5 L5 1.6 1.6 1.6 [ 1.6 15[ 1.6 1.6 1.5 1.4/ 1.3 10
I Le L4 1.1 1.0; 0.8 .7‘; 0.5 0.7 0.7 0.8{; 0.9/ 1.1 1.9 1.5 1.8 1.4‘, 1_4i 1.5 1.6 1.6, 1.7 1.7 1.7 ] 17 1,611 1.7 1.7 1.6 1.5/ 1.4 11
l ! ' i ! i ! ! H i i
TABLE IX.—KEY WEST—Continued.
.‘—..':' LARGE EBB TIDE. i LARGE LOW TO SMALL HIGIl WATER. ‘ ;
£ g
% Duys from moon’s greatest declination, ; Days from moon’s greatest declination. 1;
g ] s 1 g
é Before— ; After— i Before— i After— >E
g ‘ | ) T : ‘ R R
Elvlels a2/ 0 12/ 3]4)5:6(7;7 6 5laiaian 0“2'354 5087 £
- — — e R
Bl R pla R rlpl R ROR R R P R R R R R R R R R R B R R R R R R RO
0]1.41.6/1.9/20/ 2.2 2323 23 23229115 1.8 1.5 1.2 1.6 1.5 1.5 1.4 14/1.3 1.3 1.3 1.3 1.4 1.3 1.3 1.4 1.5 1.6 0
t1.4/1.6 190202292323 23|23 2.1 1.9 1.8 1.5 1.2 1 6] 1.5] 1.5 1.4, L&) L.y 1w 1.3 1.3/ 1.4 1.3 1.3 1.4 1.5 1.6 1
2| 1.4/1.6/1.9,2.0[2.2 2.3 2.3 2.3 |2.3 2.21 2.1 1.9 1.8 1.5/ 1.2 1.6 1.5 1.5 1.4 1.4l 1.3 1.3 1.3 ‘ 1314 1.3 1.3 1.4.1.5 1.6 2
3| 1.3 1.5 1.8 1.92.1/2.2 2.2 2.2 2.2 2.1/2.0] 1.8 1.7; Laf L1/ 1S L4 14 L3 1512212 1.2 1.2 1.3 1.2 Lot 1.3, 1.4 1.5 3
4)1.11.3 1.6/ 1.7/ 1.9/ 2.0/ 2.8) 2.0 2 018 L& 16 1.5 1.2 08 1.3 1.2 1.2 L1 l.li L0/ Lof 10 1.0 1.0 1.0 1.0 L1} 1.2 1.3 4
509/ L1/ 1.4 L5217 1.8 1.8 1.8 | 1.8 1.7 5.6/ 1.4) 1.3, 1.0/ 0.7 1.1/ 1.6 1.0, 0.9/ 0.9/ 0 & 0.5/ 0.8 0.8 0.9 0.8 0.8 o,gi 1.0, 1.1 5
610.8 1.0/ 1.3 1.4] 1.6/ 1.7, 1.7) 1.7 | 1.7 1.6 1.5 1.3/ 1.2, 0.9; 0.6, 1.0; 0.9 0.9 0.8 0.81 0.7 0.3] 0.7 [ 0.7] 0.6 0.7 0.7 0.8/ 0.9/ 1.0 6
7|08 1.0 L3 1.4 1.6 1717 1.7 1'7i 1.6 1.5 1.3 1.2, 0.9/ 0.6, 1.0] 0.9 0.9/ 0.8 0.8; 0.7 0.3 0.7 [0.7 0.8 0.7 0.5 0.91 0‘9% 1.0 7
8/0.8/1.1 1.4 1.5/ 1.7 1.8 1.8 1.8 1.8! 1716/ 1.4/ 1.3 1.0 0.7 11 1.0, 1.0% 0.9 u.gg 0.8/ 0.8 0.8]0.8 038 0.8 0.§3.91.01.1 8
9 L1 1.3 1.6) 1.7) 1.9 2.0, 20 2.0/ 2.0/ 1.9 1.8 1.6] 1.5 1.2 0.9, 1.3 1.2/ 1.2/ 1.1} §.1) 1.0/ 1.0} 1.0/ 1.0/ 1.1 1.0, 1.0 1.1 1,9{ 1.3 9
10 1.3 1.5, 1.8 1.9/ 2.1/ 2.2 2.2) 2.2 | 2.2 2.1 2.0/ 1.8] 1.7 1.4] 1.1 1.5) 1.4) 1.4) 1.3 1.3 1.2] 1.2 1.2}1.9 1.3 1.2/ 1.9 1.3{ 1.4 1.5 10
11 | 1.4 1.6 1.9 2.0; 2.2 93‘ 2.3 2.3 a;.aI 2.21‘ 2.1 1.9 148; 1.5 1.2 1.6 le 1.5} u} 1413013 13113 1.4{ 1.3{ 1.§! ul 1.5i 1.6 1l
. | | i ! £ I
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TABLE IX.—S8AN DIEGO.

.:a: SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER. FROM BMALL LOW WATER TO LARGE HiGH WATER. é
::, Dauys from moon’s greatest declipation. Days from moon’s greatest declination. E
: ‘ - e
E Before— | After— Before— After— =z
s e 3
@ 7 i - i : ; : C 2
El7 6i5 0 716 . 5:4 3 3{45 6}7 3
3] P | | o L R B
wlrel mloF ! Fr. ;. Ft. ¥ | Fti Frl Fel Fr Fe| Fe) Ft| Fi| Fe H.
0 4.0 3.4. 3.0 ; 2.0 \703.2 3.8 4.6 5.2 5.1 4.9 4.7 4.5! 1.4 4.01 4.0, 3.9 3.9 4.0‘; 0
1]3.8 52 2% L 1.8 1. 5 3.0 3.6 4.4 5.0 4.7 4.5/ 4.3' 4.2 3.8/ 3.8: 3.7, 3.7 3.8 1
2|3 5 2.9 2.5 Kt 1.5, 1.6 1.8 2227 33 4 145 1.1 4.2 4.0 3.9 3.5/ 3.5 3.4 3.4) 3.5 2
3| 3.0 2420 . 10 “ 1.7 1.3 1.7 2.2 2.8 3.6 4.2 0 3.9 3.5 3.5, 3.4 3.0, 3.0 2.9, 2.9 3.0, 3
4{22 1.6 1.2 L 02| 14 2.6 26 34/3.3 3.1 2.9 2.7 2.6 2.2 2.2 2.1/ 2.1/ 2.9 4
5 1.7 1.1 0.7 .2 _.3] 408 10 2.9 2.9 28‘ 2.6 2.4/ 2.2 2.1 1.7, 1.7 1.6) 1.6 1.7[ 5
6] 1.8 12 0.8 0.4 0.4 -1 —.2 -2 [-.00.1 0.5 1.0 1.6 2.4 3.0 2.8 2.7 2.5/ 2.3 2.9 B 1.9 6
Ties1y 1.3 0.4 0.6/0.4 0.3 0.3,0.4 0.6 1.0 1.5 2.1/ 2.9 3.5/ 3.4 3.2 3.0 2.8 2.7 2. 2. 7
8129 2.5 1.9/ 1.5/ 1.2 1.0/ 0.9 0.9 1.0, 1.2 1.6 2.1 2.7 3.5 4.1 4.0/ 3.8 3.6 3.4 3.3 | 2 8
9 [I 3.7, 3.1, a.:j 23 2.0 Ly 1.7 1.7 LE 2.02.4 2.9 3.5 4.3 4.6 4.8 4.6 4.4 4.2 41 5 .9
10 | 4.2 3.6° 3.2 2.& 2.5 2.3, 2.2‘ 2.2:2.3 25 2.!}‘ 3.4 4.0} 4.& 5,45‘ 5.3 5.1 4.9‘; 4.7; 4.6 ! 10
11 f‘ 4.3‘ 3.7 3.3 29962423 23 24 2.6, 'Sﬂ{ 3.5 4.1 4.y 1_5]" 5.4 5.5 5.0 4.6, 4.7 1l
I ! L | R L i
i From @10 B .ceieae.vansnssnsnsnacaroass srasrrnses Diagram I. From b t0 ¢ese cuvee vesw ~vevcesronmnaes oo s+s. Diagram I.
1 Fromet0d covsvoarvrssansasecnsns sassnrirsanssass Diagram II, Fromd t0 €.veeesracassrsvanracascassssarssens +« Diagram II. ;
TABLE IX.--SAN DIEGO-—Continued.
::' 3 LARGE EBB TIDE, OR FROM LARGE HIOH WATER TO LARGE LOW WATER, 1 FROM LARGE LOW WATER TO 3MALL HIGH WATER. E;
; i Days from moon’s greatest declination. Days from moon’s greatest declination. ] ;
g ; g
E I Before— ! After— : Before— After— B
S | [ S
Elvle 5 o L1 lalalsioir slelsdalaiala o 1lels|als ;B
g1 ! R i P2 1°1° =
RS S A, —f | | - ! | I U Pl
FIANVIN % Fi. | Ful Fu.! Fu| Ft. Pt F:.§ Ft. Fti Ft. Fe.? 7| rel pel pel mi | pl el mlom B R ReE
. 5.2 5.8 7.2 78] 6.9 6.5 6.6/ 5,4 4.6/ 4.0 4.1/ 4.9 4.5 4.7 4.8 4.9 5.0, 5.0 5.1)5.1 5.2 5.21 5.3/ 5.3 59 0
1]5.0. 5.6, 6.0 7.0, 6.¢ 6.7‘ 6.3; 5.8 5.2 4.4; ‘J.B‘ 39‘ 4.1 3 4.8 4.8 i 4.9 4.9] 5.0 5.01 5.1/ 5.1, 5.0f 1
2145 53 5.% 6.7 | 6.6 6.4 6.0| 5.5 4.9;‘ 4.1 3.5: 3.61 3.8} 4. 4.5 4.5 4.6]4.6) 4.7 4.7 4.8} 4.8/ 4.7} 2
3 4.2 4.8 5.2 . 6.2 6.1 5.9 5.5 5.0 4‘43 3.6 3.0 3.1] 3.3] 3.5 3.7, 3.83.9] 4.0) 4.0 | 4.1 4.1 4.2 4.2 4.3] 4.3) 4.2 3
4]3.4 4.0, 4.4 .3 5.4 5.3 5.1 4.7; 4.2/ 3.6, 2.8 2.2 2.3/ 2.5 2.7;‘ 2.9 3.0. 3.1 3.2] 5.2 3.3| 3.3 3.4 3.4 3.5 3.5/ 3.4] 4
5129 3.5} 3.9 B 4.9 4.8/ 4.6 4.2:37 3.1% 9.3; 1.7 1.¢ 2.0 2.2; 2.4; R.5. 2.6 2.7 2.7 | 2.8 2.8 2.9/ 2.9 3.0, 3.0/ 2.9, 5
6 3.0§ 3.6: 40 .5 5.0 | 4.9 4.7] 4.3} 3.8 3,9; 2.4E 1.8 1.t 2.1 23‘ 2.5; 2.65 2.7 2.€ 2.8 2.92.9 3.0/ 3.0/ 3.1{]31 3.0 6
7 3.5 4.1 4.5 4 5.5 5.4] 5.2 4.8 4.3 3.7! 2.8 2.3‘ 24 2.6 2.6! 3.0 3.1'; 3.2 3.3) 4.3 3.4} 3.4 3.5/ 3.6 3.6| 3.6/ 3.5 7
841 4.7 5. 6.0 8.1:6.0f5.8 5.4 4.9 4.3]3.5 2.9 3.0/ 3.2/ 3.4/ 3.6 3.7/ 3.8 3.9] 3.9 | 4.0/ 4.0} 4.3} 4.1 4.2 4.8/ 4.1] 8
9| 4.9 5.5‘ 5.4 .6 6.8 6. 6.9 | 6.6{ 6.6 6.2‘ 5.9 5.1} 4 35 3.7 3.8 4.0 4.2, 4.4] 4.5 4.6] 4.7) 4.7 | 4.8] 4.8} 4.9 4.9/ 5.0/ 5.0/ 4.9 9
10 5.4 6.0 6.4 6 & 7.1! 7.3 7.4 7.4 7.3 7.1 6.7 6.2 5.6 49“ 4.2j 4.3 45 4.'1; 4.9 5.0 5.1 5.9 5.2!5al 5554 5.4 5.5 55 5.4 10
11| 5.5 6.1, 6.5 6.9 7.2; 7.45 7.5 7.5 | 7.4 7.2 G.Si 6.3 5.7| LQ‘i 4'31 4.4 4.6 4.8* 5.0 5.l~ 5.2 5.3 5.3 5.4§ 5.4 S.Si 5.5 5.6| 5.8/ 5.5| 11
From c 10 @.ceseeeessessnnmss snasancesssseasnsnn Dingram I ; Fromd10e coci.viiieecianieesass cressnssoncess Diagram I.
FEoD @10 D cereneerrosecart sanssrsassn seversses Diagram IL i Frombtoe. i irnsenrrserrersevsasnanvanscneens Ditgram [,
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: Zooaatne wow e o l Hours of mnon’atmnsn.

FROM SMALL LOW WATER TO LARGE HIGH WATER.

|
{ SMALL EBB TIDE, 0R FROM FMALL HIGH WATER TO SMALL LOW WATER.
i
\

Days {rom moon’s greatest declination

i
1

Days from moon’s greatest declination.

Hours of moon’'s transit.

Before— 1 After— Before— After— i
2 lelslais al [[ Dyl sl Pe i s ‘ 2 - s g
818 4:3.21 Oilﬂ 430’677_611.)‘433;91 0 {1 2.3 4 5607
— T e —
Ft|Fu| Fel Fe. Ft| Fu Fu. Ft. | Ft| Ft! Fii B’ FL. Fu! Fu Ft. Ft. Ft’ Pt . Ft. Ft Ft. Ft. Ft. Ft. ¥t Ft FLH,
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251,814 0905 03 020204 0% 1.1 1.6 2.22,8 3.7 3.4 3,1 3.0 2.5} 2219 1.7 1.6 1.5 1.6 1.6 L8 1.9 2.4 5
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TABLE IX.—SAN FRANCISCO—Continued.

i 1
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LARGE EBB TIDE, OR FROM LARGE IGH WATFR TO LARGE LOW WATER.j FROM LARGE LOW WATER TO SMALL HIGH WATER. | -Z:
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1
From €0 b aenasvascare i snes sess sans sossaeas Diagram 1I. ? From b to e .. veeeeacnnsvanaceer seenones sesas . Diagram II.
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TABLE IX.—ASTORIA.

BMALL £BE TIDE, OR FROM SMALL HIGH WATER TO 8MALL LOW WATER. | FROM SMALL LOW WATER TO LARGE HIGH WATER.

i

g £
& Days (rom moon’s greatest declination, ] Days fromn moon’s greatest declination. n:
5 N 5
g ; ; ) : ! i g
o Before— i | After— Betore— ; After— “
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From @10 B . .ensinceserncesscacee evenneseasn. Diagram 1.

From b t0 ¢.cvear ccrnnscvnsssnnsrenassssisnerevas Diagram L.

i
|
3 From e 10 d.iveces aveiectnsnvincarsesnnnsaoassa Diagram If. f From d 0 €.cvsveeersssvsnssssans vass sosnsneesas. Diagram IL

TABLE IX.— ASTORIA— Continued.

1

LARGE EBB TIDE, OR FROM LARGE HIGH WATER T0Q LARGE LOW WATER, i * FROM LARGE LOW WATER TO SMALL UHIGII WATER.

Days from moon’s greatest deelination, Days from moon’s greatest declination.

Befure— 1 i After— Before— ! After—
i

224,56 o 1]2i3lais

Hours of moon’'s transit.
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H. Fi Fi Fi, Fi| Ft| Fo. Ft. Fe | Fu. Fi. Ft! Ft.| Ft| Ft
| ;
|

_,"._._

'7.9

€

Fe,
8,1
8.2

7.3
6.6
5.9
5.5
3.7
6.9
7.8
7.5
8.0
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TABLE IX.—PORT TOWNSHEXND.

'E‘ SMALL EBE TIDE, OR FROM SMALL HIGH WATER TO S§MALL LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER.
g . o — -
::. i Days from moon’s greatest declination. . Days from moon’s greatest declination.
g ‘]' e ————ee e - R
E | Before— ! Before— i i After—
(=3 [ ‘V i '
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TABLE I1X.——PORT TOWNSHEND—Continued.
':2: 1 LARGE FBB TIDE, OR FROM LARGE HIGH WATFR TO LA}GR LOW WATEIL? FROM EMALL LOW WATER TO LARGR HIGH WATER. é
g ! e e —— E
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H (S — e
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Ezample VII—Thus, in Example VI, the high water of February 7th was found to be 3.3 fect above
1ean low water. The declination being south, Diagram I applies, and this high water is the small one. To
obtain the fall of the next low water or small low water, we enter T'able 1X, for San Francisco, with 04. of
moon’s' transit, and two days after the greatest declination in the first part of the table, and find 1.9 foot,
which will be the difference in the height of this high and low water. Entering with the same transit and
day in the second part, we find 3.0 feet, which is the rise of the large high above the small low waler; the
difference between 1.9 and 3.0, or 1.1 foot, is the difference of height of the two successive high waters.

It is easy to see how, in this way, the soundings of a chart can be reduced to what they would be
approximately at all the successive high and low waters.
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TIDES OF THE GULF OF MEXICO.

On the coast of Florida, from Cape Xlorida around the peninsula to 5t. Mark’s, the tides are of the
ordinary kind, but with a daily inequality which, small at Cape Florida, goes on increasing as we proceed
westward to Tortugas. From the Tortugas to St. Mark’s the daily incquality is large and scnsibly the same,
giving the tides a great resemblance to those of the Pacific coast, though the rise and fall is much smaller.
Between St. Mark’s and St. George’s island, Apalachicola entrance, the tides change to the single day class,
ebbing and flowing but once in the twenty-four (Junar) honrs.

At St. George’s island there ave two tides a day, for three or four days, about the time of the moon’s
declination being zero. At other times there is but one tide a day, with a long stand at high water of from
six to nine hours. From Cape St. Blas to and including the mouth of the Mississippi, the single day tides
are very regular, and the small and irregular double tides appear only for two or three days, (and frequently
even not af all,) about the time of zero declination of the moon. The stand at high and low water is comn-
paratively short, seldom execeding an hour. '

To the west of the mouth of the Mississippi the double tides reappear. At Isle Dernitre they are
distinet, though a little irregular for three or four days near the time of the moon’s zero declination. At all
other times the single day type prevails, the double tides modifying it, however, in the shape of a long stand
of from #ix to ten hourg at high water. This stand is shortest at the time of the moon’s greatest declination,
sometimes being reduced to but one hour. At Calcasicu the tides arc distinctly double, but with a large
daily inequality, The risc and full being small, they would often present to the ordinary observer the same
appearance as at Isle Dernicre. At Galveston the double tides are plaiuly perceptible, though small, for five
or gix days at the time of the moon’s zero declination. At other times they present the single day type, with
the peculiarity that, after standing at high water for a short time, the water falls a small distance, and stands
again at that height for several hours, then continues to fall to low water. Sometimes it falls very slowly for
ninc or ten hours following high water, and then acquires a more rapid rate to low water. At Aransas Pass
and Brazos Santiago the single day tides prevail. Small, irregular, double tides are only perceived for two
or three days at the moon’s zero declination. At all other times there is but one high water in the day, with
a long stand of frem six to nine hours, during which there are often small, irregular fluctuations or a very
glow fall.  In the following table the mean rise and fall of tides at the above stations are given.

The highest bigh and the lowest low waters occur when the greatest declination of the moon happens at
full or change ; the least tide when the moon’s declination is nothing at the first or last quarter. The rise
and fall being so small, the times and heights are both much influenced by the winds, and are thus rendered
quite irregular.

TABLE X.
L2ise and fali at several stations on the Gulf of Mexico.

i

‘ Mean rise and fall of tides

Stations. i _~
Mean. Atmoon’sgreatest] At moon’s Icast
declination, declination.

+ - et Feet. Fet.
St. George's island, Florida v oo e me i e, 1.1 1.8 0.6
Pensacola, Florida « .o e oo el 1.0 1.5 0.4
Fort Morgan, Mobile bay, Alabama ..o . .. _____. 1.0 1.5 0.4
Cat island, Migsissippi -« o e ce el 1.3 1.9 0.6
Southwest Pags, Touisiana - ... oo ool iccncmaa . 1.1 1. 4 0.5
Isle Dernitre, Louisiana - . cmeaaeoacoooas emeaceanmemma—n. 1.4 2.2 0.7
Entrance to Lake Caleasieu, Lowisiana weceomeaao o aooao oo, 1.9 2.4 1.7
Galveston, TeXA8 - n.caumamaaoans L el LT Te PR 1.1 1.6 0.8
Aransas Pass, TeXa8.coccoreaannamencrnacnanan R LR TR 1.1 1.8 0.6
Brazos Santingo, TeXa§ - v ooooovuene D EE TP ERT PP, 0.9 1.2 0.5
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TO DETERMINE THE RISE AND FALL OF THE TIDES FOR ANY GIVEN TIME FROM HIGH OR LOW WATER.

It is somectimes degirable to know how far the tide will rise in a given time from low water, or fall in a
given time from high water, or to approximate to the time which has elapsed from low or high water, by
knowing the rise and fall of the tide in the interval. If the proportion of the rise and fall in a given time
were the same in the different ports, this would easily be shown in a single table, giving the proportional rise
and fall, which, by referring to T'able I, showing the rize and fall of the tide at the port, would give the rise
and fall, in feet and decimals. The proportion, however, iz not the same in different ports, nor in the same
ports for tides of different heights, The following table X1 shows the relation between the heights above
low water for each half hour for New York and Old Point Comfort, and for spring and neap tides at each
place.  Units express the total rise of high water above low water, and the figures opposite-to each halt hour
denote the proportional fall of the tide from high water onward to low water. For example, at New York,
three hours after high water, a spring tide has fallen six-tenths (sixty-hundredths) of the whole fall.  Suppose
the whole rise and fall of that day to be 5.4 feet, (Table I;) then, three hours after high water, the tide will
have fallen 3.24 feet, or three feet three inches, nearly.  Conversely, if we have observed that a spring tide
has fallen three feet three inches, we may know that high water has passed about three hours.

TABLE XI.

Giving the helght of the tide above low water for every half howur before or after high water, the total range
being taken as equalito 1.

New York. ; 01d Point Comfurt.
Time before or
after high water. :

Spring tide. Spring tide. © Neap tide.

h. m

0 0 [ Lgo 1. 00 1. 00
0 30 C0.98 0.98 0. 98
10 L 094 0.95 0. 94
1 30 [ 0.88 0. 87
2 0 0. 80 0.80 0.78
2 30 0.72 0.70 0. 68
3 0 [ 0.60 0.59 0.57
3 30 Po0.49 0.49 0. 44
4 0 I 0.39 0.37 0.34
4 30 I 0. 28 0.26 0.22
5 0 | 0.18 0.17 0.13
5 30 : 0. 09 0.08 0. 05
6 0 | 0. 05 0.03 0.01
6 30 Lo0.00 0. 00 0.00

TIDES IN COASTING.

By observing the time of high water and low water along the coast we find the places at which they are
the same. The map of co-tidal lines (Sketch No. 65, C. 8. Rep., 1857) shows that it is high water nearly
at the same hour all along the coast from SBandy Hook to Cape Caiiaveral ; of course not in béys and harbors
and up the rivers, but on the outer coast. . ’

It is high water exactlf at the same hour all along the line marked XIT, seen on the chart, near Sandy
Hook, and north and soutly of Hatteras, and, with small interruptions at Cape Lookout and Cape Fear, all
the way to near Cape Cafiaveral. This same line extends eastward to near Block island, and south of Nan-
tucket, and then passes away from our coast. At full and change of the moon, along this live, (approximately,)
it is high water at twelve o’cloek, Greenwich time, the local time of high water depending upon the longitude

16 ¢cs
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of the place; or, to speak more correetly, in the average of a lunar month it is high water so mauy hours after
the time of the moon’s passing the meridian of Greenwich. Dy these lines, called co-tidal lines, we ean deter-
mine what tidal currents the navigators must expect to meet in coasting ; and for this purpose we divide the
ports of the coast into two scts, those south and those north of New York.

The sailing lines of coasters bound to southern ports this side of the straits of Florida are marked upon
the map, and also of those bound through the sounds to eastern ports, and outside to Halifax and European

ports.

VESSELS TO AND FROM PORTS SOUTH OF NEW YORK.

South of Bandy Ilook, New Jersey, the line of XII hours is nowhere morc than 18 miles from the
coast; that of XI% nowhere more than 35 miles; that of XI3 nowhere more than 48; and XI nowhere
more than 110. The distance of these lines of X1I to XI hours, (corresponding within four minutes to VII
and VI of New York time,) for different parts of the eoast, is shown from table A, where the first column
gives the name of the place, and the second, third, frmrfh, fifth, respectively, the distandes of the co-tidal
lines of XII, X13, X14, and X1 hours. The distances -ar¢ measured from the ports on perpendieulars to
the co-tidal lines. They may be taken as if' measured on the parallel of latitude at all the points for the
line of XITI hours, and at all between Sandy Hook and Cape Hatteras for the lines of X1I§ and XT3 hours.

A.
|
| Distance from coast, measured on perpendicular to co-tidal lines.
Names of locations. ;
At XTI bours. ( At XI§ hours. : At XI} hours. At XI hours.
Nautieal milee, l Nuautical miles. : Nautical miles. i Nautical miles.

Sandy Hook - oo it e 12 ! 32 : 53 100
BaDeZAb e o e e e e c e cmmemeemem————- 2 ‘ 29 39 78
Cape May e i e ceeea e 15 ! 30 46 92
Cape Henlopen .ce o oo oo cme oo e ccraamcaes 18 ’ 33 47 92
Asgateague. oL il cmaeaeeaeas 7 22 36 82
Cape Honyy a e e cn e caee e acco e e 28 . 43 100
Cape Hatteras . aeooooioaeaaoe acoen, 8 20 A €3
Ocracoke inleto .o oo L ool . ‘ 11 ; 26 71
Cape LookoUt e e oo cmee e ol et cmeemm e e e eemtemenmeeann 7 18 56
Beaufort entrance, North Carolina. .. o ... 6 15 24 63
Cape Fear - 6 16 55
Cape Homuns. ' . 10 21 67
Charleston light 3 15 27 70
Port Royal entrance 5 17 29 73
Tybee entrance coae. L iin smvecmes e e n. 6 17 : 31 ' 82
St Mary’s entrance. ... oo 12 25 40 ‘ 110
Bt. John's entrance. . ..oenoiiil aial Lo . 17
Cape CaBaveral ... ao oL .. ... 16
Cape Florida oo ouoam o _. (oo oo

The co-tidal Jines are in such dircetions that at 10, 20, and 30 miles from the coast, between Sandy
Hook and the St. John's, there is but a variation of seven minutes, and even to Cape Cafiaveral only of
eight minutes.

Keeping ten miles from the shore, the coaster would pass from 12 hours at Sandy Hook to 11 hours 45
minutes at Hatteras, and increase again irregularly to 12 hours 7 minutes at the St. John’s, as shown more
explicitly in table B. "These three tracks of 10, 20, and 30 miles are inside of the cold wall of the Gulf
Stream, and generally in the cold current, cxcept at Cape Cafiaveral.
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B.
: Co-tidal hour at 10, 20, and 30 nautical miles from the
" coast, perpendicular to the coust.
Names of stuations. L e
yi Ten miles off,  Twenty miles off. Thirty miles off.
i . om, khoom, . m
L £ O S § 12 0 11 52 ‘ 11 45
BATHIOZAL .o e s 2 mms s mmmme e mo e eae e RN 152 114 11 35
CAPE MY o coce c e e oo e e e e m e e e : 125 1153 11 45
Cape HenlOPen- -« oo mme o eeo e e te e ameananaaes ; 127 1nsr 11 48
ASSAtEALHE . o m e m o e os e e e cmimmaccmme mmeieaeae | 12 ¢ I1 48 i 11 37
Cape Henry - oo o el 12 5 11 48 11 42
Cape Hateras oo o ouooemmmmmesmmeeme e om e e e e oo ‘ 1145 1130 11 22
Ocracoke inlet e e mev cae et e v icmer e cceemme e recn i a paa 11 47 i 11 86 ; 11 25
Cape LoOKOU oo e e e cn e e aas 11 435 . 11 30 | 11 290
Beaufort entrance, NoC. .o o auoen oo oo cceme e e 11 53 f 11 38 11 25
L T IO BRI § BT 3 11 25 1118
€ape ROMAT - « oo i eiiaaaaas ‘ 11 435 : 11 33 ‘~ 11 24
Charleston Balb oo« oo oo oo e e e ‘ 11 52 5 11 33 ‘ 11 25
Port Royal eBAIAICe . <o« oo <omeee e aee e e e 157 45 11 32
Tybee entrance . oo o mae e ou o el aeaaa L 11 55 : 11 43 * 11 30
Bt. Mary’'s enbIABCe . cormaan oo e vaasmme bmms mmnme cmemmaemn 12 8 11 57 11 47
Bt. John's eRtEADCE < - o <occceen cmemmoes cmeamm ems e e nen : 12 7 ST 11 50
Cape Caflaveral. coee cocaee o ccmiceimecmede e av i mmme—. e e ' iz 8 e eemmmme e me e mcemaamaan
Cape FIOTidfa v et anem e et e e 13 10

It follows, then, as a general thing, from these two tables, that the coaster, in passing from Sandy Iook
to the St. John’s, would have the tides the same, within some fiftecen minutes, as i’ he remnined at Sandy
Hook ; so that leaving, for example, at high water, he would, according to the clapsed time, have the ¢l and
flood alternating every six hours and a quarter, nearly, as if he had remained near Sandy Hook. As the
flood tide sets in generally to the northward and on shore, and the ebb to the southward and off shore, he
would know by the time that elapsed from his departure and the period of the tide at which he started what
tidal currents e might expeet to meet as he passed along the coast.  This, of course, is not peculiar to Sandy
Hook as a point of departure, but would be true for any of the entrances given in ihe table, taking carc not
to mistake the time of tides within for that at the entrance.

By referring to George W. Blunt, esq., I have obtained the tracks of sailing and steam vesgels passing
from New York to ports to the south of it, as shown by the lincs on the chart aceompanying this paper,
(See Sketch No. 65, C. 8. Rep., 1857.) Tracing these on the map of co-tidal lines, I have determined how
the navigator would find the tides as he passes from port to port. The results are shown in the annexed
table, (C,) in which the port between which and Sandy Hook the mariner passes is at the head of the
table, and, at the side, the 'place off which the co-tidal hours will be found, as stated in the table.
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C.

Co-tidal hours on sailing lines measured on paraliels of latitude of places named in the first colamn,
| between New York and—

Off —
Delaware Chesapeake, Ocracoke ! Cape Fear. ; Charleston. | Savannah. | St. John’s. : Cape
bay. | bay. o dmlet. | | : Florida.
i H b i

. | he m. b ome | A . he m. h. m, he m.

Bandy HooK.ouisisiiairariesssirennscansnan.) 12 5 12”5 ! 12 5 12 5 2 5 2 5

Bamegato ... ciieiiiiieniiiaie e . ! 11 57 3 11 57 | il 57 11 57 11 57 i 11 57

Cupe May....... L1 45 111 43 11 45 11 45 11 45 | 11 45

Cape Henlopen.,.ciua. : 11 43 ‘ 11 43 11 43 11 43 Il 43 ;[ 11 43

Assatengue .. | 11 33 ¢ 1 43 11 33 11 53 11 33 | 11 33

Cape Henry, . ‘ 11 24 11 11 24 11 2% 11 24 <‘ 11 921

Cape Hatreras, X 11 48 11 48 11 48 11 48 11 48 \ 11 48

Ocracoke inletoseers civiinnansns caannenians siiverscesennn- ] 11 42 11 42 | 1 42 11 42 l 11 42

Cape Lookomt v avycnver vevas ; : i [ 11 32 | 11 24

Beautort enRANCEe . cavusavein ceerasmrsrnenean 1 | 1 32 | 11 24

Cape Fear.ieiieviraaneonenns 1 24 J T 0
Cape ROmIan .cviarinnsnir saien vraranes 11 19 ..., renaen

11 18

Charleston light...... ...
Port Royal entrance.......
Tybhee CnIrance . .cove, eaoee, oo
8t. Mary®s entrance
£1. John’s entrance . .ae..
Cape Cafiaveral.uvviseeesneanrinns

D PP P R Y 1Y

Cape Florda. e iiarvmenoniainrnes sleseanranarari cicrreeineen
i d

Thus, from Sandy Hook to Delaware bay, starting with 12 hours 5 minutes, off Barnegat there would
be, at the same instant, 11 hours 57 minutes, and off Cape May 12 hours 10 minutes, so that the navigator
would have the same succession of tides whether he remained at Sandy Hook or passed onward to Delaware
bay, or whether he came from Delaware bay to Sandy Hook. So from Sandy Hook to Charleston he will
find, at the same instant, 12 hours 5 minutes at Sandy Mook, 11 hours 57 minutes off Barnegat, 11 hours
45 minutes off (lape May, and s0 onward upon the parallels of latitude for the several points. For all prac-
t'cal purposes, then, of coasting, the succession of the tides, and, of course, of the tidal currents of flood and
ebb will be the same as if the navigator remuimed stationary. Leaving at low water he will meet the flood
for 6 hours 15 minutes, and then the ebb for another 6 hours 15 minutes, and so on. It is the simplest of
all rules that has thus come out of this investigation. That remarkable change of the temperaturc between
the waters of the in-shore cold current and the warm waters of the Gulf Stream occurring in so short a dis-
tance that Lieutenant Bache called it the = cold wall,” takes place at distances off the eoast of from 170 to
29 miles, {see Table 1D,) between Sandy Hook and Cape Cafiaveral, measured, from the several points named
in the table, at right angles to the direction of the course, or measured along the parallels of latitude of the
points, at distances, from 195 to 28 miles, between Assateague and Cape Canaveral, (Table D.) The points
where the parallels north of Assateague meet this division line have not been aceurately determined.

The annexed table shows these distances measured at right angles and on the parallels,
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ot

D.

Distance from coast to ¢* cold wall”” of Gulf | Mcasured at right Measured on par-

Stream, off — : angles to coast. allel of latitude.
Vaulical miles. Feutical miles.

Sandy HOOK .- aceome ceiecicicn i e 170 leemcmm e
Barnegatesme e oo ceom o oam ma e cmmammmns ] 135 : ................
Cape MOy aaee ccvcmemeccsc e ccmc e caeannn 127 f ................
Cape Henlopen. .. ..o oo e 137 “ ................
Assateague-...-_..-_-_._--.-.....-..__.....; 935 | 195
Cape Henry eaa oo i riacccaiarcmacmamnas 92 F 107
Cape Hatteras. oo cormacaccecmaan- ' 30 | 31
Ocracoke inlet. e oo oo e mcme e 53 E 52
Cape LOOKOUE wu e mne o cceeemmae crammnanas ! 53 i 65
Beaufort entrance .o .. .o e oiaaan e 62 I
Cape Fearo oo i id cnen ceevencmcmmman—. e 54 97
Cape ROmAN e ca e e o i mccccccee amcammmaaame- . 57 103
Charleston Yight._. . ___ . _.__.__.__._. 61 5
Port Royal entrance. cevececceewecconomanana.! 79 i 97
Tybee entrance. o cc e cvecaceas emem————— 79 95
Bt Mary s e mmamaan 90
Bt JOhn' s o ia e e i ie e cecmeman—- &5 !
Cape Cafiaveral. o cweeecmnecanrivacncacaans 29 2

Cape Florida

The coasting line of thirty miles keeps inside of the cold wall all the way to Cafiaveral, and all the
routes traced on the chart from Sandy Hook to southern ports are on the inside of it. The Gult Stream
lines, as drawn on the chart, show how the route to Bermuda and to the Bahamas cuts the alternate bands
of -warm and cold water of the Gulf Stream.

VESSELS TO AND FROM PORTS EAST OF NEW YORK.

The plate shows the sailing lines of vessels bound from New York to castern ports and to Halifax,
outside. The annexed table (E) gives the Greenwich time of high water off the several points named in
the first column on the routes to and from the places named in the heading of the table. The distances are
measured at ¥ight angles to the co-tidal curves.

E.

Co-tidal hours on sailing lines between New York and—
Ooff —

Newport. | New Bedford, ! Nantucket.

'
!

Boston. Portsmouth Portland. f Halifax.

Sandy Hook _.__..._..._
Throg’s Point..o. oo .
Figher’s island . .ooaano.-
Block island.- - c.cce oo .-
Monomoy - coue ooonooans
€Cape Codammvncnanc aaman
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In passing from New York to an eastern port the first great change in the tides and tidal currents is
between the East river and Long Island sound. The difference between Governor's island and Negro Point,
on Ward’s island, at the eastern entrance to Iell Gate, it two hours and forty-five minutes. Between this
point”and Throg’s Point the change is small.  The marincr is now in the full tide of the sound, and between
Throg’s Point and Fisher’s island there is a difference of time of but two hours and twenty minutes, the
greatest part of which is at the head of the sound and at its entrance, that is, near Throg’s Point and Fisher’s
island. Trom off New London to off Sand’s Point the difference iz but one hour and forty minutes ; so that,
if the mariner, instead of remaining at Throg's Toint, passes onward to TFisher’s island he would lose but

half a tide in the whole passage. In other words, he would have the same succession of rise and fall,

according to the time clapsed, whether stationary or passing onward, within two lours and a half, or less
than half’ a tide.

The tidal current lines show that even a less allowance is to be made for the change of current than for
the change of tide, the difference in the change of current between Throg’s Point and Fizher’s island, along
the middle of the sound, being of no practicable importance. Passing ont of Long Island sound the tidal
hours grow carlier, until off Block island that of Sandy Ileok is again reached. The co-tidal line of Sandy
Hook and Block island being the same, it is the struggle of the same tide through New York bay and the
narrow Iast river, and obstructed Ifell Gate, and through Fisher’s island and Long Island sound, and to
Throg’s Point.  The tidal currents meet near Throg’s Point. '

The lower pars of Narragansctt bay has the co-tidal hour 12 hours nearly. Buzzard’s bay has nearly
the same co-tidal hour, the tide wave rcaching the shore at nearly the same time all around the bay.

Tt would be impossible to give in a small compass a minute account of the tides of Martha’s Vineyard
and Nantucket sound. In general, it may be said that as far as Holmes’s Hole and Woed’s Hole they
resemble those of Block Island sound, and afterwards those of Monomoy, at the eastern entrance; but this
generalization is unsatisfactory without more dctails than there is space here to give.  In these sounds takes
place the remarkable change of between three and four hours, the greatest change of our coast, dislocating,
as it were, the times of high water at places couth and west and east and north of Nantucket. "The whole
of this change takes place between the castern entrance of Nantucket sound and the western of Martha's
Vineyard, giving rise to quite a complex condition of both tides and currents, which it has occupied much
time to unravel. The dominant co-tidal line of our coast, from Block island to Cape Cafiaveral, is that of
12 hours of Greenwich time; that of our eastern coast, from Nantucket to Passamaquoddy, is, in general, 15
Lours. DPassing out of Nantucket sound coasters carry nearly the same co-tidal hour to Cape Cod, and
thence vary their time about half an hour in passing to Boston, to Portsmouth, to Portland, or to PPassama-
quoddy. It has long been known that the tidal almanac for Boston might practically be used for eastern
ports. Vessels from New York to Halifax, and New York to Europe, which keep outside, and should keep
well off the Nantucket shoals, and off St. George’s, as shown by the track on the chart, vary their co-tidal
hour but little, keeping between the lines of 12 and 114 until quite well on their course, and beyond Cape
Sable. The samne rule will apply to their case as has been given for vessels between New York and a
gouthern port. ' ;

APPENDIX No. 9

ADDITIONAL RESFARCHES ON THE CO-TIDAL LINES OF THE GULF OF MEXICO, BY A, D. BACHE, SUPERIN--
’ TENDENT. —(SkkrcH No. 46.)

In the Coast Survey Report for 1856 I published a paper on the approximate co-tidal lines of the Gult
of Mexico. This paper was based on observations made at numerous stations during the progress of the
survey. But with the exception of four stations where the observations were extended over more than a year,
~ the stations were scldom occupied more than two months. Corrections for the amount of variation derived
from the nearest complete station were applied to the means; still, it was tho-ught that better observations
carried over longer periods would clear up many of the doubtful pointa.

Accordingly, a systematic plan of observations was laid out, involving the occupation of four stations
simultaneously, with self-registering tide-gauges during one year uninterruptedly. 'The execution of this plan
was begun by establishing the stations of Cape Florida, Indian Key, Key West, and Tortugas. After the
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completion of the year the gauges from the former threc places were transferred to Charlotte ITarbor, Tampa
Bay, and Cedar Keys; Tortugas remaining ag a permanent station of reference, which position it also retained
during the observations at a third set of stations comprising St. Mark’s and 5t. Vincent’s island, (western
entrance to Apalachicola,) and two intermediate stations at Dog island and New inlet.  Observations at the
two latter stations were not kept up during a whole year, having merely been established to study a rather rapid
change in the features of the tides in that region. The gauges were afterwards transferred to the Southwest
Pass of the Mississippi and to Last island, on the coast of Louisiana. A selfiregistering gauge was also kept
up for some time at Pensacola by the kindness of 8. 1. Abert, ¢3q., civil engincer of the navy yard.

After a year’s observation at St. Mark’s and St. Vincent’s island, the gauges were transterred to Cal-
casieu inlet and Aransas Pass, but at that time the rebellion of the southern States broke out and the vessel
employed in their trapsportation was seized at Aransas, and the observer sgtationed at Calcasicu was arrested
and imprisoncd for several months at New Orleans. The scheme having thus been broken before its com-
pletion, I am able to give only the results obtained for the eastern part of the Gulf. The observations, which
were ably directed by the late G. Wurdemann, and after his death by Mr. A, C. Mitchell, were decomposed
by a graphical method after they were received in the office.  This Jaborious work was performed by Messrs.
Avery, Downes, Balmain, and J. R. Gillis. To the latter I am particularly indebted for scveral time and
labor saving improvements in the mode of working. ‘

The times and hLeights of diurnal and semi-divrnal high water were reduced in the usual way. The
annual means were reduced to Greenwich time and corrected for transit and for depth in the manner explained
in my former paper. The results are given in the following tables:

Semi-diurnal tide.

