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ORIGINAL CONTRACTS.

TREASURY DEPARTMENT, June 20, 1842.
SIR : I have the honor to transmit the following communication, jn ati-

•^ver to the inquiries made in your letter of the 31st ultimo, in behalf of the
special committee " on the coast survey." .

First. Respecting " the contract between the Government and F. R.
Hassler, superintendent of coast survey," of which a copy is asked by the
committee, I beg leave respectfully to refer to the accompanying papers,
(marked A, B, C, and D,) as containing all the information in possession of
the Department, in reference to the engagement of the services and the
terms on which Mr. Hassler undertook to perform the -work, in the year
1816, and on its revival in 1832.

Second. In reference to the inquiry, *•' under what authority was Mr. F.
R. Hassler employed to make a set of measures for the United States ?" I
Would respectfully refer the committee to the copy of a communication,
herewith sent, from Mr. Secretary Ingham, under date of the 30th of
April, 1831, (marked C,) by which it appears he was employedby the Treas-
ury Department, with the sanction of the President, to superintend the
Manufacture of weights and measures for all the custom-houses of the
United States.

Third. In regard to the inquiry, " when was the work commenced, avid
ho\v much has been expended, yearly, from its commencement up to the
Present time, specifying the sums, to whom paid, and for what purpose ?"
it is to be remarked, in answer to the first branch of this inquiry, that
°n the 29th of May, 1830, the Senate of the United States adopted a reso-
lution directing the Secretary of the Treasury "to cause a comparison to
be made of the standards of «weight and measure now used at the princi-
pal custom-houses in the United States, and report to the Senate at the
•Uext session of Congress." To comply with the requirements of this 'reso-
lution, it appears Mr. Secretary Ingham deemed it expedient to engage the
services of Mr. Hassler to make the necessary comparisons, as shown by
the accompanying copy of his letter to that gentleman, dated 12th June,
1830, (marked B,) and inviting him to come on to Washington to perform
that duty. To institute the comparisons mentioned, it became necessary
lo require, the collectors of the principal ports to forward their standards to
Washington,- which occasioned some unavoidable delay, in the comruence-

of the work. 'The proper tests and comparisons were accordingly
by Mr. Hassler, and the determined results were submitted to the

o, in reports from the Department, under dates of the 3d of .March,
1831, and 20th June, 1S32, which will be found in Senate documents, 2d
8ession of 21st Congress, 2d volvimc, document 74, and Executive docu-
'nents, 1st session 22d Congress, volume 6, document 299.

As the results of these comparisons exhibited serious discrepancies be-
tween the standards used at the respective ports, the Department gave.di-
rections to Mr. Hassler to superintend, in this city, the manufacture of

^standard weights and measures for all the custom-houses. These IbreC;
given in April, 1831, but, as many arrangements had to be

jtuade before the work of fabricating these standards could be properly 'eo-
! tered upon, such as the collection of materials and the preparation of re-



quisite machinery, some time elapsed before it went into complete opera-
tion. There is 110 data in the Department by which: the precise time when
the work was commenced can be fixed.
^ In reply to so much of the second branch of the inquiry under considera-
tion.as relates to the amount " expended yearly, from its commencement,"
I beg leave to refer to the statement prepared by the Register of the Treas-
ury, and transmitted to 'the committee on the 15th instant, in compliance
with the request of Mr. Aycrigg, a member of the committee.

Fourth. As to the inquiry, "from what source or sources have the funds
thus used been derived ?" I have to state that the funds have been derived
from the accruing revenue, under the authority believed to be given in.the
81st section of the general collection act of the 3d of March, 1799,requiring
surveyors of the customs, from lime to time, and particularly on the first
Mondays in January and July, in each year, to examine and try the weights,
measures, and other instruments, used in ascertaining the duties on imports,
with standards, " to be provided by each collector, at the public expense,
for that purpose." The construction given by the Department to this pro-
vision of law seems to have been sanctioned by a special committee of
the House of Representatives, of which the Hon. Horace Binney, of Penn-
sylvania, was chairman, as shown by their report, No. 132, vol. 1, second
session of the 23d Congress, which'closes with the following resolution,
which was adopted by the House :

"Resolved, That it is highly expedient that the Treasury Department
Should complete, with as little delay as practicable, the fabrication of stand-
ards of weights and measures, for the supply of the .different custom-houses
of the United States, upon the principles set forth in the reports of the Sec-
retary of. the Treasury to the Senate on the 3d of March, 1831, and 20th
June, ÍS32."

Both Houses of Congress subsequently sanctioned the source from which
the expenditures were made, by a joint resolution of the 14th June, 1836,
directing the Secretary of. the Treasury to finish a complete set of all the
weights and measures adopted as standards, for the respective States ; and
Ъу the 7th section of the act " for the support of the military academy," &c.,
passed thé 7th July, 1838, ' the Secretary of the Treasury is directed to

.cause to be made, under the superintendence of Mr. Hassler, one standard
balance for each State, and, when completed, to be delivered to the respect-
ive Governors, for the use of each of the States.

Fifth. In regard to the inquiry, "how many complete sets of weights
and measures have been delivered to the Treasury Department, and how
h^ve they been disposed of?" I beg leave, in answer, to refer the commit-
tee .to the statement herewith sent, (marked D,) by which it wilt be found
that two hundred and seven sets of large weights, forty-four sets of ounce
weights, and forty-one yard measures, have been delivered by Mr, Hassler
to the Department ; that, of the former, there have been distributed to cus-
tom-houses and States, &c., one hundred and nineteen, of the second
twenty-three, and of the latter thirty-four. •;,.

Sixth. In. respect to the inquiry, " when is it probable the work will be
finished?" I would remark, that the Department is not possessed of such
information as to enable it to fix any precise time when the werk will be
finished ; but, as it is informed that the capacity measures, and the balance
of the ounce weights and-yards, have been fabricated, and are now under-
going their final comparison, it is. not supposed that much time will elapse



before their final completion. \It is understood that the balances designed
for the States are also in a state of forwardness. It is deemed proper to
observe, in conclusion, that it is not; contemplated to furnish the respective
Custom-houses with balances or ounce -weights, they being designed for the
respective States alone.

I have the honor to be, very respectfully, your obedient servant,
W. FORWARD,

Secretary of the Treasury.*
Hon. F. MALLOBT,

Chflirman of Select Committee on Coast Survey.

WASHINGTON, July Ify Ш6.
SIR : Herewith 1 have the honor to deliver the more detailed articles of

thé agreement between the Treasury Department and myself, relative:to.
the survey of the coast, as desired by the letter of the Secretary of "the
'Treasury, under t h e 5 t h instant. • ' . ' ' '

You will judge if I have expressed myself clearly upon the subjects under
consideration, or not, and dispose, in consequence, as you find most proper.

I have the honor to be, with respect and esteem, sir, your most obedient,
shumble servant, ' ' . , , . ' ;".'

F. R. IIASSLER.
JONES, Esq.,
Treasury Department, Washington City.

»Articles of engagement between the Treasury Department of the United
States and F. R. Hassler, relative to the survey of the coast of the
United States.

A. Mr. Hassler engages l ò bestow all his time, labor, and attention, to
the work of the survey ; as well to make, himself, the principal part of the
general large triangulation, and the consequent calculations, as to superin-
tend and direct the establishment of the observatories, and the officers. ,o,f
engineers, or naval officers, who will be engaged under his orders, in.the
detail parts of the work, and give them proper instructions to that 'effect,
according to the plan proposed by him, under the 15th May, 1816. ... . . . .

B. He will, to that purpose, have the use of such instruments and books
of the collection he has procured, or which are yet to be procured,.for the
use in this work, as-he may find necessary for his objects, and give direc-
tions relative to those which are to be used by the officers under his direc-
tion.

C. He will be provided from the corps of engineers, on his appuca.tj.qn
to the general of said corps, with the following assistance to hisownwoffe.»
or such part of the same as he may deem necessary, according to circum-
stances, viz: •

1. Two officers of engineers, topographical or others.
2. Some cadets of said corps, in number according to the circumstances.
3. Twelve men of said corps, for the most part artificers, with согрргд!.

or sergeant.
4. One large baggage wagon, with four horses> or two smaller

he may require,' \vith the necessary drivers to them.



. ,.Д. Two, saddle horses.
'S, Tents for the accommodation of himself, the above-mentioned officers,

cadets, and men, and the shelter of the i n s t r u m e n t s . , . , - . .
7. The necessary field utensils, as well for the personal accommodation

of the company as for the works occurring, not comprehending Mr. HasS-
lér's private equipment. .. ., ,

D. Under Mr. Hassler's orders, the officer first in rank accompanying
him will have the chief command of the above military assistance, and,act
as treasurer upon the funds, which will be given to said officer to. defray all
the expenses of a public nature occurring or ordered by Mr. Hassler; and
said officer will render account upon these funds to the Treasury Depart-
ment.

E. The following are lo be considered expenses of a public nature, viz :
1. :The .keeping in order and securing from injury of the instruments

belonging to the Government, their stands and boxes, and the fitting them
tip for use.

2. Such additions to the collection of instruments and books as may be
found necessary by Mr. Hassler in the progress of the work, as well to
complete the collection from time to time as to furnish a sufficient number
of them for the use of the detail surveyors.

8. The construction of the signals and signal lamps, and their attend-
ance and protection

4. ;The preparations of the stations, for the convenience of observations
arid the securing of them for future utility.

.̂5. The transport of the instruments and the baggage of the company.
6. All expenses consequent or relating to the keeping in order and

maintenance of the military assistance stated in article E.
7. All expenses for the establishment of the permanent or temporary

observatories, to be erected according to Mr. Hassler's plans.
8. The printing of blank formulas of journals and calculations, for the

detail surveyors, if such are found advantageous, as it is prqbable.
' F. Mr/ Hassler will receive, as compensation for his personal work in
'the survey, his superintendence and direction of the whole, and all his per-
sonal expenses consequent thereof, the sum of five thousand dollars an-
'nually, to be paid quarterly, on his drafts upon the .Treasury Department,
5r otherwise. '

• ' '- '&• It is understood that the work shall not'be carried on: in the form of
a. bureau or office ; but that Mr. Hassler himself, as well as the officers
under His direction, shall execute such work as devolves upon them, or are,
otäered to them in the field, by defray ing their own personal expenses
ànd-at home in their private quarters. Therefore, no accounts will be ad-

"niittfed upon Toom hire, fire wood, stationery, or smaller dra%ving imple-
ments, not provided by the collection of the Government. The above-
tnentiohed compensation; is to be considered compensating all his personal
•expenses, in his absence from home, in* the work of the survey and the
itèïns'tiere mentioned, required for his personal use in this work exclu»
sive only of the expenses stated as of a public nature in article E. ''

- H. The appointments to be made in future, to officers undertaking sen
arate parts of the work, will be fixed so as to comprehend the same articles
arifrio follow the same principles. '

I. If, therefore, Mr. Hassler shall at any time require officers.to work
under his direction in his quarters, it, will be at his option, and entirely a



matter of his private arrangement; otherwise, every officer is to be un-
derstood to execute his house work in his own quarters.

K. From these regulations are eicepted :
1. All expenditures relating to the use of vessels or .shipping, for sound-

ings and the nautical part of the .survey, for which proper arrangements
will be made intime by. the Treasury Department, upon proposition>,,totWs effect. . .'. ' . ; TV ,;

2. The clear executed copies of the maps and charts, either general, or
special, which will be required by the proper authorities, or prepared for
Publishing ; for which proper draughtsmen will be appointed, and paid
according to separate arrangements, to:be made with men who may have
applied to such works with particular success.

3. All expenses and consequences of engraving, printing, publishing, or
executing such number of copies of the maps or charts as may be required
for this purpose, or desired by the Government, or the officers to whom it
may belong.