! Longitnde in ;\Jean semi-di- Sum. .Correction for Correetion for Co-tidal Jige.
f[ thne. furnal interval, i transit, | depth,
h. e, A om. : k. m. m : m. H he m,
CAPe FIOFidA «veens varnes venven oo 5 21 8 37 | 13 88 —17 i 13 o9
INGHAN KEY et oeevananienaneneen 5 23 815 | 13 38 6| o s g
Key WESE ccveer enrnn cansnannccnonctanar ane 5 28 } 9 18 i 14 46 ; 19 !i 1y 14 8
Torlugae .. . 5 32 i 9 42 i 15 14 | 19 i 10 14 45
Charotte HAMBOL cussyvresrraes venene sessnnantensnssranns 5 29 128 [ 18 7 85 20 17 22
Egmont KeY .oveeivnvvesonierveessrisnsnsennaninsecrsssaec) 5 31 TR I B R 2 2 18 o
Cedar Keys o 5 32 o9 i 18 4 26 | 45 17 41
BU MATKS .00y ceenns caans eevnscronsnnesessmnnseenienessens 5 9t 13 5 | 19 29 9 O
DOg iSIAN ceuvesvirnsseien crnnecaeinn  seveaseerenraies 5 w1 27 i B 8 m
New inlet T 5 40 1.3 | 920 15 29 13 1 1933
Bl VinCent 8. vuns v iersnvnsnsensnareae sea  svesnsessnes 5 41 14 59 i W 40 30 ! 13 i 19 &7
PEISACOML . 1 cune veeres cauran ameosanvene core mmanen e annes rens 5 48 : e LT " — 23 —1 i 16 3
Diwrnal tide.

. Longitude in  Mean diurnal Sum. Correetion far | Correction for . Co-tidal line.

I time. . isterval, | | tmansit. | depth. |

i b m. Beome o ko i . i " R N
Cape Florid coveivvens venganieiinnennas o5 @l L 1359 0 192 | —e | —2 | 18 32
Indian Key ..., ..., .. 598 | 1650 | 2214 | ETR 15 0 21 a2
KO WeShutarsnauans aeeeers erersensanseeneneoesnnses 59 | 19 8 ‘ 24 3 | 33 | 19 | 93 59
TOTUEAS 1o vt vennas vianns veen errasranen oo mtemennonssenen| 5 32 | 18 55 L2 97 I 38 I 10 | 93 3
Charlatte Harbor .. . ©os5 o | o2 253 | @ 2 L e 50
EZmont KEY evv veve vevnvieinnieornnennnes svmeeeemmeenst 5 3L | 20 3 | 25 34 | 40 { 20 | 24 m
Cedar Keys ..... bos s | 2o 25 58 | 43 | 5 25w
SBaint Mark's.... 5% | = 0 oerm | 4| 22 | es 97
L RFVPRUIRISIRIUu: SENE I RN I TR SRR S a3 | 15 0 %
New inlet cuosinnverrnmniimninnieneeisiscasnes covnenenensl 5 400 [ 2033 27 13 ) a3 13 % 17
BRI VIBCOO 8eraurscumeneesvesveeeneens woe sneemsenensh 5 41 | 20 22 | 2% 3 | S IER Y
Pensacola ... ..., O PP UOUPRPY B " 2203 | s | —wm |° —1r | 26

These numbers are set down on the accompanying maps and appropriate co-tidal lines drawn by the eye
80 as'to give the best possible agreement. It will be seen, by comparing these lines with those on the map
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appended to my paper in the Coast Survey Report for 1856, that the new results have modified the former
" ines but inconsiderably. Some particulars formerly supposed to be due to errors of observation are con
firmed ; thus, for instance, the earlier co-tidal hour of the semi-diurnal tide at Indian Key than at Cape Florida.
The question of the interference of the tidal waves coming through the Florida channel and through the
Caribbean sca has not made any progress, nor is it likely to do so until the features of the tides at the west
eund of Cuba and the extremity of Yucatan are better known.

APPENDIX No. 10.

REPORT TO THE SUPERINTENDENT LY ASSISTANT L. F. POURTALES, IN CHARGE OF THE FIELD AND OFFICE
WORK RELATING TO TIDAL OBSERVATIONS.
Coasr Survey OrricE, October 1, 1862.

Sir: I have the honor to sulinit the following report on the field and office work performed by the tidal
party under my charge during the past year.

Ficld-werk —The tidal observations made under the direction of this division have been confined alto-
gether to the permanent stations at Ilastport, Me.; Boston, Mass.; New York; Old Point Comfort, Va.; San
Diego and San Franeiseo, Cal; and Astoria, Oregon. No tempoerary stations were occupied except those con-
nected with the hydrographic parties.

The station at Eastport remained in charge of Mr. Samuel Walker until March, when he was ordered to
zo to Key West, to take charge of the magnetical station. Mr. R. H. Talcott took his place. As in former
years, magnetical observations form a part of the observer’s duties at thiz station.

At the other stations nothing has occurred worthy of particular remark.

Of the self-registering tide-gauges seized by the rebels last year, only one has thus far been recovered.
Tt is the one used by Mr. Donegan at Caleasicu entrance, which, when he was imprisoned at New Orleans, he
had deposited with the British consul, from whom it was obtained after the capture of the city. Lwo sheets
from the tide-gauge formerly at Last island, La., were received last June with the New Orleans post office
mark, but without letter stating by whom they were forwarded. They contain the observations for April
and part of May, 1861, ending on the 13th of that last month, when a note on the sheet informs us that the
observations were stopped “by order of the governor of Louisiana.”

T'he other gauges are in placcs not yet brought back under the control of the government, except Fort
Clinch. From information obtained at that place by Assistant Boutelle, it appears that the gauge was
destroyed by the inhabitants previous te the capture of the town.

The following table gives a recapitulation of the observations received at the office during the year, with
the exception of those taken by the hydrographical parties for the reduction of their soundings.

List of observations received during the year ending September 30, 1862.

i Nuwe of station, | Nume of observer. 1 Kind of Station, per- Time of occupation. % | Remarks.
E . l} i auge. | manent or ..:
% : i ; i tewmporary. . From— T _E
‘ ’ | i i
1 | Bastpart, Me ....evroeeenn.. § S Watker ... .. } S.R..... Permanent..' Oct. 1, I861 Sept. 30, 1851 | 365
! LR H. Talcott. ... §| i i
! Boston Dry Doek........ivees T0E. Ready cvuaveer.) BOXouras [ - TP " Oct. 1, 188k Sept. 30, 1861 | 365
it | Governors Fstand, N.¥......) R. T. Bassen ' © O iewea.! Oct 1, 1861 Sept. 30, 185) | 365
! Brooklyn, N. ¥.ooovemo oy, [EETEY LTS - L T fvce.d0 ieeea. Oct. 1, 1861 Sept. 30, 1861 | 365 | Day observations for
11 | Oid Point Comfor:, Va M. €. King . { Oct, 1, 161 Sept. 30, 1E61 | 365 cemparisen.
VI | Last Island, La ....... H. P. Witson . April 1, 1861 May 13, 1861 43
X | San Diego, Cal....s AL Cassidy. iy auae I's R..... Aug. 1,181 Juy 1,182 | 334
; 8an Franciseo, Cal, .1 H. B Ubrlandt ' = R... " Aug. 27, 1861  July 14, 1862 | I
X1 f Astoris, ()regon.‘............i L. Wilson, cevviieen ) 80 R. . l Aug., 1, 1861 July 1, 1862 | 344

Qffice-work—The persons employed in this division during the year were: R. 8. Avery, J. Downes,
P. H. Doncgan, {sincec December 23, 1861,) M. Thomas, and 8. D. Pendleton.
Mr. Avery was engaged in making out tables of the daily inequality at St. Mark’s and Cape San Lueas,
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n reading off and reducing the tidal obscrvations at Eastport and Vera Cruz, and in completing the decomposi-
tions and reducing the diurnal and semi-diurnal tides at the stations in the Gulf of Mexico. The resulis were
used in the preparation by yourself of a paper on the co-tidal lines of the eastern part of the gulf in another
part of this volume. After that he was engaged in computations relating to the discussion of the diurnal
tides. This has not been brought to a close yet, on account of a scvere illness under which he has been
suffering for some time. ‘

Mr. Downes has had the duty of reading off and reducing the sheets from the self-registering tide-gauges,
and has also made various other reductions,

Mr. Donegan made a catalogue of the tidal reductions in the archives, and also of the sheets of the self-
registering tide-gauges, putting the la:ter in order by stations and years for easier reference. He has also
wade ordinary reductions and miscellaneous other work.

M. Themas has been chicfly engaged in copying the readings of the self-registering observations accord-
ing to a uniform system, begsides various other copying.

8. D. Pendleton bas made ordinary reductious of the selfregistering observations of the western coast.

Very respeetfully, your obedient servant,
L. ¥. POURTALES,
Assistant U. 8. Coast Survey, in charge of tidal division.
Prof. A. D. Bacws, LL.D,
Supcrintendent U. S. Coast éwcg

APPENDIX No. 11.

REPORT OF ASSISTANT J. E. HILGARD, IN CHARGE OF THE OFFICE, AND SUB-REPORTS OF THE CHIEFS OF
OFFICE DIVISIONS.

Coast StrvEY OFFICE, Washington, November 1, 1862.

Dear Sir: The operations of this office, which T tovk charge of in April last, when Licutenant Colonel
Palmer joined the army of the Potomac, have been continued weith uninterrupted activity during the past
year. While the regular progress of the work has been steadily kept up, the cnergies of several branches
of the office have been severely taxed to mect the demands arising out of the naval and military operations
in which the nation has been engaged. It will be scen from the detailed reports of the chicfs of office divis-
ions, that beside the issue of the extraordinary number of over forty-scven thousand printed maps and charts,
the hydrographic, drawing, lithographic, and photographic forces have prepared a great deal of special
information for the Navy and War Departments from the archives of the office, which for obvious reasons has
not been published. 'The facilities of this office for multiplying manuseript maps, either by photograph or
lithograph, have also been placed at the disposal of the topographical engineer officers of the army engaged in
the preparation of military maps, and have proved of much service.

T'he reports of the several chiets of divisions of the office are herewith submltted accompanied by the
usual tabular statements of office statistics.

The clerical duties of the office have been performed with great efficiency by Mr. V. E. King, assisted at
various times by Mr. S. H. Lyman and Mr. J. E. Dow.

My acknowledgments are due to the chiefs of divisions for the support I have received from them by
their ready co-operation at all times; and also to Samuel Hein, esq., our veteran disbursing officer, whose ex-
perience and advice have ever been freely available, as well as to Joseph Saxton, esq., the assistant in charge
of the office of weights and meusures, for general superintendence of mechanical construction.

Yours, very respectfully,
J. E. HILGARD,
Assistant in charge of office.
Prof. A. D. Bacug,
Luperintendent U. 8. Coast Survey
17¢cs
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Report of Captain C. P. Patterson, kydrographic inspector, in charge of Hydrographic Division.

CoasT Strvey OrricE, Washington, October 1, 1862,

During the past year the hydrographic duties of this office have consisted of a more miscellaneous and
laborious character thau usual, in consequence of the new and immense demand for charts of all parts of our
southern coast for the use of the greatly increased number of our naval vessels and the vast fleet of transports
in the employ both of the army and navy along the whole extent of that ecoast. These duties consist, in the
main, in the examination and verification of original hydrographic sheets, together with the original records
of soundings and angle-books belonging to those soundings. duplicating these records in some cases by fair
copies; the reduction of some and the examination and verification of all reduced cheets for publication; the
plotting of light-houses, light-vessels, beacons, and buoys, as determined by our own parties in the ficld or
from data furnished by the Light-House Board ; making, revising, and plotting of sailing directions and sailing
lines ; the description of dangers; the plotting of tidal and current stations; making projections for the use of
hydrographic parties in the ficld; and comparative tracings of localities of which two or more surveys have
been made. In addition to these there has been a very large amount of smaller detail, oecupying much times
but impossible to specify.

Mr. Arthur Balback has had principal charge as draughtsman, and in consequence of his long erperience,
great aceuracy in the minutest detail, and remarkable memory in regard to them, he has been subject to con-
stant calls to supply information required from several divisions of the office, and to correct inaccuracies.
His work which can be specified has been as follows :

Original hydrographic sheets compared with the original records and verified.......... 21
Printed maps and charts verified. .. ... .. oL Ll 30
Reduced drawings of hydrographic sheets verified.. ... ... o iiiiiiiiiii. 19
Examined and ruled sailing linesincharts. ... ... .. ... .. .. .. ... ... ... 16
Reduced parts of charts. . ..o . . L 3
Secleeted soundings in original sheets for reduction- ... ... ... . L L. 7
Examined original records in regard to rocks, shoals, and discrepancies. ..... ... ..... 120
Made comparative DAPS . .- oo oottt e it e e et e et 3
Made projections, single sheets, scgll 1gdag-----ocvroeiemn il 2
Made tracings of maps and charts. .. .. ... i i i i 17

To Mr. Balbach T am indcbted for much valuable information not otherwise to be obtained. During the
past year his services were lost to the office for a number of weeks in consequence of a very severe and
painful illness, which for many days threatened his life, and from the effects of which he has not even now
recovered. Yet his fidelity has caused him to work many days in the office under great suffering, and at all
times to perform his duty in or out of the office hours, with the utmost cheerfulness.

Mr. L. Karcker, draughtsman, has been the only assistant to Mr. Balbach. Mr. Karcher was given a
short leave of absence last autumn, to visit his family in Europe, from which he returned and resumed his
dutics in the office, November 25, 1861.

From May 29 to July 11, 1862, he was employed as assistant in the party under my charge working in
the Potomac. With this exception he has been constantly and most diligently employed in the office, and
besides a large varicty and amount of smaller detail, has done the following work :

Projections made, single sheets, seale glg-- -« c-corr oo i 2
Projections made, double sheets, geale oplige e ceooe oo on e 1
Projections made, single sheets, scale 185G 5
Projections made, single ehects, scale gudgge--veeoveue oo 9
Projections made, single sheets, scale ggdgg------ - oo . 6
Projections made, single sheets, scale qgdn g« ovroeere o i e e 4
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Angles plotted in various sheets. . ... ..o i 1, 909
Miles of sounding lines. ... ... .. il 307
Number of sonndings. . . . i 3,642
Examined and verified original sheets with original data.... .. .. ... .. ....... 3
Reduetions made from scale 5 ghes 10 sgagge-n-vvccrmrermomemraraaeaaneanaans 2
Reductions made from scale oqlgu 10 guageg- - cc rea-mmeomm e 2
Reduction made from scale 5 355 10 ggpigma - - o v v omrremrecnomaaoeanananenns 1
Made tracings of maps and charts. .. ... ... i P 8

By Mr. Karcher’s assiduity and accuracy he saves much time in the verification of his work, and com-
pletes 1 most satisfactory amount of results.

The draughtsmen attached to the several hydrographic parties have been at work in the office at various
times, completing the plotting and copying of the work of their respective parties, under supervision of the
chiefs of those parties.

Report of Assistant L. F. Pourtales, in charge of the Tidal Division.

Coast Survey Orrice, Washington, October 1, 1862.

The following report of the occupation of the computers in this division during the past year is respeet-
fully submitted:

Mr. R. S. Avery was cngaged in making out tables of the daily inequality of St. Mark’s and Cape San
Lucas, and in reading off and reducing the tides of Eastport and Vera Cruz.  He also completed the graph-
ical decompositions and reductions of the diurnal and semi-diurnal tides at the stations in the Gulf of Mexico.
He afterwards took up the computations relating to the diseussion of the diurnal tides.

Mr. J. Downes has made the readings from the sheets of the self-registering tide-gauges, and has reduced
the results, besides making varions other reduections.

Mr. P. H. Donegan reported for duty December 23, and was employed in making a catalogue of the
tidal reductions in the archives; algo one of the shects from the self-registering tide-gauges, at the same time
putting the latter in order by stations and years of observations, for easier reference.  He has also made ordi-
nary reductions and other miscellaneous work.

M. Thomas has been chiefly engaged in copying the readings of the sclf-registeriug observations
according to a uniform system, besides various other copying.

S. D. Pendleton bhas made ordinary reductions of the scif registering observations of the western coast,

.
Report of Assistant Charles A. Schott, in charge of the Computing Division.

Coast Survey OFFICE, Octoher 1, 1862.

The usual annual report on the work done by the several computers for the year ending October 1, 1862,
is herewith respectfully submitted.

The force of the computers has remained the same as last year, with the same general distribution of
work and organization. Mr. J. E. Dow, clerk to the division, was transferred January 22, 1862, to the
assistant in charge of the office, Mr. E. H. Courtenay taking Lis place. On May 8, Mr. Courtenay was
ordered on field duty ; he returned to the division Augnst 20; in the interval Mr. G. J. Pinckard temporarily
acted as clerk from May 21 to August 10, when he was transferred to the Engraving division. The number
of computers was barely sufficicnt to attend to the current field-work and to all calls from the office for
information, which were attended to, and but little time remained to adjust work of preceding seasons. Mr.
Main acted in charge of the division during October, 1861, when I was absent on other duty. From July 26
to Augnust 20 T was again engaged on field-work. Up to the month of Jume the solar spot observations
continued regularly ; after this date, however, owing to pressure of other official duty and for want of regular
assistance, they were nearly discontinued. The duplicate astronomical, geodetic, and magnetic records remain
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in charge of this division; they are contained in forty-nine boxés, and comprise fourteen hundred and six
separate volumes.

During the year eighty-three reports have been submitted on various snbjects connected with the duty
of the division. The work done by each computer is herewith given in detail.

Assistant Theodore W. Werner supplied L. M. Z. computations to the St. John’s river triangulation ;
computed the triangles of East bay, near Galveston, 1860-'61, and reduccd the observations of vertical
angles in Section I, 1856-"55-"59 ; deduced the horizontal angles at primary stations Monadnock, Boxhill,
and Baldhill, 1861 ; comaputed the triangulations of Koos bay, 1861, and of Penobscot bay, 1861, Assistant
G. A. Fairtield and Sub-Assistant S. C. McUorkle’s work; computed the additional triangulation near -
Boston, Assistant C. O. Boutelle, 1860-"61; completed the second computation of the angles at Agamenticus,
and -made good progress with Assistant 1. Blunt’s new triangulation in Rhode Island and Connecticut of 1861.

Mr. Evgene Nulty made the second computation of Mr. Vose's magnetic observations at Kastport, Me.,
in 1860 and 1861 ; computed the time, azimuth, and latitude of Station Pigeon. Koos bay, 1861; computed
the longitude, from observed occultations by Assistant” G. Davidson, of Yoint Restorat.on, Point Hudson,
Point P’inos, Hun.boldt, Scarborough, and Telegraph hills, all on the western coast. /

Mr. James Main revised the longitnde computation from observations of the solar eclipse of Jnly, 1851 ;
revised time and latitude computations of PToint Henson, 1860 ; also computed the azimuth at this station;
revized the computations for latitude of the following stations: San Diego, Point Pinos, Cape Disapypointment,
and Western Ridge; also the azimuth at the last station ; computed the position of the solar spots for the
date of the eclipse in July, 1860 ; introduced the latest determination of the star places into our azimuth
computations, and eomputed the longitude of Station I’igeon, Section X1, from a chronometer transmission;
revised time, azimuth, and latitude computations at this station, and also of Gunstock, Section I; revised
time and azimuth computations of Wachusett, Section 1; computed the three magnetic components at
Stations Troy, Boxhill, and Baldlill; reduced my magnetic obsexvations of 1862 ; and nearly completed the
revision of the time and azimuth computations at Azimuth Point, near Monterey bay. He also performed
gome miscellaneous astronomical and magnetic computations.

Dr. Gottlich Rumpf completed the computation of the triangles of Penobseot bay, 1858-'59, and of
Chatham bay, Section VI, 1861 ; adjusted the horizontal angles at Western Ridge; computed L. M. Z. to
the triangles of St. Augustine and the work joining Sections V and VI; assisted in preparing the annual
statistics for 1860, and computed some additional positions in Sections V and VI ; computed the triangulation
in the vieinity of Washington by Charles Hosmer, 1861 ; made a second computation of the horizontal angles
at Wachusett; deduced the length of the Koos bay base line; nearly completed Sub-Assistant Webber’s
triangulation on the coast of Maine, 1860-"61 ; assisted on the second computation of the horizontal angles
in Section I, primary triangulation, (Scbattis and Mount Independence ;) computed new primary triangulation,
Seetion II; commenced the second computation of horizontal angles of Station Agamenticus; and computed
the triangulation of the Potomac river-from Blackistone island te Washington, 1862, by F. Rogers and
Chaxles Hosmer; also that about the District of Columbia of Sub-Assistant Ferguson of 1862.

Mr. Juhn Wi tessmer completed the computation of the Gray’s harbor triangulation, Section X1T, 1860 ;
deduced horizontal anwlm at Station Barkley Point 2, Section VII; reduced horizontal angles at Gunstock,
and adjusted computed elevations of points in Scction I, 1856-’58—"59 ; made a second computation of the
horizontal angles at Mounts Harris and Unkonoonuc, 1861 ; of Iloward and of Mount Desert; revised the
angles at Ragged and Mount Blue, and computed weights to each direction of the lines of the primary
triangulation round Epping base ; made progress with the least square adjustment of this part of the triangu-
lation ; computed L. M. Z. of Mr. Hosmer’s triangulation of the Potomac, 1862 ; also assisted in the prepara-
tion of the list of new geographieal positions near Boston.

Alr. J. E. Dow attended to the elerieal duty of the division, assistcd occasionally at the archives, and
compared original and duplicate records. On January 22 he was transferred for duty to the assistant in
charge of the office.

- Mr. E. H. Courtenay was appointed aid in the United States Coast Survey January 22, and performed
the clerical duty of the division, and also supplicd and revised duplicates. Ile was ordered on field duty
May 8, and returned to the division August 20,

Mr. G. J. Pinckard temporarily filled the posmon left vacant by Mr. E. H. Courtenay betwcen May 21
and August 10.

R. Freeman attended to the extra copying of the old original records of the Survey.
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Report of the operations of the Drawing Dirision.

Coast SUrRvEY OFFICE, Norember 1, 1862,

The Drawing division rcmained under the charge of Assistant T. .. Lee until April, sinee wlen the
work has been carried on under ghe immediate direetion of the assistant in charge of the office, with the
efficient aid of Mr. TW. T. Bright. The numerical force of this division has remained the same as at the
date of the last report, the gain in time and labor by the use of the method of reduction by photography
being such as to allow, in addition to the regular progress of work, the production of a large number of
drawings and tracings of special maps called for by the wants of the public service. The distribution of
labor has remained the =ame as last year, and the detuiled statement of the work of each draughtsman is.
given below,

Assistant M J. McClery has been employed in drawing the hill topography upon photograplhs on a
seale of y3loo. to serve, when redueed by photograp by to one-half that scale, as a guide for the engraving of
the following coast maps and charts on a seale of —lgg, viz: No. 7, Muscongus bay to Portland, Me.;
No. 9, Cape Neddick, Me., to Cape Ann, Mass.; No. 11, Plymouth to Hyannis, Mass,; and No. 21, New
York bay and Larbor.

Mr. E. Hergesheimer has been engaged upon the generalization and preparation of plane-table sheets
for the photographic reduction to the scale of publication of eonst maps and charts No. 7, Muscongus bay to
Portland, Me.; No. 10, Cape Ann to Plymouth, Mass.; No. 21, New York bay and harbor; No. 108, Mata-
gorda and Lavaeca bays, Texas; and of the finished map of Drake’s bay, Cal. He has contivued the drawing
of hill topography for the finished map of the Kennebee and Sheepsceot rivers, Me., w5d453 and made additions
to map of Charleston harbor and approaches, scale gudgy, for fithegraphie transter. The verification of
engraved topography and the arrangement of lettering on the finished charts have been made by him. e
has, in addition, Irad cliarge of the combination of the surveys in the vieinity of the eapital, and of the
preparation of photograplic copies of the same for the use of the army, and las from them drawn a topo-
graphical map of the approaches to Washington Ciry.

Mr. A. Lindenf.okl has continued the topegraphy upon general coast charts, seale 453%54, No. 1, Quoddy
Head to Cape Cod, Mass.; No. 11, Cape Ann to Gay Head, Mass.; No. VII, Winyah bay, 8. C, to St.
John’s river, Fla.; No. X111, Waccasassa bay to Choctawhatchee bay, Fla.; No. X VI, Galvestou bay to
the Rio Grande, Texas; has completed the preliminary chart of Potomac river, sheet No. 1, from entrance
to Piney Point, scale 5255, and reduced the topegraphy of DPotomac river, sheet No. 3, from Lower Cedar
Point to Indian Head, seale yghgy 3 finished the hydrography of Hudsor river, sheet No. 2, from Sing Sing
to Poughkeepsic, scale goipp; aund redueed Wilkes’s survey of Tybee bar and Calibogue sound, 8. C., scale
soooo- e has made additions to coast maps and charts Nos. 12, 13, and 14, from Monomoy and Nantucket
shoals to Black Island«sound, R. I, seale o1 and has been engaged upen lithographic maps, coast of
Bouth Carolina and Georgia, seale ,gyiggg; Port Royal sound and vicinity, seale gglg5; progress sketches,
projections for ficld parties, projccts, prujections on copper, diagrams, and verifications. e has also con-
tinued the hydrography of coast map and chart No. 7, from Muscongus bay to Portland harbor, Me., scale
55355 and has now in hand a chart of part of the western coast, from Bodega Head to Point Pinos,
including the bay of San Franciseo, seale ,ydygs

Mr. L. D. Williams has continued the topography of Hudson river, eheet No. 1, from entrance to
Sing Sing, seale 3—0-%0—6; lettered coast map and chart No. 21, New XYork bay and harbor, scale la.;
revised hydrography on coast map and chait No. 12, Monomoy and Nantucket shoals to Muskeget chauncl,
Mass., scale so850; drawn additional topogruphy to map of Savannah river, Ga., seale ;53553 completed
topegraphy and part of hydrography of preliminary chart of Potomac river, sheet No. 2, from Piney ’oins
to Lower Cedar Point, geale ;5355 He has also been engaged upon projects, projections for ficld parties,
projections on copper, verifications, and has made the anuunal additions to the Congress map. He has now
on hand finished map of San Francisco i)ay, (lower part,) scale s535q-

Mr. 11, Lindenkokl, who is equally efficient as a draughtsman and engraver, has been chiefly employed
in the Lithographic division, where he hag made numerous drawings and engravings on stoue.  He has made
the reduction of part of Potomac river, gheet No. 4, from Indian Head to Chain bridge, 354455, and has
engraved the topography of the entire sheet on stone. He has also been engaged upon projections for field
parties, tracings, and miscellaneous maps. " '

Mr. F. Fairfaz has completed the photographic outline of topogruphy of Petaluma creck, Cal., sealé
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so0so; Photographic outline of topography of Napa creek, Cal, scale y3dgy; preliminary chart of Koos
bay, Oregon, scale 0T prclir‘ninary chart of Tomales bay, Cal, scale o;5.., and made tracings for
photographic outline of rame. He has also completed the preliminary chart of Mount Hope bay, R. 1., scale
T03T0» and has been employed upon projeetions for ficld parties, tracings, and statistices.

Mr. JJ. W, Maedel has drawn the preliminary chart of Calibogue sound and Skull creek, 8. C., scales
sovow and ;5o s made lithographic drawings, diagrams, lettered plane-t:ﬂ)le sheets, and made tracings of
original sheets for photographing, under Mr. Hergesheimer’s direetion, and of various original sheets required
for the use of the army and navy.

bMr. T. Petingale entered the office on the 21st of May, and since that time has becn employed upon
miscellaneous maps, tracings, and statistics. .

Mr. T. R. Smith entered the office on the 25th of February, and has been engaged inking plane-table
gheets in the vicinity of Washington, and upon tracings.

Mr. B. Hooe, Jr., has continued on tracings, statistics, and miscellaneous office-work.

Mr. W. Fairfax has been employed upon tracings, coloring proofs, statistics, and miscellaneous work.

Mr. W. B. McMurtrie was assigned to duty in the office in August, and has been engaged inking
plane-table sheets and plotting hydrographic work.

List of maps and sketches completed or in progress during the year ending November 1, 1862, arranged in
order of Sections.

Name. | Scale. ‘} Description, Remarks.
Secrron 1. | i
Progress sketch A . ne oo i iccccecramcccrcncmaaea——. 1-600, 000 .
Progress sketch A Bis. oo o o e i 1-400, 000
General coast chart, No. 1, from Quoddy Head to Cape Cod, Mass.! 1-404,00) In progress.
General coas' chart, No. 11, from Cape Ann to Gay Head, Mass..i 1-400, 000 | - Do.
Sheepsvot aud Kennebec rivers, Maine. ... _....... weaawel 1-40,009 : Finished map. _..... - Do.
Barvstabie harbor, Mass . o oo o L oo i o e cmeae. 1=20, 00y .| Completed.
Mount Hope bay, Rhode Island_. oo .. . . .. ...... 1-40,000 | Preliminary chart. ... __! Do.
Const map and chart, No. 7, from Muscongus bay to Portland 136,000 | Fiished nap and chart.! In progress; out-
harbor, Maine. ] line by ploto-
| | graphy.
Const map and chart, No 8, from Beguin Island light to Kenne- 1-80,000 | ..... ¢ 1 ! Do.
bunkport, Maine.
Coust map and chart, No. 9, from Cape Neddick, Maine, to Cape 180,000 __..__ o i Do.
Ann, sass. [
Cape map and chart, No. 10, Massachusetts bay and harbor. ... I 1-80,000 |._.... o [ R, . ! Do.
|
Secrion I1. 1
. i-1,100, 000
Progress sketch B, No. 2o e e oo cccemmmmmemae % §I~-l,200:000
Coust wap and chart, No. 21, New York bay and harbor_......] 1-80,000 | Finished map and chart.| In progress; out-
line by photo-
X graphy.
Hudson river, from entrance to Sing Sing, New York. oo .._. 1-60,000 | Finished map...__.... In progress.
Hudson river, from Sing Sing to Puughkeepsie, New York...... 1-60,000 | ..... [+ 1 S Do.
Secrion 111,
Progress sketeh Co L L s 1-400, 000
Potomac river, from entrance to Piney Pointo .. oo oo ..., 1-60, 000 Completed.
Potomac river, from Piney Point to Lower Cedar Point. ____ ___. 1-60,000 | Do.
Potomac river, from Lower Cedar Puint 1o Indian Head oo . ... 1-60, 000 | In progress.
Potomac river, from Indian Head to Chain Bridge. ... _....._. 1-40,000 . ’ Do.
Norfolk harbor, Virginia, (lithograph drawing).. ... ____._. 1-10, 600 |. Completed.
Reconnaissance of Pamunky and Mattapony rivers, Virginia, 1-60,000 | ___.. Vo.
(lithograph drawing). 3 !
Secrion IV. i
Progress sketch Do oo ooem e el 1-600, 000 |
Coast map und chart, No 41, Albemarle sound, (eastern part,) | 1-80,008 : Finished map and chart. Do.
additious. i |
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List of maps, sketches, §.—Continued.

Name. : Scale. Description, Remarks.
Coast of North Carolina, (lithograph drawing) .oce cwoaoaao. ‘ 1-100, 000 Preliminary chart.._. .. " Completed.
Hatteras inlet, Noith Carolina, (hitnograph drawingy. ... ... N 1=20,000 ..oeo.doo_.-ao R : Do.
Beaufort harbor, North Carolina, (lithograph drawing)_ ....._.__ L 1-20,000 o_o_.. 6 1 S Do,
; I
Sscrion V. i |
Progress sketch B_ Lo oo iiacaoooaaanan eeeacmceaaom—an 1-600, 000 |
Savannah river, (additions). ... oo 1-40, 000 « Finished map. ... __ Completed.
Ty bee bar and Calibogue sound 1-60,000 : Preliminary chart....._ Do
Generai coast chare, ~o. VII, from Winyah bay to St. John's | 1-40¢, 000 = Finished chart .oco oo In progress.
river, Florida. i :
. o ~40,0 ..
Calibague sound and Skull creek e ceaeciaan ciaccanns :-3::’ 033 :» Fiuished map-....-- Do.
Coast of Georgia, (lithograph drawing). oo ceeeacimaaan.s [ 1-200, 000 . Preliminary sketch_..__ Completed.
St. Helena sound. (Iithogiaph drawing) ..o al.. 1-40,000 | Finished map. oo Do.
Coast of South Carolina, (Hthograph drawingy________________' 1-200,000 ' Preliminary sketch_.___. Do.
Skull creek, South Carolina, (lithograph drawing). .. _o...aoo 1-20,010 Do.
Tybee bar aud Calibogue souud, (lithograpu drawing) ... ... 1-60, 000 Do.
Calibogue sound and Skull creek, (lithograph drawing) ‘ }_33‘ '(‘»g‘(; : Do,
Charleston harbor, additions. (lithograph drawing)_ . ____..____ ‘ 1-30,000  ____._ dooals Do.
Stono inlet, South Carolina, (lithograpl drawing).ccceecneeana. 1-20,000 _..... A0 cdaccrcacmea Do.
Skcriox VI
Progress sketch ¥, showing a general reconnaissancey........_. 1-1, 200, 000 |
Pregress sketeh ¥, (reefs aud keys) ooamme s eoen oo e, -e  1-100,000
General coast chart, No. X, from Cape Florida to Cape Sable, Flu.‘ 1-400, 000 | Finished chart -....... In progress.
‘ |
Section VIIL ‘ !
Progress sketch G .. ancaacoaaacan emeicemmMcccccecmneeanea 1-600, 000 |

General coanst chart. No. XIII, from Waccasassa buy to Choo- | 1-400,000 .
tawhatchee bay, Florida.

Secrion VIIT.

Progress sketch H oo oo ios oo iiel caaeaeas " 1-600, 000

Reconnaissance Southwest Pass, Mississippi river, (lithograph |  1-10,000
drawing.) | ;
Secrion IX. ‘
Progress sketch Toce e coem mceccc i cmae ccccmncccacmenen 1-600, 000
Coast map and chart, No. 108, Matagorda and Lavaca Lays, Texas. 1-86, 100 .
General coast chart, No. XVI, from Galveston buy to the Rio 1-400, 000
Grande, Texas,
. Seoriony X, i
Progress sketch J, No. 2, (from Point Sal to Tomales bs.y).--.-.? 1-600, 000
Napa cieek, (new edition) . ... ocweoceoooooionon.s e mmen aen 1-30, 000
| |
Tomales DAY - oo e mmmm e e mmmamcmmamoc—aan | 1-80,000 |
Druke's bay, (new edition)- ccacecacacecencmcneancncenanaaasl 140, 000
Petaluma_ CrEEK oo me icecce e mcccaee e manee- e emecmemn.n ;‘ 1-30, 000 |-
San Francisce bay, (lower part) .o .- wemmmameaan R .1 1-50, 0600
Ban Francisco bay and viciuity, from Bodega Head to Point Pinos.. 1-200, 000
Seorrox XI. |
Progress sketeh K. .ouo oo iaciiaiiaoo oo e ' 1-600, 000
Washington sound and approaches, (additionB)........ enwsnaea.| 1-200,000

K008 By, Ore OB - wamememmvmseememmeeeamnenmansomeennnnee  1-20,000 -

MISCELLANEOUS. , '

Diagram shrinkage of paper-.. ... emeewasecesessesusenenn|anacneonmas
Diagram to illustrate cotidal lines, Gulf of MeXiCo -« - e acuuioenn ceremenels

cceaalO0.ua. ccecewa.. In progress.

Preliminary sketch..... Completed.

Finished map and chart = In progress.

Fiuished chart .cea.oeas i Do.

Finished map..... w.--| Compieted; out-
line by photo-
graphy.

Preliminary chart...... Do.

Finished map. ... e-w-1 In progress; out-
line by photo-
graphy.

veeenlOcanenooaas .. | Completed ; out-
line by photo-
graphy.

Finished map...._.... In progress.

Preliminavy chart______ - Do.

|
i

Preliminary chart....__; Completed.

cewnedOimn s camean Do.

|
i

Diagram - - oo ceeeeoon ! Completed.

ceemalOoceaan. ————— ! Do.
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Report of Mr. Edward Wharton, acting in charge of Engraving Division.

U. 8. Coast SurvEY OFFICE, Ocfober 31, 1862.

1 have the honor to preseut the annual report of the operations of this division during the year ending
Qctober 31, 1862,

The division has remained under my charge since the date of the last report, and I have been very
materially assisted in thg discharge of its duties by Mr. C. C. Callan as clerk to the division, and whose
valuable services, I regret to say, we have lately been deprived of by his transfer to the Adjutant General’s
office. The position of clerk is now filled by M. G. J. Pinchard. )

The operations of the division have continued the same as in previous ycars, and the system of
engraving upon copper from drawings reduced by photography has been further prosecuted with increasing
success; and at the present time there are seven charts of the most important localities on our coast, of the
wooeo ferics, engraving from these reductions.

The practice of engraving the figures of soundings by means of punches has received continued attention,
and promises to be suceessfully used for at lcast the second-class charts, if not for those executed in the
highest style of art.

The engraving foree has remained the sume as last year, consisting of twenty-three engravers, of various
degrees of skill. The uvsunal detailed statement of the oceupation of each is given below. During the last
month the services of five of thesc have been dispensed with, owing to the necessity of a reduction in the
office expenses, arising from the diminished appropriation for the year.

The engraving of the following finished maps and chartz has been completed, viz: coast chart No. 35,
Chesapeake bay, (No. 5,) from Pocomoke sound to York river, y5lqe; Sapelo sound, Ga., g35dgy; Ossabaw
sound, Ga., 55igy; St Simon’s sound, Ga, g5dg0; St Mary’s river and Fernandina harbor, Fla., 553453
St. Augustine harbor, Flu., 543555 and various corrections and additions to the following charts, previously
reported as finizhed, have been made: coast chart No. 31, Chesapeake bay, (No. 1,) from head of bay to the
Magothy river, gylgy; coast chart No. 32, Chesapeake bay, (No. 2,) from the Magothy to the Hudson river,
wovoo ;s coast chart No. 33, Chesapeake bay, (No. 3,) from the Huadson to the Potomae river, ygdg5; and
coast chart No. 92, western part of Mississippi sound, from Round island to Grand island, 5355-

The following maps and charts have been prepared for preliminary editions, viz: Barmstable harbor,
Mass., zg3ge; Mount Hope bay, R. I, ;5l55: coast chart No. 21, New York bay and harbor, 3545
Hudson river, (No. 2,) from Haverstraw to Poughkeepsie, ;53553 Western part of St. George’s sound, Fla.,
To455 3 Escambia and Santa Maria de Galvaez bays, Fla., 35i45; Petalauma and Napa creeks, Cal., 55ks;
Tomales bay, Cal., 55844 ; Coquille river, Oregon, 1sm: Koos bay, Oregon, 55ls5; Shoalwater bay,
Washington Territory, 4g5dvy; and Washington sound, Washington Territory, (new edition,) STHEOO

Considerable progress has also been made towards completion upon the following important charts. viz:
coast charts Nos. 8, 9, and 11, g5l45, embracing portions of the coast of Maine, all of New Hampshire, and
part of Massachusetts; Sheepseot and Kennebee rivers, Me., qgi5g; Portland harbor, Me., 5535 now
nearly completed ; Hudsen river, (No. 1,) 53¢ from entrance to Haverstraw ; Patuxent river, Md., (lower
sheet)) 5l 5 eoast chart No. 36, Chesapeake bay, (No. 6,) zg35¢ from entrance to York river; coast chart
No. 71, Florida reefs, from New-found Harbor key to Boea Grande key, soven; Savannah river, Ga., 53453
general coast chart No. X, Florida reefs, from Key Biscayne to Marquesas keys, ;55555 coast chart No. 106,
Gulveston bay to Oyster bay, Texas, 700555 San Pablo bay, Cal., 55355, now nearly completed; and Drake’s
bay, Cal, 15355

The following important charts have been commenced, viz: coast chart No. 7, Muscongus bay.to Port-
land, Me., 454553 coast chart No. 10, Cape Ann to Plymouth, Mass., 500 Fotomae river, (No. 3,) frem
Lower Cedar Point to Indian Head, ;51553 coast chart No. 37, from Cape Henry to Currituck sound, N. Cl
o900 coast chart No. 70, Long key to Big Pine key, Fla, ¢ylsg; coast chart No. 81, Cedar keys to
Chassahowitzka river, Fla, - ;l5¢; coast chart No. 93, Lakes Borgue and Pontchartrain, La., 5545 ; and
general coast chart No. 1V, from Cape May to Currituck, 1006

The engraving force has been principally employed as follows :

Myr. MeCoy, topographical engraver, has continued the topography upon coast chart No. 11, Plymouth
barbor to Hyannis harbor, Mass., 35}g5, from photographic reductions; engraved a view upon Portland
harbor, Me., 44359 and one upon coast chart No. 8, Seguin island to Kennebunkport, Me., g5v5-

BIr. Knight, letter engraver, has engraved the title, notes, and general lettering upon coast chart No. 21,
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New York bay and harbor, 555 : 2 portion of the soundings upon eoast chart No. 9, Cape Neddick to Cape
Ann, Mass., zga4p : and coast chart No. 11, Plymouth harbor to Hyannis harbor, Mass,, oolqs; soundings
and notes upon Hudson river, (No. 2,) from Taverstraw to Poughkeepsie, z5hs5 1 additional soundings upon
Tudson river, (No. 1,) from entranee to Ilaverstraw, 5ly,; and various corrections and additions to other
plates.

Mr. Roli¢, topographical engraver, has becn emplnvcd principally in continuing the topography upon
coast chart No. 9, Cape Neddick to Cape Ann, Mass,, sosoor and coast chart No. 11, Plymouth harbor to
Hyannis harbor, Mass., c5dg5, entirely from photographic reductions.

Mr. Enrthoffer, topngrzq_)hica] engraver, has continued the topography upon coast chart No. §, Seguin
island to Kenncbunkport Me., g5dwes and has made considerable progress upon coast chart No. 7, Muscongus

bay to Portland, Mec., Tonsy both from photographic reductions.

Mr. Sengteller, topographical engraver, has completed the topography upon eoast chart No. 36, Chesa-
peake bay, (No. 6,) York river to entrance of bay, WT—L’JO—U; and has commenced the topography upon coast
chart No. 37, from Cape Henry to Cuarrituck sound, z5los.

Mr. Phillips, topographical engraver, completed the topography and afterwards the sanding upon coast
chart No. 35, Chesapeake bay, (No. 5,) from Pocomoke sound to York river, ggdgo: and is at preseng
employed upon the topography of coast chart No. 93, Lakes Borgne and Pontchartrain, La., ylys-

Mr. Metzeroth, topographical engraver, completed the topography and a portion of the sand upon
Portland harbor, Me., ;4ig¢ 3 has engraved some additional sand upon coast chart No. 12, Nuntucket sound,
Mass., 4355, (Jlower half)) and coast chart No. 92, western part of Mizsissippi round, from Round island to
Girand island, WB‘W’ the dry sand upon coast chart No. 21, New York bay and harbor, .53443 and is at
present employed upon the views upon San"Pablo bay, Cal., s34

Mr. Blondeaw , topographical engraver, has engraved the topography upon general coast chart No. X,
Tlorida reefs, from Key Biscayne to \Iarquem% keys, g5o5an 1 a portion of the topography upon eoast chast
No. 70, Long key to Big Pine key, Fla, .ohsg has completed the topography upou const chart No. 71,
Florida reefs, from New-found Harbor key to Boca Grande key. ¢5dg4; and upon coast chart No. 81, from
Cedar keys to Chassahowitzka river, IMla., c58gg-

Myr. Evans, topographical engraver, has continued the topography, as far as material in the office, upon
Sheepscot and Kennebee rivers, Maine, ;5d4¢; and is now engaged upon Hudson river No, 1, from entrance

v
to Haverstraw, 3454-

Mpr. Barnard, tOpO"‘rdphlc.ﬂ engraver, has engraved the sand uponr general coast chart No. 10, Florida
reefs, Key Biscayne to \Lxrqucsab keys, 1oopani coast chart No. 71, Tlorida keys, from New-found Harbor
key to Boca Grande key, w5dus; a portion of the sand upon Sheepscot and Kennebee rivers, Maine, 58451
and is now engaged upon the sand of coast chart No. 36, Chesapeake bay No. 6, from York river to entrance
of bay, y5lss

Mr. A. Maedel, topographical engraver, has completed the topography upen Sapclo sound, Georgia,
33635; and is now engraving the topography upon Iotomac river No. 3, from Lower Cedar Point to

i 1
Indian Head, STEET

Mr. EKondrup, nmiscellanecus engraver, hus engraved a portion of the topography upon Patuxent
river, Md., (lower sheet,) z5355; and is now engaged upon the outlines of coast chart No. 10, Cape Ann to
Ny 1
Plymouth, Mass., TovoT

Mr. E. A. Maedel, letter engraver, engraved the title, and general lettering upon Hudson river No. 2,

from Haverstraw to Poughkeepsie 1o5; a portion of the soundings and general lettering upon Sheepscot
g P » 50000 41 2
and Kennebee rivers, Maine, y5a45¢; and misecllancous corrcetions and addmon.s in hydrography and lettering
upon various charts, Nos 8, 9, 14, 21, 71, ;md 92; and is now engaged upon the soundings of general coast
.
chart No. 4, from Cape May to Currituck, 55555 ‘

Mr. Ogilvie, miscellaneons engraver, has completed the sand upon Savamnal river, Georgia, 5dio;
San Pablo bay, California, z5iyy; and upon coast chart No. 106, from Galveston bay to Oyster bay,
Texas, )00

Mr. Langran, letter engraver, has ﬂm-hed the notes upon Cedar keys, 11011(1‘1, ouge; the sailing
dircetions, and corrections in soundings on Rappahanmock No. 6, (lower sheet,) ;4805 additional soundings
on W ashmgbcm sound, Washington Territory, (new edition,) 4golgg; the outlines of Barnstable harbor, Mass.

1
300005 and some miscellaneous work.
teoraia, maloo
Mpr. Petersen, miscellaneous engraver, has engraved the topography on Ossabaw sound, (feorgia, s
s 18
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the outlines, goundings, title, and gencral lettering on Petaluma and Napa crecks, California, 54§55 the
soundings, title, notes, and lettering on Tomales bay, California, 4gigy: and on Barnstable harbor, Mass,,
35 6955 and miscellancous work,

DMr. Bartle, topographical engraver, has completed the topography upon St. Mary’s river and Fernandina
harbor, Florida, 55334 ; the dry sand upon Koos bay, Oregon, s5¢dss; and upon Petaluma and Napa creeks,
California, 41303 and some miseellaneous work; and is now cngaged upon the wet sand of Petaluma and
Napa ereeks, California.

Mr. W. 4. Thompson, topographical engraver, has engraved the topdgraphy upon St. Simon’s sound,
Georgia, ;5dge; and upon Escambia and Santa Maria de Galvaez bays, Florida, 5,)44; and eorrcctions and -
additions to the progress sketches; and is now employed npon Drake’s bay, Califormia, {585, in eugraving
a system of Dhill eurves or eontour lines,

Mr. Benner, miscellaneous engraver, has engraved the sand and topography upon Shoalwater bay,
Washington Territory, 54551 & portion of the topography on Savannah river, Georgia, r5359; the sand on

Hudson river No. 2, from Haverstraw to Poughkeepsie, 53455 besides progress sketehes and miscellancous

work.

Ar. Klakring, mizecllaneous engraver, has engraved the topography, sand, title, notes, and lettering on
Coquille river, Oregon, ;53555 the soundings, title, notes, and lettering on Koos bay, Oregon, sovoe; and a
large amount of work on progress sketches, and miscellaneous retouching and corrceting,.

Myr. Sipe, miscellaneous engraver, was transterred to the printing division during the greater portion
of the year, on account of the great press of work.

Siuce bis return to this division, in Juue, he has engraved diagrams of magnetic observations at Girard
College, Thiladelpiia; some work on progress sketches; and “the outlines, title, notes, and lettering on
Mount Hope bay, Rhode Island, 4144

Alr. J. G. Thompson, miscellaneous engraver, has engraved the topography upon St. Augnstine harbor,
Florida, 5g3545 all the triaugx‘dation and lettering upon the new progress sketch, Sec. 1, (upper sheet,) 150555
and miseellaneous work.

AMr. Buckle has punched the soundings on diagram expansion of drawing paper; on a basso of New -
London harbor, as a specimen ; and on Mount Hope bay, Rhode Island; and has executed some miscellanecus
waork, and has perfeeted himself in the practice of punching.

Mr. Davis, appreintice, has been employed on miscellaneous work and practice.

List of maps, preliminary charts, and sketches engraved or engraving during the year ending October 31,
1862, arranged in order of sections.

: ]
Secrion I !
4
!
i
|

Nume. Scale, ! Description. % Remarks.
i
i
1
i
!
|
i

Progress xketch A" upper sheet, (new plate).. ... . 1-460,000 | Sketch .. . Engraved.
Doooo... A lower sheet. o ool oo . 1-400, 600 ] ...... do.. I Do.
Do._.... O S 1-660,600 Joouoo. LS [ PR Do.

Const « hart, Nj\ 7, Musconzns bay to Portland hambor, Me._. . _. 1-80, 000 | Finished map and chait.| Engraving.

Coast chart, No. 8, Seguin irland to Kennebunkport, Me .. 1-80,0t0 Do.

Coast chart, No. 9, Cape Neddick to Cape Ann, Mass..... 1-84, 000 Do.

Coart chart, No. 10, Cape Ann to Plymouth., Mass 1-80, 000 Do.

Coast chart, No 11, Plymouih to Hyannis, Mass_. _ . 1-80, 000 Do.

Kennebec and Sheepscot rivers, Me. oo, oo L. ... ‘ 1-40, 040 Do.

Portland harbor, Me_ .o .o ____. ___ L 1-20,000 Do.

Barustalile harbor. Mass, ... L. T 120,000 Do.

Mount Hope bay, R. I 1-40,000 | Preliminary chait... ....| Engraved.

Salem harbor, Mass , (corrections and additivns) ... __._______ 125,000 | Finished chary ..__.._.__ Do.

SecTion IT. ‘

Progress sketch New York bay and Hudson viver._. . ... . ___. % }"égg’ 383 }Sketch ...... .. - ...--.} Engraved.

Coast chart, No. 21, New York bay and harbor . ... .. __ - 1-80: 00u | Finished msp and chart_..; Engraving.

Hudsgon rviver, No. 1, entrance to Haverstraw_. ... ... ___.0  1-60,000 . Do.

’ Do.

Hudson river, No. 2, Haverstiaw to Poughkecpsic. oo .. __. 1-6¢, 000 !
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List of maps, prelimina: y charts, and sketches, &e.—Continned.

emarks.

Namec. Scale. Description.

Seeriox ITILL ; ;
Progress sketch ¢ O L ol i e aeaeaaan 1-400,000 Sketch .. .o...._ .___.... FEbpgraved.

General coast chart, No. 4, Cape May to Currituck ... ... .. 1-400,000 - Finished chart .___ ____. * Engraving.
Coagt chart, Nou. 31, Chesapeake bay, No. 1, (corrections and

additions) . . o e iemae ol 1-80,000 Finished map and chart __° Engraved.
Coast chart, No. 32, Chesapeake Lay, No 2, (corrcctions and

additions) . _____._..__._= e e e e n 1-80,000 Do.
Coast chart, No. 33, Che-apeake bay, No: 3, (corrections and .

AddItIOS) o o e il et cc e 1-80, 000 Do.
Coast chart, No. 35, Chesapeake bay, No. .o oomneaan coant. 1-%0, 000 Do
Coast chart, No. 36, Chesapeake bay, No. 6 .. ..o ..o 1-80, 000 Engraving.
Patoxent river, Md., (lower sheety ... .. ... ... 1-60, 600 Do.-
Potomac river, No 3, Lower Cedar Point to Indian Head ...... 1-60, 000 Do.

SEecTios IV,

Progress sketch “ D L o oot e i icaeae ieaeceli 1-400,000 Sketch .iaioeniiaa-ao-... Evograved.
Coast chart, No. 37, from Cape Henry to Currituck oo e ... 1-80, 000 + Fivished chart (... _.__. Engraving.

Secriox V.

Progress sketch “E” _ .. ... ... 1-600, 000 | Engraved.

Bap+lo sound, Ga..oue .o . ooo. . 1-30, 000 Do.

St. Simon'ssound, Ga. . e vur oo cnanan . 1- 40, 000 Do.

Ossabaw s80UNd, GAecae cce oot e cme i e e 1-30, 000 -ccn-- A0 Do.

Bavannah river, Goc oo corr it e ceicecee .. 1.40,000 (..., dooe.. . —c._-....... Engraving.
Secrion VI. .

Progress sketch ¢ F,"” Florida peninsula - .. _._._... eeaas 1-1,200,000 @ Sketch oo oaoneaao. " Engraved.

Progrees sketch “F,”" bis, Florida reefs and keys oo oo oo.) 1-400,000 -.uean [ 1o J Do.

General coast chart, No. X, Key Biscayne to Marquesas keys, Fla.®  1-400,000 General coast chart ...._.i Engraving.

Coast chart, No. 70, Garden key to Lower Metacombe key, Fla..,  1-80,000 & Coast mapand chart .....: Do.

Coast chart, No. 71, Newfound Harbor key to Boca Grande key, i

Fl e e e eemee ccmeem e mem emmmammmme cemanaet 1-80,000 - oec.- 1o Y, Do.

St. Mary’s river and Fernandiva harbor, Fia. ... ....._.....i 1-20,000 ; Finished chart ._._______ Engraved.

St. Augustine harbor, Fla.. . o cn o cocm s ceie cee e ee cmmmas ; 1-30,000 mcemwedOmveiicenan . Do.
Sgcrrox VIIL i ;

Progress sketeh G evocomccmae s wee mmeevmcemcamemenenai 1-600,000 | Sketch ......_._......__.." Engraved.

Coast chart, No. 81, Cedar keys to Chassahowitzka river, Fla i 1-80,000 . Coast map and chart . .._. Engraving.

Western part St. George's sound, Fla. o oo cannecceumecan emast

1-40,000 - Yreliminary chart....___. Engraved.
Secriox VIII. | [

Progresssketch “ H™ ____..ue.ocoracoccoccaaaaumccvaacann. 1-600,000 ; Sketoh.oeoooo...o..._..} Engraved.
Coast chart, No. 92, western part of Mississippi sound, (additions | ‘

and corrections) . .ceavcceceean e e e et oo cmeee e ; 1-80, 000 . Coast map and chart _..__ i Do.
Coast chart, Nao. 93, Lakes Borgne and Pontchartrain, La. ___ ... : 180, 000 (-eevan d0.ceeae .. ... Engraving.
Escambia and Santa Maria de Ualvaez bays, Fla..... e : 1-30, 600 , Preliminary chart._ ... Engraved.
Seerion IX. ; : |
Progres sketch “I" oo iocenn.. mmnm e m———— I 1-6n0, 000 . Sketch ... ... ... | Fngraved.
Coast chart, No. 106, Galveston bay to Oyster bay, Texas ._..... 1-80,000 Coast map and chart. .__.° Eegraving.
SEcTION X. , : |
Progress sketch «J,”” lower sheet- cccauoeeeoocmoeaeao. ceee- 1-G0O,000 " Engraved.
Progress sketeh ¢+ J,*" widdle sheet ... . i 1-600,000 . Do.
l?l'ake'ﬂ bay, Cal. . 140,000 | Engraving.
San Pablo bay, Cal . 1-50,000 Do.
Petaluma and Napa ereels, Cal. . ooooo oo oot £ 1-30,000 | Do.
Tomules bay, Cal. ... . o o e e e I 1-30,000 Do.
Becrion X1 | i \L
Progress sketch K™ _____ .. _.___ ... e e [ 1-600, 000 ! Engraved.
Coquille river, Oregon_ .o o ece cooce e . S 1-10,000 Do.
Koos bay, Oregon _.. ..ol iiiieeioo.. ' 1-20,000 | Engraviog.
Washington sound, W. T., (aew edition). . couee vooe e oo L 1-200, 000 Engraved.
MIsSCELLANEOUS. ' ;
Diagram magnetic horizontal intensity obSeTvations « .ovv —mawee ocomeecuonani DiaEIaM . vaccc oo ccaaen 1‘ Engraved.
Diagram contraction and expansion of drawing paper .. ! B Tt Do.
Diagram eclipse of 1860 . ... .. e e e, [ weellOeaeaeecenaeal Do

E— i P [ —
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List oF Coasr Svevey Mars, PRELIMINARY CHARTS, AND SKETCHES, ENGRAVED, GEOGRAPHICALLY

No.

ARRANGED.

1. List of wmaps and charts engraved.

1. Richmond’s Igland, Maine. o . o oot it et e e e e e e e e e e 1-20, GO0
2. Newburyport harbor, Massachusetts. - ... . o i i 1--20, 000
3. Ipswich and Annisquam harbors, Massachusetts . ... ... ... . . . L ... 1-20, 000
4. Rockport harbor. ... ... ... . ... s 1 Y 1-20,000
5. Gloueester harbor. .. ... ... ... .... £ 1-20, 000
6. Salem harbor_ .. ... ... ... . .. ... 3 1-25, 000
7. Lymn bazbor. ...l R 1-20, 000
8. Boston harbor, (new edition,) 1859. ... dos. ... .. L i 1-40, 000
9. Plymouth harbor......... ... ... ... doe e et e 1-20, 000
10. Welllleet harbor_ .. . ... ..., ... ... do. e e 1-50, 000
11. Provincetown harbor. ... ... .. .. ... do. ... 1-50, 000
12. Bass River harbor. ... .. _............ Ao it e e 1-40, 000
13. Nantucket harbor . ... ..o . .. 13 O 1-20, 000
14. Muskeget channel, Massachusetts, (new edition). .. ... ... .. ... . ... ... 1-60, 000
14, Hyanuis harbor. ... ... Ao e 1-30, 000
16. Harbor of Edgartown. . cdo. ..o et 1-20, 000
17. Harborof Wood’s Hole. .do. .« oo oo e e . 1-20, 000
18. Harbor of Holmes's Hole and Tarpaulin Cove. .. ..o o o o o i ... 1-20, 0600
19. Harbor of New Bedford, Massachusetts. o .. . . . ... e e 1-40, 060
20. General chart of the coast from Gay Head to Cape Henlopen. oo ooovioiaiat. 1-40,-000
91, Fisher's Teland somnd, ConmecticUt. « .o v vt ot oot e e ot e e e ee aaaeenn 1-40, 000
2. Harbor of New London..... £ 1< 1-20, 600
23. Mouth of Conmecticut river. do. . . o oL e i 1-20, 000
24. Harbor of New Haven..... do..... (new edition,) 1852.. ... ... .. .. . ...... 1-30, 000
25. Harbors of Black Rock and Bridgeport, Conncetieut, (new edition,) 1852........... 1-20, 000
26. Harbors of Sheflield and Caukin’s islands, (new edition,) 1852. ... ... ... ... .. 1-20, 000
27. Huntington bay, New York... ... . e 1-30, 000
28. Oyster bay or Syosset harbor, New York. .. ... .. .. ... .. ... 1-30, 000
29. Harbors of Captain’s island, east and west, Connecticut. .. ... .o ... 1-20, 000
30. Hempstead harbor, Long Xsland, New York .. ... oo ool 1-20, 000
31. Hart and City island, and Sachem’s Head harbor, New York........... 1-20, 000 & 1-10, 000
32, Hell Gate. . ..o e e e e oo e e e 1-5, 000
33. Coast chart No. 15, Long Island sound—east .. ... ... ... ... ... .. ... 1-80, 000
34. Do..... No.16..... do...... do..... middle . ... .. i 1-80, 000
35. Do..... No.17... .do...... do..... B A AT 1-80, 000
36. Do.....No.1S8..... do...... do..... S0Uth €CORSt, WeSt. v v v v s venenmmnncneen 1-30, 000
37. Do..... No.19..... do...... do........ do..... middle ... ... .. ... ... 1-80, 000
38. Do... .. No. 20..... do...... do........ do..-.. ARt . . i i e e e 1-80, 000
39. New York bay and harbor, and the environs of New York, No. 1....ooeoaoaaoaoon 1-30, 000
40. Doooweaaol. do.een ... do.. ... do-...No. 2. oo 1-30, 000
41. Do ... doooiao... doeennnnnen. do....No. 3. oot 1-30, 000
42. Do oL do. ... ... _.._. do.ouneo. . do....No.d. .o . 1-30, 000
43. Doooainni.l. do.oo..... ... do. ... ..... do....No. 5. i 1-30, 000
44. B do........... Y ' P P, (s T 1 T : T 1-30, 600
45. Do........... do............ do.eunnnn... P 1 SR 1-80, 000
46. Little Egg harbor, New Jersey . .. ... ... . e e e e 1-30, 000
47, Coast chart No. 25, Delaware bay and river, sheet No. 1, Delaware. . . . ... ... ... .. 1-80, 000
48. Coast chart No. 26, Delaware bay and river, sheet No. 2, Deluware, New Jersey, and
Pennsylvania. . .o e s 1-80, 000
49. Coast chart No. 27, Delaware bay and river, sheet No. 8. ..o oo et oo i oo e as 1-80, 060



No.

50.

58.
9.
60.
61,
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
7.
78.
79.
80.
81.
82.
83.
84,
85.
86.
87.

- 88.

e
@

. Patapsco river, Maryland

. Mouih of Chester viver.. .. _ ........... do

-
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Coast chart No. 31, Chesapeake bay No. 1, (upper geries). .. ... oooov ool
Do_.... No.32._.... do....... No.2 ..doo oo
Do..... No.33...... do....... No 3..... [ 1 2P OO
Do..... No.35...... do..ooonn No. 5, (lower series). . ... ..o aa..

Harbor of Annapolis and Severn river, Maryland. ... ... ..o . i il

Dowo oo sheet No. 6, from entrance to Idecp ereck...... .. do.........

York river, from entrance to King’s creek. .. .. .. e e do.........
Do....from King’s creek to West Point. - ... . ... . ... ... do
Pasquotank river, North Carolina. ... .. ... il
Coas' chart No. 40, Albemarle sound, North Carolina, west. .. ... oo inniaan.n

Cape Fear river, from entrance to Federal Point, North (‘arolina

Do....do...from Federal Point to Wilmington . .. .do
Charleston harbor, South Carolina, (new edition,) 1858, ... ... .. .. ... .. ...
North Edisto river....do........ (newedition) ... .. .ol
Ossabaw sound, Georgid. « oo vt ie e e ittt st
Sapelo sound. .. .do

St. Simon’'s sound, Brunswick harbor, and Turtle river, Georgia
St. Mary’s river and Fernandina harbor, Flovida. ... ... .. . . ... .. ...
St. John’s river, from entrance to Brown’s ercek, Florida
St. Augustine harbor. ... .. oL oo Lol do
Key West harbor and approaches. ... ... _ ... .. do

Coast chart No. 68, I'lorida reefs, Key Biscayne to Carysfort reef, Florida. .. .. .e-
Entrance to Pensacolabay. ... .. s
Entrance to Mobile bay, Alabama ... .. ... ... ... L.l
Coast chart No. 90, Mobile bay, Alabama-..... ... ... ... . o . . L.

Do..... No. 91, eastern part of Mississippi sound, Bonsecour’s bay to Round island

Do..... No. 92, western part of Mississippi sound, Round island to Grand island. .
Cat and Ship Island harbors, Mississippioc ..o i cr o i it e iaas
Entrance to Galveston bay, Texas, (new edition,) 1856 ... ... ....... .. .....
San Diego bay, California. ... ... oL
Euntrance to San Francisco bay, California. .. ... ... ... ool
Mare Island straits. ... ... ... ... Q0 e e e

2. List of preliminary charts and sketches engraved.

cAlden’s rock, Maine. ..o i e e et .
. Edgemoggin reach, Maine ... ... ... ... . Liliiiiiiill o
. Kennebec river. ... .. do. .. i e e
. Portland harbor. . ... QO ettt i e e e

Do.....(commisioner’s line,) Maine. . .......... ... ... . ool
York river barbor............ . ... dooiviine ciiiii e N
. Portsmouth harbor, New Hampshire............... e e
. Stellwagen’s bauk, (second edition,) Massachusetts....... ....... ... ... .. ...
Boston bay. ... ....... e Ceee s o S PO P
. Current chart, Boston bay.......... ... do o e e e

141

1-80, 000
1-80, 000
1-80, 000
1-80, 000
1-60, 000
1~60, 000
1-40, 000
1-60, 000
1-60, 000
1-60, 000
1-60, 000
1-60, 060
1~60, 000
1-60, 000
1-80, 000
1-80, 600
1-20, 000
1-30, 000
1-36, 000
130, 000
1-50, 000
1-30, 000
1-30, 000
1-10, 000
1-20, 000
1-25, 000
1-30, 000
1-50, 000
1-80, 000
1-30, 000
1-10, 600
1-80, 000
1-50, 000
1-80, 000
1-40, 000
1-40, 000
1-40, 000
1-50, 000
1--30, 000

1-1000
1-20, 000
1-30, 000
1-20, 000
i-10, 000
1-20, 000
1-20, 000

1-400, 000
1-175, 000
1-100, 000
1-10, 000
1-200, 000
1-20, 000
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No. 14. Nantueket shoals Massachusetts, (new edition). ... ... ... .0 oo oo oot 1-200, 000
15. Tidal currents, Nantucket shoals, Massachusetta ... ... .. ... oo it 1-300, 0060
16. Sow and Pigs veef. ... . oo Ll O e e i 1-240, 000 & 1-20, 000
17. Mount Hope bay, Rhode Tsland. .. ... ... oo e 1-40, 000
18. Tidal ewrrents, Long Tsland, New York. .. ... .. oo o oL 1-800, 000
19. Coast chart No. 21, New York bay and harboxr, New York............... .. ..., 1-80, 000
20. Pot rock and Way’'sveef. .. .. ... . oL dovoeiiie il
21. Hudson river No. 1, from entrance to Haverstraw. .do....... ... ... ...... . ... 1-60, 000
22, Do....No. 2, from Haverstraw to Poughkeepsie, New York........... .- 1-60, 000",
23. Buttermilk channel ... .. o oo Lo ol iiiia do. v 1-5, 000
24. Beacon ranges. ... ..o L. i do...o ool 1-40, 000
25. Romer shoals and Flyun’s Knoll .. o:oo o o0 o0 oL L. do. ... . o 1-40, 000
26, Changes in Saundy I‘Inuk, New Jersey. ... ..o ivn i iinan .t 1-10, 000 & 1-40, 000
27. Sea-coast, Delaware, Maryland, and part of Virginia.......... ... .0 . 1-200, 000
28, Delaware and Chesapeake bays. . ..o o0 ol ool e o L 1-400, 000
29. Patuxent river, Maryland, (uppershect) . ... . . . . o o i 1-30, 000
30. Do, do ... . (Jower sheet)...... ... ... .. (... Lo 1-60, 000
31. Chincoteague inlet, Virginia...... ... it cii i i i i e e 1-40, 000
32. Sea-coast of Virginia and entrance to Chesapeake bay........ ... . ... ... ... 1~200, 000
33. James river, (upper sheet,) Virginia. .. ... ... e 1-40, 000
34 Rappa‘mnnock Tiver, No. 3. . d0. o e e e e 1-20, 000
35. Do......Nood codon e e 1-20, 000
30. Do..... No b Q0. e e e 1-60, 000
37. Wachapresgue, Machipongo, and Metompkin inlets, Virginia . ... ... o oL 1-40, 000
38, Ship and Sand Shoal inlets. ... ... .. .. .. .. e . e 1-40, 000
39. Entranec to Chesapeake bay. ... oo i i e 1-100, 000
40. Cape Charles and vicinity ... ... o i e 1-80, 000
41. Cherrystone inlet .. _ .. L. L i Ll e e 1-40, 000
42. Pungoteague inlet. ... L. . L i e e 1-40, 000
43. Fishing or Doncho’s battery, Maryland...... ... ... ... .. ..., e 1-80, 000
44. Albemarle sound, North Carolina .. .............. e e e e 1-200, 600
45. North Landing river, Virginia and North Carolina. ... . ... ... ... o ... 1-40, 000
46. Diugrams showing the effect of the wind in elevating and depressing the water in

Albemarle 50URd . .4 .. L i i et e i ettt
47. IMatteras shoals, North Carolina . . .ottt ettt e e ettt e e e ieaenean 1-120, 000
48. Cape Hatteras . ... .. Ao e 1-20, 000
49. Hatteras inlet...... do...... (fourth editiony...... ... ... ... ... Lol 1-20, 000
A0. Qcracoke inlet...... do.. o e e e e 1-40, 000
51. Sca-coast of North Carolina, from Cape Hatteras to Ocracoke. ... ...... ... ...... 1-200, 000
62. Wimble shoals, North Caroling . cov ittt in it e e e e e 1-80, 000
53. Beaufort harbor. ... .. 2 e 1-20, 000
54, Newriverand bar. ... do ... L. L. e e e N 1-15, 600
55, FryingPanshoals ... de. .o o o 1-1290, 000
56. Cape Fear river and New inlet, North Caroling. ... . ccvetienr vt veneennnnns 1-40, 000
57. Gulf Stream explorations, 1853 .. ... .. .0t it tre ittt e . 1-5, 000, 000
58. Diagrams, Gulf Stream explorations, 1853 .. .. .. .. ... ... .. o
59. Gulf Stream explorations, 1854. . ... . . ... . e 1-5, 000, 000
60. Diagrams, Gulf Stream explorations, 1854........ e e e et ieae e e
61. Gulf Stream explorations, 1855 .. ..., ... .. .. uur e 1-5, 000, 000
62. Diagrams, Gulf Stream explorations, 1859.. ... ... ... . . ... ... .. .. .. ... ..
63. Do..... do.......... do...... 1860 . .. e e
64. Gulf Stream chart, from 1845 to 186G0. ... ... coov . or i v
65. Cape Roman shoals, South Carolina...... ... ... ... . ... . ... .. ... ... .... 1-100, 000

. Sea-coast of the United States, No. 14, South Carolina. ... ... ... ... . ... ... .

1-200, 000
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No. 67. Winyah bay and Cape Roman shoals, South Carolina. ... ... .. ... ... ... ... 1-100, 000
68. Do....and Georgetown harbor....... doo. o e 1-40, 000
69. Bull’sbay........ ... o it do. e 1-10, 000
70. Comparative chart, Maflitt's channel, South Carolina, (new editiony. .. ... ... ... 1-5, 600
71. Mafhitt’s channcl, scetions, South Carolina. ... ... .o inee . .n -

72. Romerly marshes ............. do...... S 1-10, 000
73. Savannah river entrance, (Georgiaw.. ... ... . Ll Lo e 1-30, 600
74. Savannah city, front and back rivers, Georgla. ... ... . ... . L. . . 1-20. 000
75. Savannah river. ... ... . ... ... ... Ao e e 1-40, 000
76. Dohoy barand inlet. ... ... ... .... doooooon i e 1-40. 000
77. St. Simon’s sound and Brunswick harbor. .do. .. .. ... o Lo 1-40, 000
78. St. Andrew’s shoal ... ... .. ..., do. ... .. 1-60. 000
79. St. Mary’s bar and Fernandina harbor, IFlorida, comparative chart.............. 1-20, 600
80. Mosquito inlet. ... ... ... ... L. Ao e 1—10, 000
81. Cape Cafaveral. ... ... ... ... ... do. .. .. R 1-G0. 000
82. Floridareefs. ... ... ... .. ... ... ..... do. .. e 1-200, 000
83. Turtle havhor. ... ..., ... ... ... coadol el e 1-40, 000
84. Beacons on Florida reefs. ... .. .. ... .. ... do. ..
85. Cofin’s Pateher ... ... ... ... .. Ao e 1-20, 000
86. Key Biscayne, Cape sable and bases. ... .. do. .. 1-G0, 000 & 1-400, 000
87. Legaré anchorage...... ... ... . ..... do....ooo il e e 1-20, 000
88. Key West harbor, (second edition)...... QO 1-100, 000
89-94. Do .. tidal diagrams. ... ... .. Ao
956. Rebecea shoals. ... oo ool Ao e e 1-600, 000
96. Reconnaistance of vicinity of Cedar keys..do ... ... . L L. 1-300, 900
97. Channel No. 4, Cedar keys. .. ... oo ... do. e 1-30, 000
98. Cedar keys and approaches, (new edition). .do. ... .. ... o o oL 1-50. 000
99. Ocilla river. ... .... ...... ... ....... Qo e 1-20, 000
100. St. Mark’s bar and channel . ... ... .. . do. . 1-40, 000
101. Middle or main and western entrances, St. (veorge’s sound, Florida. ... .. .. .. ... 1-80, 000
102, Eastern part of St. George’s sound. ... ... ... ......... do.. ...l 140, 000
103. Western. . . do...... do. .. do.o oo 1-40, 000
104, St Andrew's bay.. .. .. ... . . o e doo. il 1-40, 000
105. Iscambia and Santa Maria de Galvaez bays. ... ... .. ... ... do ...l 1-30, 000
106. Sea-coast of part of Alabama and Mississippi.... .. ..o oo oo o L 1-200, 000
107. Mobile bay, (second edition,} Alabama.... ... ... ... .. Lo Lo L 1-200, 000
108. Horn Island pass and Grand bay, Mississippi...... ... ool ... 1-300, 000
109. Do....... (new edition)....... do. . 1-40, 000
110. Paseagoula river.......... .. ..... 3 £ 1-20, 000
111, Biloxi bay ... doo e 1-140, 000
112-121. Cat island tidal diagrams..... _..... QO e e e
122. Pass Christian. .. ... e 5 £ 2R 1-40, 000
123. Delta of the Mississippi, Lonisiana. .. ... ... . ... ... .o L. ... 1-60, 000
124. Passea 'OQutre- ... ........ 7 0 1-20, 000
125. Gulf of Mexicn. with profiles of deep-sea soundings, (new edition). .. ............ 1-2, 400, 000
126. Barataria bay entrance, Louisiana.. ... .. ... ... . ... ...l ... ..., 1-30, 000
127. Pass Fourchon............ A 1-10, 000
128. Timballier bay entrance....do. ... ... ... L. ..l 1-20, 000
129. Isle Dernitre or Ship Island shoals, Louisiana. ... ... ... ... ... 1--80, 000
130. Atchafalaya bay . ... .. ... ... ... .. L U0 1-50, 000
131. Eantrence to Vermilion bay and Calcasicu river, Louisiana............. 1-30, 000 & 1-40, 000
132, Sabine Pass, L emas. ot v it it et e e e e e e I 1-40, 000
133. Sea-coast of Texas, from Galveston, south. ... ..o me i ieaeeicnaanns 1--200, 000

134. Sea-coast of United States, No. 31, partof Texas. ... ... ... oiiiiinnns 1-200, 000
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No. 135, San Tmis Pass, Texas. o . r o et e e e e e e e 1-20, 000
136. Aransas D’ass, (second edition,) Texas. .. ... oo i it 1-30, 000
137. Entrance to Brazos river........ € 2SO 1-10, 000
138. Do...to Rio Granderiver. .. .do. . .0 L i i e 1-20, 000
139. Diagrams of heights and luni-tidal interva]s.of diurnal and semi-diurnal tides in the

Gulf of Mexieo. - o oot e e e

140-141. Co-tidal lines, Gulf of Mexico, (2 plates). ... ... o i i
142. Type curves...... Y
143, Wind curves, Cat island - . e K
141. Alden’s reconnaissance, western coast, Jower sheet, San Franeisco to San Dicgo, (new

edition,) California_ ... ... ... . L L.l 1-1, 200, 000
145, Cortez bank. oo L. . i e 1-160, 000 & 1-1, 200, (00
146, San Diego entranee, (new edition,) California. . ... ... ... .. ..., © 1-150, 000 & 1-25, 000
147. Geological map of San Diego. ..., .. O e e e P, 1-1, 608, 000
148. Catalina harbor. . ... ... ........ 15 Y 1-15, 000
149, San Pedro anchorage and vicinity of Santa Barbara, California......... 1-20, 000 & 1-40, 000
150. Amnacapa island, (sketeh,) .. ... ool L 0 TN
151. Do...... and cast end of Santa Cruz island..... dOo e e 1-30, 000
152, Prisoner’s harbor, Cuyler’s harbor, and north anchorage, San Clemente island, Cal-

203 1 5T Y PN 1-20, 000
153. Santa Barbara, Califoria. - o oo it i e e a et aaaaa 1-20, 000
154. LEastern entrance to Santa Barbara channel, California. ... ..o . o o . ... 1-80, 100
155. San Simeon, Santa Cruz, San Luis Obispo, and Coxo harbors, California  1-20, 000 & 1-40, 000
156. Point Coneeption. ... ... .. . . ... ...l ........ do......._.... . 1-40, 000
157, Point IS oo oottt e e et e e eeaaaeaaaa do.. ... .o.o.. 1-20, 000
158. Monterey harbor. ... ... ..o ... do...oe il 1-40, 000
159, Monterey bay . ... L.l do............ 1-60, 000
160. Geological map of Monterey ... ... ... ... ... do............ 1-150, 0C0
161. Santa Cruz and Ano Nuevo harbors. ... ... .. ... .. ... ... do 1-1, 200, 000 & 1-40, 000
162. San Pedro harbor. ..o oo e e do........ ... 1-20, 000
163. Entrance to San Franeizeo bay ... ... ... L0 do. ... .. 1-400, 000
164. San Franeiseo city, (new edition). ... ... ... ... ... do. il 1-10, 000
165. Geological map of San Franciseo. .. ... . L oLl L (3 (s DA 1-150, 000
166. South Farrallone island .. .. .. ... ... ... . ... .. .. ... ... do ... oant
167. 'T'idal diagrams, Rincon Point_ ..o ... o .. o . .. ... do. ... ...,
168, Pulgas base. . ..o e do.. oo, 1-400, 000
169, San Antonio ereck. -« oo n o it e e e i s T 1-20, 000
170, Petaluma and Napa ereeks. ... ... ... o .. .. ST [ S 1-30, 000
171. Alden’s reeonnaissance, western coast, middle sheet, San Fran_cisco to Umpqua river,

California and Oregon . . .. .. et 1-1, 200, 000
172, McArthw’s reconnaissance, western coast, from Monterey to mouth of Columbia river,

sheet No. 1, (third editlon) - oo oottt oottt et ieeeaeee e
173, McArthur’s reconnaissance, western coast, from Monterey to mouth of Columbia

river, sheet No. 2, {third edition). ... ..o . oot i
174, McArthur’s reconnaissance, western eoast, froms Monterey to mouth of Columbia

river, sheet No. 3, (third edition) . . ... .. e
175. Alden’s reconnaissance, western coast, northern sheet. .. ..o v voevnrceeeneoennns 1-1, 200, 000
176. Point Rcyes and Drake’s bay, bl Ormia . - o e e e e e e e e e e e e 1-40, 000
177. Drake’s bay..... ... .. ... QO e e 1-40, 000
178. Geological map of Point Reyes.. do. ... . .ot e e e
179. Tomales bay... ... ... ..... do e 1-30, 000
180. Humboldt bay, (new edition). ... do. ... .. .. .. 1-30, 000

181.
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Trinidad bay................. S T 1-20, 000



. 182,

183,
184.
185.

186.

187.
188,
189,
190.
191,
192,

193.

194,
105.
196.
197.
198,
199.
200.
201.
202,
203.
204.
205,
206.
207.
208.
209.
210.
211.
212,
213.
214.

215.

216,
217.
218.
219,
220.
221,
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223.

224.
225.

226.
227.
228.
229.
230.
231.
232.
233.
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Shelter Cove, Mendocino City, Cregcent City harbors, and Port Orford, or Ewing

harbor, California and Gregon. . ..o o e 1-20, 6060
Crezeent City harbor, California. .. o0 i i i ieiaea 1-20, 000
Coqguille river, Oregon. oo .. e 1-10, 000
Koos bay...... Q0 e 1-20, 060
Umpgua river. oo . oo e ae e 1-20, 0006
Mouth of Columbia river, Oregon, (sccond edition)..o.o i iiuaeniiinoareaaen.. 1-10, 600

Do..o.o... do....... B0t e e et v ie e e e i et aaaaaa. 1-2090, 000
Entrance to Columbia river.do. . .. . i e 1-40, 0600
Fidal diagrams, Rincon Point, San Diego and Astoria, California and Orcgon.....

Cape Dizappointment, Washington Territory. ... oo oo i ciiiiae 1-20, 000
Shoalwater bay, Washington Territory. . ... o i i 180,000
Alden’s reconnaissance, western enast, from Gray’s harbor to Admiralty inlet, Wush-

Ingtomn et ory . L e 1-600. 000
Greuville harbor, Washington Territory. .. . ... . i i i ... 1-20, 000
Cape Flattery and Net-ah harbor, Washington Territory .. oooeeie o ... 1—-40. 000
False Dungeness. . ... . ... . .. .. AO. e 1-30, 000
New Dungeness. ... oo oo Ao e e 1-40, 000
Washington sound, (new Ld]tlun) ......... dooo i 1-200, 000 & 1-600, 000
Port Townshend. ... .. dOwe e 2 YU 1-40, 000
Duwamish bay and Seattle harbor. ... .. .. 3o 1-10, 0600
Smith’sor Blunt’sisland ... ... ... ... .. 2 £ 1-20, 000
Port Tudlow. oo ol i e 14 10 A 1-20, 000
Port Gamble.. .. ... . . .. ... ... L 1T 1-20, 000
Olympia harbor.. .. ovoevvioenan ... S 1-20, 000
Steilacoom harbor. .. ... ... ..., 12 S YA 1-30, 000
Bellingham bay ... ... .. . .. L. do. o 1- 40, 000
Blakely harbor. ... .. . ool 1 1-10, 000
Semi-ah-moo bay ... L. oLl 13 PN 1-32_. 000
Base apparatus. .. ... L e e,

Co-tidal lines, Atlantic comst . o o oo o e e e e e e e e e 1-16, 000, 000
B LT T £ oYY V- AP 1-10, 000, 000

Self-registering tide-Gauge .. oottt it

Craven’s current Indicator. . .. oot o i e et cee e

Craven’s specimen box for deep-sea soundings. ..o iiiaa ot

Mitchell’s sea-coast tide-gange. . .. .. .. . e

Figures to illustrate Appendix No. 33, 183 . ... ..o i i

Diagrams of seenlar variation of magnetie dip, Atlantic coast.....c.oooiiiiiae.n

Diagrams of secular variation in magnetic deelination, 1855. ... ... ... .o ...

Lines of equal magnetic declination. . ... .. o i i 1-1, 500, 000

Boutelle’s seaflold for stations, and Farley’s siguals. ... ... ..ol

Boutelle’s apparatus for measuring preliminary bases. ...... ... o oo

Diagrams to illustrate earthquake waves at San Diego and San Franeisco.........
Diagrams of secular variation in maguoetic deelination, 1856....... ... ... ...,
Sands’™s gas-pipe tripod . . oo o o e it eamaaae
Sands’s specimen box for deep-sea soundings and revolving heliotropes. ... ... ...
Map of magnetic deelination. . o.oee i iine it it
Map of magnetic dip and Intensity.. ... oo
Apparatus for measuring minor bases. ... ... L L Ll
Polycounic development of sphere. ... . o i
Diagrams illustrating telegraphie methods for difference of longitude. . . RO
Diagrams showing injury to boiler of steamer Hetzel ..o oo ioinnns
Project limits for charts sophien 400 goung -« - -ccrm et
Diagrams of winds of the Western €oast. .. ... .e.euiiennianeoaareaaa-smmns

s 19
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No. 234, Diagrams illustrating losg of magnetivm. ..o o il
2335, Apparatus for measuring preliminary base lines ..o oo oo o oLl
236. Trenchard’s tide-gauge. . oo oo o e
237. Mitchell’s tide-gange. .. .. .. L
238. Diagrams illustrating the descent of sounding weight and line in deep-sea soundings. .
239. Project limits for finished maps ;155 on the Adantic and Gulf coasts. ... - ...
240, Three sketches illustrating the Superintendent’s paper on currents near Sandy Hook.
241. Diagrams of magnetic and meteorological observations at Girard College, Philadel-

phia, in 1S40, 41,742, 743, 44, and 45, oL i e e e e
242. Diagrams of observations for temperature, wind, and atmospheric pressure, made by

Dr. E. K. Kane, U. 8. N., at Van Renssclaer harbor in 1853 and 18656........
213. Liner of equal magnetic variation for 1838. ... . .o i i
244. Trowbridge’s improved deep-sea sounding apparatus. ... ... L.
245, Mitchell’s sub-current apparatus and form of pile for sea structure. .. ... ... ... ..
256. Sketeh showing the progress of the Coast Survey to 1862. ... ... ... .. ...,
247. Plan of magnetic observatory at Key West. . oo oo oot
248. Diagrams showing results of magnetic observations at Key West .. .. ... ...
249, Mitchell’s specimen cup and Gillis™s dividers. .. ... ioen ol iat, .
250. Diagram illusirating phenomena of the solar eclipse of July, 1860. ... ... ... ...

261. Diagram illustrating the results of experiments on the expansion of drawing paper. .
252, Diagrams of magnetic and meteorological obscrvations at Girard College, Phila-
phia, 1862 . o e e

253-275. Progress sketches. . ... o i

Report of Mr. George Mathiot, in charge of the Electrotype and Photographic Division.

CoasT Strvey OFFICE, Washington, October 1, 1862,

I respeetfully present the following report of the operations of the Electrotype and Photographic Division
since October 1, 1861,

By the clectrotype process we have made forty-three plates. Of this number twenty-seven were “altos,”
or moulds, and sixteen were ¢ bassos,” or duplicates of engraved plates.