F. .R. HASSLER.
WASHINGTON, July 12, 1816.

TREASURY DEPARTMENT, JÎugust 3, 1816.
SIR : The correspondence and documents relative to your being.eniploy-

edas superintendent of the survey of the coast, under the'act of Congress
respecting that object, have been submitted to the President, and your ser-
vices are engaged, on the following terms :

1. The whole of your time, labor, talents, and attention, shall be given
to the work, as well in relation to the superintendence of .the duties to be.
Performed by military or naval officers and assistants, or by draughtsmen.
and engineers, as in relation to the parts of the. work which are to be ex.-
ecuted by yourself.

2. You will be provided with competent assistance of officers and men,.
from the corps of engineers and from the navy, with .tents and field equip-,
age, with baggage wagons and horses; and you will have the free use. of'
the public instruments and books, for the purposes of the survey. ,
. i-,3. The party of sfficers, men, and assistants, accompanying you, will ibB>

ordered to conform to your instructions; and all the incidental :expensesvof
the survey, which are of a public nature, will be defrayed by the Govern-.
Qientj but your own personal expenses are to be defrayed by. you, whether
you are employed at home or abroad.
,4. Funds will.be placed, from time to time, upon your requisition, in .the.
hands of the chief officer accompanying you, to be disbursed, Upon..your.
order, in the payment of the expenses of a public nature, and to be. ac-
counted for by him at the Treasury once at least in every three. mo
-•«б. YQU will receive, in fall for all your services, a compensation;
rate of $3,000 per annum, and foryour personal expenses an allpw^nce
rat^of 552,000 per annum, to commence on the 1 8th; day of 'June, ';! 8 1 6,
a-nd to be paid quarterly at the* Treasury, upon your drafts.

6. You will make frequent reports of your progress to this Ç.epartOafiftl^
and .deposite, here all the surveys, drafts, notes, charts, доарв, journals, and
d9cuments, in any wise belonging to the survey of the coast ; and you, will
return 'the -public instruments and books to such place as shaU be .directed*
when tbey; are,no longer required for the business of the зцгуеу.
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7. If at any lime it should be necessary to explain the nature and ex-
tent of your employment and engagement, your communications to this
Department, and particularly the articles submitted by you on the 12th
July, 1816, will be resorted to.

It only remains to repeat the President's solicitude for a successful and
speedy execution of the great national work which is thus confided to you,
and ,to assure you of the esteem with which I am, sir, your most obedient
servant,

A. J. DALLAS,
Mr. F. R. HASSLEH,

[To the care of Robert Patterson, Esc., Director of the Mint, Plrila.}

Copy certified conformable to the original.
F. R. HASSLER.

Upon the ar tides of agreement, between the Treasury Department of i he
United States and F. R. Hassler, relative to the survey of the coast of
the United Slates.

1. Mr. Hassler engages to undertake the direction of the survey of the
coast of the united States, according to the law to that effect of 1807, and
the act,to put the same in activity, passed in 1832, as well by performing
such of the principal parts of the same as will require his own personal
work, as by directing and superintending the work of such officers of the
army and navy, and also civil engineers, as will be appointed, upon his
recommendation, in the other parts, and the detail surveys, the determina-
tion of soundings, and such like.

2. He will, for that purpose, have the use and disposition, for himself
or his assistants; of the instruments and all other necessary implements,
books, &c., that have been procured in time fo'r that purpose, and such
others as will be procured successively for the same use.

3. He will also be provided with the proper means of safe conveyance
of these instruments and other objects, either by land or by water, accord-
ing to the arrangements which he will make at proper times for that pur-
pose. .

.'4.. He v/ill receive the assistance of such officers, cadets, midshipmen, or
other men of the military or naval service, as will be appointed upon his
request, and who will be provided with all their necessary field equip-
ments, &c. • .

5. All the assistants and men, military, naval, or civil, that will be ap-
pointed .for this service, will be ordered to conform to his instructions and
directions, and, in case of their refusal, he will have the liberty to order
them to report for other services, or dismiss them.

6. He will have the sole and free disposition of the carriages or other
means of conveyance, and other objects or implements appertaining to the
equipments for this work.

7. He will be provided with tents for the instruments and for the ac-
commodation of himself arid his assistants, with the necessary tools forpre-
paring stations, placing signals, and the other necessary works- for the en-
campment on the stations, and mending implements, &c., that might be in



x A-
need of it, the necessary means for signals, and for the preservation of the
stations of the survey. ..

8- One of the assistants will act as accountant for all public expenaes
TOade upon the orders of Mr. Hassler, and will receive from the appropria-
tions made for the survey such sums, at different times, as shall be agreed
uP°n. He will account for them, at stated times, to the Treasury Depart-
ement, for which service he will receive a compensation.

9. All drawing, plotting, execution of maps, or such like, will be done
°У the assistants, upon Mr. Hassler's orders, either in their private quar-
ters or in an office, as may be judged best adapted to the case ; the office
expenses will be paid by the accounting officer, on public account.

10. All the stationery needed in the work, as well for Mr. Hassler as
for any of the assistants, will be provided by the accounting officer, at pub-
lic expense, in the field or at home.

11. Officers or engineers, detailed out by Mr. Hassler for separate works j
°f detail parts or others, will conform to the instructions which they will
receive from him upon their work; they will be furnished with such in-
struments, implements, and assistance, as he will direct ; and their expert*
ses of a public nature will be accounted with the accountant above stated.
They will report to Mr. Hassler, as he will direct ; for such works they will
receive adequate compensation.

12. Mr. Hassler will receive, for compensation of his services, $3,UOO
per annum, and in lieu of his private personal expenses $2,000 per annum,
to be paid together quarterly, upon his draft, bill, or otherwise, unless, in
the progress of the work, he should be obliged to make voyages at greater
distances, when an allowance, by the way of mileage, will be determined.

13. Mr. Hassler will be provided with an ostensible public paper, stat-
ing his employment, and the nature and object of the same, to support him
Ш his actions and transactions in any part of the country he may have to
go for the purpose of his work, to serve equally for his assistants and the
persons employed under him.