The clectrotype work in this office is now conducted with so mueh facility, certainty, and regularity, by
means of the improved apparatus which has been introduced from time to time, keeping pace with the
progress of physical science, that there now remains but little experimental interest in the work. Improve-
ment in the process has ceased to be made, from the perfection attained; but experiment has, nevertheless,
continned. The great improvement in the carbon plates employed for telegraphic batteries has induced me
to test the practicability of employing these plates for the negative plates of our galvanic batteries. The
experiment has shown that the substitution would be practicable, though not advantageous. - I find a carbon
plate possesges about onc-half the energy of a silver plate of the same extent of surface, but that it has several
“working” advantages over the latter. T'he first of these is in the exemption of the carbon from that liability
of the silver to get amalgamated by the mercury on the zine plates, which is not only a cause of great expense
and annoyance, but completely prostrates the eleetrical action of the plate. The carbon appears also to be
free from the deposits of copper and other base metals incidentally pregent in the batteries, which sometimes
coat the silver plates and decrease their action. This last peculiar advantage of the carbon is probably owing
to the porosity of the plate, by which the deposited metal is dissipated over a very large surface, and its action
thus destroyed. But that the deposition really takes place, though rendered inactive by its great distribution,
is shown by the fact that, with a strong metallic solution and long-continued aetion, the deposited metal at
length appears on the surface. In this way I completely silver-plated a carbon plate; the silver was,
however, all dissolved off again in the course of a couple of days by the action of the cyanogen retained in
the pores of the plate. I also find that the carbon plates, as well as the silver plates, can have their action
advantageously increased by platinizing.
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During the year occasion has been taken to renew entirely the platinized silver as well as the zine
plates of the batteries, and to put the electrotype apparatus in complete order; it is now more effective than
it has been at any former time. ]

The photographie reduetion of the plane-table sheets of the survey Las continued in successful operation,
and maintains that high importance and utility whichk I announced for it in my last annual report. The
number of sheets reduced has indeed fallen off, from the effect of the current war on the operations of the
survey, but this falling off in our own appropriate work has been more than made up by photographs for our
army. That facility which phaotography presents for rapidly copying has caused this division to be busy in
multiplying iinportant plans, maps, and reconnaizsances conmnected with the operations of our armies in the
field. During the year we have photographed forty-four sep?Lrate military maps, and furnished five hundred
and sixty-two copies of the same. Of the value of these maps, and their aid in the prosecution of the war,
my position or information does not enable me to judge. I do know, however, that if these photographe were
of aid to our commanding generals, the country is indebted for that aid particalarly to the survey; for it is
only by the perfection of the photographic apparatus and methods of this office that those large and detailed
military maps could have been photographed as required.

The photographic art has lately been enriched by the production of a new form of lens by our
countryman, Mr. C. C. Harrison, the well-known working optician of New York. I have been go fortunate
as to procurc from Mr. Harrison the very first lens of this manufacture, but the few weeks that I have had
it in hand have not sufficed for me to test all its qualities as I could wish for a definite statement to accompany
this report. Its superiority, however, over all other forms of lenses I find to be conspicuouns, and immediately
strikes the observer. TIts angle of vision is surprisingly great, with a very flat field ; it also bears more light
and has a better defining power than other lenses. 'With this improved lens I expeet to greatly inercase tho
utility of our photographic operations, by being able to make single pliotographs of thirty inches square, if
not greater.

During the year I have paid much attention to the new art called photo-lithography. The result of all
my observations has been to confirm me in the opiuion which I formerly expressed, that this process, as at
present known, is too coarse and mechanical in its natwre and unecrtain in practice to be of practécal service
in copying maps or drawings possessing any fineness of outline or delicacy of finish.. The new lens of which
I have spoken above will, however, enable us to obtain such negatives as will do away with much of the
uncerfainty which attends the proeess. 1 will, therefore, again endeavor to apply photo-lithography to the
coarser maps and drawings of the survey.

During the year I have been assisted by Mr. D. Hinkle, with his usual industry and fidelity.

Tables of the electrotypes and photographs*produced during the ycar are appended :

List of plates electrotyped in “Alto.”

Name of chart. No. made.

Coast chart No. 14, from entranee to Bugzard's bay to Block island ...... ... ... ...
Coast chart No. 13, from Muskeget chanmel to Buzzard’s bay ... . ... ... .. ...
Coast chart No. 12, from Monomoy to Hyamnis - - cee v ovoie oot
Coast chart No. 40, Albemarle sound .. .. .. ... .. . . . . ... ..
Shoalwater bay ... ..o oo e
Chesapeake bay, No. 1 o ..ot
Chesapeake bay, No. 2 .o vint it e it
Chesapeake bay, No. 8 . ... it r e raea s
Coast chart No. 106, Galveston bay to Oyster bay ... ... ... ..o
Salemm BAXDOT « v o ittt e et e e e e e aen o
Bt. George’s sound. - .. it e
General coast chart No. II1, Gay Head to Cape Henlopen...... ... .ot
BT T 5 K Ty YR
Barnstable harbor - . oo oot e e i eeaaeeaet ememsaieeeeane e
New York bay and harbor ... oo e
Escambia and Santa Maria de Galvaez bays. .. ... o oo
Coast chart No. 68, Florida reefs . - . oo oot it i it icamaearm e omns
O588DAW BOUNA -+« o o e e e eeceascameeeaeneaaanasaiosmanamcoaaan e oo

R R T e e e T R
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Name of chart. Xo. made.
Entrance to the Rio Grande - .o ome e oo in it i it c et cearaeeneann 1
Bull’a bay .. et 1
Dirake’s bay o oo il .. 1
Preliminary sca-coast chart o, 31, Texas. . oo .o oot 1
Doboybarand dnlet. .. ..o i 1
Winyah bay and Cape Roman shoals ... ... oo oo ool 1
Coast chart No. 40, Albemarle Somnd. oo r i e i r e e ot et et e e i e 1
Mississippi sound, middle part .. o oo e 1
List of plates elecirotyped in < Basso.”
(loast chart No. 40, Albemarle sound ... o oo 1
Preliminary sea-coast chart No. 31, L ¥ N 1
Mississippi sound, middle part ... .. L 1
Coast chart No. 65, Florida reefs . o oot a i e e o et e et e e e e 1
Coasgt chart No. 41, Albemarle sound. . oo oo it i i i it i ieimennaannn 1
New London harbor .o e e 1
Chesapeake Lay, No. 1 ..o et i
Chesapeake bay, o, 2 .o i et e 1
Chesapeake bay, No. B oL oo o e 1
Y OTK 1IVEr CHEFBIICE -« o v v e e e e e e s e e e m e e mm e mm e m e e ace e e mm e aaa e 1
Salem arbor & e e e e e e e m e ecaa e e 1
St. George’s sound. .. oo oL 1
General coast chart No. 111, from Gay Head to Cape Henlopen ..o oo oL 1
Barnstable harbor ... o i i eec e 1
Lake HUEO - oot ie et i i e e e it et e i iee e e e it eaaa s 1
New York hay and harbor _ ... L i 1
Tadle of ph atotr‘rapks.
: TOSITIVES. NEGATIVES. PRINTS.
Prototypes. i Scale. 7 | ‘ ; ;
No.| Scale. | No.| Scale. | No. | Scale.
— — | . |
Map of the District of Columbia, by A. :
Boschke ool { 4inches t0 1 mile. womrioacevunns 1| 1-30,000 | 19 | 1-30, 000
Map of the District of Columbia, by A. | )
Boschke ... E N T S I | 1-40,000 . 1! 1-40, 000
A traciog from amap of Loudon county, | I ; | ’
Virgintt .o ) ] 1| }inchtolmile.., 25 | } inchto 1 mile.
A tracing from aap of Jefferson county, | |
V“f%"n‘“ ---------------------- - 1 ieeedOee i 28 ;e Q0comcnn. om
A g?:é;g:roxn a map of Berkeley county, ;
Map of the physiod geography of Virgin y e B e
A tracing from topographical . sheet | TTTTTITTTL Tt i ..........
No. —, (Patuxent river)............ - 1-20,000 1| 1-60,000 1 1-60,000 . 1} 1-60, 000
A *tmcu]g from topographical sheet s ;
A ?rﬁéing’ f(rgif“zof;e;rka)ﬁiif&i sheet No,. : 1-10,000 1 180,000 2 | 1-60,000 | 1| 1-60, 000
A Sracng from topographical dhoet o 000 BU160,000 1) 1-60,000 1 160,000
3, * e ' | )
Aup of tho spprosches & Waskingian || oo T IR0000 L 20,000 LT 10,000
Mo o e ot i o fhe Botomns | 000 e L vi 1sv00 29 180,000
river, above Washington ... eceeao.. | 1-15,000 oo oo . P! 1-30,000 | 29

1-30,000
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Talle of photographs—Continned.

POSITIVES.

Prototyp.s. Seale. ; e
| No. Scale. XNo Scale. Nou
Map of Anne Arundel connty, Maryland,

(ITCEH) o m et e e immm e e e nctmamcsemriems cmmmme———- 1} inchto Imile.. 10
Map of Foward county, Md., (tracedy .. ooomnoni i iies coet cieeaaao. 1 cooldOooooooL.. 11
Map of Washington county, Marylund,

(traced) ) SRR o P 23
Plane-table sheet No. —, (not yet regis-

tered.} San Pablo bay_ .o .o o..L 1I-10,000 cvee o omiiaans 1 1-49,000 1
Plane-table sheet No. —, (not vet regis-

tered,) San Pablo bay. oo o .ot 1-10,000 .ocn ool 1 1-40, 600 1
A tracing from plane-table sheet No, —

San Pable bay. ccoemoimaao oo 1-10,000 woon (oo ol. 1 1-40,000 1
A tracing from plane-table sheet No. —, :

Sau ablo bay .. - 1-10,000 ... ooaL.o. 1 1-40,000 1
A tracing from plane-tuble sheet No, —,

San Pablo bayv. ... .. ... 1-10,000 ool eaao_. 1 1-40, 000 1
A tracing from plane-table sheet No, —,

San Pablo bay-ecoia oo i ioaanas 1-10,000 oo. oo, 1 1-40,000 1
Plane-talle sheet No. 400, (not yet vegis-

tered,) San Publo bay. ccceoniaoaan. 1-10,000 _oc. (oceneaa. 1 1-40,000 1
Plane-table sheet No. 534, (not yet regis- |

tered,) San Pablo bay. eaoooaaaoo. 1-10,000 ..o. ool .L.. 1 1-40,0C0 I
Plane-table sheet No. 472, (not yet regis-

tered,) San Pablo bay. . cwcuovcncaon 1-10,000 .an. ool .oo. 1 1-80,000 1
Plane-tahble sheet No. 415, (not vet regis- |

tered.) San FPablo baycoccciae e oal canan b emmemamane e e emeem—n 1 1-80, 000 1
Planc-table sheet No. 321, (not yet regis-

tered,) San Pablo bay . oo oo o e eeel il e e 1 1-80, 000 1
Plane-tnble sheet No. 361, (not yet regis-

tered,) SanTLablo DAY - oo ol o e e e oo e e e 1 1-80,000 1
A tracing—reconnaissance of part of R

Moutzomery county, Maryland..._... 1-15,000 .o o oo.-. 1 1-30, 000 25
A drawing—topographic survey near

Alexandria, Virginia. . .ooco . oL o. : 1-15,000 wmr ool aao. 1 1-30,000 10
A tracing (rom pl«mwtnble sheet No. 728, i 1 of 1-4D,000

coast map, No. 7. caeeee wenicucann. 1-10, 000 1 1-80,000 2 7 1 of 1-80.000 (7
A tracing from plane-table sheet No. 728, i 1 of 140,000 .

coast map, No. 7. ... [P 1-10, 090 1 1-80,000 2 7 1o0f 180,000 y~
A tracing from plane-tableshect Nos, 501 v 1 of 1-40,000 .

and 802, coast wap, No. T_.__...___. 1-10,000 1 1-80,000 - 2 7 1 of 1-80,000 §°
A tracing map of Frederick county, Md.. ..ca.. e mmmemcae mon mmom————— 1 4 inch to 1mile.. 40
A tracing map of Baltimore connty, Md__ -1 10
A tracing map of Harford county, Md. .. .01 10
A tracing map of Prince George's Co., Md. . .1 5
A map of Henrico county, Va., (traced)o. ... .o .. .. .1 linchtolmile.. 12
Plane-table sheet No, 578, western coast. 1-10, 600 1, 1-40,000 1
Plane-table sheet No. 818, western coast. 1-10, 000 1 _ 1-40, 000 1
Plane-table sheot No. 817, western coast.| 1.10, 000 1 1-40, 000 1
Plane-table sheet No. 552, western coast. 1-10,000 1 1--40, 000 1
A tracing from plane-table sheet No. 743, , :

coast chart No, 11... . ... [ 1-10, 000 1. 1-80,000 1 1-80, 000 1
A tracing from plane-table sheet No. 464, |

Maryland . oo oooeinc i aan vart 1-10,000 . .'iccoenn. 1 1-80,000 1
A tracing from plane-table shest No. 572,

coast chart No. 81 ..ol imooanaona. i 1-10,000 .een imcmeennns 1 1-80, 000 1
A tracing from planc-table sheet No. 734, | : .

coast chart No. 21 ____.____.___. 1«10, 000 1 1.80,000 1 . 1-80,000 1
A tracing from plane-table sheet No. 751, :

coast chart No. 210 (oL ... ..} 1-10, 000 1  1-80,000 1 1-80, 000 1
A tracing from plane-table shect No. 754, 4

coast chart No. 21 ... ... _... 1-10,000 1 ' 1-80,000 1 1-80, 000 1
Railroad from Harper's Ferry to Win- .

chester, (traced) uoueooiccaneanan B 1 1-30,000 20
Chart of the Mississippi river in vicinity |

of Fort Jackson cvaece cueceemcn. 1-10,000 .o cuecmnaa-. 1 1-20,000 4
A tracing—map of the boundary be- |

tween Eastern Virginia and Maryland . . oo oo mooom ot oo e 1 1-26, 000 3
A dmwmg-revonna:ssance near Mount : :

Vernon, Virginia. oo ceeocueoua. .| 1-15.000 oo oecceane- 1 1-40.000 : 1
A tracing—city of Richmond, Virginia..: 1-10,000 .one v cemeae.e 1 1-10,000 27
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PRINTS.

Scale.

2 im,h to 1 mile.

ceendoaool oLl
1.-40,000
1-40, 00
1-40. 000
1-40, 000
1-40,000
140,000
1-40, 000
1-40, 000
1-80, 000
1-20, 000
1-Ra, 000
© 1-80,000
1-20, 600
1 30,000
of 140,000
of 1-20,000
of 1-40,000
of 1--80,000
of 140,000
of 1-80,000

4 inch to 1 mile.
RS 131

[VOREI

eaa.do.
1inch to I mile.
1-40, 000
I-40,000

1-40, 000

1-40, 000

1-80, 000
1-80, 000
1-85, 000
1-80, 000

1--80, 000

-

80, 000
1-30, 000
120,000
1-20, 000

1-40, 000
1-10, 000
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Table of photographs—Continued.

. POSITIVES. NEGATIVES. PRINTS.
Prototypes. Scale, e -
i ' No. Bcale Scale. No. | Scale.
|
A tracing—Henrico county, Virginia___ .l ... ... U 1 linchtolmile..' 22 ° 1 inchto 1 mile.
A tracing from plane-table sheet No 563, | : ; -
Mave island . .oooo. ool 1-10,000 1 1-40,000 1 140,000 . 1 1-40, doo’
A tracing from plane-table sheet No. 303, | ; i
coast chart No 10 .. .nao ... : 1-10,000 2 1-80,000 2 | 1-80,000 oo i
A tracing from plane-table sheet No. 304, | i }
coast ehart No. 10 o cv comeconccecman 1-10,000 3 | 1-80,000 2 : 180,000 ' |vmccm o
A tracing from plane-table sheet No. 305, | ‘ i ‘
coast chart No, 10.. . cacoooiooaoaoo 1-10,000 2 . 1-80,000 1 1=80,000 ‘el cccccmecce e
A tracing from plane-table sheet No. 340, ,‘ ' ' .
coast chart No. L. oo cmmeer e cmamas | 1-10, 000 1 1-80,000 1. 1-80,000 |ove.|ccmamcceneceann
Part of the Potomac river, (traced for | ; : i
Iithographingy e cce acce ccencaann- 3 1-10,000 ccetjeecmmmaan- 1 1-40,000 2! 1-40, 000
Drawing —Fort Jackson, Miss —showing ! : !
eficets of the bombardment. .o (oo liacionmiomaacann lemeeicameas sma- 1 1-10,000 & 18 | 1-10, 000
Drawing~—reconnaissance nhear Draines- :
ville, Virginia o .ocamomaaaoaols U P - AU 1-30,000 5| 1 30,000
Tracing from plane-table sheet No. 403, | ! |
Drake's DAy - o cceme cmmecmccmmae . 1-10,000 -ees eeeaeaao 1 1-40,000 ° 1 1-40, 000
Tracing from plane table sheet No. 456, ;
Drakes DAY o comemrcmcecacamcmn caes 1-10,000 .o ieeimenans 1: 1-40,000 @ 1 | 140, 000
Tracing from plane-table sheet No. 805, ; :
Trrake's DAY - coceec ciee i cmme e 1-10,000 <cnar cnammanaas 1 1-40, 000 1 1-40, 000
Tracing from plane-table gheet No. 806, 1 : i {
Drake's DAY« oo momm e I 1-10,000 ... .cooa- [N I 1-40,000 | 1 | 1-40, 000
Tracing from plape-table sheet No. 807, | i H
Drake's bay. oo i 1-16,000 .. . oaeao. 1 1-40, 000 1. 1-40, 000
Tracing —Henrico county, Virginia, with ; [
some additions cooo s iioocooooaon e ceeimmemee--- 1 }inchtolmile..: 12 ' } inch to 1 mile.
Chart of the harbor of Charleston, 8. C,, : - j
by Navy Department. ... ... U 1 1-40,000 : 1| 1-40,000
Map of Rockbridge county, Va., (traced) . ccvoceeioecnciincans e atememnan 1 {inchtolmile..; 5 ° 3 inchtol mile.
Map of Frederick county, Va , ($18¢€d) o ivmeamecccramcans moen —mmmmemean 1 oooidoo_ L. [ S SO [ DO
Chart of Jumes river, in vieinity of Fort | : | : ! f
Darling. e cc e i mecemacaanan ! 1-10,000 (oo ieeacaeoot 1 1-10,000 | 18 | 1-10,000

Map of Henrico county, Virginia, with | !

some further additions. 1! 3 inch to 1 mile..’ 27 4 inch to 1 mile.

Report of Mr. W. L. Nicholson, in charge of the Lithographing Division.

CoasT SturveEy OFFICE, Washington, November 1, 1862.

The following report of the operations of the Lithographing Division is respectfully submitted :

This division, organized and added to the regular establishment of the office during the month of May,
1861, to meet the increased calls made for charts arising out of the exigencies of the war, has been eontinued
in active operation, employing two presses in printing transfers from some of the copper-plate engravings of
the survey, and a large number of original drawings engraved or drawn on stone, or transferred to stono
from prepared tracings or drawings,

Mr. C. G. Krebs has been engaged in part as printer, but for the greater portion of his time in engraving
or drawing on stonc and making transfers.

Mr. H. Léndenkoll has been during the greater part of the year detailed from the Drawing Division and
employed in engraving and drawing on stone, in which his experience and skill as a draughtsman have been
of much service.

Mr. D. B. Morgan, assisted by Mr. William Morgan, and recently, since his resignation, by Mr. W.
Benner, have been cmmployed as printers.

A list of the charts put on stone during the past year is appended, as also the number of shects of one
hundred and ten charts and sketehes printed during the yoear, (30,838 in number.) 'Their distzibution will be

tound included in the report of the Misccllaneous Division.
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To the ten mewmoirs deseriptive of the coast south of Delaware bay, mentioned in my last year’s report
as having heen lithograplied and distributed with the appropriate chartz bound up, two other memoirs were
added, prepared in similar manner by and under the direction of Praofessor A. 1. Backe, Superintendent, and
by Captain C. P. Patterson, hydrographic inspector Coast Survey; and capies of all the mewoirs Lave
continued to be issued to commanding officers of expeditions along the coast, amounting in all, since August
1, 1861, to the number of three hundred and eighty-five copies, in about equal portions to officers acting
under the War and Navy Departments.

Tlese memoirs have been bound up by AMr. M. T. Juhnstore, before and since his assignment from this
division to the care of the map room, in August last.

In accordance with the uniform practice of this office in offering every aid practicable in assisting the
other departments of the public service, several maps prepared by topographical engineers attached to the
army and others for the use of the guartermaster’s department have been put on stone, and copies printed
and furnished with a rapidity and economy not to be casily obtained in such sudden calls for work; in some
cages many copies of important maps of surveys have been in a condition to be issued on the same day, in a
few hourg after being handed to us for multiplication.

In addition to the printing of our charts proper, a map representing the seat of war in Virginia was, at
the suggestion of the Superintendent, compiled by myself during the past year, and printed in colors, partly
as an experiment in that class of work, and partly to meet the popular demand for information on the
movements of our armies. This map has met with unexpected suceess, and has heen much called for, and
copics quite freely distributed ; but, in order to cover the expenses of its getting up and printing, a number
of copies have been placed in the hands of our sale agents, the proceeds of which have more than covered
expenses; in all, some five thousand five hundred copies have been printed, over twenty-five hundred sold,
and nearly three thousand copies gratuitously distributed.

Our experience with this color-printing has been of service in the proposed treatment of some of our
regular preliminary charts and sketehes by representing gradations of soundings, land, sand-banks, &ec., by a
system of light coloring. This method will be prosecuted as the pressure of work may permit.

In conclusion, I would bear testimony to the assiduity of all the employés in this division during the
past year of incessant demands upon our earc and attention.

Drawings, transfers, and engravings on stone made in the Lithographing Dirision during the year ending
October 31, 1862.

Secrion 111,

Potomac river, sheet No. 1, (entrance.)

Potomac river, sheet No. 2.

Potomac river, sheet No. 3.

Potomac river, sheet No. 4.

James river, lower part, (new edition.)

Reconnaissance of Pamunky and Mattapony rivers,

Chincoteague bay.

Hampton roads.

Road map of District of Columbia, for the quartermaster general of the army of the Potomac.
Plan of wharfage at Alexandria, for the quartermaster general of the army of thc Potomac.
Map of Alexandria, for the Sanitary Commission.

Military map (in nine sheets) of southeastern Virginia, for Major General J. A. Dix, U. S. A.

SecrioN IV,

Atlantic coast, Chesapeake bay entrance to Ocracoke inlet.
Sketch of coast of North Carolina and Virginia.

Hatteras inlet, (survey of November, 1861.)

Coast of North (Jarolina, from Oregon inlet to Ocracoke inlet.
Beaufort harbor, N. C., survey of 1862, (in colora.)
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SEcTiON V.

Sketeh of coast of South Carolina and Georgia.
Charleston harbor, 8. C., with additions of Stono inlet and river, &e.
Stono inlet, 8. €., (survey of 1862.)
St. Helena sound, S. C.
Port Royal entrance, 8. C., (new edition.)
Skull ereek. Hilton Iiead island, S. C.
Tybee bay and Calibogue sound, (from survey of Lieutenant C. Wilkes, U. 8. N., 1838.)
Savannah river, (with additions.)
Atlantic coast, from Savannah river, Ga., to St. Mary's river, Fla.
Depths on Wassaw bar, Ga., with directiong for entering.
SecTioN VI

Sketch of the Tortugas islands, Fla.
SeerTiony VIITL

Entrance to Santa Rosa bay, Fla, (from swrvey of Licutenant Coloncl Derranlt, U. 8. Topographical

Engineers, 1826.)
Secrron V1II.
Reeonnaissance of the Southwest Pass and bar of the Mississippi river, 1862.
Discrams,

Megnetie declinations on the Atlantic coast, 1860.
Magnetic declinations on the Gulf of Mexico, 1860.

Yeport of Mr. W, L. Nicholson, in charge of the Miscellancous Division.

Coast Survey Orvice, Washington, November 1, 18G8.

The following report of the operations of the Miscellancous Division is respeetfully submitted.

This divizion, consisting of the copperplate printing office, map-room, and office for the distribution of
maps and reports, las been under my general supervision sinec the 1st of June, when Assistant E. Goodfellow
Tett the office for duty with the Superintendent’s party in the field. The records have been kept by Mr.
Charles Balmain, who has been also engaged since the 18t of August in the preparation of miscellaneous copy
and abstracts.

The map-room, inclnding, besides the regular supply on hand of our own charts, a very large collection
of miscellaneous maps presented by foreign governments and from other sources, has been, since the 1st of
Angust, under the charge of 3Mr. M. T Johnstone, who has re-arranged and iz engaged in eataloguing these
maps for ready reference.

M. Jokn Rutherdale, assisted by Mr.John Barrett, (and since his deceasc, March 24, by BMy. J. Frics,)
has printed most of the maps (from the copperplates) issued from the office; Mr. Henry C. Benner and Mr.
E. A. Sipe having been occasionally engaged as printers when the exigeneies of the demand for charts pressed
too closely upon our usual arrangements, .

The preparation of backed chart-paper for the topographie and hydrographic parties, of the presentation
copies of maps, and the repairs of sheets in use, arc in charge of Mr., W. Mertz, who was assisted until July
19th by Mr. F. Housam.
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The usual statements, (with, as T belicve, a better and more systematic exhibit and classification than
hitherto adopted,) showing the distribution of maps, charts, and sketches during the year; the distribution of
the annual reports of the Superintendent; and the number of maps, charts, and sketches, printed in the
copperplate printing office, are herewith appended.

These statements, to harmonize with the date of the other division reports, have been brought up 10 No-
vember 1, although the report of my predecesszor was brought up only to the 1st of October of last year.

During the above period the aggregate number of sheets printed by the copperplate presses has heen
23,584, in addition to 30,838 sheets printed by the Hthographic presses, mentioned in my report on the litho-
graphing division ; iu all 54,422 sheets were turned into our map-room for distribution. The total number
of copperplates printed from was 177, and of lithographs 120,

During the above period 47.632 copies of printed maps, charts, and sketches have been issued from the
office, a relative amount of distribution mueh more than double that of the preceding year, and upwards of
five times the average annual distribution of former years.

Of these chares 25,925 coples were distributed throngh the Naval Observatory, and 1,863 enples were
gupplicd dircetly to captaing and pilots (223 in number) of vessels engaged in the government transport ser-
viee, calling on us with vouchers from the Quartermaster’s department.

An abstract of the distribution may be thus stated :

Coast survey maps, charts, sketches, and diagrams distributed during the year ending October 31, 1862,

Number of sheets,

Total number

Distributed to—

Finished | Preliminary Sketchesand  of sheets
| chartse 0 chares, ’ diagrams.
i ;

Navy Department and naval officers. . .......... 12,1556 | | 7,083 29, 965
Captains and pilots (223) government transport service 562 Mo 467 '\ 1, 863
Military officers. oo ou oo e e i 2,093 ! 1,020 | 1,403 | 5, 396
Rale agents _. . e 2,201 920 45 . 3,216
Miseellaneous™ . ... oo oo i - AT E LTIz | 2.4 7,212
TOtAY - o oo L on, 050 15,213 | 12,350 47,652

3

* Including o large number of charts furnished to Cloast Survey purties wecompanying naval squadrons on active serviee.

To furnish this great amount of published matter, much of it got up with all rapidity possible to meet
the urgent calls of the War and Navy Departments, has demanded the econstant and unwearied attention of
all engaged in printing, assorting, and despatching the charts, and I am happy to be able to testify to the
general assiduity of all concerned.

The distribution of the Superintendent’s report of 1860 has, as in the case of that of 1859, been confined
to individaals and institutions in the loyal States of the Union. The usual foreign distribution of reports
through the Smithsonian Institution has been suspended for the present.

During the past year 4,028 copies of reports for various years have been distributed, an abstract of which
may be thus stated.
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Destribution made during the year of reports of the United States Coast Swrvey jfor the years 1851, 1832,
1S54, 1854, 1853, 1856, 1857, 1853, 1839, arnd 15860.

Report, © Report, - Report,  Report. | Repoit, | Report, R(-port.i Report, © Report, ; Report, 1860,
1851, leda, 1853, JLEN 833, 5 5%, | ledk. ‘ =AY,

JEHTTN 1257,

|
[
{
|
|
]
wr ot eo- !

Names of States, &e.

}

s o } tndividunis,

Maine....... Ceae b ! 133
New Humpshire ooooa.,, 73 17 110
Vernont . 35 10! 46
MassachUSemS cour e vvrnnrans o 308 32 419
Rhode Istand....oooo0in 55, 17 83
Connecticul .oivupee ves 144 9 203
New York. . ccoveeesvans @ 6 700
New Jersey . 98 12 117
Pennsylvania........ . . e [T B T : co3d i ! i i 253 67 401
Delaware ... ) ! | i i i i / - S i’ 8
Maryland. 16 ; 1 37
District of Columbia . .......... 64 3 131
IET I 87% (6] TTTE PR SRS RO AR S SR I DM I SO UPU S B OO S U T A S J PR 5
Ohio . .ovaiiaeen 127 | 26 169
Kentueky vovi oo vinevenannns sanes 9 PP 3
Indiana ... 65 6! 94
BINOKS evesaeees eenaneraee ees ves 56 23| 113

1 2

Misscuri...
Kan-as. .

T

lowa. .. ...l

Wiseonsin.,,. .

Calitormia ., caiiiiiiii v, oone

Minnesota ... cesrancen

Oregon . covevvnvssvanen

Nebra=kit TCrritory o e veesoscann. |

Washiugton Territory,
Mrmbers of Congress, ... ....
Otfie
Officers of the a-my.... voo.v. ... :

r5 Of (he DAVY. ciearnorierennen)s

Execntive deparnents, covo,. ooy, |
Naval Observatory..,.

Light House Board. .

Smbhsonian Inwntution,
Coazt survey Otlice and ¢
Newspapers oo, ... ...,
Foreign. oo e,

[T e e —
Total.ceuusiiiien. cee 341560 108 1755 10580 1170 3 ws| ¢ 131,
: ! : { | !

There now remains on hand a limited number of back copies of the years 1851 to 15360, of whigh, for the
years 1851, 1855, 1857, there were on hand at 1st of November, 220, 420, and 328 copies, respect vely, while
for the years 1853, 18506, 1859, and 1860 there were on hand 1,614, 1,651, 2,883, 4,710 copies, respectively.

This decidedly unequal number of copics of various back yvears would seem to render it necessary that a
careful diserimination should be used in their issue, while it is also to be borne in mind that for the years 1859
and 1860 no copies have been sent to the insurgent States. To provide for a selected issue of these remaining
reports, (1851 to 1860,) a circular has been sent to the principal libraries in the more important cities, and to
those of universities, colleges, and other institutions, inquiring into the state of their deficiencies in this respect,
and proposing to fill such up. so that complete sets of these reports may in future be within easy reach for
reference in all parts of the country.

I have the honor to enclose along with this report the statistical table prepared by me showing the field
and office work of the survey, hrm\gl.nt up to the close of the year 1861, to form, as usual, one of the appen-
dices to the Superintendent’s annual report.
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Archives and library—The archives and library have continued under the cave of A7 E. Fitzgerald.

During the past year three hundred and ninety-nine volumes of original and duplieare records, one
hundred and twelve volumes and califers of computations and redacrions, one hundred and =istcen rollz from
self-registering tide-gauges, and fifty-seven eriginal topographical and hydrographical shects,have been added
to the archives of the survey; also one hundred and eighty-six sea-bottom specimens.

Fifry-eight volumes have been purchased for the library, and one hundred and five volumes, including
thirty-three volumes of publications of the Royal Observatory, Greenwich, added by presentation during the
same period.

The records of triangulation, astronomical, and magnetic work, excented under the superintendency of
Mr. Hassler, have been re-arranged by Mr. Rumpf. of the computing division, and a new register made which
greatly facilitates referenec to them. With the assistance of Mr. Donegan, of the tidal division, the self-
registering tide-gauge volls have Dbeen arranged by stations and years, put up in geparate packages and
registered.  The total number of scli~registering tide-gauge volls now in the archives, as shown by the regis-
ter, is eleven bhundred and twenty-cight. A new sct of sketches showing the limits of all the registered
topographical and hydrographical sheets, to tale the place of the set now in use in the archives, which is
nearly .worn out, has been commenced and considerable progress made uwpon it.

Carpentry—In the carpenters’ shop, Mr. 4. Yeatman remains in charge, as master carpenter, assisted
by onc¢ workman and an apprentice.  The work exceuted during the year consists of 54 fine new eases for
instruments of various kinds, 6 cazes for duplicate records, 2 large cases for Coast Survey charts, 2 large
ases for copperplates, 3 eases for photographic negatives, woodwork complete for 2 new plane-tables, 8 new
plane-table boards, 4 new stands for plane-tables, 3 stands for theodolites, 5 frames for photographic and 18
for clectrotype purposcs, 8 hattery cells, and & vats, for cleetrotype divgzion; 6 rods and 6 signal poles for ficld
parties have been painted and graduated, and 20 tin cases for original sheets have been painted and numbered,
6 large pancled frames for backing purposes have been made, as also oue writing table for office. A large
amount of miscellancous work has been done. and the woodwork of instruments returned from the field have
been carefully repaired; 90 running feet of new feneing has been put up, and the office buildings kept in repair,

Instrument skop—The force of this shop consists of Mr. J. Vierbucken, master instrument-maker, three
workmen, and two apprentices. During the year 4 sounding apparatus, 12 specimen cups for sca soundings,
1 winding machine for deep-sea soundings, 2 plane-tables complete, 26 metre scales, 2 theodolites, 4 recon-

noitring telescopes, 2 heliotropes, 5 prismatic compasses, 2 beam compasses, & half-round protractors, 13
metre chains, and L clock for office, have been made; and all the repairs of instruments used during the year
have been made, consisting in part of 2 sounding apparatus, 2 deep-sca thermometers, 5 self-regiztering tide-
gauges, 27 sextants, 30 theodolites, 29 planc-tables, 6 reconnoitring telescopes, 11 heliotropes, 4 priswmatie
and 7 surveying compasses, 28 metre chuius, 15 marine spy-glasses, 1 dividing machine, and 6 beam com-
passes, in addition to a variety of miscellaneous work for the use of the office and parties in the field.

APPENDIX No. 12.

REPORT OF PROFESIOR BENJAMIN PELRCE, OF HARVARD, ON THE COMPUTATIONS OF THE OCCULTATIONS
OF THE PLEIADES FOR LONGITUDE.

CamerinGE, Mass., Nosember 1, 1862.

Sir : The computation of the group of the aceultations of the Pleiades, from 1838-1842, inclusive, and
the corresponding determination of the longitude of America from Europe, are now far advanced, and several
ot the special reports npon the individual oceultations will soon be sent to the office in their completed form
The conformity of the observations with theory is quite remarkable, and shows that this, the most delieate
of all the observations of the moon, demands and justifics the utmost precision of caleulation. The fiual
determination of the longitude will, undoubtedly, surpass all other in preeision.

) There were eighteen different nights of occultation in the group of 1838-"42, which I will number in the
lunverse order of their occurrence.

I. The immersions of April 13, 1842, which were observed at Edinburgh.
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I1. The immersions of January-21, 1842, which were observed at Washington and Cambridge in Mas-
gachuzetts.

ITI. The immersions of November 27, 1841, which were observed at Cambridge in England and at
Washington.  These observations were made within seventeen hours of full moon, and 1 have thought thas
twenty-tour hours from full moon was as near an approach to this phasge as it would be safe to admit.

IV. The emersions of October 31, 1841, which were observed at Dorpat, Pulkova, Vienna, and Wilna.
The moon was so nearly full that these observations are omitted.

V. The emerzions of September 6, 1841, which were observed at Washington.

VI. The emersions of August 10, 1841, which were observed at Altona, Berlin, Copenhagen, Edinburgh,”

Geneva, Hamburgh, Leyden, and Pulkova,

V11. The immersions of February 27, 1841, which were observed at Edinburgh and Leyden.

VIII. The immersions of January 31, 1841, which were obscrved at Pulkova.

IX. The immersions of December 7, 1540, which were obscrved at Altona, Breslau, Copenhagen, Got-
tingen, Hamburgh, and Kremsmunster. )

X. The emersions of October 13, 1840, which were observed at Asburst, Breslau, Edinburgh, Greenwich,
Vienna, Cambridge, (Mass.,) and Washington, . .

XI. The imnersions of January 14, 1840, which were observed at Apenrade, Berlin, Boun, Breslau,
Cracow, Gera, Grisswald, Hamburgh, Konigshere, Kremsmunster, Leyden, and Vienna.

XII. The occultations of November 20, 1839, which were observed at Cambridge, Leyden, St. Louis,
Pujkova, Dorchester, Washington, and Port Royal, (Jamaica,) which oceurred at the time of full moon, and
are consequently omitted.

XIIT. The emersions of prtomly:r 26, 1839, which were observed at Ashurst, Berlin, Breslau, Green-
wich, Rista, Cambridge, I’hiladelphia, Southwick, and Washington,

XIV. The emersions of August 3Q, 1839, which were observed at Breslau, Cambridge, (England,) Ham-
burgh, and Leyden.

XV. The emergions of July 6, 1839, which were observed at Hudson, Philadelphia, Washington, and
Yorktown.

XV Theimmersions of March 19, 1839, which were observed at Ashurst, Cambridge, (England,) Dorpat,
Greenwich, Konigsberg, and Leyden.

XVII. The immersions of December 27, 1839, which were observed at Ashurst, Breslau, Cambridge,
(England,) Cracow, Dover, Edinburgh, Greenwich, Boston, Dorchester, Southwick, Princeton, and Phila-
delphia.

XVIIT. The emersions of November 2, 1838, which were observed at Philadelphia, and may need to be
neglected on account of the proximity to full moon.

Of these observations, therefore, ITL, IV, X1II, and probably XVIII, will be rejected, and the other 14
oceultations will be retained. The ocenltations X, XIIT, and XVII were the only ones which were observed
in Europe az well as in America, and which can be used independently of the others and without regard to
the acenracy of the tables of the moon’s longitude, for the determination of the longitude. These oceultations,
together with the others observed in Europe, namely, the 1, VI, VII, VI1], IX, XI, and XTIV, will zerve to
determine the errrors of the tables, and thence the corrections which must be applied to the tables, to compute
the occultations 11, V, XV, and X VIIL, which were only observed in America, and thence to get a second
determination of the longitnde. The various observations will also serve the subsidiary purposc of deter-
mning the relative longitudes of the different places which are upon the same continent, either of Europe or
America, and also to correct the places of the stars, and finally 10 determine the value of the lupar semi-
diameter and the neeessity of having regard to the protuberances of the moou in the complete solution of the
problem.

Although this plan of combining the oecenltations will be carefully followed, vet reports will be made
upon the geveral occultations independently, and the equations of correction will be given for each as separate
results. -

Very respectfully,
BENJAMIN PEIRCE.

Professor A. D. BacHE,

Superintendent of the Coast Survey.
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APPENDIX No. 13.

TPON THE TABLES OF THE MOOXN, UsSED IN THLE REDUCTION OF THE PLEIADES, DY PROFE-SOR BENJAMIN
PEIRZE, OF HARVALRD.

. NOVEMBER, 1862,

Sir: It is expedient that 1 should address you a special letter upon the tables of the moon nsed in the
reduction of thic observations of the Pleiades.  They are those constructed by Hangen. I adopted them
becausge they were the mest recent, and had, therefore, the advantage of all previons experience.  They pur-
port to be the pure results of theory, and while, upon the one hand, 1 had full confidence in the accuracy and
ability of their author, T was, upon the other hand, persuaded, from the use of the tables which I had myself
constructed for the Nautical Almanae, under the direetion of Captain Davis, that analyvsiz wirhout empiricism
was adequate to the construction of the lunar theory and tables.  The testimony to this point furnished by
Lubbocek, in a memoir on the Lunar Theory in the thirtcenth volume of the Mewnoirs of the Royal Astronom-
ical Society, is full and generons. The following passage occurs upon page 12 of his memoir:

“As it appeared to me that astronomers would view with greater confidence a comparison of places
given by the American tables, made by persons who conld have no interest in enhancing their value, I made
application to Mr. Hind, the Superintendent of the Nawtical Almanac, avd in congequence he directed Mr.
Farley to procure places of the moon from the Admerican Almanas and comparve them with the observations
made at Greenwich for the years 1856, 1867, and 1858; and as Mre. Hind has kindly allowed me to publish
them with this paper, any one ean sce at onee how extremely accurate the places given by these tables are,
and how much more so than places given by Burckhardt’s tables.”

Lubbock goes on to make claims upon these tables in the following passages :

«In these American tables, eocficients are emploved, with very few exceptions, and those of no moment,
founded upon our labors—that is, M. Plana’s, M. de Pont coulant’s, and my own—and due to theory alone.
I am confident, therefore, that a just posterity will give to us—that iz, to Plana, Pontccoulant, and Lubbock, who
in 1846 furnished the means of construeting tables of the moon wirhout any empirieal hypothesis—the eredit
of first bringing the errors of the lunar thery within the limits of the ervors of observation, and thereby of
bringing to perfection the solution of the problem of finding the longitude at seca by means of lunar
observations.” :

The Ameriean iables were actually constructed, as they profess to be, < from Plana’s theory, with Airy’s
and Longstreth’s corrections, Hansen’s two inequalities of Long period arising from the action of Venus, and
Hansen’s values of the sceular variations of the mean motion and of the motion of the Perigee”  But Lubbock
centends that all of Longstreth’s corrections of Plana were those of coefficients which had heen designated as
erronepus by Ponticonlant, “ and in eight out of eleven instances the values of Pontéeoulant were employed ”?
instead of those of Plana, There is even a suspicion expressed that Longstreth had been unfair to Pontiécou-
lant, and appropriated his corrections without acknowledgment. This suspicion, however, was expressed
before having scen the original memoir of Longstreth, the examination of which instantly exounerates Long-
streth from so unjnst a charge, for Longstreth expressly says: “The cocfficients deduced from theory by
Damoigeau, Plana, Pontecoulant, and those deduced from obszervation by Burekhardi, (though differing con-
siderably,) give the moon’s place with nearly the same accuracy ; when a difference exists, 1 have carefully
compared them with observation, and deduced the most probable value” In the only three cases (see the
note at the end) in which Longstreth has rejected Ponticoulant’s termy, and thereby declared them to be wrong,
the subsequent investigations of Poutécoulant himself, which are published by Lubbock. show that Ponté-
coulant was in error, although right in the other cases, and, consequently, the skill and accuracy of Longstreth’s
comparisons and the justness of his verdict are triumphantly sustained.

In regard to the decisions of posterity I may be mistaken ; but it seems to me that the whole scries of
reductions of the lunar observations of Greenwich from 1750 to 1851, made under the dircetion of the astron-
omer royal, and of the comparizsons with Plana’¢ theory, demonstrate that to Plana alone will be given the
credit of first bringing the lunar theory to a degree of perfeetion sufficient for the practical ¢ solution of the
problem of finding the longitude at sca by means of lunar observations.” .