F. R, HASSLER,
WASHINGTON CITY, August 6, 1832.

Instruments, implements, and assistance required.

1st. These cannot be very essentially different from what they were in
1817. In the present state of the instruments and their accessories, it will
be best to give them under detailed inventory, as stated in its place, to the
Disposition of the chief of the work, to take the best advantage of them that
they will afford, to have them put in as good order as possible, and to al-
bw. him to replace the missing accessories as best he can.

2d. The carriage made purposely for the transportation of the principal
instruments was sold, but is yet on hand, and can he made serviceable tin-
til a new one may be constructed, which would most likely delay too long»
at present. For the other parts of the transportation it will be easy to get
a Jersey wagon, as has been used before. ,, '

3d. Horses and harness it will be necessary to purchase—the first strong
and sure ; the second simple, but strong. The mode of transportation of the

by a proper carriage, made of a size exactly to serve as a box



for them, and upon springs and thorough-braces, has been found more se-
cure and economical lor this country than the transportation by hand. It
admits, therefore, also, to reduce the number of laboring hands for the work
of the triangulation.

4th. The whole party in the work must be supplied with the necessary
tents for their encampment in the field, and other necessary field equip-
ments, besides axes, pickaxes, spades, and other tools, required for the
placing of signals, preparing stations, and keeping every thing in good or-
der. (I have even always such tools with me as are proper for keeping
the instruments in good order, and repairing lighter accidental damages.)

5th. It must be observed, that the proper provision and arrangement of
the accessories, and even the ease of an observer, are essential elements of
accurate observation, as well as attentive and intelligent assistants ; both
favor the unimpeded and proper progress of the work, and are therefore
essentially economical. A defective state of these parts1 is very detrimental.

6th. It is expected that none of the chronometers will be in a serviceable
state ; that defect may be supplied by the loan of a second-pendulum clock
at West Point, (of Troughton's arrangement,) made expressly for transport-
ation, which is not expected to be in use there ; even a circular instrument
of Troughton's, which is there, most likely in the same predicament, might
be borrowed with advantage for the secondary triangles mentioned in the
proper place.

7th. The selection of the assistants, in officers or other able men, must of
course belong to the chief of the work, who will recommend them, and
they will receive their appointments from the Department, but, if necessary,
removed upon the proposition of the chief of the work. For the present
first beginning, to exécute the part stated for* the immediate work, three
such persons will only be required, whom I wish to name, besides what
accidental help I shall have to call my son in for, on account of his ac-
quaintance with the former work.

8th. The number of laboring men will vary at different times. When
the base lines are measured, fifteen to twenty will be required for the sim-
ple triangulations, particularly that proposed at present in completion and
extension of the triangulation made in 1817. Six or seven may be suffi-
cient, besides the drivers for the carriages and what may be needed for de-
tail triangulations, if they are undertaken simultaneously.

9th. The best manner of getting this part of the assistance in laboring
men is to take them from the military, where they may be easily spared
from some garrison or other. Their habit and regulation of discipline, and
their being placed under the order of an officer, introduces much easier the
necessary regularity, and they stand for their conduct under proper regula-
tion.

10th. The pay and maintenance, in every respect, of the officers and men
taken from the army and navy, is in all cases to be provided for and paid
by the army corps to which they belong, or the navy in general, according
to the regulations in which they otherwise stand ; so, also, they will receive
all their equipments. They must, in general, be considered as coming to
this service in the same manner as to any other in their line to which they
might be ordered.

F. R. HASSLER.
WASHINQTON CITY, August 6, 1832



TREASURY DEPARTMENT, August 9, 1832,
SIR ; With the President's approbation, you have been appointed to

make, under the superintendence of this Department, the survey of the
coast of the United States, directed by the acts of the 10th February, 1817,
and loth July, 1832.

The act last mentioned having authorized the employment of other per-
sons as well as those in the land and naval service, such assistants, of either
description, as may be necessary in the work, will be provided at your
request.

Funds will be placed, from time to time, Upon your requisition, in the
hands of one of your assistants, to be disbursed for such expenses of a pub-
lic nature as may be properly chargeable to the appropriation for the sur-
vey of the coast, and he will render his accounts, approved by you, quar-
terly, to the First Auditor.

Those expenses of the persons in the military and naval service.em-
ployed in the survey, which are chargeable to military and naval appropri-
ations, will be defrayed by the officers of the respective Departments, and
accounted for under the direction of those Departments.

You will receive, in full for all your services, a compensation at the rate
of $3,000 per annum, and, for all your personal expenses, an allowance .at
the rate of 01,500 per annum, payable quarterly, to commence on the 2d
of August, 1832, you having been employed since that time in the neces-
sary arrangements of the instruments and other preparatory works. It is
to be understood, however, that you will still continue your ser vices in'the
construction of weights and measures for the custom-houses, as far as may
be compatible with your duties in the coast survey, without any other com-
pensation than what is allowed for the coast survey. '

In all other respects than those indicated by this letter, the terms and
nature of your employment will be the same as were fixed by the letter ad-
dressed to you by this Department on the 3d of August, 1816.

The plan of operations and methods formerly adopted by you in the
coast survey having been approved of, you will recommence and continue
the work in conformity with them, including such modifications as are sug-
gested in your report of the 6th instant.

I am, respectfully, your obedient servant,
LOUIS McLANE,

Secretary of the Treasury.
F. R. HASSLER, Esq.

WASHINGTON CITY, •august 12, 1832.
MOST HONORED SIR : I have the honor to acknowledge the receipt of

your favor of the 9th instant, by which you are pleased, with the authoriza-
tion of the President, to give into my charge and direction the important
national work of the survey of the coast of the United States, with a com-
pensation of $3,000 annually for my services, and an annual allowance of
$1,500 for my personal expenses, to begin from the 2d instant.