I am moreaver convinced that a still higher claim can be established for Lubbock and IPontéeoulant.
The ordeal to which I have been subjecting the tables of Hansen is much more severe than that of meridian
observations of the moon; and so far as I have gone, they have stood it wonderfully.  The mean cyror of the
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tables in longitude scems to be less than a sccond of are, during the period embraced by my investigations.
It is thought that more recent observations indicate wider diserepaneies ; but if this be so, T believe that it will
be found to arise from some accidental eause of non-conformity which ean be easily remedicd. I am equally
confident that when our American tables are revised, as they soon wust be, the small differences between them
and the corrected theories of Lubbock and Pontécoulant will disappear, and they will then assume the same
degree of aceuracy which T am now disposed to attribute 1o those-of Hansen. The time, then, seems to be at
hand when meridional observations of the moon will no longei‘ serve to test the aceuracy of the tables; whh
extra-meridional observations will be sef aside as uscless and cumbersome superflaity; when the observations
of vceultations on the dark Hmb of the moon will assume a new importance ; and when it will be admitted that
a gingle observation of an occultation reduced by the exclusive aid of the lunartables without any use of
simultaneous observations, will determine a longitude with a probable error not excecding a second of time,
The geometers to whomn the final credit of this great result must be given are Lubbock and Pontécoulant.
What test is reserved for the ultimate comparison of the theories of Pontécoulant, Hansen, and Delaunay ?
Very respecttully, .
BENJAMIN PEIRCE.
Professor A. D. BacHE,
Superintendent of the Coast Survey.

Norte.— There is still a fourth coeflicient, that of argument 22, in which Plana’s coeflicient of 37.309 was rejected, and
Lublbock inconsiderately attiibutes to Longstreth the new coefficient 07.%, wlhich is adopted in the American tables and
attributed to Plana.  Bat it was taken by me from Airy s table of cuefficients in the reduction of the Greenwich cbservations of the
moon, and no other origin of the coefficients of that tuble but Praxa is acknowledged in that work. The answer to the
question of authority in this case must, therefore, be sought by Mi. Lussock from the ASrrRoNoMER RoOYAL,

APPENDIX No. 14.

REPORT OF DR. B. A. GOULD ON THE PROGRESS OF COMPUTATIONS FOR DEDUCING LONGITUDE FROM
OBSERVATIONS BY TELEGRAPH BETWEEN CALAIS, ME,, AND NEW ORLEANS, LA.

CAMBRIDGE, November 13, 1862.

Drar Sir: During the last year the (loast Survey operations under my direction have consisted
exclusively of computations and reduetions, the ficld-work being suspended in eonsequence of the war.
The same cause has acted to retard the progress of the reductions to a considerable extent, and but for the
diminution of my party which it has occasioned, 1 might at present enjoy the matisfaction of reperting the
whole of the longitude work as completely reduced.  No small progress las, however, been made, and the
work has been completed upon four of the campaigns, viz: Calais—Bangor; Apalachicola—Eufaula.;
Macon—Eufaula ; Pensacola—>Mobile,

The discussion of these observations, although extended and minute, has elicited few results of general
seientific interest which have not been brought to light by the computation of former longitude measurements.
The phenomena attending the transmission of gignals have Deen similar in these and in former campaigns,
showing in all approximately the same velocity of transmission, and' the same dependence upon the position
and strength of the battesies,

S0, 100, thie same results have been dedueed from the examination of the personal differences of observers;
and it is now beyond question that, by the chronographic method, at least, the personal cquations, although
manifest, are very far from econstant, varying greatly with external circumstances and with physical condition.
Indeed, their variability is so decided as to lead me, in the discussion of the observations, to aim always aft
their climination, rather than at their determination, eontrary to the course originally pursued.

The mean error of observations appears to vary but little for the same observer, its average ranging, for
different obsecrvers, between nine and fourteen hundredths of a gecond for a single tap.

The changes of azimuth during the period of observation have been referred to in .pl'(rvinus reports, and
conititute one of the most interesting and strikivg phenomena which the computations have brought to light.
In all the telegraphic longitude measurements without exception, both in summer and winter, in the northern
and the southern States, the transit instruments have been found affected by a motion in azimuth differing in
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amount and in regularity at different stations, but almost without exception having the same general tendeney,
viz : a motion of the westerly end of the axiz towards the south as the night advanced.  The only apparent
exceptions in twentyv-five series of ohservations are at Macon in 1856, and ar Mobile in 18355 but the series
at Macon in 1855 and 1860, and Mobile in 1857 and 1861, confirm the general rule, and T suspect the exeep-
tions to be rather apparent than real. 1 do not mean to say that the change has been in this direction on
every night, at each station, in every campaign, but that the apparent exceptions have been go fow and =o
marked as to lead to the conviction that they are due to gome sgpecial and abnormal ivfluence, such as a jar
to the instrument or some erroncous observation.

The nniform occurrence of this azimnuthal change, and the uniformity of its divection, naturally lead us
to seek its origin, not in local dicturbance, but in some geognostic law.  The convietion has been forced upon
my mind that the ebange is due to the diminution of temperature of the earth’s surface travelling westward
with the diwrnal rotation.  These changes in azimuth seem, in some degree at least, to depend on the thermal
changes over an area too large to enalle us to connect them with the thermometrie varintions at the plaee of
observation; or, if they should in fact be functions of these loeal variations, the laws by which the changes
of surface temperature follow the atmospherie changes are not sufficiently understood to render the investigation
easy, even with fuller detajl than our observations permit.

Nowlere have these changes been so great and 20 unggorm as at the station Lower Peach Tree, on the
Alabama river, about midway between Montgomery aud Mobile.  All attempts to exchange longitnde signals
between these two cities directly having proved unavailing, it became necessary to (;m:xlﬂish an intermediate
gtation. An astronomical station was therefore constructed at Lower Peach Tree, and its differences ot
longitude from¥outgomery and from Mobile were determined separately. At this station the average
change in azimuth on cight “telegraph nights,” between the first and last observations, was + 0557 ; the
mean howly change being 4 05052 during the firgt ten days of April, and averaging +0s.145 duwring the
period between the 19th and 28th of the same month.  Upon five nights between May 21 and Juue 7 the
total change averaged —+0s.697, and the mean howrly change was + 0s.123.  On only one night out of sixteen
for whicli the observations have been carefully studied does there appear anyv exception te the direction of
this change. On this date the azimuthal change between the earliest and latest observations was negative,
but there is strong reason to suspect some disturbance of the adjustments during the exchange of signals on
that night, and all the more as each of the two series of observations for azimuth, treated by itsclf, gives
unmistakable indications of the same positive change observed on other nights,

It has been impossible to do justice to the observations at this station without the regular employment

of a term dependent upon the time in the adopted value of the azimuth. Suoch a term has, indeed, heen
Labitually cemployed in discugsing the results of other campaigns, but hitherto rather ag a refinement than as
a necessity. It bas, in practice, been made dircetly proportional to the time during the night’s work, but
there are some indications that the change was less rapid in the early part of the evening than in the later
hours.

The simultancous changes at Montgomery, though much less in amount, were none the less decided.
Here, on eight telegraph nights, the average hourly variation was +0s013; and the cxaminetion of the
shorter series of observations made on other nights gives the same value.

It should be stated that, for the instrument at Peach Tree, motions in azimuth were so great as to
render it necessary to adjust the position of the axis at the commencement of every might’s work. The
instrument used was the Coast Survey transit instrument No. 8, which has been employed in most of the
previous longitude measurements, and, like the others used for the same purpose, consists of a forty-six inch
telescope, of whieh the axis is supporied by a cast-iron frame, formed of a single picce, so that the two
Y beds are parts of one and the same casting. This frame is ordinarily made to rest upon a granite block,
three feet wide and one foot thick, sunk in the ground to the depth of more than three feet, and rising to a
height of thirty inches above the surface; but, in the unexpected contingeney of the establishment of the
station at Peach T'ree, it became necessary to use wood, since there waz neither granite in the region nor
time to obtain it from the north. The wooden block was, however, hard and well seasoned, and the experience
of former years, when the employment of wood became necessary, affords no reason for supposing the azimuthal
changes to have been in any way connected with the material of the pier. The soil of the region consists of
red clay, covered to the depth of about six inches with sandy loam. The wooden support of the instrument
was imbedded to the depth of three and a half feet, resting on a compact bed of sand, placed there for the
purpose, and surrounded by sand well rammed down between the surrounding clay and the pier.
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Among the observations of the Macon-Enfaula and Pensacola-Mobile campaigns are several series of
clock signals, or simultaneous records of the beats of the clocks at both stations, recorded on all the registers,
These clock signals were made alternately with series of observations for time, in the hope that some method
might yet prove equal in accuracy to that of star signals, which shonld be at the same time less tedious,
laborious, and expensive. The cxperiment has been thus again fairly tricd, but, I regret to say, found
wanting. At least, with the portable instruments which from the very nature of the case we most use, the
error and rate of the clocks cannot be determined closely enough to give differences of longitude equal in
accuracy to those obtained by the method of star signals. The accordance of results during any one series
is admirable and seductive ; but the comparison of the results of differeut series and on different dates unmasks *
the delusion, and shows that the clock rates cannot be relied upon as sufficiently constant, although the clocks
are of the best workmanship of Kessels, Hardy, and Krille.

During the past year the circumpolar and time star Iists to which ] have frequently alluded in former
reports, and which had been improved from time to time during the past eight years, have been adopted by
the Naval Observatory and by the Nautical Almanac as standards of right ascension, and have been printed
together with tables of mean places of cach of the one hundred and seventy-six stars for the beginning of the
thirteen years 1851-1863, - The methods and details of their formation, together with the discussion of the
systematic differences of the several catalogues anseries of observations employed, are prepared in full detail
for publieation with the “ Records and Results” of the Coast Survey., The cquinoctial point_gcorresponding
to Argelander’s « L X Stellarum Fixarum Posttiones Medie? was selected as the fundamental zero for
both catalogues, and all the materials employed were suljjected to the corrections requisite Q referring them
to this zcro before they were introduced into the cquations of condition. All observations since the time of
Bradley which seemed likely to add to the precision of resultant values were incorporated in the determinations,
and I think we may be justified in regarding the positions and proper-motions of these lists as commensurate
in aceuracy with the present condition of practical astronomy, and therefore not unworthy of the title
¢ standard right ascensions.”

The beginming of the year 1855 was chogen as the epoch of the two star lists, primarily because it was a
date near to, yet in advance of, the time at which their preparation was begun, viz: 1852; but there secemed
an additional appropriateness, inasmuch as this epoch is precisely one century later than that to which
Bradley’s observations are referred in the Fundamenta Astronomice.

The right agcensions deducible from the ficld observations of the telegraph parties, although made with
smull portable instruments and a magnifying power never exceeding one hundred, have, to my astonishment
and delight, been proved by these computations to surpass in accuracy a majority of the observations upon
which the determination of the “standard places” was necessarily based. I have, therefore, taken steps
towards colleeting the observations of the stars of our lists from the records of the several campaigns, with
the purpose of employing them i the next revision to which the increase of observations and the lapse of
time may render it desirable to subjeet them.

Moreover, as each successive longitude campaign has been computed, the right ascensions of the signal
stars employed have been deduced and placed on reeord ; and 1 hope before long to submit a catalogue of
the right ascensions of between five and six hundred of these gignal stars, as an incidental fruit of the careful
zeal of the cbservers, especially of Messrs. Dean and Goodfellow, by whom far the greater part of the observa-
tions have been made.

Since my last report I bave, to my great regret, lost the services of two accomplished and valued aids,
Messrs. James H. Toomer and John 8. Bradford, the former by resignation, the latter by his transfer to a
wider field of usefulness. I have, however, been aided, as in former years, by Professor George Scarle and
Mr. Cleveland Abbe, to whose assiduity and care the value of the work done is in great measure due.

Very respectfully and truly, yours,
B. A. GOULD.

Professor A. DD. Bacug,

Superintendent United States Coast Survey.
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APPENDIX No. 15.

DISCUSSION OF THE MAGNETIC AND METEOROLOGICAL OBSEHRVATIONS MADE AT THE GINARD COLLEGE
OBSERVATORY, PHILADELPHTA, IN 1840, 18£1, 1842, 1843, 1844, AND 1843, PAR[ IV. —INVESTIGATION
OF THE ELEVEN (OR TEN) YEAR PERIOD, AND OF THE DISTURBANCES OF TIIE HORIZONTAL COMPONENT
OF THE MAGXNETIC FORCE. BY A. D. BACHE, LL D., SUPERINTENDEXT UNITED STATES COAST S8URVEY.

Volume XTI of the Smithsonian Contributions to Knowledge contained a discussion, in threc parts, of
the obscrvations for magnetic declination; the first part referring to the cleven {or ten) years period in the
amplitude of the solar diurnal variation, and of the disturbances of the magnetie deelination; the sceond, to
the annual inequality of the solar diurnal variation; and the third, to the influcnce of the moon on the
magnetic declination.  The present discusgsion refers to the changes of horizontal forec, and will be carricd on
in the same order as the former, o0 as to dispensge with explanations in the mode of treatment, unless in those
portions involving the peculiarities of the horizontal-force instrument and reeord.  Charles A. Schott, esq.,
has rendered me the same assistance in this work stated in the introduetion to art 1,

The horizontal-foree instrument was onc of Gauss’s large bififar magnctometers, made by Meyerstein, of
Gttingen, the weight of the magnetic bar being about twenty-five pounds, and its kength being thirty-six
inches and five-cighths. The suspension wires were slightly inclined, the smaller distances between them
being above the larger. The value of oune division of the scale in parts of the horizontal foree was determined
to be: in May, 1840, 0.000035; in June, 1841, 0.000038. The mean, or 0.0000365, is the value used
throughout the serics.  The sensibility of the instrument was thus very considerable.  The instrumoent
having been properly adjusted with the bar at right angles to the mean magnetie meridian, the torsion angle
Z was found to be 71° 43'. The relation L ==« cotan. Z expresses the value of one seale division £ in parts
of the horizontal foree, @ being the value of a seale divizion in parts of the radius; or 0.06011= 038, and Z
the angle of forsion. Increase of readings on the scale corresponded to deerease 6f horizontal foree.

The instruments were placed in position by the equations deduced by Professor Lloyd for the ease of
the declinometer in equilibrium with the hovizontal and vertical force magnerometers, the position of instable
equilibrium being taken necessarily from the form and position of the observatory. The cffeet of the small
vertical-force bar at first nsed upon the bifilar was quite insensible, and that of the declinometer bar affected
tlic value of the seale but slightly, the effect of both instruments changing the value of the seale divisions
only in the ratio of 1 to 0.9956.

A thermometer, by Francis, of Philadelphia, divided to half degrees of Fahrenheit’s seale, and caxily
read to tenths, was plaeed in the box of the horizontal-foree magnetometer, and as near as practi(-able to
the bar.

After the bifilar was set up, a motion commenced in the direction indieating decrease of force; it was
progressive, though not steadily so. After a time an extra scale was required on occasions of auroral or other
disturbances, and finally the ordinary readings were upon this extra scale.  On the occasion of the change of
the vertieal-force magnetometer, in January, 1841, by the substitution of Saxton’s balance magnetometer for
Lloyd’s, the magnetizsm of the horizontal-force bar was examined and found to have sensibly decreased ; its
force amounted to 0.9601 of its original force, in May, 1840. The experiments were made by means of
deflections with a subsidiary declinometer bar, the only means then available. A further experiment of the
loss of force was made in June, 1841, when the instrument was acecidentally disturbed by one of the observers.
The loss of magnetism then found, by means of a new determination of the angle Z, was 0.0314 of its amount
in Janunary, 1841. To ascertain the change of magunetism of the bars of the magnetometers, vibrations were
also made use of, but they led to no ratisfactory result. The progressive change of the seale readings from
the change of the horizontal force and loss of magnetism of the bar will be investigated further on.

The observations between June, 1840, and September, 1843, were made bi-hourly, and from October,
1843, to the close of the series, hourly. The scries, extending over five years, is not quite continuons. No
observations were made on eleven days in January, 1841, oh the oceasion of the introduction of a new vertical
force magnetometer, and the eonsequent necessity of readjusting the instruments; in January, February, and
March, 1843, the work was reduced to but a single reading a day, by circumstances clsewhere stated ; there

21 cs



162 REPORT OF THE SUPERINTENDENT OF

are also some minor disturbanecs at other times, when the differences in the readings, however, were aseer-
tained and allowed for. Full statements bearing on the continuity of the series will be given in subsequent
pages.
The reduction proper neceszarily commences with the operation of bringing all the readings to the same
standard temperature, to render them comnparable among themselves.

Correction of the readings of the bifilar magnetometer for changes of temperature.

The carc bestowed on the experiments to ascertain the effect of the temperature on the instrument, and
the perseverance with which they were carried out, were not rewarded with a corresponding degree of agree-
ment in the results obtained by the various processes employed. This, it will be recellected, was also the
case at other observatorics.  The subject of the coefficient of temperature for the bifilar magnet is fully treated
i the preface to the three volumes containing the record, and it will, therefore, in this place only be nccessary
to recapitulate in general the results, and to state the nature of the experiments there deseribed.

The first observations for the temperature cocflicient were made on July 16, 1840, Oscillations were
observed alternately at the ordinary temperature and ncar the freezing point, obtained by surrounding the
box containing the maguet with ice; at the same time, comparative oscillations of a bar in another building
were observed to furnish the neccssary data to corrces the bifilar results for any change in the horixontal
force during the progress of the experiments.  The value dedueed was 2.8 scale divisions for a change of 1°
Fahrenheit. No reliance was placed on this result, on account of the comparatively rude indications of the
subzidiary instrument, and alse on aceount of an irregularity at a certain point in the curve representing the
connexion of change of force with change of temperature.

The method of deflections was tried and abandoned on account of the small amount of deflection at a
distance sufficiently great to prevent the chanee of permancnt changes from the mutual action of the bars.

On the 22d of February, 1841, comparisons by vibrations were again resorted to, but with no better
suceess, the correction for change of foree during the interval being unsatisfactory. The result deduced was
3.0 scale divigions for 1© Fahrenheit.

Applying the results to the readings of the bar when mounted on the bifilar suspension wires in the
observatory, they were go little satisfactory that it was determined to get the change of intensity of the bar
by heating and cooling the observatory while the bar remained #n siza.

In January and February, 1842, a continuous seriez of observations was made by allowing the ohbser-
vatory to attain the winter temperature on one day, and obtaining thus a result by comparison with the pre-
ceding and succeeding days, when the room was artificially warmed. The value found was 1 .55 scale divisions
for 19 Falirenheit. At this time the observatory was warmed by a soapstone stove with copper fixtures.

About the close of the year 1842 an efficient set of subsidiary instruments was mounted in one of the
college buildings, the bifilar magnet being about nine inches in length.  After the relative value of the scales
of the instruments had been ascertained, comparative obscrvations were made, six each day, in the morning
and afternoon.  These observations and results are given in a table extending over cleven months in 1843,
and over eleven months in 1844. The results were fluctuating, and the discrepancies proved, conclusively.
that other causcs were at work which would not be accounted for. The changes in the force were generally
small. In the course of these experiments I found, beyond a doubt, that instroments of the same dimensions
were required to give comparative results. During an aurora the small instrument in the college gave by no
means the same results as the large instrument in the observatory. There were numerous comparisons
determining this. I had reasen also to believe that the large bar had its induced magnetism easily disturbeds
and not regularly reuewing itsclf, go that the correction for temperature may be supposed compound, one
part permanent and one part temporary. The following results were obtained :

Observations between February and June, 1843, 2.50 scale divisions.
¢ “ July and December, 1843, 2.28 « “
# “ January and June, 1544, 1.94 « “
“« € July and December, 1844, 2,00 « i

for 1° Fahrenheit. It may also be stated that no reasonable supposition in regard to differences of tempera-
ture between the indications of the thermometer and magnetic bar, or to changes in the coeflicient varying with
the temperature, will explain all the cases of discrepancics. In these comparisons, always near each other in
time, small differences in intensity, as shown by the subsidiary instrument, were allowed for, but the correc-
tions for temperature of this latter instrument were neglected, as the changes of temperature in the building
where it was placed were small.
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Another method, not quite 8o unobjectionable as the preceding one, was tried ; it congisted in taking the
results corresponding to the highest temperatures during each winter, and comparing them with those corre-
sponding to the lowest temperatures, a correction being made to reduce the changes of force by means of the
secondary instrument.  These comparisons were lable to be affected by the unequal distribution of the results
used aver the diffcrent parts of the month. The result was: for combinations and comparisons, from

January, 1844, to June, 1844, 2.03 scale divisions
July, 1844, fo December, 1844, 229 o« “

for each degree of Tlalirenheit’s scale.

The mean value of all the results obtained by the various processes explained, is 2.6 seale divizions, and,
as a preliminary measure, it was supposed that the coefficient was changeable: and Lence a correction for
change of temperature was applied, varying from 3.2 scale divisions in 1840, to 2.0 seale divisions in 1844,

On resuming the discussion it was thought desirable to deduce a value for this coefficient directly from
.the entire mass of observations, as this could not fail to satisfy the whole serics. For this purpose it was
indispensable to make the series of observations eontinuous, or, in other words, to refer the readings, extending
over five consceutive years, to the same initial division of the scale. This is, thercfore, a proper place for
stating all cases when the instrnment suffered any distarbanee, and the amount of seale correction required.
All necessary explanations are given in the record.

The first break in the series oceurred August 27, 1840, at 124 22™ (Philadelphia time,) when the mirror
was aecidentally deranged. The obsgerved numbers from this date to September 22, at 12" 22™, have been
brought to comparizon with former numbers by the mean pogition of the bar for six previous days, (in some
eases seven,) and by the hours, from O} 227 1o 22" 22™ jpelusive.  Thix correction is already applied iu the
record ; its probable error is given as 3.3 scale divisions.

On Scptember 22, 1840, the instrument was readjusted.

An interruption of eleven days occurred in January, 1841, owing to the introduction of a reflecting
vertical-force magnetometer, and requiring a new arrangement of the ingtruments.  The horizontal-foree mag-
netometer was left in its place. The mean values for January, viz: 944.6 divizions for the bifilar, and 36°.5
for the corresponding temperature, ag given in volume I of the record, may be reduced to the true mean by
the interpolation of values between December 31 and Janunary 12, The daily mean (at 32°) on December
31 was 842.3, and on January 12, 913.0; hence, omitting the readingz for January 3d and 10th, as Sunduays,
the complete monthly mean should be 18.6 divisions less, or equal 926.0.

The observations were resumed on the 12th, and continued to February Sth at 22" 494™, when the wires
were found to have been slightly deranged. Two days previously, February 6, 18" 22™ (Philadelphia time,) a
great change in the position was noticed; on re-arranging the instrument, it did not return to its former vead-
ings. A correction of 4116 has been applied (in the record) to the previous meanr readings ouly in this
month, and in consequence +-116 divigions should be added to each individual reading from the commence-
ment of the series; but on aceount of another disturbance of the instrument, on the 22d, at 16" 22™ (Phila-
delphia time,) & further eorrcction of 492.8 scale divisions should be applied. The total correction is
therefore, +208.8. Besides these corrections, the readings on the 22d from 0" 22™ (Philadelphia time) to
10" 22m (Philadelphia time) inclusive, should be inercased by +25.1 divisions, the alhidade of the instru-
ment having been disturbed.®

On the 2d of June, 1841, the suspension wires were struck accidentally, deranging the instrument; the
readings were then ncar the end of the subsidiary scale, and in re-arranging the instrument the new readings
were brought near the middle of the seale. The total difference between the old and new scale readings,
the latter commencing with the first of the month, is 900 scale divizions. The means between June 1st and

® The corrected daily means for the month of Febraary, 1841, should, therefore, read as follows—

1163.5 1131.1 i
1144 8 1103.8 !
1141.9 1032.5
1133 0 1053.5
1138.1 1100 0 ;
1138.6 11221 ‘
1181.2 1139 7
1159.6 1137.0 }
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5th are already corrected in the record, but the individual bi-honrly readings require a correction of 4-213%

. seale divisions 1o produce these means. It was thought best not to apply this correction of —900 divisions
to the observations between June, 1840, and June, 1841, but shnply to state the quantity, sinee it ean be
applied casily to any result hercafier. .

At the close of 1842 the regular observations were discontinued for three months, during January, Feb-
ruary, and March, 1843; a duily reading was taken at 14" 22™ (Philadelphia time,) in order to keep up a
continuity in the series. By means of the reduced readings in the same months in the other years, it was
found that a correction of —3%44 —347 and 4145 for Jannary, February, and March, respectively, was,
required to rofer the mean at 140 22™ to the mean of a complete hi-hourly daily serics.  Applying these cor- ‘
rections, the corrected montbly means beeome—

Tor January, 1843, L L. i o 80317 at 59°.2
Tor Februavy, 1843, ..ot .o -..798%9 at 510.9
For Marely, 1843 .. .. .o e 81501 at 48°.7

On the 15th of April, 1843, the instrument was carefully examined and found in adjustment.

At ¢" 50™ on May 4, 1843, the bifilar was disturbed, but readjusted on May 5, before the regular obser-
vation at 2" 21™ p. m. A correction of —16 divisions during the interval is to be applied to the readings.
After this date the instrument remaived undisturbed.

We have, therefore, for disenssion the following continunous series of monthly means of the readings of
the bifilar magnetometer with its corresponding mean temperature. The serics extends over five years and
one mouth. To obtain a better view of the series, the correction of —900 divisions for the first twelve months
Lias been applied;; it gives a negative value to the June mean of 1840.

TapLy I

Recapitulation of monthly mean readengs of the bifilar magnetometer, corrected so as to present a continvous
series.

RBIFILAR MAGNETOMETER. 1 TERFERATURE.

1

L 184041, | 184142, | 184243, 1643—44, | 184445, | 181041 | 184142, 1549—13. | 183—44. | 1844~ 45.

e ——— A ———
rreersr e e | = BG4 ] 402 6635 5010 +10%.0 1 +72°.1 1 7401 | +7l°.3l +75°.1 1 4708
Juy ..... b0l 46395 T2 94653 1126.6 } 75.6 77,3 76.8 | 76.8 7.8
August ... J 182 SILE | TIBL 9563 | Mo TS .41 47 7.2 75.8
September . 1621 5379 743! 954 1248|650 06| 25 73,1 .5
October..... J o vwal sse| o8| 983.6) 1407 J 55,7 5871 67.9 66.3 68.8
November, ... g wes ) o3} TR 8| mssal 414l aral 6L 60.5 61.5
December . 4 156.0} s34 739 96| le3| 3.7 ) 55.4 57.3 51.7 57.4
BADMATY coisvnecieve corevireereveieanes, 20081 S6LD T 8037 9883 1w 5 61.5 ‘ 50.2 51.7 58.8
FOBIUAIY canevrer evnsereereervereeennes| 23571 676 4 798,91 1018,1] 1221.6 | 317 l 60.5 | 51.9 | 54.6 53.6
BIATCH uevaenantinesontaiares seanass 21849‘1 sl Bl 10521 129531 435 64| 487] €28 58.2
April..... | e6.5| 6067 895, 10676| 2573 505 5.5 6741  cas 64.1
May ..o [ aue el erse| 0mal 12508 ‘ 60.3 68.3 | 68.4{ 88.9 4.3
June... N TR E \ SETTEC R FOUTURUIN FEOVUURN TR S 74.8

; ! : |

f

Under the supposition of a uniform progression in the change of the mean monthly readings (due to
change in the horizontal force and loss of magnetism of the bar) the bifilar readings for a given period may be
represented by the forme—

| i |

B=B.+hex + Lty

where Bn a mean bifilar reading for the period.

z the change during a period.

# the change in the reading due to a change of 1© Fahr.

& e==difference between any single period and the mean epoch.

At = « [ any temperature and the mcaﬁ temperature.

The formula was first applied 1o the monthly means resulting from five years of observation; it gave

» == + 1.0 scale division; but the remaining differences showed that the irregular changes between June and

# For the first day only 4142, according to the mean in the record.
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July, and Deccmber and January, of the years 1840-"41, had an undue cffect on the result.  The first year’s
observations were, therefore, omitted, and the process repeated for the remaining four years. The twelve
conditional equations gave the normal equations—

+2143.15 == 4 143z —200.47.

- —2549.73 = — 2004z +711.17.
whence z = monthly cffect of the progreszsion == +16.5 scale divisions.
y = temperature correction for 1° Fahr. = 4 1.8 « “

An examination of the observed and computed values showed that the introduction of a term 4¢% = would
improve the agreement.  Solving the three normal equations we found—

x=-+17.06
y—-+ LG2
z=— 031

The following table shows the comparison of the observed and computed monthly mean readings of the

bifilar:

1841--1843. Mean tetuperature, : Mean ohserved bitilar 3 Mean compuied. : Difference ¢ — 0. ; C.— 0, 4 3.5.
| reading. } | }
N - R - _
JHNB ietvens veen eieaeee e 73°.3 i 772.2 \ 779 2 ‘ + 7.0 i $10.5
JUlY cveanns e evanens 7.2 ‘f 811.8 \‘ 206 2 ‘w — 5.6 i —au
e 7.5 ; 833 9 ! £21.7 l — 92 i — 57
BePLEMBET vuee ot enanens cen 71.9 847.1 l 837.0 i —10.1 1 — 6.6
OCLODEE vanarvrsensns manssonnaes 61.2 853 4 ; 843.3 i —10.1 ! — 6.6
November.... e 57.7 £49.9 | B51.4 + L5 i +5.0
December. suve vavinosvaansnnnns 57.n 572.2 1 887.8 ! — 4.4 | — 0.9
JANUATY s eenssravaneroneenannnns 57.8 805.0 | BEG.O i — 9.0 ! — 5.5
FCBIURTY s vaeer saee sns rausnsers 55.2 103.8 897.9 | — 5.9 | — 24
MAICB civvever oursonnnoneroncas 58.5 Y18.6 | 919.3 : + 0.7 | 1 4.3
APHileyaeaenes sevnanes saenranns €5.2 950.3 i 945.4 | — 4.9 i — 1.4
MAY cereiemermn e ene eeve e 5.5 855.5 | 963.5 480 ‘ 115
Mean . veisierene wreesmsenas 65.17 ; §72.0 | | i
‘ [

Adding + 3.5 scale divirion to the mean value of B, the above differences will balance.  According to
the above results, the annual progressive change is +17.6 X 12=211.2 scale divisions, and the change in mag-
netic moment of the bar for a change of 19 Falir. in the tempefamre, or g=— +1.62x 0.0600365=0.0000591.
This agrees with the best direct determination, being the one in which the observatory wag alternately heated
and cooled.

To test these results, a combination of the six warmest months with the six coldest months, by alternate
means, furnished several values for ¢ depending merely on the asgumption of a gradual regular progressive
change during each year and a half, for which separate results were deduced; this series commences with
May, 1841, and cnds with April, 1845, and contains, therefore, the same number of months as the first com-
bination, excluding at the same time the two defective portions noticed above. This combination also pos-
sesses the advantage of showing the variations in the values of ¢.
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Combination by alternate means of the warmer months, from May to Oclober inclusive, with the colder months,
Srom November to April inclusice.

\ Bifilar.  Temperature.’ Alternate means. ! Ad. At. g in scale di-
i H { } ; visions.

| | | i )

May, 1841, to Oct., 1841....1 461.5 r 6R, 57 ,1 ........................ .‘ _____________ S
Nov., 1241, to April, 1242 5501 | 59.05 | 52, 0 70.95 | 23.8 11.20 4+ 2.1

May, 1842, to Oct., 1242_ ... 704.3 : 71N ‘ G ¢ 58,38 | 21.3 13.54 + 1.6

Nov., 1”42, to April, 1843. .. 206. 8 57.72 1‘ B23.1 | 237 | 16.3 14. 65 + 1.1

May, 1843, to Oct., 1813....1 941.9 | 72,82 | 9114 | 58.12 | 80.5 14.70 + et

Nov., 1843, to April, 1844, .00 1016.0 5a.52 | 1020.8 | 72,72 13.8 14.20 4+ 1.0

May, 1844, to Oct., 1844....0  1117.7 7262 | 11136 | 58,72 4.1 13.90 | 4 0.3

Nov., 1844, to April, 1845....0 I1211.3 | 52,93 ‘ ____________ S AT o

. C ! : | o ; \ .

U E 50 S |, EECETERRRPEE e ‘ 109. 8 82,19 ‘ Mean+ 1.3

The result from this combination + 1.3 confirms the preceding value.  The result according to weight or
+ 1.5 seale divisions, or g == 0.0000548 in parts of the horizontal force, has, thercfore, been adopted in the
reduction of the bifilar readings to a standard temperature, for which +63°2.0 Fahrenheit has been determined
upon as the mean temperature of the magnetic bar during the five years’ geries of observations.

The difference in the resulting value for ¢, when obtained from deflections or vibrations, and from com-
binations of the bifilar readings themselves, has been remarked before, and no satisfactory cxplanation has as
vet been given of it.  Thus, for instance, at Toronto, the two respective values were 2.69 and 1.63 secale divi-
siong, as shown in General Sabine’s remarks (Vol. 111.) The existence of a similar discrepancy in the case
of the Makerstown bifilar has been deteeted by My, Broun. Whatever may be the cause of the difference,
there can be no hesitation in saying that the result derived from the bifilar observations themselves is the one
to be preferred. At St. Helena, (Vol. 1I, London, 1860,) the two values were 1.45and 0.98. The half-yearly
comparisons at this station even show a less value, viz.,, 0.88 scale divisions; 0.98 (for convenience 1.0) was
adopted in the reduction. Dr. Lamont, in his Handbook of Terrestrial Magnetism, (p. 206, edition of 1849,)
says: “If descerves to be remarked that the value oltained by comparing monthly mean readings of the hifilar
at high and low temperatures is smaller than that obtained by dircet observation.”

In the present discussion the value g:%ggg ;ég: 1.5 hag been adopted. At Toronto this value was
7 0.000142 0.00019

L = 1.63, and 3t. a2
k& 0.000087 »and at St Hclemk 0.00019

It will be seen from these values that the I'hiladelphia bifilar magnetometer was very scnsitive ; its seale
value in parts of the horizontal force is but four-tenths of the Toronto value, and only two-tenths of that of
the St. lelena instrument.

In the computations which follow the tenths of seale readings have been omitted, (keeping only the nearest
unit,) as contributing nothing to the accuracy of the resnlts, and merely inercasing the labor of reduction. The
uneertainty in the readings arising from the uncertainty in the value of ¢ probably affects the units, and the
same may be said of the declination changes, so that in extreme (individual) cases the next higher figure may
be affected.

The next step of the reduction consisted in transeribing the whole body of the observaiions after correcting
them individually for differences of temperature; the adopted standard temperature being 63° Fahrenheit.

The following table contains the monthly means of the bifilar readings reduced to the standard tempera-
ture; the series has been made continuous by the application of certain corrections explained before.

The readings are in scale divisions of 0.0000365 parts of horizontal force; increasing numbers denote
decrease of force. The time is Observatory mean time, counted to twenty-four hours for convenience sake.
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Montlly means of the bifilar readings, taken at intervals of two hours and reduced to the standurd tempera-
ture, 63 Falrenkest.

PHILADELPHIA TIME, (A. M.}

PHILADELPUIA TIME, (p. M.)

Oh. 22m. f 2. 22m. . 4k 2n. | Gk 22m. | Bh. 22m. | 10k, 22m 12k 22m. 14h. 2m. , 16k 22m. . 184, 2m | 204, 22m. | 224, Vm,
: i ! ! : !
1840, Divs. | Divs. | Divs. ! Divs. | Divs. . Divs Divs, Divs. Divs. | Divs Divs. | Divs.
i ! | ¢ : !
: : | A S —
—96 | —98 —101 | —113 —102 | — 79 | —uq —115 ~117 -6 | —E8
RIS R I l 467 463 | 460 | 466 | 4100 | 481 45 41 0 T 479 4+
August +.cen vura.en 129 | n7 ouy J 113 [ M6 o1s | 1ns w1 [ T S I P
September BRI LC R 01 “3 L1 | 169 20l [ s U= IS 55 S A £ 4] 153
October vaeesessvens| 155 \ SIS D & 20 SR U B I S L L A T R ETHE S (A
November .eooeee| 160 | 35V 16 | ME D B30 T 0W L 165 167 IECEE S 164
December oo vnene. 203 l 192 : 184 1 g g4 i 2 248 ‘ 206 % ) 25 196 : 202 i 202
1841, | ok 2m. 2h. Bm. - 4k 22m. ! 6h. 22m. J 8h. 22m g](ih. 22m ‘f‘l‘zhA 22m. | 14k, 22 | 16K, 200, | 184 22m. 204, 22m. 224, 20m,
e N B gl e e B
JANUALY . veasvnens] 2 Doesy | ore 216 | w2 | 294 [R5 w ae | 980 i 294 268
February . ...eveeeen| 279 | 200 265 256 %1 | 266 j 03 | 295 \ 276 | 283 pEES 2.5
March..i.veenrnans | 76 73 7 260 272 | 298 ‘ 209 ‘ 272 } o | 2l 282 200
285 278 268 265 °87 | 312 | 8 i Qe | 73 280 | 28D 206
3l 312 an 3 | M | W 328 | 30 | ees | sor : um 315
420 117 414 405 | a8 | 47 406 | aw |oae | e 496 427
444 40 | a3 436 a7 i &7 | s | aw [ 4z | oan 453 528
August P g 190 au5 481 199 J 515 | 500 ’ a9 | B 4% 501 497
September.........p S1T | 520 517 514 531 361 53% . 522 | s L B® 523 524
October.... ... . K 528 520 | 517 518 532 1 540 | 515 | 535 I 52 -t Poosu 530
November ,.........| 528 swo | o 515 523 | 535 538 | s2s i 523 | m5 | 5% 529
December ......... | 545 541 | 537 534 339 : 551 562 | 550 | s | 853 | a3 551
| 4 : i

1842.

i
‘ 0k, 213m \i 2h. 2
|
i i

[

1im } 4k, 21Em.

6h.2i1m. | 84, 21im. 10A. 21 }m.}
|

i

VR 213m.

16k 213m 18K, 21im

104. 213m. 2. 21 Lm.

JANKMATY eveevnrinan.|  £80 558 557 | s | 553 575 59 . 64 | 558 s6e | 65 | f65
Febiuary . covavuoe,.| 532 516 574 i 568 | 570 580 593 | s | 58 ‘ 583 | 58 | o2
March.... .. 573 564 561 | s6L | 567 | &80 577 1 567 | 568 | AT . &6 | 577
APril.eeece cnvuean| 605 599 598 | 593 | 601 618 612 | 598 [ s 605 | 607 607
MAY.o e eeeal ] I8 614 609 | 609 | 624 63 622 | 607 | 609 618 | 620 | 62
June ........ 652 655 619 [ 6il | 52 } 664 654 l 62 | ew | e | 635 [oe56
JUIVerraanneeeene. | 684 689 owz | 683 . 695 | M0 698 681 | 6 | esr 693 | 697
AUZUSL . erssyranes 02 | €9 695 | 693 o2 703 689 | Bw . q00 | o4 | o3
September ... . 21 | 73 719 ] e | m : 746 734 22 | N8 e | e | 79T
October ...o..v.ou..| 7857 750 77 B 7Y I R C R T iR ioTe6 | w4 768 | e
November . ... 780 774 72 l %9 | 3w [ 91 786 Poms | T | T8t 1‘ 75
December ......... 783 780 I O f 793 s0 | 791 | w0 | w9 ; €5
1843. 0h. 284m . 26 1m, | 4h. 213m. | 6h. 2 n. | 8. 21m. 104, QI%mjll?io.2!—:m.§l4h.21%1n.%16h.2!}m<ElSh.ngm (206, Rt fmm . Rh. 213m.
— e ——
Janvary ....... LT T S L O F P ETTTTaN 813 J...| [ FT
February . T N [ TYUUOTON BN I J0 PN IPIUTURNS FVUORUNN (SO
Marel ..o ians. ceveredan L PRI I =X S SRR R
April e ieeieann, . 853 867 880 | 875 0 | 83 i 863 | 665 850
May......... 862 875 877 | w2 855 ‘ &6 | 863 | 83 870
June.......... 879 886 805 | ewr 8718 | 813 | 84 | 887 | 8
July.. 9921 933 40 ! y32 920 ’ 916 ; 991 | ea | 92
August o evueneenen o1 923 950 957 944 g1 | 9 | v | em | e
Scptember...iv.....f 968 967 962 957 | 877 990 981 966 ’ 968 | 0 97 966
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HOURLY SERIES.