I am too well aware of the great importance of the work, its exigencies
and nature, and the magnitude of the task, not to appreciate duly the value
°f the confidence you place in me by this trust. I shall call up all my
exertions to prove these feélinRs, by conducting the work in a manner as



honorable as permanently useful to the country ; for which it presents so
valuable means, that I feel highly honored by the occasion thus given to
me to contribute my exertions toward such an aimv '

The diminution of the allowance for my personal expenses, from what they
had been rated at in my first appointment in 1816, is not such that within
the limits of such estimations, made beforehand, its effects could be distinctly
foreseen ; I could only say, that while I was in activity in this work in
181Í', my annual expenses in my absence from home amounted to about
jjSájOOO. What effect the now somewhat changed prices of things may
have in this respect is of course impossible to foretell ; therefore this is so
much less an objection with me, as in any case I am certain it is not the
intention of the Government to put me to pecuniary loss, and that, there-
fore, in case it should be found appropriate, this part may easily be modi-
fied to tho exigency of unforeseen circumstances.

I shall also attend to the standarding of weights and measures, in which
I have hitherto been engaged. I have taken such arrangements as will
enable my assistant in it, Mr. Schmid, to prepare the works to the last
stage of their adjustment, which I shall then make myself next winter, after
my return.from, this year's field work in the survey. His acquaintance
with the subject, and his practice in that part during his presence in all my
former .operations, render him fully capable to the task; and his work will
abridge mine so as to bring the necessity of my personal attendance within
suefr limits of time as will be compatible with my work in the survey.
"4^ith thanks for the honor of your confidence, I remain, with perfect

respect'Tand esteem, most honored sir, your most obedient servant,
F. K. HASSLER,

." LOTUS McLANE,
Secretary of the Treasury o/1 he United States,



[From th« North American Review of April, 1843, p. 446 et t to.}

. VIII.—Letter from the Secretary of the Treasury, transmitting
a report of F. B. Hassler, Superintendent of the Coast Survey, show-
ing the progress made therein up to the present time. (Doc. No. 28,
tíouse of Representatives, (Treasury Department,) 271A Congress,
2rf session.

By this valuable communication^ as well as by information, reaching us
from various sources, we are warned that the great public work of the
survey of the coast is in danger of being again abandoned, or, what we
should regardas still more unfortunate, of being superseded by some other
plan of operations. . .

In a former number * we presented a concise view of the nature of geo-
desical operations, andJof the principles upon which they are based. The
ïemarks there made upon the subject we conceived were sufficient to show
the futility of any scheme for arriving at the perfect knowledge of ану
extensive portion of the earth's surface, for constructing ä map, or cor-
rectly determining and connecting a number of distant situations, by any
other rules of procedure, than those which the science of geodesia pre-
scribes. They also afforded some data for a comparison between the
American survey, as far as it had then proceeded, and similar works in
Europe ; such as, whether applied to the progress or the character of the
^ork, might well gratify national pride. Our present purpose is to submit
a few remarks, not of a character to interest the scientific reader, but de-
igned rather to arrest the attention of men, who being necessarily UIH
informed upon matters of strict science, are nevertheless called upon in
their high places to exercise judgment, and exert authority, upon ques-
tions in which the highest science is involved. It is our present aim to
secure a clear and impartial investigation ; to correct misrepresentations'!
to counteract the designs of scheming speculators ; to defeat, if necessary^
the instigations of ill will} and to uphold the scientific reputation of the
country, which is in some ineasure dependent upon the successful prose-
cution of this great national undertaking.

The question first in importance with regard to the coast survey is\
whether any other mode can be adopted—this mode having for its object
lhe greatest amount of useful information, in the shortest time, and at the
bast expense: In discussing this question, so much has been said, ajjd is
ЛЦ1 urged, concerning" the use of chronometers, and the substitution of
them for the present system of triangulation, that it seems worth while to
8аУ á word upon this subject, premising, that the serious consideration we
here give to it does not arise from any idea of the value attached 4o such
a suggestion in the minds of scientific men.

The chronometer in the hands of modern artists has, it is true, attained
a degree of excellence which admirably adapts it to the general purposes
T-' —;— • • — ;— ;— : ' 'Y' ' ' H I M ! '

orth American Review, »ol. XLII, p. 75 tt ttg.



of navigation, and supplies to seamen the most useful means of solving
the problem of longitude. Still it is far too imperfect an instrument to be
.Veiled on implicitly.,-• II possesses an inhe.renl,,pnd, constant;liability to
error ; and although iis accuracy may be preserved through any short pe-
riod, this liability )s so multiplied by lime, and the chances of accident, as
to deprive even, those which are most carefully constructed of all claim to
perfect confidence. .1» cases where their use is indispensable, as in de?
tacbfed and;local surveys, in.the c'ujso.iy. examination of distant and inhos-
pitable/ regions, or in carrying a chain of longitudes around the globe,
and--geuera)ly .where sirict and careful measurement is for an y .reason
forbidden, their imperfection is in some measure remedied by numbers.
Acting as cheeks upon each oilier, the amount of error is reduced, and
th.6 ojWerver is..enabled (o fix, w i t h a degree of precision sufficient for the
security of ordinary -navigation, the simple position of certain points.and
headlands. This, however, is regarded only, as the palliation of an evil ;
the evjl.itself is fundaiueutal, and admits of .no compJete remedy,

In determining differences of time between meridians widely separated,
chronometers,--have sometimes , proved remarkably successful, .and have
exhibited results of surprising accuracy- The reverse of this proves to.
be/the vcase in the adjustment of minor differences, where lhe 'essential
defects of .the instrument are particularly displayed. There is no space,
however small,,of perceptible magnitude, which may not be submitted,to
trigonoihetrical-measurement ; but jt will be readily understood, that, there
arenpciintSj At minute distances asunder, between which no difference of
local time can be estimated. If it be asserted, which, we are by. no means,
prepared lo adniu'tj that such distances are. unimportant in a geographical
view,'it will .appear, that (П6У are of the highest topographical value when
wé,ç0me to consider the character of our Southern coast.

.IT chronometers;: hp we ver, could be implicitly relied on, and the deter-
^gwnation of longitudes by mean's of tli.em admitted of greater exactness,
«ill jt is;to be borne in mind that their use, in connexion with the sextant,
goes, so far only as to decide a certain number of fixed points.

«This.cannot m-any strictness.of.language be called a survey. It still
remains to fill up-the intermediate spaces by some sort of. measurement,
and; the* mode and result of this operation are questions .qf .serious .import-',
anae We need not enter into any detail to show that a. survey of .this
kind-, must content itself with the bare outline of coast, harbors, islands,
&c., negleciing all the valuable details belonging to physical and statistical

hy* differences of level, and the distribution, limits, and peculiar-
ihe-,country under inspection, all of which are included in the
ns.-pffia geodesical survey.

i We, »re tolcUhat despatch is one of the recommendations of the chroino-
memcipJanï.-iJumerous parties .will probably, therefore, berimmediately
emp.i.Qyed,!.a«d,'itlwill.rßBi.a:in.aflerwards.to-harmonize their labors by join,-.
iagvtheidisWiH pointe of observation. To do this, will, we conceive, be no
easy task;.ahdjif's^ch a plan be adopted, we shall not be .astonished to
learn hereafter that the attempted meeting of these unconnected opérations
is'UkielyДо break up iníthe.most admired disorder. , "

W^do no^nieany-íin.any thing we have said, to underrate the value .of
chrcmoaieters in,theitLlegitiraaie sphere. They might, undoubtedly, be ad-
vantageously eniplp,yad.атлЬ.е upreütninary,, determ:ina.tion of impoffant
poults on the coast, which are known to be erroneously laid down.



Their accuracy may be depended upqu within a mile, а
Per/ect knowledge will be in .some degree a relipf to ha
errors of alarming and uncertain magnitude .are known to exist in!tKe,ir
charts. Mr. Hassler has, in his letter to Mr. Gallatin, given to"th'j's. prop-
osition all the consideration it merits.* If'such occasional use.should be
Riade of them, and the present system,of survey should be continù'edj^ub-
sequent comparisons will abundantly prove., that even the sirnpje determi-
nation of geographical ppsitions by Chronometers (omitting all^qucstiori of
* competed survey,) however'skilfully and expensively conducted,.is un-
avoidably defective. . . . T, ' ; : ;" , , ,' •; '' -'_",«,.,,

In a matter that m a y b e subjected to rigid mathematical investigation,
results are anticipated, and conclusions/distinctly enimcia.teM./'.Burperliaps
it .will enforce our argument to exhibit some facts iba\ .have..imweaiàtë're-
lation to the present inquiry. We select such as are nearest-аЬДапДГ An
attempt was made to determine the place of the Capitol,-by/meah$.fpf
chronometers, by Mr. Paine, of Massachusetts, a gentleman, distinguîgliëd
for his zeal and ability in these calculations. He carried three'chrp'nonie-
iers from Boston to Washington, through Philadelphia, and ЪасЦ observmg
the difference of meridians of the three cities, both going and returning.
The results of these are spoken of as important. The difference;.of his.-two
longitudes of Washington, by Philadelphia and by Boston, is;|4;''.а5". v.T,,tie
difference between the mean of his observations and the adopted Ipujgitucle
P f Washington is 12."9; whilst Mr. Paine's longitude of Washmgíòh^diffçf-s
from the mean of seven results of astronomical observations, solar eclipses,
and occultations, by 41."4.t • > . ''"-

In the trigonometrical survey of lhe State .of Massachusetts, beguixia
1831, and concluded about a year since, embracing a territory of 8,230
square miles, we find an exemplification of our argument at once.pertiB^nt
and conclusive. . . . , ,\д

A letter from Mr. Simeon Bouleu, lhe superiateadeat of this survey, to
the Ànaeriçan Philosophical Society, in addition to an account'pf the дайс,

.gives a'" comparison .of his own resulfa with those .obtained by :Robert

.Treat.Paiiiü, Esquire, from observations with a Trqughton's ^extaijX' ma.'
•«ijBïcurial horizon, and chronometers transported to different stations;.'*",,,'

.In the longitude of Pittsfield .'the chronometers exhibit a-differien^^f
.28,."98, nearly o'ne half of a. mile ; yet thirty-nine chronometers were цдёа
in'thirteen journeys. The meridians of Cambridge: aric] ' Deçtliam;"áre
3.'30."43 apart by trigonometrical measurement; the chronometers give'(hie
difference of longitude 3.'11."10, making an error'of 19."33, In tlve'cale
Of Cambridge, twenty chronometers луш'е used in ii ï journeys, and in that
of Dedham twenty-three chronometers in.s^even journej's. Gloucester ap,d

utli, both seaport towns, which ought therefore to be k,rip.wq с<я-
coincide in iongitude within 'J."10. The chronometers .riaveVm-
that difference lo 8,"55. This instance illustrates what we'haye

before said of the incapacity of chronometers to note minute differences of
bcal time with the reijuisite accuracy. . ' ...
. WilUamstown, where twenty-eight, chronometers vvere uinployed in ten
Jotuneys, is. placed 19."24 to the west of its true, position.' We h^ye-etU

"•American PkilaeopMcai Trmaactions, new séries, vol. IÏ, pp., Й38, 239. .'''."". •'," ̂
f Determination of thé longitude of several, stations, &c., reported hy Sefcre 0. Walker.,'1 See

American Philosophical Transactions, vol. VI, p. 365, note.



Pittsfielâ is 28."98ïn error; яТЬе sum -of those- two
variations is 48."22Í, or eigtít-.tehths of a mile, and one-third hearly 'of'the
difference of longitude ofjhe two places.

;1?hre longituaes of Williamstown and Dedham, as decided by the chro-
nometric method, present a discrepancy of 29."32,or one-half a mile nearly.
Fifty-one chronometers, in seventeen journeys, were used to fix the posiliön
tíÍ4he;se two towns. Other instances might be- added to this list, but the
table tíf comparative latitudes demands a passing notice.