¥Uh.21]‘m ih. mm.iahﬂlgm.%h. 2lim. | 44 21ym ! 3h. mgm.‘eh. 2im. Th 2]5m.‘8h.91§m.19h,9|}m. 1A, 213m. 1A Bijm.
| H
1843, Divs. Divs. Divs, Divs. Divs. 1 Divs. Divs. I Divs. Divs. : Divs. Divs. Divs.
i ™
October .ouveeursn. 083 978 980 978 9% | 78 977 080 984 ‘ 987 991 992
November.......... LEE] 987 986 984 983 | 981 981§ 984 ggg 592 vy4 991
December .a. ..., 496 994 993 992 990 | 98 g8 | ems 992 | 992 993 998
|
‘mn 215:1;.21:%.:’.’1}m.llflh.ﬂl,{m.il.‘ih.Ql%m.jlﬁhﬁ]%m. 1A 213m. 164 214 m. 10k 213 m. (204 214m. 21A. 213m. 3221 Im | 2042 jrn,
October .oeonecen | 991 99 ve5 983 923 g 983 | 985 | 95 | 985 | o8 g3 i 984
Navember....,, ... | 992 999 grg 987 935 ! 985 ! &7 ; 987 ; 988 | a88 o8y | 939
Decemnber vu.e.us, ’ oo | 999 897 994 92 4 oL 993 ‘; 996 | 996 | 996 | 998 | 499
1844, T0R. 21pm. 1A 2fm. | 24, 2}m. ! Bk 2im ;M Ll}m,ESh‘ 21m. | 6k, 2im | Th. 2! jm. | Bh. 21gm. | V4. Ql;—m.gIOh 213m. 11h.21m.
] |
January ..... 1009 1097 | 1006 w001 | 1000 1002 1001 1001 1004 1007 1010 1013
February . ouenenwea.l 1031 1031 w31 1028 1046 1046 1023 1028 1029 1030 1034 1136
Marchesveveveeees, 1030 1048 1647 1046 1045 1044 1045 1046 1051 1058 1060 1062
1067 1066 1065 1062 ‘ 1059 1059 1062 1062 1067 1075 1079 1079
1066 | 1066 1064 1063 | 1063 1052 1062 1063 1069 1075 1076 1071
June . ........ 1031 l 1079 1078 1079 1079 1677 1073 1079 1082 1084 1086 1083
o3 | 1o 1106 1107 1107 1106 1105 1105 1110 1117 1119 1115
AUZUS . eenivnans 28 1130 1130 1130 ‘ 1129 1127 1126 1131 139 1148 1149 1143
September......... J108 ¢ 1108 1108 1o | 105 1107 1106 1113 1123 1129 1133 1129
Outober cevvavinens 1132 1 1128 1127 negs | ol 1124 1125 1130 1137 1143 1146 114t
November .eovuvee.’ 1136 § 1135 1133 1132 1131 1127 1128 1129 1131 1141 1147 1149
December ..ovoviin., 1203 Io1a0 1198 1196 1 1194 1192 ¢ 1138 1191 1192 1196 1207 1215
126,21 gm. 194, 21m. 144, 203m. (5%, 214m. 16k 204m [\Th. 203m. 1%k 213m.[19k. 214 m. |20A. 214m |20A.204m |26 214m. 23k 21im.
JANUATY vevenyeenaan) 3011 1008 | 1005 001§ 1000 1002 1004 1005 1005 1006 1007 1009
February . .ouv,. . 1035 w3 1028 0 1028 | 1032 1031 1032 | 1083 1034 1033 1034 1083
Mireh.. ... 1067 | 1063 ;1058 1049 ‘ 1052 1054 1054 1053 1051 1052 1052 1051
Aptil.oeiie.., 1074 w89 1063 1059 | 1051 1059 1065 1067 1068 1069 1066 1069
May.iciaiiannns 1663 w58 | 1054 1054 | 1052 1055 1060 1064 1065 1065 1064 1054
JUne . ueensens 1679 074 1069 w67 | 1067 1069 1073 1075 1077 1079 1039 1080
Y o7 ¢ 1oL L 1097 1094 | 1693 1094 1097 1100 1102 1103 1104 1105
AUgust . ... 134 us 17 1s o1z 1123 1130 1131 132 1131 1132 1131
September me | 1108 1 1102 | 1100 l 1101 1105 1108 1110 1111 1111 1112 1116
October \uuveavene.. . 1139 | 1134 1128 129 | 1128 1132 1133 1133 1135 1132 1133 1140
November..... ....0 346 1145 | 1139 1137 ;’ 1138 1138 1138 1143 114l 1138 1135 1139
December vavevamn..l 1215 © 1210 1205 ‘ 1200 1195 1198 1197 1197 1197 1201 1201 1201
18135, l‘ 0h. 21)m. 1h, 21 m. i 2. 213m, l 3k, 211 m. ; 4h. 213m. | Sh. 213m. | Ok, 213, | Th 21 )m. | 84, 2m. | 9k, 21im. |10A. 214m. 114. 21 m.
January ........ i 1233 % 1230 1231 1229 12927 1225 1224 1226 1230 1238 1244 1248
February .......... S Rt 1202 1230 1230 127 1224 1228 1234 1238 1246 1249
Marchuues ., eeeen] 1237 | 12 1235 1236 1235 1233 1231 19314 1242 1350 1256 1262
April . 1230 1249 1247 1245 1243 1241 1247 1255 1270 1280 1279
MUy .ienreiinnnn, 1248 1246 1245 1241 1238 1935 1242 1234 1264 1265 1263
June soeenee e e 1204 1 1274 1273 1268 1267 1262 1266 1273 1284 1250 1289
i i
i12h~91%M-313h"21%m A4h 213 15k, 213 167, 2V im | (Th. 213m. |18A. 214m {195 21 }m. 205 214m (200 21jm. |24 214m. k. 21im.
FUNUBIY +sevvanns 1245 1241 1238 1235 1233 1236 1237 1233 1232 1231 1231 1229
February ..ovee oee.| 1251 1247 1240 1236 1235 1233 1234 1236 1236 1232 1232 1233
March.e.vesceenen -f 1261 1254 1246 1240 1241 1243 1245 1242 1241 1238 1241 1240
April cves. I 1291 1267 1255 1253 1249 1251 1254 1257 1257 1254 1951 1252
Moy.veciantnne oees 1256 1248 1242 1242 1242 1246 1251 1951 1251 1953 1951 1245
JUNe teivenrrerannns ; 1282 1278 1269 1267 1266 1269 1274 1278 1277 1276 1275 1275
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The monthly means are containced in the following table:

TapLe III.

il

Monthly means of the preceding bifilar readings reduced to the standard temperature 63° Fakrenkeit.

184041, 184142, 1549743, 124344, 1 1844-45.
Divs. ’ : Divs. Divs. : Divs. Dhivs.
June ...l F L S S
Uy e e + 71 443 926 1104
Angust ... i 127 403 95 1130
September. ... Lo oLl ' 159 527 . 970 1112
October 156 530 761 Tom1 1132
November ; 160 “ 597 ‘ 780 957 1133
Deveniber 197 | 547 : TRy 994 ‘ 1199
January ‘ =374 : 563 1R0E 1005 ‘ 1233
B ‘ 973 5 1814 1031 1935
Mareh oo ‘ 973 ‘ 570 1835 1052 l 1243
935 603 an3 1065 1255
312 617 65 1064 1249
415 ‘ 65

W1 233 057 1274

Correction for progressive change in the readings—The observations having been referred to a uniform
tomperature, still require a correction for the cffcet of the progressive change during each mouth before Peirec’s
criterion can be applied for the purpose of separating the disturbances.  We have seen that the mean monthly
value of this change due to loss of magnetism of the har and to change in the horizontal foree itself was 17.6
seale divisions ; on the average, therefore, a correction must be applied to the observations on the first and last
day of cach month of +8.8 and —~8.8 scale divisions, aud in proportion for the intermediate days. At To-
ronto, also, the progressive change in spme months was =o great as to present a praetieal difficulty by its
interference with the proper comparability of the observations, and in these cases new means at shorter inter-
vals than a month were taken. At Philadelphia the progressive change is 2o large as to reguire a systematic
correction throughout the series.  In the manuseript tables used for the preparation of the montlily nermnals
and containing the observations redueed to 632 Fahrenheit, the readings corrected for progressive change
were written in blue ink undemeath esch ohservation.  1f the monthly differences are taken from Table
No. I11, it is apparent that the change is irregular, and in three cases at least it is certain that other causes
were in operation, which produced larger monthly differences than could be attvibuted to the gradual loss of
magnetism. These cases arc the following (alrcady notieed in the preceding temperature discussion :) between
June and July, 1840, a difference of 170 divisions; between December and January, 1840-"41, a difference

@ The actual mean of 17 days was 203 ; to reduce this to the mean of 27 days, 19 scale divisions were subtracted, resulting
from an interpolation between January 1 and January 12 ; the mean of 7 days preceding and following the gap was made
use of,

T Owing 1o causes already explained, the means of May and June differ so much as to affect the continuity of the series;
the same is to be said of the differences between June and July, 1840, and between December, 1840, and January, 1841: the
corresponding differences between the same montbs in the other four years furnish us with the means of correcting the series
for the fixst year, as will be geen hereafter; it also appeared advisable to omit the readings in June, 1840, altogether, the
instrument not having been in stable adjustment.

} The numbers in table II have been slightly changed, to refer the mean of the hour of observation to the mean resulting
from observation of 12 hoursa day. Comparing the mean at 14k. 22m. in each month with the respective monthly means in
the other four years the above corrections hecame —5, —b and 0 for January, February, and March.

The bar between September and October, 1843, separates the means from the bi-hourly and the hourly series.

In the application of the reduction for temperature no attempt whatever has been made at interpolation in the magnetic
series, but whenever a temperature reading was accidentally omitted, it has been supplied by comparison with the observed
temperature imwmediately preceding and following. No magnetic reading can be supplicd by interpo’ation, howerer short
the interval, as long as the law of the ccenrrence of the disturbances remains unkoown.

22c¢cs
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of 77 ; and between May and June, 1841, a difference of 103 divisions. They require separate treatment, as
will be presently explained.  Tor the correction of the progressive changes the mean reading from ere month’s
geries was made out for the first, middle, and last of each month. By this process of taking the mean from
14 days preceding and 14 days following each of the epochs the lunar effect on the solar variation is practically
eliminated from the resulting mean value* These means corrcsponding in time to the beginning, the middle,
and the end of cach month, furnish the rate of change for the first and second half of the month, and by sim-
ple interpolation give the correction for progressive change for each day. Tf the rates for the first and second
half of the month are different, the monthly means of each hour {from the bluc figures) will differ by a small
but constant quantiry from the former monthly means. Thus, for instance, for the month of June, 1342, the
monthly mean is 651 divisions, corregsponding in time to the middle of the month; the mean of the readings
(at 63%) for the second half of May and the first half of June is 641, corresponding in time to the first of
Junc; and the mean of the readings {at 63°) of the second half of June and the first half of July is 673, cor-
responding in time to the last of June; the correction applied to the bi-hourly readings (at 63°) on June 1
was 10, and to the readings on June 30 was —22 divisions. At the middle of the month the correction
it zero, and for the intcrmediate days it is in proportion to their respeciive distances from the middle. The
algebraie sum of the daily corrections divided by the number of days of observation is —3, which gives the
new monthly mean 648, as corrected for irrcgularity in the progressive change. In the exceptional case of a
break, or beginning and termination, the required rate of change for half’ the month was found by a similar
proeess, using half-monthly and quarterly means.

The following table, No. IV, contains the monthly means of the bi-hourly and hourly readings of the
bifilar magnetometer referred to a uniform temperature (63> Falirenheit,) and corrected for irregularity in the
progressive change. It is here inserted for the purposc of comparing it with the monthly normals, showing
the change produced by the exclusion of the disturbances. The means in the month of June, 1840, are sup-
pressed, and the readings between June 1 and June 5, 1841, were not used.

% In connexion with this subject, the first part of an interesting paper by Mr. Broun may be consulted, viz: ¢ On the
lunar diurnal variation of the magnetic declination at the magnetic equator.”’ — Proceedings Eoyal Socicty, Vol. X, No, 39, 1860.
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Tapne IV,

DMonthly means of the bi-hourly and hourly rcadings of the bifilar magnetometer, reduced to a wuniform
temperature and corrected for trregelarity in the progressive change.

PHILADELPHIA FTIME {a. M.) PIILADELPIIA TIME {P. M.}
Year. Oh. Bm | 2h 2im. BA 22m | 10h.22m. 124.2m. | 4R Qem,ileh 22k, 187 22m 204.22m. 924 22m.
| : - 1 i
1840, | Divs. | Divs. | Divs. Divs. | Divs. | Divs.  Divs. [ Divs h Divs. ~ Divs. Divs. | Divs.
. 1 ! ; i x i
B 1 [ 90 | &3 - 79 76 102 | 116 97 | 68 } 57 90 95 25
AUZUSL vunsvuners.! 130 118 118 14 147 ! 158 139 | 5 12 RO 127 131
September..........f 161 | 130 148 ML 1 20 6 (B | 15 156 60 o 156
OCober cavveannnen. 153 1 14T 135 EC I E 1 U ¥ 1 1 I am 155 136 0150
November .uvavase o] 155 B2 144 136 | 148 166 174 ] 160 ’ 162 154 135 159
December . vesere..| 202 191 ‘ 183 17| 183 209 ' @17 [ 205 | 181 193 any a0t
1841. [0 22m. 24 2n. 4k 22n. | Gk RV Bk R2m. 10K 22m. 194, 22m. | 144, 22 L1€R. 2im. 184.22m. 20K 22m. 224, 22m,
January *...i0ae.s | 300 201 200 | 280 276 20% 326 310 302 298 392
February, .oveeeees.! 219 20 265 255 261 236 303 w895 auz 239 275
Marcheeees seeseen. 276 a7: 257 260 272 age 209 272 281 282 239
April...............Ji 283 215 | 263 262 284 309 @i DY o7 977 | 26 | D3
MAY.useerassaerensl 307 208 | 07 2u9 314 TR 319 300 | 294 309 308 312
June t 392 390 389 383 400 408 | a9 a0 | 335 392 403 400
July.ceneas : 145 41 435 437 448 458 | 450 430 | 431 443 454 449
AUZUSTs evs vnvvanns ! 492 492 487 483 501 17 502 a8t | as3 | 298 508 499
September.....o.o., 518 [ 52 0 519 | 516 536 562 | 540 2, 52 | 5 ' 825 526
October ... wouvs .. 507 519 516 | 517 531 539 541 531 | FECI 509 ! 530 529
November .ouu.vias. 525 526 519 512 529 533 335 52 320 52 535 525
December . .en.. .. .. 546 542 538 533 540 552 553 551 | 518 554 534 552
1842, 1 0h. 21 m. ‘Qh.ﬂlﬁvm 4h.214m.  Gh.21im  BA.2lim. 10k iim 12h.21im “ 14A. 213m. 1GA. 213m 18A.212m '20)‘).‘.21%:7;.}’2-2/‘1. 21im.
i i

JANUALY ovesvarenn 558 | 556 555 552 551 573 | 577 562 ! 557 566 563 563
February . .......... 585 579 577 571 533 533 | 596 535 581 586 592 583
Mareh ... iivereess! 569 | 560 557 357 563 576 | i} 563 . 564 570 572 573
April. .. . 610 604 603 | 598 606 623 617 60t 597 610 612 612
614 | 610 806 605 621 629 . GIR 04 606 - 615 617 619

64y | 652 645 68 649 651 | 651 639 636 649 652 632

687 | 692 8¢5 | 686 698 LIEI 700 654 677 690 696 700

August. | w0 | 694 695 692 Tl T 70 | 13 659 699 703 702
September........ o] 723 | 25 70 | 713 734 748 76 | 724 720 73 732 729
October .. ..... i 1 751 751 7B 739 | 77 782 76 770 68 769 766
November, | T8 | T3 1 768 7T 0 T8 781 77 T T 84
December ... .oau.. 780 | T 5 (AT 76 790 | 797 788 T T8 731 82

Oh.211m. (2h 2im.

818 ...,

819

831 -
| 838 83 862 856 869 . 862
f : 859 ; 834 | 835 | 862 872 869
SO 873 883 82 | ST 2 870 | H 884 - &85
L1l TIPINIOPRRNE I -7 923 . 93 - %43 | ¢35, 923 | 919 | 84 934 932
August. ........... 0 938 | 030 | 930 927 | 949 956 943 | 923 | 824 | 829 033 ¢« 9%
Beptember .........] g7t i g | g5 %0 ! 98y | 3 981 | 969 971 | w3 973 969

. * The mean of 17 days is given; to refer it to a complete month subtract 19 divistons.

1 The mean of 19 days is given ; to refer it 10 a complete montl add 8 divisions,
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TasLE IV-—Continued.

HOURLY SERIES.

Sh.21¢m.

Gh.Q10m | SA.213m. 104.213m.! 114 21 }m.

Year, | UR.21im ' Th.213m. 2A.211m. 8k.213m. 4h.213m. 6h.213m. '
i ;

1843, o Dhivs, . Divs Divs, Divs. Divs. Divs. Diva. | Jlvs : Divs. Divs. i Divs. Divs.
October,,iuvene s ‘ 93 973 920 072 ¢ 1) 978 977 984 IRY woL ! 9u2
November cusnsenasi 987 9=6 025 ARy a2y 930 980 933 agy 991 993 993
December .ouives. ] 935 993 yg2 Y91 93y ! 987 987 U8y | a4l : 991 992 ’ 897

L2h.200m. 134.230m 1A 2ihn 1542100 16420 m | Vik2im. 184 21im, 192 213m |20A.214m {214 214w | 225 20m 234 2ijm,

— — |
October.,veesveran- 401 939 935 983 983 ; 983 985 985 s E 981 983 | 984
November cove s 991 939 937 936 081 985 086 | 926 987 | 987 geg ! 988
December .. v.a.. 999 942 995 0uz go1 | 93¢ 902 | 995 | 995 | 995 997 ‘i 998
_ —— _ ‘ - ‘ ‘
1844, 04.21§m I Lh.214m. | 2h.22mn l Sh.213m. | 4h 213m L sh2tim 6A.213m. | Th.2°ym | #h.21im.| 94.213m. | 10h.213m | 11A.21im,
i -

Juanuary. . 1607 1005 1004 1002 1060 1004 eitis) 09 1002 1005 1008 lo11
Fbruary. 1031 103t 1031 Ly 126 1626 1026 10023 1024 1030 1034 1038
Mireh . oaiuunanne., i 1051 1049 1048 1047 146 1045 1048 1047 10352 1059 1061 1063
Aprit .. 1070 10649 1068 1065 1062 1062 10635 1055 1070 1078 1082 1682
May ciieiie seenss 1055 1063 1063 1062 Jjoe2 61 1061 1064 1038 1673 1075 1070
June F 1073 1077 1036 1077 1077 1075 1073 1077 1020 1082 1084 19081
July A 1R 1103 1105 1105 1108 1105 1101 1104 1109 1116 1118 1114
August..... .I 1133 1134 1131 1134 1133 113t 1130 1135 1143 132 1153 1147
Reptember .., e o2 1102 1102 1103 1697 1101 1100 1107 1117 1123 1197 1123
October....,.,... .1 1136 1132 1131 1i27 1196 J 1128 1129 1132 1idt 1143 1120 1143
November ..., .. 1132 1131 1129 1123 1127 1123 na4 1125 1130 1137 1143 1145
December.... . PPN 1205 1208 1200 1198 1196 1194 | 1190 1193 | 1194 1108 1209 1217

124 214m t 13%. 21y | 14423 }m lish.o im i 164.2;4m. | 174.213m [ 184.215m | 194 213m.| 204.210m | 21A.213m [22n.21 im.{230h.213m.
January . ... ..., 1909 1005 1033 938 99% 1600 1002 1003 1003 1004 1005 1007
Februnry ., . 1035 1032 1023 1028 1932 1031 1032 | 1033 1031 1033 1031 1033
March ..., .. 1068 1064 1047 1057 1053 1055 1055 | 1054 1952 1033 1053 1052
April 107 1072 1066 1062 1064 1072 10668 1670 1071 1092 1059 1072
May . 1064 1057 1053 1633 1031 1054 1059 1063 1964 1064 1063 1063
June 1077 1072 1067 1063 1065 L6567 1071 1073 1075 1077 1077 1078
Jaly ceens o el 1106 1100 1088 1093 1002 1003 1096 1099 1101 1102 1103 1104
August o0, . 1138 1129 1121 1119 112t 12y 1131 1133 1136 1135 1138 1°35
September ..., .. 1113 1102 Ju96 1094 1095 1099 1102 1104 1105 1165 1108 1110
October., .., . - 1143 1138 1132 1133 1132 1136 1137 1137 1139 1133 137 1134
November,,..,....| 142 1141 1135 1133 1124 1134 1134 1139 1137 1134 1131 1135
December.,,.,, . 2 1217 1212 1207 1202 1197 1198 1199 1199 1199 1203 1203 1203

1815. 0h.21m, 1A 2Um, | 24,21 m. ) 3A. 21 m. | 44.211m. | 5h.21im. | 64 .213m. | 1h.21im. | 8h.213m | BA.2Uim. | 104.213m | 11A.213m.
January ..vo e 1234 i 1231 1232 1280 1218 1226 1225 1227 1231 1239 1249
February .......... 1231 1203 1231 1229 1249 1226 1223 1237 1233 1237 1245
March ... ..., ... 1236 l 1235 1234 1235 1234 1234 1230 1233 1241 1249 1261
Apritoooo s Ll 1953 1253 1251 1249 1247 1245 1243 1249 1257 1272 1281
May ... evan 1244 1243 1241 1240 1236 1233 1230 1237 1249 1259 1258
June covonn s w1981 1281 1281 1280 1275 1274 1269 1973 1230 1291 1296

124 254w | 134 213m.| 145203 m | 158.21im  16A.20{m | 17h.214en | 184.21}rm | 19%.21m.| 204 2idm.| 214 .213m.]| 224.214m |23k 21 fn.
1246 1242 1208 1236 1234 1237 1233 1234 1233 1232 1232 12130
February ... ...c.- 1250 1246 1229 1235 1234 1232 1233 1235 1235 1231 1231 1232
Mareh covovven weee| 1260 1253 1245 1239 1240 1242 1244 1241 1240 |+ 1237 1240 1239
ADPril civaeene 1273 1269 1937 1255 1251 1253 1256 1259 1259 1256 1253 1251
May .coov ennenn, 1251 1243 137 1237 1937 1241 1246 1246 1246 1248 1246 1240
JUDBL ceve vave eraan 1289 1285 1276 1274 1273 1976 1981 1285 1284 1283 1282 1282
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TasLe V.

Monthly means of the preceding bifilar readings referved to a wuniform temperature and corrected for irrecu-
larity in the progressive change.

The column 184041 containg a double set of figures: the first are the monthly means directly obtained frem table IV the
gecond contains the means when the series is made continuous for the tweo breaks already noticed.  The mean difference
between May and June (from four years) is twenty-five scale divisions, and between December and Junuary it is twenty-

two scale divisions ; these corrections were applied in the second set of figures.

1840-"41. COIRHISMR IRRS43 MBS IRESUS | ey
. s means of se-

Divs, | Divs. Divs. Divs. Divs. ©  Divs, | Ve

JUIF e e ool e ast 0 G2 ow 103 77
Angust ool 128 Coome 4 T o o1 T4
September. ... . .o..oo.... 162 ; 200 | 520 TR 073 I 1106 | 795
OCHODET e e eeee e 154 L om 520 i 924 1136 | 739
November. ... ... S T S B SR - Y S S b1 936 . 11 741
DeCember « e eenr .. 196 324 B4R el ooz | o1an | 760
JADUAYY < oo o T AT 346 | 561 £13 1005 13 | 70
February ccoves coveiinaann. 8 346 ! 583 214 1031 | 1234 3 RO2
f oo 46 0 s66 831 1053 1242 ¢ ges

o9 B0 po2 €66 1069 L 1wsT £30

308 ’ w6 614 R4 1063 1244 32

30348 : 401 642 20 1075 ¢ wes1 | 857

Annual means. . . - 318 ‘ 554 793 : TO0R 1192 ; 773

The differences in the successive annual means indicate that the progressive change may be assumed to

Liave been uniforn from year to year, and applying the usual methed we find an annual progressive change
of 220 scale divisions.

Introduction of the korizontal intensity in absolute measure and scparatior of the effect of the loss of
magnetism of the bifilar bar from the effect due to the secular change of the horizantal tntensity—Altheugh
some experiments were made to determine the gradual loss of magnetism of the bar, as, for instanee, in Janu-
ary, 1841, when the amount wag found to be 0.9601 of the foree in May, 1840, and again in June, 1841, when
the amount was 0.9686 of its amomnt in January, 1841, yet the experiments do not extend over the whole
period of observation, and conzequently we are obliged to deduce the effect of the secular change of the
horizontal intensity from other independent means, and, after converting it into seale divisions, we can
assign the proper proportion of what is due to sceular change and to loss of magnetism, in the whole pro-
gressive change of 220 scale divisions in a year.

In connexion with the cperations of the United States Coast Survey, Assistant Schott has investigated*
the secular change of the horizontal intensity at a number of stations on the Atlantic and Pacifie coasts. At
scveral stations the results were subsequently improved by a discussicn of my observations for intensity,
made in part in connexion with a magnetic survey of Pennsylvania, and also extending into adjoining States,
and, in one of the journeys, into Canada. From the complete material the values in the following table of
observed horizontal and total intcnsities have been collected. The horizontal intensity X and total intensity ¢
are expressed in absolute measure (grains and feet.)

¢ Report to Superintendent, dated January 19, 1861,
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No. Year. t Observer. References from which tihe values were derived or X, ‘ ¢
b tiken. ;

1 1835.0 Bache and Courtenay._ .. ..o.... Trans. Amer. Phil. Soc., vol. V, 1837 ... cvacaan- . 13. 58
A EF T I - Y A S URPRRN j 13. 46
3 18395 LoomiS.oceoociiaoaoooioo.n. Traps. Amer. Phil. Soc., vol. VIIT I 4149 | 1341
40 1B10.9 | Bache.oooemmen oo oaeamns | meen e e e e e e nmmes amem e e ennn ‘ 15. 41
5 1841.5 ‘ Locke. o oo eiidcmcvar cemann. Phil. Frans. Roy. Soe., 18456 13.51
6 18418 | Bache. o oo eomes| oo ame e e e eens 13.45
7 1842.¢ Locke. camer el Phil. Trans. Roy. Soc,, 1846 oo oot 4. 174 13.52
& 1342.8 ‘ Lefr0y o e cece cmccaeaaa- Phil Trans. Roy. Soc,, 1846, .cuoc.vnan memmm—ean 4,176 ‘f 13. 50
9 1843.6  Bach€.ceoaooioiiiccooocccan-. e e e e e e e e e 4.172 ¢ 13.46
10 18445 | LoeKe o oo oo Phil. Trans. Roy. Soc, 1746 L ccwcaooicaa.aaa eo. 4.162 ! 13. 47
11 1846, 4 » Lo¢ke see e eimi i cnccana ee-i U. B. Coast Survey 1ecomdse e ncceren iormenuaana-n 4,143 13.42
12 . 1835.7 | Schott. . el U. 8. Coast Survey 1ecoTds oo v ommeccacncanans 4. 226 13. 89
13  18062.6 Schott_ ool el U. 8. Coast SBurvey records-con ccimoaocmnaceon.- 4.038 . 13.30

# Added while tbis paper is passing through the press.

The first three observations were not made at the Girard College grounds; and it appears from Professor
Loomis’s observation, when compared with Dr. Locke’s, that a correction of 0.023 in the value of X should be
added to these. To the twelfth observation I have assigned only half weight. It was, probably, made during
a disturbance. From the general discussion an annual diminution in the horizontal force of 0.0011 parts was
deduced for a number of stations on the Atlantie coast. At Toronto (vol. IIT of General Sabine's Discussion)
the anmual deerease was found 0.0010 in parts of the horizontal force. Being somewhat guided by these
results, after scveral trials, the following combination of the results in the table has been adopted, as perhaps
best representing the values for the time during which the Girard College observations were made, these latter

being merely of a diffcrential character:

Combination. Mean epoch. Mean horz’l int. X,
1,23 1837.1 ' 4.191
5, 7,89 18426 4.174
10, 11, 12, 13 1852.3 4.145

The annual diminution of X is 0.0030, or, when expressed in parts of the horizontal foree, == 0.0007 ;
its equivalent in seale divisions ig 19.2. The total annual change was found to be 220 scale divisions; hence,
£00.8 scale divisions of annual change is due to loss of magnetism of the bar.

The mean epoch is 1844.0, and the corresponding mean X == 4.170; the mean epoch of the observation
tuken at the Girard College is January, 1843, for which, therefore, the mean value of X =— 4.173. This
value hag been adopted whenever it was desirable to introduec the horizontal force in absolute measure.

Separation of the larger disturbances—The observations having been referred to a uniform tempera-
ture, and corrected for progressive change, Peirce’s eritcrion was applied separately to each month. For this
purpose, a systematic application was made extending over the whole series of observations, commencing with
the hour 0 and the month of July, next with the hour 2 and August, followed by hour 4 and September, and
so on in regular progression. This procese eliminates from the result the diurnal variation and the annual
variation of the disturbances themselves. The value for O* in July, 1840, was omitted as affected by two
very large disturbances. The following table shows the limiting valuc of difference from the mean (the
monthly mean for the respective hour,) also the number of observations in each year subjected to the process:

Limits of rejection by Peirce’s Criterion.

1840-41 ex — 33 n — 241
1841-42 “ 44 312
1842-43 ¢ 37 309
1843-44 B 28 313
184445 i 33 313

Mean value, 39 Sum, 1488
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The limiting value derived from nearly 1,500 observations is 39 scale divisions, and the separate annual
values show plainly the effect of the eleven (ten?) year period, the year 1843—4 being a minimum year. Cer-
tain limits in the adoption of a separating value are allowable, and upon trial as to the actual number of
disturbances separated, the value 33 scale divisions was finally adopted. Any observation differing 33
divisions or more from its respective monthly mean was, therefore, marked and excluded from the mean.
33 divisions equal 0.0012 parts of the horizontal force, and in the value of the absclute scale it amounts to 0.005.
At Toronto the limiting value was 14 divisions, = 0.0012 parts of the Lorizontal force, equal to 0.004 in the
absolute seale.—( Vol. 11T of the Toronto Observations.)

TasLe VI

Shows the number of vbservations and the number of the larger disturbances separated by the value 33, as the
limit, for eacl monih, year, and the whole period.

1840—1841. 1841 —1842. 1842--1843. 18431844, 1844-—1845.
Month. - - - ‘ - e -
Obser’s. Dist's. ~ Obser’s. : Dist’s. Obser's | Dist's.  Obeer’s.  Dist’'s.  Dbser's. I‘ Dist's.
S — - - R S S
L0 323 Z 163 323 26 308 24 312 15 648 { 0
August_ . co.eme ..o | 308 1 T3 31z | 17 82, 3 32 11 648 | 1
September - cee oo oee 312 | 5+ 0 310 | 41 | 308 44 | 312 16 600 | 27
Octobero. o oo e oo 323 ! 68 | 308 ; 28 | 310 ' 53 624 3 648 5 32
November . oo coae . 293 “ 49 312 “ 32 312 15 { 624 1 G4 } 42
December.. aves meme —on- 321 | 120 323 ,‘ 26 328 5 ‘t 624 0 62¢ | 48
JENUATY ..o ccev eame aar-| %201 23 311 14 126 i 0 646 3 648 27
FEBIUATY oo men wme s 288 50 . 287 . 37 . 124 1 600 5 576 18
March. oo oo e .| 820 62 ¢ 323 | 26 g 1 624 | 29 624 3
Aprileic o i e e 309 48 . 309 38 | 300 14 624 16 | 024 33
MAY veereon cmnn men cone 310 46 300 . 29 324 25 648 3 618 19
JUNCe it e e o t226 | 13 311 ¢ 16 . 312 | 4 | 60 | o . 600 56
BUMS - o e cee e wmme 3,533 770 1 3,729 r 330 2,895 189 | 6,562 102 | 7,512 307
H N i - ‘MA«-i
Ratio. ... eeol ool L dist. in 4.6 ob’s. ' 1dist.in 11.3 ob's. ' 1 dist. in 15.3 ol's. 1 dist.in 64.3 ob’s. ; 1 dist. in 24.4ol's.
“1In 17 days. 1In 19 days. 1 One observation a day.
Total number of observations. . cevveeeeeneninaean. 24,231
Total number of disturbances. .« c oo oo e e i enenenenn 1,698

The limiting value separatcd, thercfore, one in every 14.3 observations. At Toronto one in every 12.5
wag marked as a disturbance.

The larger disturbances having been excluded, new monthly means were taken, and the process was
repeated several times, when required, until all readings differing 35 scale divisions or more had been excluded;
the final means constitute the normals as given in the following table:
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TasLe VII

THE SUPERINTENDENT

or

Monthly normal of the bi-howrly and howrly readings of the hifilar magnetometer, reduced to a mormal
temperature and corrected for irregularity in the progressive change.

PIIILADELYHIA TIME (A, M.)

PHILADELYHIA TIME (. M )

1

Year. Oh. 22, 2k, 2m. : 4k, 22m. - 6k, Wm - Bh, W@m. l 04, 22m. | 124, 22m. . 14A. 224, ! 164, 22m. \ 1A, 22m. !1 20k, 22m, | 22h. 22m. |
POW e v m— | —
1840. Divs, Divs. ‘ Divs. | Divs. ‘ Divs. i Divs. | Divs. ; Divs. Divs. | Divs.  Divs Divs.
; H | P |
I 2 n3 ur | B ! 50 e | ue of | 29 5 % 93 108
AUZUSL. e nannsres 108 ! 1i2 ’ 117 ‘ 06 138 ( 55 134 108 11} 114 ol 125
September .ove. e 155 147 | 130 ML 18 202 | 177 155 153 158 157 150
OCLObAT «eraaerann. 142 jRT 122 128 153 166 | 159 138 148 . 146 148 151
NOVEmOEr s yay <rees. | 155 150 ! 144 133 144 154 175 157 151 148 144 160
Decetnber .] 186 | 188 j‘ 176 1 166 | 178 QU8 | 917 ‘ 193 [ 185 | 200 | 194
1841, [ Ok 2% 3k B, 4k . | 6h. g2m. | gk, 22m, J‘ 10A.22m. | 124 22m. | 14h. 22m. | QUA. 22m. ] 22k, M.
January > ..osoeees 293 300 204 98y ! o)L 302 326 ‘ 311 205 301 302
FebIuary. cua. veeeun. 269 261 | 264 257 | 265 288 297 | 289 274 975 272
BMarch..covens cienns 263 272 267 | 257 271 204 2% | 267 232 2641 | 272
Aprit, .. o 273 271 262 262 283 317 315 279 271 283 280
MAY +erevennecnanes! 31 305 06 207 306 323 313 301 06 309 313
Junet... 392 avo 392 3% 408 401 395 382 392 402 392
July . .. 442 a2 | 435 455 447 438 19 428 | 444 448 439
ARZUSE carasinvanan 450 494 487 482 501 518 502 483 | 497 500 495
September . 510 si4 515 ! 508 531 512 537 516 ¢ 520 515 515
OOLODEE cerearnanen 52 517 518 514 52 597 547 530 527 520 528
November.cv, aer .. 51y | 517 515 569 518 539 531 514 53 515 518
Derember .. 546 | 541 533 535 ! 537 348 552 549 547 550 552
- i e
i | ; ; i i |
1842, 04,21} m. | 2k 22m. 4k 2Apm. | 6k 213m. { 8h 215m.  10A.21¢m. 12h.213m.] 195 214w, | 165, 214m.| 1€h. 214 m.i 20A. 20 fm | 224,214
, |
JAnuALY . eeersnans 561 | 556 335 558 533 573 77 559 554 564 563 ] 564
February,.. oeee 5% | &3 572 | 567 568 562 569 578 578 580 500 | 578
Mareh .. 565 559 557 | 531 ! 563 574 575 561 565 571 567 | 566
APTil ooisnananns s 595 598 597 | 594 604 | 620 618 603 598 607 608 6il
May.eioivanneinen| 614 | 610 61l | 605 ! 621 ! 640 622 606 607 615 €18 618
June.. 619 652 646 “ 638 640 659 650 639 638 649 648 650
JUY caeecese et nnns 692 | 636 682 ! 678 | €95 708 700 630 677 690 694 700
AUGUSL, cersieesins 659 694 695 | 692 | 711 781 700 648 689 701 703 702
Seprember. ... 726 733 722 ! 717 739 750 737 739 727 ko1d k34 734
OCtober vovsver aee. 764 | B0 75T 757 764 781 783 778 76 768 769 764
November : 774 770 7L 763 777 789 787 781 718 775 776 776
December .. 1 780 1 oy 775 713 776 790 795 786 773 716 781 82
1843, '}na‘le%m.§2h.21gm. | 44 213m. | 62 214m 8. 214m. | 107214 124, 213m.| 145.213m.} 16k.21}m 18h.21 b, 2UA. 213 m.| 22213 m.
i T | ;
January.. covsenns e iesnae s e e i Lverianens BI8 [ TSP e
Fehruary.....‘.....‘;..... P I 817 P T
April, .. . | 861 | 86L 854 883 878 863 861 865 859
May.‘..............i 864 g2 858 872 | 854 855 862 867 863
June... sececrencaa! 881 79 87 894 | 884 870 881 881 886
July . . T 24 . o 941 934 923 016 921 928 w31
AUZUSL avviiivaren 3] B 930 ' 931 954 938 921 o 929 932 933
Beptember.ses oo | 74 \ 7 965 992 985 972 972 975 974 973

* Phe mean of 17 days.

1 The mean of 19 days.
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"TanLe VII—Continued.

HOURLY SERIES.

-1

-1

December ..{‘

Year. 04, 21m  1h.21im. %A 2iLm. S4.214n [ 44.213m. DL 21lm. €4 2iwme Th.21im. 8. R1im. 8L 164.21m. 1A,

1848, Divs. Divs, Divs, | Divs Divs. Divs. Divs, Divs. Divs, Divs, Divs. Divs,
October v vansans 933 975 933 4R iR re 950 > 97 951 G492
November cvuurs a. Ga7 985 | ags i 983 2= 080 053 o e 42 403
December...... . 265 | Sy : 992 1 $91 o9 BT GNT $U1 ull 942 9u7

; 12h.210m 13k.21pm - 142 20im - 15k. 214 m. 2ldm 1Th. 2i4m 18A.21im 19R.213m 20h.21im 2Hh. L2202V bm. 23021 m.
Oetober cvveanaan, 491 98y i’ &5 | 983 93 F5 ke 953 a8t
November.. ... 991 [ 987 936G g4 856 987 98z o8
December ... (..., 999 998 u96 003 961 9u2 G5 997 Gy

1844. Gh 2o 1A 213m. 20, 2m. 3k 2im., 40 Dim. "5k 21im. it CThoQim. . he20im. 90, 20im. L0k Qim 114 215m.

e — | ‘ - - — o

January cooveenn., 1006 1065 1004 1co2 1060 1600 L0 1002 1505 1068 1011
February. .. 1031 103t tozi ! 1029 10243 126 1624 1029 1630 1034 1034
March.. s veevennaed 1048 | 1047 1046 | 1046 1043 1043 1047 1050 B 1657 1663
Apriliveienianinanad 1070 | 1669 1068 | 1083 e 1054 103t 10657 1571 1oTR 1078
May....... ... ! 1065 1085 1063 | 1062 1061 060 | 1064 1068 1076 1077 10
June..oiaie, i lu78 : 1077 1076 ! 1077 1075 073 1657 1020 1082 JRUSES 1081
Jaly.ievieiiiannns : 1102 | 1103 1145 1106 1105 1104 ! 1104 1108 1116 111= 114
AUBUSL. vavviiiiaoani 1133 | 1134 134 1133 1133 1im 1130 ! 1135 1143 1152 11338 1147
Seprember. uvevei..’ 1105 w 1104 1167 ! 1105 3161 1101 1100 1107 ms 125 1123 113
Oectober oovvnn aus 1133 § 1132 TEI 1193 1124 1195 1129 1131 1141 148 1152 1145
November.. .o, ..., T 1150 et | 1126 1125 125 1122 12 1130 1135 nes 1142
December caanvnaen. 1213 ; 1202 | 1200 | 1192 1196 1y 1100 1108 1194 117 1209 1217

C1RR 2i3mo 13020 ;144 214w ‘ 15k 214 m - 162 214w 17h.21km 18k 2im ! 19,21 m, 208 21lm. 21A. 2 0m tim,

: o i o
January . 1003 1606 1‘ 16038 | 099 808 1000 1002 | 1623 1003 1004 1004 1005
Fehrnary . . 1035 I 103 ! Loag } R 1030 1031 1032 ! 1033 1034 1003 1032 1030
Marel oovervienanan . JOR3 1061 1057 | 1050 1051 1050 1059 ‘; 1052 ‘ 1050 PR oo 1048
April. eiiivinnin 1077 1071 1066 ig 1064 1062 1068 R 1471 1071 1088 1069
May . - : 1654 1057 1050 1051 1054 1059 i K3 I664 664 1063 1063
JUBE (i veen e 1077 107z 1667 | 1065 1067 1071 1073 D 1677 1673
JUly oo eev e et 1108 1160 1096 L 1052 31003 1696 plesel 1101 1102 1104
Allg“?[‘............" 1138 1129 1ier 1171 11T 1134 1135 1135 1184 1135
Beptember.... oo, 115 1104 1097 | jlnes) 1160 1n2 1104 1104 1108 1107
October .. .euuys 1145 1137 1134 “ 1132 1134 135 1137 1135 1134 1135
November.....,....| 1126 1133 1129 j 1124 1131 1198 1129 1130 1130 . 1131
1220 1212 1209 ‘{ 1202 1201 1201 1203 1183 1200 1204 1206

. ; 2h.21im.

L ah. 215m.

AR, 94m. 5A.213m. Gh. 21im. Th.21im.

8A.21im

SR 3m. 162.20)m.; 1A 214m.

18435, 0h.213m. !
Januzry. ........ 1233 198 1 1201 [ 1230 1298 1926 1925 1226 1231 1241 1248 | 122
February, ey ouyon. 1230 1230 | 193 L1229 . 1> 1226 1233 1227 1231 1236 1243 | 12n1
March.....ovui... 19236 0 1236 | 1834 | 19235 1234 1234 1231 1233 1241 1244 wss L 1981
April. oieael ol L e 1950 | 1949 ‘ 1947 1245 1248 1 124l 1244 1253 1208 1278 ] 1281
May 1244 1243 | 1241 1238 1235 1223 1229 12496 1251 1261 1262 | 1258
June.. ...l 1280 1281 \ 1281 1 1est 1T ¢ 1N 1265 1273 1982 1293 1295 ’ 1292
— ! i ; ‘ -
122.21)m l3h.2]§m.§ 144 Ql}m.‘ilsh"llamy‘lﬁh alim. 1TA 21 m. 184,21 fm. 10 213, 208.2}m [ 214 21¢m 224k 2ipm Wk Tidm,
i ! i
danvary ... | 1249 | 1eee | 12se | 1emm ! 1200 | 1290 1233 123 1230 1239 1220 | 1229
February. ......... 1250 1942 | 1938 ©oaem | iess | 193w Lo 1233 1235 1231 123t |
March ...,......... 1260 1253 | 1ma5 | 1239 L 1240 12¢2 | 12m 1240 1939 1237 1240
April. coviesiaaa. 1268 1267 ‘ 1255 1232 | 1948 153 1 1256 1254 1254 1253 125¢ |
Mag.oiiiiienie.. 1253 1941 i 1238 } 1236 | 1937 1239 19245 1245 1246 1248 1247
JUne . v ven vees . 1286 1280 | 1972 | 1969 ' 1269 1273 1278 1231 1280 1277 1239

23 ¢ 8
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Increase of scale readings correspends to deerease of force.  Valne of one division of the scale == 0.0000365
parts of the Lorizontal force, or in the absolute seale equal to 0.0001523.

Investigation of the Eleven-Year (also called Ten-Year) Period, as shown in the Changes of the Am-
plitude of the Solar Diurnal Variation of the Horizontal Force~~The variation in the amplitude of the
diurnal motion of the horizontal force is subject to the same inequality of about cleven years as the declination,
and the means of investization will be analogous to those used in Part 1 of this discussion. For greater con-
veunience, the preceding monthly normals were united into annual means and the results put into an analytieal
form, using Dessel’s funetion applicable to periodical phenomena, and determining the numerical uantity by
the application of the method of least squares.