îhfé äetermination of this element, as is well known, is much less liable
to -.error. A combined difference of 9. "86, or one-sixth of a mile, appears in

:Шв latitude's of Boston and Squam light ; and here the industry of Mr.
I*iitíe;aceumulated no less than four hundred and eighty altitudes fur the
(Jeíéirmination of these two places. Three hundred and ten altitudes place
Amheist 8."70 south of Cambridge ; but an error of 4. "80, more than one^
%alf the difference of latitude, is proved in these observations, by Mr. Bör-
den*s measurement

: The two greatest errors in this table are 7."30 and 7. "81, the sum of
which makes the possibility of error amount to 15."11, or one-quarter of
a mile.

', We will add one more case. Mr. W. C. Bond, the distinguished astron-
omer of Harvard College, whose remarkable accuracy and skill in the use
4íí,n}Struments place him by the side of the best European observers, says,
Ma' paper now before us : " In June, 1839, i had observations with a transit
Circle, the illuminated end of the axis east and west, on the 16ih, 17th, 20th,
21st,23d, 24th, ana/25th. These observations gave for the latitude of the in-
fi1ti;umént,420.Í9.116."9." Reduced by the measurement of Mr. Borden, they
determine the latitude of the State House, in Boston, to be420.21.'30."3'".
Mr. Paine's observations with the sextant and artificial horizon give
42°.21.122:"7"1. Four hundred and forty-two altitudes were taken by Mr.
Paine, yet these insufficient instruments, in the hands of one perfectly skilled
in their use, and guarded as far as possible against error by multiplied ob-
servations, fall short of the truth 7,"6. Mr. Borden's latitude of the State
(louse differs three-tenths of a second from that of Mr. Bond's.* The com-
parison of the precision of the two methods afforded by the Massachusetts
'Survey is highly favorable to sextants and chronometers. It would be too
iB&cms and expensive to apply to a great extent of territory, including a
jfirge and indented sea coast, the reiterated and laborious processes of Mr.

' ' '
. , -: ' Tïe survey of a portion of the earth's surface is a work which comes
, within; th'e domain of the mathematics. It may safely be said that any de-
tèrjninatiòn of a place, in which the mathematical theory is disregarded,
Urast /be fundamentally defective. A reference to (his theory brings us to
äri argument which; we trust, no misapprehended views of science, and no

: ̂ conceived notions. of utility or expediency, will overlook.
The system of triangulation, conducted upon the principles in physics

which direct this department of science, takes into consideration the s'phè-
;rtiidal form of the earth, and enables the surveyor to construct such a map
of that portion of the spheroid which is comprised in his labors^ as will be
«n«xact representation of its real figure. This mode of surveying, and this
only, regards the earth -as it actually is, in its irregularly elliptical form,

• PrAetdingt of the American Philotophical Society, May and June, 1841.



its surface «órrectly/ and treaty of th&'trùèfmëaBurê:,and corifigu-
ration of the planet on which we live. Topography, and many of the de-
tails Of physical geography, come within its province; as, the courses^of
risers, the direction and elevation of mountain ridges, the nature of the
laid, &c.—knowledge which is essential to the defence of the coast, to the
construction of fortifications, and to all the duties of the military engineer.
It furnishes-the most accurate and convenient bases, from which a network of
triangles may be thrown over any of the States through which it has passed.
Some of^Jhem have already united their local operatiojis with the general
survey, to their great advantage. We may add, finally, in relation to this
topic, that, when we are called upon hereafter to make our contributions to
tne common treasury of similar knowledge, this work will supply the re-
quisite data for thé measurement of degrees on the earth's surface, and for
thé "accurate determination of the elements of the terrestrial spheroid."

It promises also to be of especial value in giving future security to the
intricate navigation of the Southern shores,a part of the coasUof the. United
States rendered particularly dangerous by numberless reefs, shoals, and
sandspits. It is well known that these are variable in their limits and con-
dition, gradually forming in some.placo--, and in others changing .'their ex-
tent and directionfinder the influence of violent winds and strong currents.
In order to acquire a permanent and useful knowledge of their character,
and to provide an accumulation of facts that will lead to an understanding
of thçir probable formations, dispersions, and changes, a certain knowledge
of their present state is indispensable, beyond that which can be reached
by sextants and chronometers. Rigorous observations upon these and simi-
lar subjects in Europe, by geologists and other men of science, have resulted
in great benefits to navigation. :

The increasing commerce at the South, the future establishment of naval
stations there, and the close and hazardous sailing ihat must be pursued,
both by merchant vessels and men of war, in the event of foreign agv
gression, make it desirable that the in-shore navigation of the Southern
°oast should be well understood. . >

We have already'shown what degfee of reliance may be placed iipon the
chronometer under favorable circumstances and in skilful hands. We are
Justified, we belieye, in saying, that longitudes by chronometers cannot gen-
ially be relied upon as correct within less than one mile. But shoals, of light
arid unstable sand, beaches widening and »arrowing, and downs accumu-
lating and dispersing, under the action of local and general causes, demand
accurate measurements of feet and inches, by means of which the opera-
tions of nature maysbe carefully studied, future obstructions be prevent-
ed, present ones be removed, if possible, and an effectual security be givefi
to^'the pilotage of the Southern coast. A trigonometrical survey, made
wilh all the fidelity that the improved state of the science ensures, is the
only method adapted to the attainment of all these'desirable objects.