In the following table of the regular solar diurnal variation of the horizontal force the means for 1842-"43
depend only on nine months of observation ; the correction given to refer them to twelve months of observation
depends on the mean difference between the results of the same nine months aud twelve months of the pre-
ceding and following year; this correction iz nearly constant, and the came within one scale division for the
adjacent years. In the second corrected column for 1842-43 the effcct of the annual inequality is thus
eliminated.  To the year 1843-"44 the results from nine months of observation at the odd hours were reduced
to rwelve montlis by means of corresponding differences in the series of even hours; thus (omitting the min-

utes) at hour 2, mean of 12 months — 1006, mean of 9 months == 1028; at hour 3 for the game 9 months,
mean = 1026, or 2 divisions legs; at hour 3 for 12 months the mean is therefore 1004, and the same result is

found by comparing with the following hour 4; the mean is given in case of a difference in the two results.

Tapre VIIIL
Regular solar diurnal variation of the fiorizontal force jor eacl year of vbservation, expressed in scale divisions.

Increazed numbers indicate decrease of force. The minutes at the head of each column are to be added to the hours given
in the first vertical column.  Bach year comnmences with the month of July.

1840-41. | 1841-742, | 184243 (9 ' 1842743, 1843-'44. . 184445,
! raonths.) : Correcticn, i 1‘
Honrof the 22m. ‘ 213m. 214m. | 21im. 24m. | 21im.
day. : ! _ 1
Divisians. | Divisions. | Divisions. | Divisions. | Divisions. | Divisions. | Divisions.
1 | 1
0(@m).| 223 549 782 46 788 wos | 1191
1607 : 1149
1006 i 1189
1004 | 1188
1003 | 1186
w02 | 1184
02 | 1182
1005 . 1186
1010 i 1194
1018 | 1202
017 | 1206
! 1016 ; 1207
12 (p.m.).} 241 563 792 +5 798 i 104 \ 1202
B ¥ N S A I DU SR 1010 | 1185
l‘% ________ 221 547 781 +7 788 1005 1189
T O I SN IS RN N 1002 @ 1188
160, 215 | bav 778 +7 785 1002 1185
I PR P [P SO A SO 1004 1188
180 222 553 ‘ 783 +7 790 10086 1190
190 ooe . SR A SER O L AR 1008 1191
20 .. 225 . 554 | 7186 | 471 793 1608 1191
3 S N S N AN IO 1009 1181
22 i 227 553 785 —+6 791 1008 1191
P2 S DU fmamcconam—— N A 1008 1191
|
Mean - .... 223.5 83105 | eiemeanicceaiooll 789.9 1007. 4 1191. 4
i L

(Philadelphia local time, counted from midnight to midnight, 24 hours.)
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The preceding mean diurnal variations were put in the following analytical form, in which the angle #
counts from midnight at the rate of 152 an hour :

Year 184041 IT— 22315+ 5098 sin (A 42327 14/) 411068 sin (2041217 16') 45089 sin (3 #4+314° 427)
20+ 448 sin (3H+312 19)

w0 1841-742 H== 5515+ 4.03 siz (A+244 07)+ 658 sin (26041351 32

“ 1842743 Hos  789.9+ 4.14 sin (94250 06)+ 7.07 sin (2604182 24)-= 3.74 sin (36323 06 )
« 1843744 He= 1007.41 2.14 sin (A+273 55)-+ 5.09 sin (204128 58]+ 2.35 sin (364317 55)
“ 184445 H== 11914+ 4.40 sin (#4271 13)+ 686 sin (26123 25)— 4.11 sin (39321 26)

To show the degree of correspondence in the formule when dedueed from the observations of the even
and odd hours separately, the results for the last year have been added, viz:
Even hours H = 119143+ 4920 sin (#+271° 28} 46098 ¢in (2 841227 36/ )+ 411 stm (3 H4322° 357)
Odd hours H — 1191.5+ 4.60 sin (H+270 59 )+ 6.73 sin (2 8-+124 138 )+ 412 sin (3 6+320 17

The close agreement between the observed and computed values is shown generally in diagram A, of
Part IV, Sketeh No. 50.

The following table exhibits the differences for the year 1842743, as an example of the numerical cor-
respondence :

A M : Computed. | Observed. C—0. i P.M. Computed. | Observed. C—0.
om 2134 i 788.7 788 +4-0.7 12m 21%k. | 769.5 798 | +1.5
2 o« | 7806 786 1 40.6 4« L TsT.6 788 | —0.4

e ) 781.3 783 J —1.7 & 16 ; 845 785 i —0.5
“ ’ 781.2 780 ! +1.2 18« | 0.2 790 ‘ +0.2
g « | 792.5 | 793 Lo—05 20« 792.9 793 i —0.1
o« | 8033 Losos | —0.7 22 ¢ Tz0.5 91 —0.5

The differences, using three terms in the equations, are within the uncertainty of the observed values.
The probable error of a single representation is + 0.6 rule divizions, or + 0.00009 in the abzolute seale.

The curves show a double progression in the daily motion, with a principal maximum of horizontal foree
in the morning, a principal minimum before noon, and a secondary maximum in the afternoon; the precise
epochs (to the nearest five minutes) and extreme values werc computed by means of the preceding formulie.

I e i
Principal 2, m. maximum J Principal a. m. minimum Diurnal range in— Secondary p. m. maxi- !
Year. of horizountal force. of horizontal force, mum of hor. {cree. i Less than
From July to : I a m.
July, ] ) ’ B i max. by
Epoch, Amount. Epoch. . Amount. Scile Parts of hiori- 1 Value in Epochs. Amount, | divis,
Divis, J‘ Divis, divis. zontal force. ' absol. seale. : Livis.
184041 _| 5h. 45m 207.3 114 Om. 246.1 38.8 0.00142 i 0.0059 4h. 05m 213, 5 6.2
184142 .| 5 50 5417 | 11 5 565. 5 23.8 0.00087 = 0.0036 3 50 545.1 | 3.4
1842743 .| 5 30 779.8 10 55 ’ 803.9 24.1 0. 00088 © 0.0037 3 50 784.0 i 4.2
1843-'44 .| 5 40 1001, 7 10 50 :‘ 1016. 9 15.2 0. 00055 ¢ 0.0023 4 0 1002.0 | 0.3
184445 .| 5 40 1182.4 10 50 | 1206.6 24.2 0. 00088 0.6037 4 1] 1184 8 : 2. 4
f ! :
Mean .., 5 41 |......... 51 I S TN BRI S ©0.0038 {8 AT Lo_...... fomaeona-
: !

The secondary maximum is reached about 8%. 30. p. m. with a comparatively small range.

The mean value of the foree is attained about 74. 55m.a. m., and again about 1%. 552, p. m., with consid-
erable regularity; it is again reached at 634. and 1134. p. m., though with less regularity.

At Toronto (see vol. IT of the Toronto observations) the diurnal variation of the horizontal foree has a
principal maximum at a little after 4 p- m., and a principal minimum at 10 or 11 a.m; the secondary maximum
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oceurs about 6 a. m.  There is, thercefore, this speeific difference in the diurnal motion at these two stations:
in that at Philadelphia the morning maximuom is the higher of the two, while at Toronte it is the afternoon
maximum. The difference between the twe maxima, as shown above, is almost nothing in the minimum
year 1843-744, but increases before (and after) this epoch in proportion to the interval. At Toronto the
daily range seems to be slightly greater.  The secondary minimum at Toronto occurs about 2 or 3 a. m,, or
about six hours later than at Philadelphia; this is a second though less significant point of difference.

The minimurn daily range oceurs in 1843-"44; its value is then less than one-half what it wasin 184041,

The following equation expresses the mean diwrnal range in seale divisions :

R==+19.68—3.78 (t—1843)+2.77 (¢—1843)2,

It represents the observed values as follows :

Olserved range, Computed range.
January, 1841 38.8 38.3
€ 184 e 23.8 26.2
¢ T 24.1 19.7
“ 1844 . e 15.2 18.7
“ T T 24.2 23.2

The minimuimn range as given by the formula is in September, 1843, Iu Part T of the discussion we
found the minimum range of the declination in May, 1843, and the minimum from the disturbances of the
declination in Angust, 1843,

Before proceeding to the discussion of the disturbaneces in the horizontal foree, the formule given for the
dinrnal variation require to be put in a different form for future use, and for convenience of comparison with
other places.

The scale divisions were multiplied by the value of one division of the seale (0.0000365) and again by
tlie value of X found for the year, the numerical constant was replaced by X, and the angular quantities were
changed hy 180°, o0 as to make inercasing numbers eorrespond to inercase of foree; we then obtain in absolute
measure the following expressions for the regular solar diurnal variation of the horizontal force at the Girard
College:

Year 184041 H==4.178 4+ 0.00091 sin (8 + 727 14°) -+ 0.00178 sem (28 + 3017 16/)4-0.00090 sin (3 O4-134° 427)

“ 1841742 H==4.175+0.00061 sin (#+64 07 )+0.001005in (264311 32)+40.00069 sin (364132 19)

“ 1842-"43 H=4.173+0.00063sin (#+70 06 )-+0.00108 st (284312 24 )--0.00057 sin (3604143 06 )

“ 1843744 H=4.17040.00033 sén (#+93 55 )+ 0.00078sin (264308 5% )+ 0.00036sin (384137 58)

“ 1844-"45 H=14.168+0.00067 sin (6 +91 13 )4 0.00104 sin (264303 25 )+ 0.00063 sin (36-+141 26)
The angle 8 counts from midnight; the middle cpoch to which each equation refers is January.

Investigation of the Eleven ( Ten?) Year Inequality in the Disturbances of the Horizontal Magnetic
Force—1In Table VI the number of disturbances in each month has becn given as found from the observations;
these numbers are, however, not dircetly comparable with one another—first, on account of some omissions in
the record; and sccondly, on account of the change from a bi-hourly to an howrly serics.  For any incomplete
month the number of disturbances for the whole month is obtained by simple proportion from the number du-
ring the part of the month recorded; for January, 1841, the total number becomes 35; for June, 1841, the
total number is 18, T'or January, Fcbruary, and March, 1843, the mean total number of the disturbances,
as found in the rame months in the preceding and following year, was substituted; this mean gave 8, 20,
and 20, respectively.  The number of disturbances after October, 1843, were halved to make them comparable
with the bi-howly scries. There were two anomalous months, July and December, 1840, in which the dis-
turbances amount to 165 and 120, with an annual mean of 64, whereas in the same months in the following
year they only amount to 26 and 26 respectively, with an annual mean of 27; the mean annual difference 37
was applied to the numbers found in 1841, which give 63 and 63 as a substitute for the anomalous values in
July and December, 1840. This anomaly does not exist in the phenomenon itself, but. is unguestionably due
to the irregularity in the progressive change.

Table IX contains the number of disturbances as distributed over the several yesrs and months, all
referred to a uniform series of bi-hourly observaiions. To this table the monthly means and their ratio, when
compared with the annual mean, have been added; also for comparison, the corresponding ratios found in
Part T of the discussion of the disturbances of the declination.
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i Hor. force. | Declination,
Month, 184041, | 184142, ' 1842-°43. | 1843-744. | 1844 45. | Mean. Ratio. Ratio.
JUlY e et cei e e i i e oo (63) 26 24 15 0 26 1. 09 0. &6
AUZUSE e e s iimcc i vanetccmmanm e 73 17 ‘ 3 11 2 21 0. 89 1. 59
September_ ..o e 54 41 i 44 16 13 34 1. 43+ 1. 38
(0241761713 SO 63 28 52 2 16 33 1. 39 2,12%
November cuveeanccaenccacrcacacacnns 49 32 15 0 21 24 1. 00 1. 08
DeCember o ocen ereemee e (63) 26 | 5 0 23 23 0. 97 1. 00
JADUALY et weeemascen camann ammann 85 w8 1 13 | 0.5 0.77
February ccvececiee i iicccccmaaes 50 RY 20 8 9 24 1. 60 0. 52
March oo icde e e cmam.. 61 25 20 14 2 25 1.06 0. 68
April e m——es 438 38 ‘ 14 8 16 23 1. 06 0.91
MAY aocecermc e cnmceaname 46 30 25 2 10 23 0. 987 0. 58
JUDE . ececrmimcrccnnracen e —————— 18 15 4 0 28 13 0. 55% 0. 53%
BUmB_ e eeiaei i 628 330 235 72 153 285 12. 60 12. 00
Mean eoocimoveneccemamrcaaans 52 28 20 G 13 24 ‘ ....................
|

In the columns of ratios the principal maxima and minima are indicated by an asterisk.
The annual means exhibit plainly the eleven-year inequality; they have been reprezented by the formula:
N= +14.4—10.2 (1—1843)+4.8 (1—1843)".

Observed N. Compated N,
January, 1841 .. ... L. L...iio... 52 24
f 1842 et 28 29 *
“ T 2 S 20 14
o B 7 7 6 9
“ 2 P 13 13

According to the formula, the minimum occurs in January, 1844.

We have next to consider the eleven-year inequality in the magnitude of the disturbances of the horizon
tal force. Table X containe the aggregate amount of the disturbances expressed in seale divizions, and also
their mean amount obtained by application of the number of disturbances already given in Table VI.

For reasons already explained, the amount of disturbances in July, 1840, equal to 10761 scale divisions,
has been diminished in the ratio of 165 : 63. The ratio of each monthly mean to the mean amount of the
year is also given, together with a column of corresponding ratios derived from the disturbances of the decli-
nation, as made out in Part I of the discussion.
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TABLE X.

Aggregate and mean amount of the disturbances of the korizontal force, cxpressed in scale divisions.

{
Month. 184041, | 184142, | 1842 '43. | 184344, | 184445 | DIeam !HO“ force. Declinat'n.
’ | i amount. ‘ Ratio. ‘ Ratio.
TS e e e (4089) 1157 1205 | 669 | 0 56 1. 10 0.87
AUZUS e e e 4084 755 11| 411 142 52 1.03 1.61
September - oo oo oo | 3092 3075 | 2000 | 660 1228 56 1118 1. 56
OCEOLET oo e 3720 1284 2309 | 166 | 1412 49 0.97 2. 66%
November. oo oo meee 2390 1991 915 34 2173 54 1. 06 1.06
DeCembEre e emme came eeeeen| 6515 1225 230 | 0 2283 52 1. 03 1. 60
JADUATY - aceme e mmmes 1186 601 0 111 . 1402 49 0.97 0.72
Febrtary oo mmeommn cmmee 2664 1822 44 200 896 50 0.99 | 0.5t
Marche oo o ememme e 3112 1176 39 1412 127 49 0.7 0. 66
N T 2138 2075 676 861 . 1604 49 0. 67 0.94
MY e | 2458 1211 1187 131 . 789 47 0. 923 0. 5%
June ...... e e 560 784 164 | 0 239 44 D.87% 0. 42%
!
Mean amounb.--...-.. 53.9 52.0 48.6 } 46.3 46.8 50.6 | 1.00 1.00

Maxima and minima in the columns of ratios are marked with an asterisk.

The inequality in the mean amount of the horizontal force disturbances in each vear, indicates the year
1843-"44 as the minimum yecar.

From the preceding results, we may assume the month of November, 1843, as the epoch for the minimum
of the eleven (ten?) year inequality, as far as indicated by the differential observations of the horizontal force.

Further Analysis of the Disturbances of the Horizontal Force—The distribution of the disturbances in
number and mean amount over the several months of the year has been given in Tables IX and X, From
Table IX we learn that the disturbances are greatest in number in September and March or April, or about
the time of the equinoxes, and least in number about January and June, or about the time of the solstices.
At the autumnal equinox the numbers excced those of the vernal equinox; the same law was found at Toronto;
also the numbers are smaller at the summer solstice than at the winter solstice, in perfect aceordance with the
resultl found at Toronto. These results are shown graphically on Diagram B of Part IV, (Sketeh No. 50,)
which contains also the ratio of the disturbances for the declination in which the same law is apparent.

Table X shows that, in reference to the average magnitude of the disturbances, the same law holds good,
to wit: the greatest rclative magnitude occurring about the time of the equinoxes; the greater amaunt corre-
sponding to the autumnal equinox, and the least to about the time of the solstices, the smaller amount
ocemrring near the summer solstice.  The average magnitude of the disturbances of the declination was found
subject to the same law.

If we separate the disturbances which incrcase the force from those which decrease it, we may form the
two following tables of the distribution of the disturbances in number and average amount over the geveral
months of the years. :



THE UNITED STATES COAST SURVEY. 183

TasLe XI1.

Annual inequaliiy in the number of disturbances increasing and decreasing the horizontal force.

1840-41, 1841-"42. 1842-'43. 1843-'44. 1844-"45. Sum. Ratios.
| ) P j
Inc. | Dec. | Inc. . Dec. | Inc. | Dec. | Inc. | Dec. | Inc. | Dec. | Inc. Deec. | Inc Dec.
! i
Julyeeeanan em—— (38) | @5 6 | 20 5 19 1 1 14 0 o 50 78 1.2 Lo
August .o ___ ...} 18 i 55 6 | 11 1 2 9 0, 2 27 79 0.7 1.9
September wewmeao.| 25 l 29 5 | 36 38 ¢ 1m | s 9 | 4 88 80 2.1%f 1.1
October e eenn o 18 | 50 11 17 37 16 : 1 g 3 75 92 1.8 1.2
November._....... 13 *‘ 36 1 | 31 4 11 0 ! 0 0 21 18 99 0.4 1, 3%
Decewber .co. --_.] (25) (88) 8 18 0 5 0 ‘ 0 15 8 48 69 1.1{ 0.9
Javuary. eeeeoenal 10 16 6 8 3 5 0 l‘ 1 3 | 10 31 | 40 0.81 0.6
February oo o._._. 15 1 35 4, 33 2 18 0 | 3 09 21§ 98 0.5} 1.2
March ceeeeooaoo | 17 5 44 10 | 16 3 17 0 | 14 1 “ 1 31 . 92 0.8 1.2
April ccecacccuenae| 18 | 30 | 14 | 24 1| 13 1| 7 0 | 16 | 34 | 90 | 0.8] 12
MAY e mm e mmee 24 | 22 [ 16 | 13 | 10 | 15 1 5 5 1 56 0 56 | 1.3] o7
JUNe wocam e, 9 1 9 6 10 1 3 0 i 0 7 21 25 43 0.5%F 0.62
i i
BUMenennennan| 239 © 389 93 [ 237 | 105 | 130 17 ‘ 55 48 | 105 | 502 | 916 ] 12.0 | 12.0

In each year the number of disturbances inereasing the foree iz lese than the number which decrease it;
the pumbers of increase are to the numbers of decrease as 1 : 1.8, The numbers of the monthly ratio for the
increasing disturbances exhibit the same law as found in Table 1¥: with respect to the numbers for the de-
creasing foree the law is apparently less distinetly marked; the maximum seems to occur about two months
later, (before the winter selstice,) at a time when the number for increasing foree is apparently at its minimum,
This indistinctness in the law may possibly be due to an irregular distribution in reference to the hours of the
day, and could only disappear through a longer scrics of observations.

TasLe XTI

Annual inequality in the mean amount of the disturbances of the horizental force. Aggregate amount for
increasing and decreasing disturbances, expressed in scale divisions.

' ! i i
| 1840-41. ‘ 1841-'42, 1842-243. 184344, | 1844-345, 1845-43. jAverage amount.i Ratios.
Mouth. : — [ : : :

Inc. Dec. ' Inc. [ Dec. Inc. Dec. Inc. Dec. Ine. . Dec. ‘ Inec. Dee. } fnc, | Dec. ' Inc. . Dee
July......| (2202) | 1887y | 214 | say 292 | 1003 41 623 07 o 2rs | a1 | sd g 574 | 1.2 1.1
Angust,..; 794 | 3290 | 261 | 494 51 8¢ 69 | 402 0 ! 142 . 1175 ¢ 4408 “4 | 54 .0 1.0
September] 1082 | 2016 | 1s6 | 2889 | 1857 242 42 | 208 €73 | 355 | 4450 5704 45 5% 1.0 1 1
October .| 726 | 2094 421 863 | 1685 714 128 0 4l 691 T2t ! 3651 . 533 | 44 | 53 1.0 . 1.0
November, 520 | 1870 35 | 1936 185 | 730 0 3 o o3 | 740 | 6.3 | 41 | 55 0.9 1.1
December| 2204 | 4313 289 936 [ 239 0 ; 0 | 1483 800 | 3976 ‘ 626 | 47 | 56 1.0 L1
January ..] 723 463 23t 370 0 0 0| 1 302 . 1100 | 1256 | 2044 | 48 , 50 1.1 | o8
February.{ 649 | 2015 140 | 1682 0 44 0 ! 20 o sos | 89 | 4747 2 52 1.0 1.0
March ...| 643 | 2469 415 761 0 3y 0 ¢ 1412 7 . 80 | 1095 4I71 P i om 0.8 | 1.0
Aprilo,.. 732 | 1408 | 530 | 1595 54 | om 75| 186 41§ 1563 | 1452 1 5902 | 40 | 52 0.9 10
May ....0 1600 | 1456 696 515 412 775 83 ; 48 398 391 . 2089 | 35 ®° | 5 | Lo 1.0
Juse.....| 307 | 253 ; 984 | 10 50 | 14 0 O 604 | 178 L2 | e | [ # | 10 o8

» [ ; : i
Bum.....; 11582 | 24424 | 3722 | 13444 | 4580 | 4602 848 l 3870 | 4429 | 9927 | 25167 556267 B ;120
Number..| 954 | 414 03 | 287 97 92 20 | B2 9% | o211 | 560 t 1% I TS SOOI FUPPUYVR AFPRP
| : 5 - | | J |
Mean....| 46 59 © | & 47 50 2 i 47 46 : 41 | 45 ’ B4 feavvrnerjinnnnnnifrreenieslnceanns
i ] i | ! i .
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The average amount of a disturbance inereasing the horizontal force is 45 scale divisions, or 0.0069 in
absolute measure; the average amount of a disturbance decreasing the same is 54 scale divigions, or 0.0082 in
absolute value. The ratio of these numbers is as 1 : 1.2, whereas at Toronto the ratio is 1 : 6.4.

The law of the monthly incquality for amount of inereasing or decreasing disturbances ig, as in the pre-
ceding case, very indistinet and further obscured by the small absolute amount of variation.

In the following table, X111, the larger disturbances have been distributed over the different hours of
their occurrence ; in this combination the bi-hourly series {of the even hours) of observation has been used
throughout.

iy gcale divis, rences. i of numbers.

IHour. | Azgregate amount Number of occus- | Average amouut. Ratin
|
| !

i

i

y 8116 142 57 1.12

! 5967 ‘ 109 ; 55 0. &6

! 1961 93 53 0. 7%

47518 94 ‘ 51 0. 74

5562 1 104 ‘ 53 0.83

7721% 146 « 53 1.15

12 (noon) - ......] 6825 ! 161 ; EY 1.274a
oo 6636 : 127 | 52 1. 09
16 e e 6634 ’ 135 f 49 1.07
180 6594 : 132 i 52 1.05
2 7574 : 139 | 55 1.09
92 e 7358 139 ! 53 ‘ 1.09

Dirceting our attention to the columns of aggregate amount and of ratios of number of occurrence, we
find the principal maximum abount 11 a. m., which seems to correspond to the secondary maximum of corre-
sponding ratios at Toronto occurring about three hours earlier; the prineipal minimum occurs about 5 a. m.,
which corresponds to the secondary minimumn at T'oronto oceurring between 5 and 6 a. m.; again at Philadel-
phia the secondary maximum at midnight is about two hours earlier than the principal maximum at Toronto,
and the secondary minimum about 4 p. meicorregponds in time to the prircipal minimam at Toronto occurring
Letween 2 and 6 p. m. Thus, the curves at the two stations, representing the diurnal variation of the dis-
turbances (irrespective of inerease or decrease) of the horizontal foree, is double crested with an exchange of
the principal and secondary maximum, and also of the principal and secondary minimum.

In the next table, X1V, the diurnal variation of the disturbances is exhibited separately for disturbances
inercasing and disturbances decrcasing the horizontal force.

i |
. DISTURBANCES INCREASING HORIZTNTAL FORCE ‘ DISTURBANCES DECREASING HORIZONTAL FORCE. | Excess of aggre-

i
! ! gate decrease
s 1

Hour. Number of Aggregate | Number of | Aggregate : . ?veraggregate
occurrences amount. ! Ratio. occurrences, amount. Ratio, Increase.

0 (midnight) .. ... 57 2878 L28 | 85 | 5238 1.21 2360

44 2173 0.97 65 3794 : 0. 87 1621

12 1998 0. 89 51 2963% © 0.68 965

28 1213 0.54 66 3588 | 0.8l 2325

48 2345 1. 04 56 3217 f 0.74 872

61 2732 1.22 85 4989 i 1.15 2257

74 3134 1.39 87 3691 | 0.85 557

48 2239 ¢ 1.00 79 4397 | L0l 2158

19 2200 0.98 | 8 . 443¢ | 1L.03 . 2234

45 2005 | 0.8 | g7 | 4888 . L.13 2884

39 1758 0.78 100 5816 |  1.34 4058

50 229¢ | 1.02 89 ‘ 5062 J 1.18 2766

| : — | | —

Sums _ooo. ... : 585 26971} 12.00 936 i 52028 | 12.00 25057
! - . i _
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The disturbances increasing and those decreasing thie horizontal force evidently follow different laws; at
Toronto they were found completely opposed ; they are less so at Philadelphia.  The principal maximum of
increasing disturbances (at noon) secm to be cotemporaneous with a secondary minimum of the decreasing
disturbances; again the principal maximum of the dccereasing disturbances (at 8 p. m.) eorrcsponds to a second-
ary minimum of' the increasing disturbances.  In reference to the main feature, the maximum disturbance of
those increasing the foree and of those decreasing the foree, the Philadclphia ratios show even a greater resems-
blance to the results at St. Helena and the Cape of Good Hope than to those at Toronto. At the two southern
stations the maximum in the disturbances which increase occurs at 11 a. m. and the muximum in the disturb-
ances which decrease occurs about 6 or 7 p. m.—(See vol. IT of the St. Helena Observations.)

Table XIV contains also the hourly excess of the aggregate amount of the disturbances which decrease
the horizontal force over those which increase the same.  If we divide the numbers by the whole number of
days of obscrvation (nearly 1500) we obtain the diurnal disturbance variation expressed in scale divisions.

TasLe XV,

Diurnal disturbance variation.

Hour. & D. !Inabsclute measare, ! Hour. i 8. D. [Inabsolute measure.

|

I
1.6 | 0. 00024 . 12 (nooen} 0.4 0. 00046
L1l i7 Pl aeea-n 1.4 21
0.7 | 1t 6. oo... i Lb 23
1.6 24 T P20 30
0.6 | 09 P20 cimaeanas C2.8 43
1.5 1.9 29

23 P22 el

The average amount by which the disturbances tend to decrease the diurnal variation of the horizontal
foree is 1.4 scale divisions, or 0.00021 in the absolute seale. The maximum effect takes place at § p. m,, at
exactly the same hour when the declination disturbances reach their greatest effect.

In the preceding tables, XIIT, XIV, and XV, to the hours indicated 2114 minutes should be added, the
observations being made so much later than the even hours.

The preceding discussion shows that for two stations, even at a comparatively short distance, as for Phila-
delphia and Toronto, there are, gencrally speaking, some close coincidences in the laws derived from inde-
pendent observations ; but there are also certain differences in other results; yet it must not be forgotten that
for a striet eomparability we require, if not simultancons observations, at least observations extending over
gimilar parts or the whole of an cleven-year period. The Philadelphia series ineludes a minimum vear of that
inequality, with the greater extent of observations before that epoch, whereas at Toronto the series begins
after the minimum epoch, and barely extends to a maximum year.

For the purpose of obtaining a better view of the absolutc amount of the disturbances and their frequeney
of occurrence,* they were classified in nine groups of equal differences of 20 seale divisions; the number of
disturbances in each was found as follows :

@ A table analogous to that given above, showing the distribution of the disturbances in declination, is here added for
comparison :

LIMITS ADOPTED. i
Number of

i ; disturbances.
In scale divis.; In minutes of arc |
i
8 to 16 3.6 to 7.2 | 1856
16 ¢ 24 f 7.2 < 10.8 ‘ 333
24 < 32 1 10.8 14 105
32 ¢ 40 | 144 to1s1 | 42
40 ¢+ 48 , 8.1 <217 | 16
48 * 56 | 217  25.8 | 2
56 « G4 | 25.3 ¢ 200 2
64 ¢ 72 20.0 ¢ 32.6 | 1
Beyond. C eeeemeas ! 0

24 cs
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|
LIMITS ADOPTED. i
| Number of

" disturbances.
In scale divis. In parts of hor force. . In the absolute scalc. ‘
33 to 53 | 0.0012 to 0.0019 | 0.005 to 0.008 ; 1159
53 ¢« 13 | 19 o 27 | 08 1 348
78 ¢ 93 27w 34| 11« 14 | 93
93 ¢ 113 | 34« 41 | 14« 17 | 45
113« 133 | 41« 48 | Mo 20 27
133 153 48 55 | 20 23 1 14
1563 ¢ 173 | 55 < 62 | 23 26 4
173« 193 | 62 o 70 | 26« 29 | 6
193 < 213 . 0.0070 ¢ 0.007 ©0.020 0,032 2
Beyond. I eedesmee i esesesas 0

The numbers in the last column cannot be considered as entirely independent of the eleven-ycar period,
and in attempting to apply the theory of probabilitics in reference to the number of disturbances which ought
to occur between the assigned limits, it beeame apparent that the larger disturbanees greatly preponderate—a
fiact no doubt intimately connected with the difficulty in correctly allowing for the progressive change during
the fixst year of observation.

APPENDIX No. 16.

DISCUSSION OF THE MAGNETIC AND METEOROLOGICAL OBSERVATIONS MADE AT THE GIRARD COLLEGE
OBSERVATORY, PHILADELPHIA, IN 1840, 1841, 1842, 1843, 1844, AND 1845.—PART V.

Tnvestigation of the Solar-Diurnal Variation, and of the Annual Inequality of the Horizontal Component of
the Magnetic Force. DBy A. D. Bachke, L. D., Superintendent Urited States Coast Survey.

The discussion of the diurnal and annual variations of the horizontal force is based on the resulting
monthly normal values for cach observation hour as given in the preceding part (IV,) in which the horiz-ntal
force has been discussed in relation to the ten or eleven year period, and which also contains the investigation
of the disturbances; in the same part all necessary statements are given relating to the instrumental data and
the absolute values of the horizontal force.

The normals, as has been shown, are referred to a uniform standard temperature ; they are corrected for
irregularity in the progressive change, and are necessarily freed from all the larger disturbances. The use of
the normals instead of the simple means of the readings (corrected for difference of temperature} will insure
greater regularity in the variations of the horizontal foree, now under consideration.

The diurnal variation reguires an arrangement of the five-year scries of monthly normals according to
the months of the year and hours of the day. In general, the method of interpolation for an occasional omis-
sion in either a month or hour, is the same as that used in Part IT of the discussion of the Girard College
observations; there is, however, thiz difference in the tabulation of the monthly values, that in the present
case the results are consolidated in a five years’ arrangement, and in consequence the year commences with
the month of July. This arrangement was preferred, particularly since it was found desirable to make no use
of the observations in the first month of the series.

Tabulation of monthly normals for each observing hour, and each observing year, beginning and ending
with July. The individual values are taken from Table VII of the preceding part, (IV.)

After applying the corrections of —19 scale divisions to the normals for January, 1841, and of 48 seale
divisions to those of June, 1841, to allow for defective number of observations in these months, a further cor-
rection of +68 scale divisions was applied to all values between J uly, 1840, and May, 1841, inclusive, and
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of +60 to all values between July, 1840, and December, 1840, inclusive, to allow for defects in the regularity
of the progressive change, thus making the total eorrection for the latter months =128 secale divisions. The
above corrections, when divided by 5, in order to give the correction to the means derived from five years,
become, thercfore: for months between July and December inclusive, +26; for January, +10; for Feb-
ruary, March, April, and May, +14; for June, 2. Tlese corrections are constant for each hour of the day
in any one month, and consequently do not affect the diurnal variation; but they have nevertheless been applied
at once to facilitate subsequent deductions.  Their origin has also been explained in the remarks aceompanying
Table V of the preceding part.

The following example of the process of ingerpolation for the odd hour values will suffice for all similar
cases: Required the mean normal from the five-year series for 54. 2147, a. m., in June, {sce tabular values and
results below.) The mean normals for the two last years at 44. 213m., 54. 21dm., and 64. 214m., arc 1176, 1173,
and 1169, respectively; the mean at 5Z. 214m. is therefore 3 divisions less than the mean at 47, 213m.; and since
the mean of the five-year series at 44. 214m. is 853, the result for 54. 214m. beeomes 849, Again, adding 4 divis-
ions to 847, the mean at 64. 21dm., we find 851; the mean of the two values, or 850, is that given in the
table, to which + 2 has been added, making the final result 852. The means of the odd hours, thus found
from the adjacent even hours, in general, do not difler by as much as a scale division.

The time given in the tables of the normals is mean local time, counting from midnight to midunight to
twenty-four hours. The observations were taken (on the average) 213 minutes after the full hours, as indi-
cated in the tables. Inecrcase of scale readings indicates decrease of horizontal force; the value of a scale
division equals 0.0000365 parts of the horizontal force, or 0.0001523 in absolute measuare, the mean horizontal
force being 4.173 (in absolute measure.) Proper weights have been given to the normals of the even and odd
hours, in proportion to the number of cbservations, as will be geen hereafter. Other special remarks will be
found at the end of the month to which they refer.

Tabulation of the hourly normals for each month and the mean of the five-year serics, expressed in scale
division readings and reduced to the standard temperature of 63°, (Fahrenheit’s scale,} also corrected for all
irregularities in the progressive change. The regular progressive and secular change, therefore, remains in
the tabular gquantities.
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Normals of the horizontal force for January.
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Referred mean . .voe. oo iivuiiiccisneenienes |one] 858 [ e ) 85 [ [ 864 G B3 B4Y avll] BB 856 [l [ 857 L
Constant correction 4 2. Normals ...... ....| 858 859 | 838 | 848 855 m‘ B | e 861 | 867 | 869 | 866 sﬁo! 855, 8431 847 847 BS1 . BSG - 8% | HSY | 858 85 | 850 e
f i ! ; ! ]

Monthly mean norinal from the even lours (4= 21im.) 856.6, weight 5. Monthly mean normal from me add hours (- 2t1m.) 857,0, weight 2,
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Recapitulation of the hourly normals of the khorizontal force (expressed in scale divisions) for eack month of

the year,

Tncrease of scale readings denotes decrease of force.

1840-1845. | ok 1k Sh. | @ 4h. ;‘ 5h. 6h. | Th. | Bh I 9h. 10h. 1 1th. | 4 2i3m.
. ! ! ! E i
Julyeeeaennsnans 681 ‘ 670 677 i 675 633 { €68 664 | 673 | 685 692 694 3-SR
August ... 648 : 859 599 698 ! 699 } 695 693 ( 02 714 24 726 718
September. ey vuas e 0 oqs | ot | s | ome om0 o | ’ 735 | 744 | ™9 | 746
October -ou. vaiereen.. i35 1 73l 73 0 omar | owms . 78 ! ovae | vma | e ] s | sl 750
NOVEMDEr, . vevueennsveveneeen. 739 | T38| 736 BT | T T8 | T | a7 743 746 751
DECOmBEr «avunrne weersecenenenn T2 . 767 | 66 . 364 | T61 i 750 736 | a8 | 6L | 766 75 783 |eeeesens
JAMATY v T94 | T8 T2 | 590 78S | TET . 86 | T84 TEG 995 | 802 | S08 Liiveewe
FebIUATY vvvvvuvensernrorenennr. ¢ BO0 798 | T96 | 06 785 | 783 , 91 | 783 | 795 | B00 | 808 ! B0 l.....eew
March . Dosez | so2 | sot s [ 7e9 | o7 | 795 | 789 . Bed | BL2 | CBIT | 822
April B4 | 823 ] w23 . 8w , 818 | 817 | 817 | &0 , &9 | s e49 | 851
May .. 83+ . 833 | e | ey | e20 | 86 €24 | €20 . E38 | 846 | 847 | 843
June g8 | e58 ( &8 | 858 S oBs5 | 852 | sy | 855 | €61 | 857 | 869 | 866
Year... . cereeel TILG . 769.8° T6.1: TET.A | 765.7 9| 766.7 | 773.7] 781.3| 786.1| 786.5
Summer ..... .. e 769.2 0 763.3 | 67.8 | 766.3 | 764.7 | 7618 759.7 | 766.7| 777.2| 785.7 | 789.0 | 785.7
WiBLE e ee ceeesteeaens e cene e 7a.8 | 77130 0.3l 768.5; T66.8 . 765.7 0 I64.2  66.7 | T70.3| T0T.0| 783.2 | T8L.3
i : ! i ; |
T4, 13h | MA. | 15k | 16h | 1TA. | USh. | 19k | 20k | 2Lh | 22k | 23k | f2Uim.
i i
JUI eeeaaaraanan 683 | 672 | 663 | G660 | 659 | €66 = €5 677 | 679 | 68l 682 | 683 . v ...
AUUST ciiis wiecensions ceeewnl 708 | 698 | B9 . 688 | 692 | 696 , 701 | 703 | 704 | 703 ;04 i 702 ...
BEPIOMbEr. cvuevennannssreereneer 736 0 726 1 720 5 718 | TI9 | 7@ @4 | w5 | @3] @5 1 22 | T2 ieereen
OCtober vvvevevevannsene - Tl 77y W3 | 0 | vme | 79 e | we [ omae | 7 |owe [ 78 L.
Navember. ... Como | 78 740 | 788 | 337 | 79 % 736 | 73 i 730 | 141 740
December . ,. i Kl T8 773 768 764 765 67 768 771 779 TR i §
January ... 808 | 801 796 | 790 | 787 | 790 793 | 7es | 7e3 | 794 | 794 | 796
February.... e13 | eos [ 804 | €00 | €01 | €0 . eol | B804 | 806 | 802 | 800 | 800
MACH «oveaevnrecens servvenaee] 819 | 814 | 806 sof | 804 | 807  8I0 | 808 | 804 | 803 ; €u5 | 8u4
APHiloviissenscriaonnnseneaen. . B45 | 839 | 827 | 824 | E22 | 2 | goT | 837 | &30 | 830 | €28 | 827 lcevivirens
May ..... vereseeie et B3 830 | 835 | 824 | &3 | 825 | B3t | 832 | &35 | €36 | €35 | B3 |ies seenes
JUOE wetsiiereseren e aaen . 860 | B35 | 848 | 847 | 847 851 836 | 858 | 8 | 858 | 859 | 839 l.eeeeerens
| : ! i
| 7s2.9 T6.2 | T69.5 766.5 ! 66.2  68.6 | 7V1.6 | TM.6 | 7134 | T135| TBA| TRB eeer..n
778.2 770.0 | T62.0 ] 760.2 . 760.3 763.8 | 769.0 | 7v0.3| 7717} 71e.2| 77| 770.8 .
787.7 777.0 ‘ TR.E ! TI20 “ 73.3 | 4.2 | T74.8 | 52| | TR | 7748 ‘

782.3 |
|

In the preceding table the normals for the summer half year comprise the months between April and
September inclusive; those for the winter half year comprise the months botween October and March inclusive.
The following table contains the mean values of the normals for each month and season:

TasrLe II.
- : 1
1840-1844. ‘ Normal. 1841-1845, Normal. 1840-1845. Normal.
July ommccmeans ----:1 676.3 ; JANUAYY came e 793.3 YOeRr o oo e 772.1
702.2 ‘ Fobruary ... wnww.l  800.6 SUImeTravauana- el TT0.1
7246 March ... 805.7 Winteromeavonaanaa| T74.1
738.2 | April oo .. eee.| 828.3
738.5 | May.....o........] 832.2
T68. 4 1\ June. oo ooo.. .---] 856.8
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Regular Solar-Divrnal Variation of the Horizontal Force~—1f we rubtract the hourly normals of Table I
from their respective monthly mean value as given in Tuble I, the difference (in scale divisions) will repre-
sent the regular solar-dinrnal variation for each menth in the year. In like manner we obtain the diurnal
variation of the horizontal forec—free of the larger disturbancees—for the summer and winter half, and for the

whole year.

the horizontal force (one

bers arc expressed in units of the sixth place of decimals.
a less force, than the mean value.

&

annual inequality of the diurnal variation, which will be examined further on.

TasLe III.

Table 111 will exhibit these differences after their conversion from seale divisions into parts of
sale division equalling 0.0000365 parts of the horizontal force.)

The tabular num-

A plus sign indicates a greater force, a minug sign
Casting the eyc over the vertical columns, we obtain also a view of the

Regular solar-diurnal variation of the horizontal component of the magnetic force cxpressed in parts of the

A plus sign indicates greater force than the mean.

korizontal_force.

For convenience sake, the first three decimals (0.000) bave been placed on the side of the table,

25 ¢ s

1840-1845. i Oh. 1. Rk | 3k 4h. ‘ h 6h. Tk, 8h. Oh. i 1A | Uk I‘ +2}m.
i : ‘ . !
July.........................I’~171 | — 098 — 025 4 047 4120 4 303 4 49| 4120~ 3I . — 52— 646 -499“‘ .....
AUZUSL wauveennsevnnsvisnnnd o 103 116 o 106 4 353 o4 116 | 4 262 £ 335 | 4 00T — 430 — 93 0 — 863 — 576 |....ueeaes
September ..u.vovn v eu.l 4 168 1 £ 240 4168 4241 4 37 ; S48 481 4 IR — O — T0F — €91 — B L.
(')cmber..........,......-..Af+1161+26'21+262 AL 408 4+ 4B1 i+372 B35 | 4 153 — 029 — 284 — 467 30 !,
| November..u,.vviaeraeans — OL8 | L VI8 L 081 - 4 J64 - - 200 | 310 4383 | 2397 L 051 — 161 — 233
g | December (T IBL 4 USLY B8 U614 270 f 313 4453 4 B0 4200 4 088 — 241
S AN L | 025 01T L 047 90 1930 230 266 | 4 T 4 266 — 061 — J8
FEDIUATY oovecennvnsioniinan.] o+ 022 1 L D95 4 146 4 368 4 204 @ 4 257 | £ 370 | £ 277, 4 Q04 L 02 — 230
March ., 4095 4 T3 4 ITLC 4 20T 4 244 |+ 317 4+ 30| 4 241 5 061 — 230 — 412
APHiles cievvceianne v enen h £ 157 | £ 193 4 193 4 303 £ 376 | - 4i2 ' - 412 4 303 — 023 — 463 — 755
MAY oot ievenins vnieien e | = 065 | — 020 o 080 .+ 16 | 116 0 4+ 226 4 209 | o 16— 211 — 50 —54[)l
June 4= 043 — 043 — 043 — 043 - 065 | + 175, 4 281 | 4 065 | — 153 — 312 — 445
: —_ —_——
YRAr cire e nen e b 022 420327 1080 4 R0 oo \ 4- 301 ‘ + #0198 — 060 | — 5T D BIL T 526 | eiers e
CNUMMET, asvans ceeesrainaee) - U330 063 0 082 ] - 136 19T | 300 - 37T ] L1270 — 259 = 50, — 691 . — BEY |..iiuieann
Winter. e 10l 4 1840 49205 4 9265 L 308 L 363 | 4 202 f 13 — )05 — 30— as |
: i ‘ ‘ : ;
| l‘ 126 | 13k | Mk 15k 64§ 1A D I8k | 1% 2o 2MA. | 2% | 2h |+ 2w
! i i i
July.oooveunnnnn crereeenee] — 214 ’+ 157 |} 485 | 4 595 | 4 BB 4 047 | — 025 098 — 171 — 244 0 — 24 {eveeenenn
AUGUSE.. cevsurnsvuns svenana] — 210 o 153 f 481 4 5IR | 2G| 4 043 | — 029 | — 065 . — 020 — 063 C A 007 [L..iiueene
SOPIOMIBEL. cuvvasn rer sers.| = 416 | — 051 ' 4 165 o 941 | {4058 4022 — 015 | £ 058 — 015 o 095 095 |iies.i.s
QCIODEE - vvveeeeaers oervrea — 367 | = 331 | — 172 E_oss;_oauj—omr‘.*.om — 024 — B3 — 020 — 029 4 007 |.i..i.....
November. ... ceeveaesverens == 419 | — 273 1 — 054 | - 018 | 4 054 | — OI8 | 091 | + 081 4 034 — 018 — 091 & — 034 |.0eovnonnn
€ | DeCemBEr . evnevees aananiiasl — 606 | — 350 | — 168 | 4 015 4 161 | 4 124 | 4 051 | o 015 — 095 . ~ 131 E— 231 | = 095 [eriaranan
< | January. -—536!—3!7:\-098 4120 | 4 230 { 4 120 | 4 013 | — 025 1 4 011 | — 0251 — 025 | — 095 {.aeeeinues
February weevuvenvuereneions| ~ 453 | — 270 1 — 124 | 4 022 | — 015 4022 — 015 | — 124 — 197 - — 051 ' 022 | + 022 [iiiiernnne
March. .oooveeviivonninnnen | — 485 0 — 303 1 — 011 | +ml+°6' [ 047 1 — 157 | — 088 061 | 4 098 . 4 025 4+ 061
Apriliaesvaenns vavee] = 609 | — 300 | f 047 | 4 157 [ 4 280 4 200 | 4 047 | 4 047 | — 061 | — 061 4 011 4 047
MaY ceet cevnenrrcnrianaranns -—175“+080‘+26-2 +999§+:&5}+9&2} 4043 | £ 007 1 — 108 — 133 — 102 4 007 |.eeiverenn
JUNG tivrensennr iaiiseneren] — 116 \ + 065 . - 821 | - 357 4 357 | + 911 4 020 | — 043 — 080 | — 043 | — 080 1 — 080 | Liierrn-
— { | . i |
Year.. . ...... 5 1-15-2?.}095 +2u4:+215‘ + 128 4 018 | — 019 — 049 — 051 | — 051 ; — 027
BUMIET .o e venearonnen.| = 295 | L 002 - 294 | 3 361 | - 355 | £ 237 | 4 037 [ — 009, — 058 | — 076 | — 064 | — 028
WIRIer tiveauetvneeinas sonans ——494’—396‘;—-105} +o47“ +077’ 4029 —002] — 027 — 039! — 026 — 038 — 02
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TasLe IV.

Table 1V is derived from Table I by multiplication wiik the absolute value of the horizonial force, (4.173;)
1t contains, therofire, the regular solar-deurnal variatien of the horizontal furce in absoluie measure.

A plus rign indicates greater force than the mean, Two places of decimal: have been plieed on the side of the table.

10— 1845, 0. k. | 2k 3h. 4h. Sk Th, Th. €h. ¢k, 104, Wh  214m.
JUY eeer eeen i ieiees — 071 — 041 — 010 4 020 4+ 050 4 127 | 4 18R of 050 — 147 0 — 839 - 270 — Q08 . ........
AUUSE o\ \veveny verenssenes o U6E 42 U2 | 4 048 1 4 064 © 4 046 + 109 4+ 140 - 003 — 180 — 332 — 362 — 241 ....... ..
September. v o 4070 4 M 070 4 D 162 0 L 19T £ 801 055 — 159 — 96 — 372 — BB .uiue. ..
October ..., Ao G4E L1060 of EO9 T 4 170 L 261 4 153 ‘ 4140 4+ 661 — 12— 119 — 145~ 1ED
NOVEMDEr . cens ceianinnaes — 008 -+ 008 | 4 028 | 4+ 068 | - (83 4 120 4 160 - 4 089 . 4 022 1 — (€8 — 114  — 190
P— 055 - 0200 4 037 4 067 4 1131 4 143 -4 JE9 4 £59 ¢ 4 113, 4 037 — 101 . — 223
g BI04 0200 4 020 4 05U ORI 4095 0 - LLE - 14D L 11— 025 — 132 - 22t
L FebIUIY eent ceanieiee e R 009 L 030 4 G6i .+ 050 S OED | UG+ M6 b 115 085 ESNCL IS T =R
MArCI ceies e s wea e = 0L o 056 4 6TL ] 006 4 102 4 132 1 4 163 4 102 4023 — 096 — 172 —— 248 ...,
APHI oin seviiiiiiee eews  F 065 of V8] R (B £ 127 4 157 4 132 0 4 172 4 197 — 010 — 193 | — 815 — 346 ..., ...
MAY cieriiie e — 2T 019 £ 023 fou48, £ 048 4094 D 125 R 048 —ov8 | — 9101 996 — 165 ..........
JUNe eelaeaiin. C— OB — 0. — GIE | — 08 £ 027 | 4 003 4 L9 4 02T — 061 C— 140
VOAr e e 0 034 005 OTL £ 096 120 055 OK3 — 02 — M1 — 23 — B .
SUMMEr. cuiie vveemrreenaees: - 013 L 026 1 4 024 0 L 57 4 082 4 125 ¢ 4 5T L 053 — 108 — Q08 — QY — M ... ...
WIILCT et veesvmeneeeeveens |+ 008 4 042 | f 056 4 OBS | 4 111 | - 199 | 4 152 4 114 £ 058 — 0441 — 138 — 9201 (... ...
| i ‘ ‘ ] S !
BA I3 1 [ 1A 16A | 17A len o olsa. 20a.  21h § 2% 9% |- 2tgm.
———— e e
JUIF e eeenaeaecs veeaeen e — 102 065 | - 203 +943§+963]+1r.7 + 020 — 010 — 011 | — 071 | — 102 .
Augist ..., S (B8 4 U6 | 4 200 2160 4 155 | 1 0% L 018 — 012 — 027 — 012 L — 027
! September, civevs eiiiiiveen. — 1740 — 021 1 o4 070 | 4+ 101 <+ 085 |  U24 ¢ 4 0069 . — 006 - L 024~ UU6 . - 040
%()ember,‘.,................ P— 195 — 1834 — 038 — 027 . — 012 —o2! 403 — o1 —~ 027 |~ 012 ~ 012 003 e
| November, ...ovoi.. — 175 - — 114 | — 022 ‘ 4 008 | o 022 | — 008 4 038 ' L 038 4 022 | — 008 — 038 .
o | Deeember ..o — WY — 145 — 070 4 006 4 U6T | 0521 £ 021 ' f 006 . — 040 | — 035 | — 055 | — 040 .ievseeen
S JUNUATY cciieiiaenet eees | 2241 132 — 041 5 050 | o 095 | b 050 o 005 — 010 - 005 |~ 010 — D10 | — 041 | .evirinnn
February.. oeuenvesevinennt = 169 | — 113 — 052 , - 008 | — 006 | + 609 | — 00F ~ — 052 — 082 | — 021 L 0bY Fova ...
March.svieion coe it — 203 0 — 127 L — (05 1 4 071 1 4 025 — 020 — 065 | — 037 | 4~ 025 - 041 | 42 010 | 4 025 ieiuiennn
April ceiins e e aeena ] — 254 —153;T0-20?+065§ +cs&i+09&j 620 0 o 020 = €25 — 020 L D05 4 020 L.eeve ae
MAy coocen i — 073 083 - 109 D - 125 4 140 | - 109 0 4 018 003 — 043 ° — 43
June e e — 048 027 | 130 109 4 149E+085‘+01‘2 — 018 . — 033 ._0153_033}
i ! { | | : ; ; : ‘ “
{ YOar tiviiicienaiiianens..  — 163 — 663 4 00 4 08;3§+090,+053]+ 608 — 008 — 020 — 021 | - (21
SUMMIT, vouevnosnniroransen, ) — 123 - 000 | 4~ 123 | 4 151 0 - 148 ‘ + 085 4 015 — 004 — D21 — 022 ] — 027
WIBLET L vautanes vnnenne — 206 — 1280 — 044 | +ozo'+03241+m-2;-—oou — oIt -uom;-_oui_azﬁﬁ
| I

Annual Inequality in the Diurnal Variation of the Horizental Force~The distinctive feature of the dinrnal
variation is shown in diagram (A,) Part V, Sketch No. 48, construeted from the mean annual and half-yearly
values given in the preceding table, IV, Tt exhibits in the annual mean, as its characteristic type, & maximum
value about 6 a. m, a minimum value ahout 11 a. m, a secondary maximum value about 3% p.m., and a
secondary minimum about 9 p. m. For the half year when the sun has north declination, the morning minimum
becones smaller and the afternoon maximum larger, thus increasing the diurnal range; the converse takes
place in the other half of the year, when the sun has south declination. 'The 6 a.m. maximum remains nearly
unchanged throughout the year, The average summer range (April to September inclusive) is 0.0046, and
the average winter range (October to Murch inclusive) is 0.0025, both expressed in absolate measure. The
range between the morning maximum and the morning minimum ig 0.0045 in summer and 0.0036 in winter,
as will be expliined further on—(Sce diagram A of Part V, Sketch No. 48.)

This semi-annual change in the diurnal amplitade is more conepicuounsly ;'epresented in diagram B, (derived
from diagram A,) by straightening out the annual curve, and using it as an axis of abscissz for laying off the
differences between the annual values and the summer and winter values at the same respective hours of the day.

This diagram (B) may, with advantage, be compared with the analogous one representing the annual
change of the diurnal variation of the declination, as given in Part 1T of this discussion. The construction is
the same in either case.
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At 6 a. m. there is hardly any change throughout the year. The maximum variation, in the eourse of a
year, takes place at 9 a. m. (range 0.00194 in absolute measure;) about 114 a. m. there is an cpoch of no varia-
tion; at 2 p. m. a sceond maximum is reached (range 0.00167 ;) again at 73 and 11 p. m. points of no variation
are reached.  Qwing to the prominent annual variation near 2 p. nu., the range of the diurnal variation between
the morning minimum at 11 a. m. and the afternoon maximum at 33 p. m. ic of more interest in the discussion
of the diurnal fluctnation of the hovizontal force than the 6 a.m. and 11 a. nu. range, which Iatter range, nz we
have seen, is slightly greater thau the first one.

To find the turning cpochs of the annual variation, the monthly values for the hours 9 a. . and 2 p- m.,
when it is best developed, were taken from Table IV, and each value was again compared with itz annual
mean.

TasLe V—dnnual variation af the hours 9 a.m. and 2 p. m.

Mounth. . 9a m. Diffurences. 2 p m. | Difitrences. | Mean difference.

0.00 | 000 0.00 0. 00 0. 00
—025 | 4116 —041 —081 4199
4509 4130 052 - 092 +121
—046 +-045 —005 —045 +045
—198 052 4-620 —020 | —0186
—210 | —(69 4100 4069 —069
J00 e C —153 —014 4134 4004 —054
JUIF e et —230 1 008 4203 4163 130
AUGUS - moe e amm o Co 33z 1 _19t +201 4161 —1T6
Scptember----_-‘_-_.j —296 —155 070 4030 1 — 092
OCtober — aemaae o Io—119 0 4022 ~-073 —113 4046
November .. _...... : —068 4073 —022 — {62 4068
December oococenaa.. +037 4178 —070 —110 4144
Mean .ooooooo.. —141 ... 4040 .. O

Casting the cye over the columns headed “differences,” we see by the change of sigm and the magnitude
of the valucs that the transition from a positive to a negative value ocenrs some time after the equinoxes, and
that the maximum variation is reached about the time of the solstices—a result in close correspondence with
the conclusions reached in the discussion of the anuual inequality in the diurnal variation of the declination,
{Part 11 of the discussion.) For convenience in the analytieal treatment, a column headed * mean difference’”
has been added to Table V, obtained by changing the signs of the 2 p. m. differences (the aunual variation
being then opposite to the morning values,) and taking the mean of the 9 a. m. and 2 p. m. differences. The
values in this column are tolerably well represented by the following formula :

D= +0.00129 sin (6 +79°) +-0.00018 sin (2 0 +191°,)
the angle ¢ counting from January 1, at the rate of 30° a month. Accordingly, we find the transition to take
place shortly before the middle of April and October, or about twenty-two days after the equinoxes.  This is
about twelve days later than the epoch found in Part IT for the declination.

Analysis of the Solar-Diurnal Variation of the Horizontal Force—For convenience of investigation and
proper comparison with similar results at other loealitics, the values given in Table I have been put in an
analytical form, and are represented by the following expressions. It will be scen that the difference between
any moxfthly normal mean and the corresponding mean in Table V of Part IV, which latter mean is affected
with the disturbances, does not exceed 23 scale divisions. This small difference includes also a small effeet
due to the necessity of different methods of interpolation in the construction of the two tables. In the deter-
mination of the numerical quantities (by application of the method of least gquaree) in the monthly equations,
due attention was paid to the relative weights of the values for the even and odd hours. The cooﬁi?ivnts are
cxpressed in scale divisions, (increasing numbers denoting decreage of force,) and the angle ¢ counts from mid-
night at the rate of 15° an hour.
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For January ..ce.. JAp == 4~ 79343 4 3LI7 sin (6 4 236° 52) 4 6456 s (2 0 4+ 96° 52)

4 8499 sin (3 A 4 2820 13) 4 29.00 sin (4 € 4 97° )

For February ao.... An = -+ 8004.6 4 5150 s (6 4 2180 26) 4 4457 sin (2 0 4 1020 29')

4 3027 sin (3 0 4 2820 40°) 4 18.66 sa (4 6 4 1210 )

For March ooo. -... Bp == 4 80507 - 6156 sin ( 6 -4 2430 31) + 5435 sin (2 6 4 114° 14)

4- 44,23 sin (3 6 4+ 316° 04) 4 1491 sin (4 6 4 113° )

For Aprilecamcaca.. Ay = -+ 82843 - Ta 65 sin ( 0 4 257° 37) 4 9455 sin (2 € 4 123° 06)

4+ 3015 sin (3 6 < 3060 44) 4+ 1318 sin (4 0 4 1630 )

For May caceen amu. Ay = + 8324.2 4 2124 sn ( 0 4 311C 31') 4 7481 sin (2 € | 140° 53)
4 4940 sin (3 6 4 3300 05) 4+ 1134 sin (4 6 4 2140

For June - coceoe.. Al = o 8B6LE - 24 12 sin (6 4 336C 03) 4 6940 sin (2 0 4 1402 32)

4 4948 sin (3 ¢4 4 3270 14) 4 0992 sin (4 ¢ 4 216° )

For July ccocuu e eeely = -+ 67645 4= 82142 sin (6 4 40 IV) 4 11450 sin (2 0 4 139° 14

: 4 6814 sin (3 0 4 3300 15) 4 0378 sin (4 ¢ - 2100 )

For August ocomana. Ay = 4 T024.2 - 5332 sin ( 0 4 310° 58) 4 104.37 sin (2 6 4 153° 46)

4+ 6379 sin (3 0 4 3350 55) 4 2488 sin (4 8 4 2030 )

For September ..... Ap == -+ 72496 4 £3.02 sin (0 + 271° 57') 4 9459 sin (2 # 4 187° 25)

4+ 7408 sin (3 0 4+ 345° 17') 4+ 1499 sin (4 ¢ 4 2159 )

For October........ Ap = 4 7384.2 & 83,06 sin ( 6 4 2370 57) + 6440 sin (2 6 + 1230 37")

4 1934 sin (3 6 4 3250 200 4 €420 sin (4 0 4 IT4° )

For November ..... Ap = 4 73845 - 4413 sn ( 6 4 237° 36') + 69.08 sin (2 0 4 1000 01')

4+ 1293 sin (3 6 4 310° 45) + 0446 sin (4 60 + 211° )

For December...... Ap = + 76894 4 5303 sin (6 4 212° 48’) 4+ 8407 sin (2 6 4 940 147

- 3198 sin (3 0 4 2692 17) 4+ 143l sin (4 6 + 880 )
We have also: For summer half year (April to September inclusive,) for winter half-year (October to
March inclusive,) and for the whole vear, the following expressions for the regular solar-diurnal variations :

For summer . cacnan Ap — - 77041 4 3499 an ( 0 4 293° 49) 4+ 9411 sin (2 6 -+ 139° 107)
4 5936 sin (3 8 4 3290 17) + 1442 sin (4 § 4+ 2020 )
For winter .o .o cu.odp == - 774491 | 5486 sin {( ¢ - 231° 3G') 4 64.04 sin (2 ¢ 4 104° 467
4 2088 sin (3 0 - 2930 54") 4 1411 sin (4 6 + 1080 )
For year ... -... Ap = 4 17201 - 80.95 sin ( 6 4 256° 199) 4 74.25 sin (2 0 + 125° 05
4 8496 sin (3 6 -4 3170 31') 4 0486 sin (4 0 4 1650 )
The following expressions for January may serve as speeimens of the agreement of the result derived
from the even and odd hours independently :

From even hours .._._. Ay == 7934 3 -k 3481 sin ( 0 4 238° 017) 4 86a.56 sin (2.6 4 9§40 327
< 4910 sin (3 9 4 2800 19') + 2408 sin (4 & 4+ 860 )
From odd hourS.ee.n-- An == 79344 .4 3971 sin ( 0 4 234° 35) 4 649.56 sin (2 6 4 101° 327)

4 5476 sin (3 € & 286° 00) - 14.85 sin (4 0 + 119° )
Giving to the first equation the weight 2, and to the second the weight 1, we obtain the equation as given
above.

The following comparison will show the agreement of the observed and eomputed values we have for
August:

(A M) Computed.‘ Observed. A i (. ».) iComputed.} Observed. A
b 213m_ | 698.3 698 0 ;120 2Lym_ 707.7 708 0
1...%_.... 698.3 699 —1 " 13.._¢__ 695.1 698 —3
2. ... 699.6 699 | 41 l4...¢...  688.4 689 —1
34| 6997 698 | 42 15...¢...  888.7 688 +1
4| 697.6 699 —1 % 160 692.5 692 0
5.,.%....] 694.3 695 —1 0 1700 697.1 696 +1
6-.-teee| 6945 693 . 41 18...v._.| 700.8 701 —1
Tootewnr| TOLz | M0z . —1 19. e 7T02.6 703 0
8. _...| 71z T4 —1 20,00 7045 704 0
9_ .%o 723.6 724 0" 2l..v__1 7048 703 42
10.._%._..] T27.1 726 41 22...% 708. 3 704 —1
.%o T20.4 718 +2  23...u 700.6 702 —1
| | |
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Diagrams C and D (of Part 'V, Sketch No. 48) exhibit the regular solar-diurnal variation of the horizontal
force; the dots represent the observations directly taken from Table I; the curves give the computed values
from the preceding equations. Thesc diagrams also exhibit the general agreement between the obzerved and
computed values. The summer mounths are represented on dingram C, the winter months on diagram ID; their
comparison shows plainly the much greater range of the diurnal variation when the sun is north of the equator
than when south of it, as was also the case with the magnetic declination.

Table VI containg the coctlicients B; B, By B, of the general equation:

Oy=A+ By sin (0= C)+ B, sin (204 C:) + By stn (3 0+ Cy) + B, sin (4 0+ C,)
expressed in parts of the horizontal foree, by multiplying the eorresponding quantities in the preceding equa-
tions with the value of a scale division. The angles C; C, C; C, will be found in Table V11 ; they are the
same as given before, increased by 1800, 30 as to make a corresponding change in the direction of the scale
readings; increasing numbers will now indieate increasing foree.

The first three decimals (0.000) have been placed in front of the table.

Tasre VI

Month. B, B B, B,
January -...... ‘ 13% . 239 146 073
February ...... 202 167 119 060
March.ooao.o-. 239 195 154 070
Apiilo. ... ... 274 349 188 043
May oo, . 082 | 283 . 161 049
JUne tecmee - = 077 234 161 034
July ..ol = 125 420 224 029
August.. oo, 194 374 248 105
Feptember ... 235 350 25% 073
October._...... ! 244 234 C48 ollL
November . ...} 151 222 . 671 017
December_ ___.. L1884t 293 145 048
Smnmer. oo [P P138 333 196 052
Winter ' 196 220 ; 105 040
Year ooooo. ... i 144 265 145 031

In Table VII the same quantities are given in absolute measure; the first two places of decimals (0.00)
are placed at the head of the columns.  (Inereasing numbers denote inerease of force.)  The namerieal values
of A4 will be found in connexion with the discussion of the annual variation of the horizontal force.

TasLe VII.

B c OB e om0

Month. | 0o l J 0.00 | : 0. 00 ! .00 | 4
January (... : 057 562 52 100 : 2760 52’; 061 | 1029 13': 030 ‘ 2770
February ... C o084 3% 26| o070 | 282 29 050 | 102 40| 025 . 301
March........., 100 63 31| 082 | 204 14 064 136 04, 029 ' 293
Aprilo. .. ... I i 737 146 303 06 079 | 126 44, 018 343
May —meoe oo | 03¢ | 13¢ 31| 119 | 320 53. 067 | 150 05| 020 34
June.._....__. | 032 | 17¢ 03| 098 | 320 32| 068 | 14T 14| 014 | 36
July eeneeen. . 052 | 184 11, 175 | 319 14 094 | 150 15| 012 | 30
August._._.___ 081 130 58 158 333 46 | 104 155 55% 044 i 23
September ...... 122 91 57 | - 146 | 317 25 108 | 165 17 | 030 | 35
October ...... 123 57 57| 098 | 303 37 020 | 145 20| 005 | 354
November ._...| 063 57 36, 093 | 230 ol 029 | 130 45 €07 | 31
December. ... _. 077 32 48 128 | 274 14 061 89 17 . o020 = 208

R f .

Summer . ...... ] 058 | 113 49| 139 | slo 1o, 0s2 | 149 17, o022 | 22
Winter._..._.. . 082 51 36 092 284 46 | 044 113 54 017 | 288
Year..oone ... 060 % 19 111 | 305 05| 060 | 187 31 013 ; 345
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On diagram E {of Part V, Sketch No. 48) the average value of the diurnal variation throughout the year,
together with the summer and winter value, has been represented as yesulting from the numerical guantities
in the above table. It exhibits the noticeable feature in the annual curve of a greater morning maximum
(about 6 a. m.) than afternoon maximum (about 35 p. m.,) whereas in the summer curve it is the afternoon
maximum which is the greater of the two*  In the winter scason the contrast isx more marked, the morning
maximum being considerably greater.  These eurves alzo show the gradual shifting of the maxima and min-
ima to a later hour in winter than in summer, a phenomenon also well exhibited in the preceding diagrams
C and . The numerical values of this change of honrs will be given in tabular form farther on.  The small
afternoon minimum about 9 p. m. is less distinctly marked than any other feature of the dinrnal curve.

Table VIIT contains the computed values of the time and amount of the morning maximum and minimum,
and of the afternoon maximum. The values for the secondary afternoon minimum are taken from the diagrams.
The time of the a. m. maximum and minimum is within the nearest eighth minute; that of the p. m. maximum
within the nearest tenth minute. The time for the p. m. secondary minimum is within the nearest hour. The
amount of change of horizontal foree is expressed in gcale divisions.

TapLe VIII.

|
: | Secondary after- | Taterval

Month, Morning maximum. ; Morning minimum. ;Afternoon maximum | poon minimum. A m.min to
: i : p. m max.
: hom. | d. h. m d. b om. d h I d. k. m.
January. _...oeoae.o-. ; 7 1¢ — 9.2 11 50 +15.7 4 10 — 5.3 il § +2 4 20
February____ ... __. T — 9.6 1040 | 4127 | 400 | —0.9 T | 42 4 20
March ooveeceeoaan | 616 0 — 9.2 | 1130 | 4164 ; 320 | — 23 6 | +3 3 50
April Lol .... 6 00 —12.3 11 20 +22.5 5 55 — 6.6 , 9 o 3 4 35
May .___ 550 — 7.9 10 25 +15.5 3 10 — 9.8 ;9 | 44 4 45
June.... 55 , — 63 | 1080 | 4125 | 320 | —10.4 | 8 | 43 4 50
JUIY e 53 | — 9.9 I 1030 | +12.3 | 32 | —17.5 9 | 46 4 55
Angusb. oo oeeoooan. 555 | —85 | 1010 | 4268 | 245 | —1s2 | 9 | 43 435
September- o —-...| 535 | —14.9 | 1020 | 425.9 | 365 | — 67 | 7 | —1 445
Otober oo e eoeeens 500 | —12.6 1115 | 4137 | 510 | —o0.1 | 9 +2 5 55
November. --.cocuaan | 600 | — 9.8 1125 | 4110 | 515 | —30 1 11 +0 5 50
Decomber ... - ... t 705 —l12.1 1205 | 4161 | 435 | —51 | 10 +4 ‘ 4 30
H I
B i — I ' e - -
Samumer. .. ... .. ' 550 | —o9.8 | 1030 | 4+19.6 325 —10.5 20} | 48 | 455
Winber....ooon.n. el 615 | — 9.4 1145 | +13.9 | 410 | — 2.2 et +2 4 25
Year. oo ‘ 5 55 — 9.6 11 00 +15.6 3 35 — 6.0 @ 203 ‘ +2.5 | 4 35

The extreme variation in the epoch of the a. m. maximum is therefore 2%. 15m.; the variation for the a. m.
minimum is 14. 557.; for the p. m. maximum it is 2%. 30s2.; and for the secondary afternoon minimum hetween
3 and 4 hours. In all cascs, the earlier hours oceur in the summer season.

Table IX shows the diurnal range, expressed in scale divisions, parts of the horizontal force and in
absolute measure. In the second eolumn the range between the a. m. maximum and minimum is given; in
the third column that between the a. m. minimum and the p. m. maximum. These two amp]itudes for a. m.
and for a. m. and p. m,, are further illustrated in diagram ¥, (of Part V, Sketch No. 48,) which shows the
curve to be double crested, with maxima near the time of the equinoxes, and the greater of these near the
autumnal equinox.

© The same is the case at Prague; in May, June, and July, the afternoon maximum was the greater of the two. Karl
Kreil, in vol. VIII Proceedings of the Academy of Sciences of Vienna, 1855 : ¢ Resultate aus den magnebischen Beobachtungen
zu Prag.’””
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TaBLE IX.—dmplitude of the divrnal variation of the horizontul force.

Mounth. Tora, m. Foram \ Fora m Fora m. = Fora m. “ TFor a. m.
and p m. r and pom. | and p. m,
5 ‘
d. o ]

JAnuAry . ool Co24.9 21.0 0. 00091 0. 00077 0.0038 |  0.003
Februars coaee.ooono. 22.3 13.6 0%1 050 34 | 21
Mareh oo © 956 18.7 03 063 i | 29
Aprl coeooo .o 84,8 29.1 127 106 53 f 45
May o.o.-. e T 25.3 083 092 36 | 38
June...o ..., enani 18.8 22.9 069 084 29 | 35
JUNY e e C99.2 36,8 106 134 45 56
ANGUSE e e oo 333 39.0 122 142 51 A0
September. oo 40.8 32.6 140 119 62 ‘ 549
October o vmecee e, bo96.3 13.6 096 050 10 { 21
November. ooeonean.’ 20. 8 14.0 076 051 32 ' 21
December 28.2 21.2 0.00153 07T 0.0043 | 0.0032
Sommer ..o oeo ... 29. 4 30.1 | 0.00107  0.00110  0.0045 ,  0.0046
Winter. momamannnan-. 3.3 16.1 0. 00085 0.00039 ' 0.0036 |  0.0025
DT U 25. 2 21.6 0. 00092 0. 00579 0. 00338 ; 0. 0032

Tu scale divisions. i In parts of hovizontd force. Tu absolute measure.

The next table contains the epochs when the mean horizontal foree ix reached in each day, as computed
by the preceding formule.  The diurnal curves intersect the axis of abscisse four times, of which the table
contains onl; the a. m. and first p. m. interseetion: those later in the afternoon and near midnight occur in
summer, winter, and whole year at 7 p. m, 53 p. m., and 63 p. m., respectively, and at 114 p. m., 12 p. mo
and 113 p. m,, respectively.

TauLe X.

Principal cpochs of mean horizonial force.

Month. AL M P M.

JAnNArY cens e cns meve e GRZEM PhgEm

Febroary.cives vimcamencon —m——- 923 0 258
Marcho oo ceee e s cmaeaaes S 842 228
Aprilaces o eciiiiieio. e 814 219
) £ cmmemeeaeana.. T 44 0 59
June...cae.cmuca. tmmmvseeen——- 747 0 48
B T 151 053
Avgusto oo ool 728 0 44
September . ool eal. T 42 129
Octobrer.enn iovt coeee e . 808 500
Novcmber....-._--_---._.-._-..; 8 40 3 28
December__ . _...... ( 9 34 3 03
SUMMer. cacevrnnemcmemrme e i 7 45 112
WiBYET e e - mmeeme e mme acan e L 900 307

1 54

Year oeaecoovnaeccanaccaacaaa.. 8 14
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The above times are generally eorrect within two minutes (according to the formula.) The morning
hour of average daily horizontal foree iz less varialile in the course of a vear than the afternoon hour.

The following table contains the computed dinrual variation of the horizontal foree.  The values have
been expressed inabsolute measure. It compares diveetly with Table IV, which contains the observed values,
It will be useful for the interpolation of observations, or for their reduction to the mean value of the day
from observations taken at irregnlar hours. The table alzo forms the basis for the construction of diagram G
(of Part ¥, Sketch No. 48.)

TasLe XI.

Computed solar-diwrne! vartation of the korizontal force tn absolute measure.

The first two places of decimals ((.00) are ptaced in front of the table.

1R10-1845. " Oh. 1h. 2h. ho boan, 5h. 6h, | Th. . Bh. 1 Ok | LA . 1k 0 £20m.
N ) T T N ! !
July eounes cevimeeecieieeanee = 061 — 061 .~ 030 0I5 4 0D1 . 4 137 - 137 4 046 — 10T, — 244 — 290 - — 244 |.....
" Augusi ... + 122 061 030 f 030 4o 061 | 4 132 4 122 4 0I5 ~ 167 ~ 335 — 381  — 274 |
September 4 GGL 061 ‘ + 061 4 107 - 182 4 229 o 188 | 4 061 L~ 152 - 320 “ _ | — 320 ;.
October , 046 0 4 001 4 122 4 167 4 1827 4 182 4 197 4 036 — 030 | — 122 — — 21
NOVOmBOr «ovvers sivasvanmen s 000 L 015 030 0 4 06 4 107 4 152 . 4 152, 4 122 | 4- 030 ' — 061 | — 167 eeen hia
E 0 December L iiii i [— 046 . 000 £ 030 4 061 1 091 C L 137 4 167 4 1821 4 192 0 L 015 — 122 | — 22
S JADUATY + ceee cernaaneeenes — 030 000 @ o 30 | 4 046 4 061 © 4+ 091 4 107 | 4 122 L 091~ 015 1 — 157 — 229 .
February cavevonronsnaeerane. i 4 0300 4 061 L 016 . 4 096 4 091 | 4 107 - 4 137 CF 152 4137 4 015 — 107 ' — 382 ...
March. . + 046 4 061 £ 076 o W07 4 107 4 137 4 137 DL 122 4 030 | — 076 - — 198 | — 244
Ap il ... SR 06U L 076 4 091 4 107 £ 137 167 4 1820 £ 122 015 — 198 — 320 | — 351 ..
L May e e . 400 000 080 4 080 o 081 [ 4 1071 4 10T 4 046 | — 076 — 198 — 244 | — 182 1ieeanin
FIUNC e — 015 030 — 030 000 046 091 I + 046 | — 061 -1, — 182 | — 305 e
| 26, 18k | 14k | 15k 16k, 17h. | e, R 20h. ‘ 2k, | 2Q%. } 23k, ‘ L 2lim
FULY L e an e, — 091 4 076 o 213 4 250 +229;+]{r2‘+0461—015.‘-—061:}—09| —0761——076“.........
CANgES e — 091 20T — 213 4 198 4 152 0 L 076 0 4 030 — 015 — 030 | — 046 | — 015 | + 015 Leeerieree
SEPLEImBEL, . veinraee cenen. — 152 o 015 4 080 L 167 L 076 o 046 | o 015 000 ! 4 030 | 4 030 | + 046 | + 075 |
[T Y L — 182 — 137 — 036 — 030 — 015 000 ;000 — 815 | — 015 | — 030} — 015, 4 015
November, — 137 — 091 ‘ — 045 000 | 4 630 4+ 046 + 046 4 030 | 4 015 000 | — 015 P— 015 ;
2 Deermber, coviierneainine. — 204 — 182 — 096 + 015 4 C61 ok 061 4 015 — 015 1 — 046 | — 061 | — (76 ' — 061 :
S JANNAIY s s ieneenn e — S 1T 030 L OBL - 076 4 046 | 4 015 — 015 — 030 | — 015 | — 015 | — 030 |
February ooevn v ey — 182 -—107‘—030‘+0|5i+015‘-—015§—030 — 030 _03;15__0:5;_015 000 §
EMARCH v iiie veevaenaaean = 198 = 107 000 | 4 046 4 015 — 015 1 — 046 — 030 | 4 015 | 4 046 : ;
April cvaiiansen ol — 27 — 1371 000 | 4 076 4 091 | 4 06} 1 + 030 090‘,—030“030\
May. ... — 076 046 - 122 4 152 4 198 4 076, 4 030 — 015 | — 046 | — 0L
June .. — 046 1 4 061 o 187} :

167 .+ 137 . - 076 | 4 030 | — 015 — 030 | — 016

Diagram (¢ exhibits the changes in the horizontal foree (in absolute measure) from the monthly normal
value for cach hour of the day and for each month of the year., The three variables are: the hour of the day,
the month of the year, and the difference of the horizontal foree from the normal. The contour lines of the
magnetic surface differ 0.0005 of herizontal force in absolute measure.  Full lines indicate greater value, lines
of dashes less value, thun the mean; dotted lines represent the normal value.

Annual Variation of the Horizontal Force—For the discussion of the annual variation we make use of
the monthly normal readings of the horizontal foree as given in Table II. If m equals the monthly effect of
the total progressive change, we obtain from the twelve equations, by the usual method, the value m-—= -+15.49,
and the correction for progressive change for July and June, for instance, becomes —+ 5.5 m and —35.5 m re.
spectively. The following table contains the monthly normals uncorrected and corrected for progressive
change; also the differences from the mean for each month, constituting the annual variation.
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TasLe XII.

Differences, or annual variation.
Month. Normals.  Corrected for pro- Corrected
gressive change normals B
L 0.000 0. 00
1) 676. 3 +85.2 6L 5 4-10.6 ! +39 +16
August oo ao L. .o .. 702.2 | +6G9.7 7719 + 0.2 ‘ a1 -+ 00
R e 724.6 | +54, 2 778. 8 — 6.7 —24 —10
OCtOLET oo viacs vcme ce e 738.2 | 4-38.7 6.9 1 — 4.8 | —17 —0T7
NOYCIDEr —ee e ooeme e oon. T88. 5 4-23.2 7617 (+10. 4 (+57) {+16)
Decermnber. . ccvwociiae ol oo 768. 4 4+ 7.7 776.1 — 4.0 —13 —66
JaANUATY e ivree mceme s e amas 793.3 ; — 1.7 785. 06 —13. 5 49 —20
FeUTUATY . ooe e e e 800. 6 \ —23.2 777. 4 — 5.8 —19 — 08
MArch - eevmsenvncmmee e mem oee 805.7 8.7 767. 0 4+ 51 ! 419 +08
APl eman oo e e e 828.3 . —54.2 7141 — 2.0 — 7 —03
MY e e e e e e T —69.7 762.5 + 0.6 ! +35 415
JUNE weees cmmemavmmmme mem e £56. 8 — 85,2 7716 + 0.5 402 +01
e S
Mean . ceeer ceecmmcacccn cmem oe e 721 0.0 772.1 In scate divi- In parts of the Inabsolute
: sions. ‘ horizontal force. measure,

With the exception of the month of November, the values given above for the annual variation are
tolerably regular in their progression, and considering the delicacy of the test applied to the cbservations in
deducing the annual variation, this exceptional irregularity in the November value will not affect the general
conelusion.  We have as the general result: a greater horizontal foree in summer (from April to August) and
agmaller horizontal force in winter (from September to March) than the average annual value.  The maximum
occurs in July, (at Toronto in June,) and the minimum in Jauvuary, (at Toronto in December.)

For Toronto we have the expression for the annual variation:

3.531 +0.002 sin (¢ +3120.)
For Philadelpliia (omitting the November value:)

4.176 4 0.001 sin (0 --306°;)
the angle ¢ in both equations counting from January 15,

The annual range is 0.0021 (in absolute meagure.) The transition appears to take place about the time
of the equinoxes or a short time before,

Table X1ITI containg the monthly normal values of the horizontal force in ahsolute measure, obtained by
adding (algebraically) 4.1730 to the values in the last column of Table X1I. These numbers, it will be ob-
served, are corrected for secular change; if we apply the same, we obtain the resulting monthly mean values
of the horizontal force answering to the epoch January, 1843. The quantity 4, mentioned in the explanatory
remarks to Table VII, is given in the last column of Table XTIII.

26 ¢ s
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"P'apLE XI11.

" Normals corrcet- },\[onth]y means (af-
Month. . ed for sccular fected with secu-

change. Yar chuinge.)
JWY e ee el 4. 1746 4.1759
August .. oeeoiniaao. 4.1730 4.1740
September - veen eann .‘ 4, 1720 4.1727
OCtobeT. e e 4.1723 4.1728
November o..oeeo. | 4. 1746 4.1749
Decerber. oo ceoa oo ' 1.1724 4.1725
January ceeeeen e ! 4.1710 4, 1709
Februmy ... ... 41722 4. 1719
1} 18 10 S U ‘ 4.1738 4. 1733
APHileme e e e | 41727 41720
MAF aee caee e { 4. 1745 4.1735
JUne e ca i e maaea, | 4.1731 4.1718
Mean - ool | 4.173 41730

APPENDIX No. 17.

DISCUSSION OF THE MAGNETIC AND METIOROLOGICAL OBSERVATIONS MADE AT THE GIRARD COLLEGE
OBSERVATORY, PHILADEPHIA, IN 1840, 1841, 1842, 1843, 1844, AND 1845. PART VI. -BY A D. BACHE, LL.D.,
SUPERINTENDENT UNITED STATES COAST SURVEY.

Investigation of the influence of the Moon on the Magnetic Horizontal Force.

The method pursued in the investigation of the lunar effect on the horizontal force is, in general, the same
as that explained in Dart IIT of the discussions of the Girard College observations. The process may be
briefly recapitulated as follows: Each horizontal foree observation, after it had been corrected for the effect
of difference from the standard temperature and for progressive change, the disturbed readings being omitted,
(as fully explained in Part 1V,) was marked with its corresponding lunar hour. The observation nearest ‘o
the time of the moon’s upper transit over the true meridian of the observatory was marked 0P, that nearest to
the lower transit was marked 12", apd the observations between, for western and eastern hour angles of the
moon, were marked with the proper lunar hour by interpolation. In the hourly series where thirteen obser-
vations are vecorded in twelve lunar hours, that observation whicl is nearest midway between any two con-
secutive lunar hours was omitted. Each observation and reduced reading thus marked with its corresponding
Thuinar hour was subtracted from the monthly normal belonging to its respective hour, and these differences
were sct down in tabular form, arranged according to lunar hours and keeping each monthly result separate
for future combination. Let # = any normal belonging to any reduced reading 7, the following tables contain
the mean monthly values of the differences #—r; a positive sign, thercfore, indicates greater foree, a negative
sign less force than the normal. Tt need hardly be repeated that in the original record of the horizontal force
increasing numbers denote a deercase of the foree.  The greatest possible difference is 33, the number of scale
divisions, which, according to the eriterion, separates a disturbed from an undisturbed observation. For the
formation of these differences, which amount to more than 22,000, the manuseript tables of the reduced record
were used.  These tables have already Leen referred to in the preceding Part 1V.

The units in whick the differences » —7 ave expressed are seale divisions, one division being equal to
0.0000365 parts of the horizontal foree, or equal to 0.000152 in absolute measure, the mean X being = 4.173
(in units of grains and feet.)

The lunar effect on terrestrial magnetism being cxceedingly minute, the process required for its elucida-
tion is proportionally delicate; all the regular and irregular deviations arising from other sources must first be
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eliminated. In the method, as indicated above, the magnetic distarhances (as far as they conld be reengnized
asg such,) the diurnal and annual solar variation, as well as the eleven (or ten) year inequality and secular
change, are all eliminated, leaving numbers fitted for the lunar research.

The readings taken in the month of June, 1840, have nol been used in this dizscussion, (these had like-
wise been rejected in the two preceding parts,) on account of the imperfect manner in which the allowanee for
the progressive change could only be made at that time.  For the lunar hour 21 in July, 1840, the number
of diffevences is so small that the mean had neeessarily to be reduced ; one-fourth of its amount was set down
in the table. In January, February, and March, 1843, the observations were discontinued, excepting a sin-
gle daily reading. These months, therefore, do not occur in the lunar discussion.

The number of observations used are distributed over the several months and years, as shiown io the
following table :

TapLe 1.

Number of observations for lunar discussion.

Month. 1840 1841, 1841 1812, 1842 -1843. 18131844, 1844-184p. Sum.
JUlY coee wemaaann 157 297 | 284 294 627 1659
August ... . 235 205 . 318 313 622 1783
September - ... ... 258 269 265 206 . 556 1644
October - .vouoo-. 255 281 | 457 %602 597 1992
November_....... 215 279 207 | 6e3 . 56t 1088
December . 199 207 318 0 603 | 559 1976
January ... .. 179 L 298 ... 621 | 6ot 1699
Fobruary ceeeeee 238 250 .o 575 1 B4l 1604
March.meeaecaes 260 297 o 516 60l 1734
April - e, 263 271 . 286 | 586 ! 575 1980
May ceeeeeones 264 271 ¢ 289 €23 612 2069
B . Co212 0 295 . 309 579 522 1917
Sum oo e 2764 3400 2633 6271 | 6977 22045

# Commencement of the hourly ser