"Some complaint has been made against the superintendent of the coast
8}irvey> because ils results have not been published, from time, to time^ as
they have been determined. The power and duty to direct both/the rnan-
ner and the .time of their publication rests with Congress, and to that body
such^a' complaint may be'appropriately referred. A full and sufficient reply
to this charge is contained in the report. We may add here, however, for
general information, that engravers are* now employed upon the first sheets,
which will probably be issued in the course of the coming summer ; arid,



: work is continued, <he publication will hereafter.talce.pl^ce regyl^rly,
as Ц1в.plates come from thß hands of the engravers.. W^en,these charts,
executed with precision and elegance, under the sanction of public author-

•ity, are produced, .we. shall, for the first time, be able to look upon similar
works, contributed by the English and French Governments to the safety
of commerce and navigation, without envy and shame. ,

-Miich .is said of the expense of the survey as at present conducted.- In
this-matter we are not particularly careful to answer. An honest and pru-
dent appropriation of the public money we are willing to leave iiMhe hands

;of those to whom it is legally intrusted. In this case, at least, we may be
contented to confide in their integrity. Economy, it is true, is a virtue;
butinere saving is not always economy—Tit may be the most imprudent
waste ; and, being satisfied of the paramount importance of this work, both
to the public interest and to the national honor, we might say, without fur-
ther, comment, that it should not be interrupted. It is in accordance, how-
ever, with оцг previous remarks, to add, that this is one of those cases in
which economy is not identical with retrenchment., if chronometers pps-
.sess in themselves an insurmountable tendency to error, the survey under-
taken by (heir means, and dependent on their results, is not likely to be
ever completed. Y V h a t i s certain to-day may be doubtful to-morrow. Sub-
sequent observations may bring discredit upon those which have gone be-
fore; and.it is to be apprehended, that, however multiplied they may be,
so".far from ultimately removing the diff iculty, they wi l l only serve* to
strengthen doubt and increase perplexity. -

.Besides.this, experience, wi l l prove that the repeated transportation of
numerous chronometers wi l l be attended with but l i i t l e less expense than a
regular and scientific survey. Assome ground for this opinion, we shall
геГьг again .to the high authority of Mr. Paine. In a letter to the Bureau
des Longitudes at Paris, he gives the longitudes of several towns in Mas-
sachusetts, the results of his own observations, and adds :

" These longitudes have been generally determined by the transportation
of time repeated several limes wi th numerous chronometers. Thus, be-
tween Northampton and Boston, I have carried seventy-four chronometers
in twenty-four journeys ; between Amherst (the college) and Boston, or
Northampton, twenty-seven chronometers in nine journeys ; between Bam-
stable arid Boston, fifty-nine chronometers .in sixteen journeysj und be-
twecn Gloucester and Boston, sixty chronometers in sixteen journeys."*

,-Wchave here an example of the manner in which chronometers are em-
ployed in the hands of a s k i l f u l observer, in est imating their use for a
survey of the coast, the addi t iona l risk of transportation by sea is to be
added to this account. j

The financial department of the coast s u r v e y docs not, however, present
any thing so startling as .to render these statements necessary for its de-
fence. They are in themselves valuable facts and considerations, tending
immediately to elucidate the subject, and weighing heavily against the pro-
posed change ; but they are not, we imagine, essential to vindicate the pres-
ent plan of operations from .a; suspicion of waste and extravagance.,

"'Since the year 1832, sixhundred and twenty thousand dollars have been
appropriated to this service; one hundred and -twenty thousand dollars of

* Connaissance des Temps, 1843. AiUitiene, p. 95. The Additions et Corrections -sur lu
Tables des Positions Géographique», by Mr. Daussy, will repay a critical examination. i



remains on hand, in the form »Í vessels, instruments,"and other prop-
V, leaving a balance of five hundred thousand dollars to be charged-' to

the'survey. When we consider that this expenditure extends thrpngh W
Period of ten years, that it has been bestowed upon a great'national work,
°f ;the highest importance to the commerce and defence of the country^ that
tt-Js a contribution to knowledge, and that its investment in this way has
gorie further than any thing yet done to establish the character of the cpun-
tfy abroad for a liberal patronage of science, we are not disposed to regard-
11 as an expense which the strictest economist may not approve.

•As to the amount of money and probable length of time required to com-
Plete the survey, we cannot do better than to say, that these questions are
ably and properly treated in the documents before us. "With the advance-
Dient of the mathematical and physical sciences, the means of acceleration
°f any work grounded upon them also increase. All that is needed is, thai
the whole work be carried on in the most economical manner." (p. л,)
We are patisfied that its progress wil l compare favorably with that of any
similar work in Europe ; and we are not will ing to be behind .the old world
lri accuracy, and in honorable and permanently useful results,

.The course fmrsued has already met the approbation of men abroad em-
inent in science, and practised in such works, whilst at home the survey has
toore than repaid the sums drawn from the Treasury by the benefits it has
conferred upon two of the largest commercial cities, New York and Phila-,
delphia. It ought to be a sufficient argument for its continuance, that it has
discovered what other operations, though often repeated, failed to find out;
a&d its success here was owing to strict conformity to the principles of sur-
veying, which alone a severe science recognises. It is needless to say, that
the duration of the work is indefinitely protracted by the frequent interrup-
tions to which it has been subjected. If it were permitted to enjoy the
friendly, and intelligent patronage of Congress and the Government, the
gfeatest'number admissible of assistants would be employed', and all the
l£ipidity of execution consistent will) accuracy would be secured, Mr.
Hassler has given a list of similar work* which have been executed, and
are now in progress, in Europe ; from which it appears that not only flour-
ishing kingdoms, but even petty principalities, have made their triangula-
tions. When we contemplaie the wealth, extent, and djgnity of this vast.
empire, we feel that the hope is not unreasonable which looks for enter--
prises suited to vis condition. But science, which knows no limits either of
Po'wer or national boundary, finds n. home among the thrones and insignifi-
cant dominations of Italy and Germany; and, if it;be rejected from the
councils of this nation, will confer upon their humble princes a distinction
before which we must be content to bow. The abandonment of this work
Jjrtll not fail to be regarded in Europe both as a calamity and a dishonor.
Tne impress of instability, which seems to be stamped upon every public
Measure, might at least be removed from this, in which all parties and all
Prejudices may unite and harmonize. The survey of the coast has already
created a distinguished school of topographical and hydrographical en-
gineers, thus overcoming one of the early difficulties in the undertaking ;
ч will further contribute to erect a standard of science, the practical value
of which we cannot now discuss. Should some other mode be adopted for
lbe time, there can be small doubt that the present method, the only one
which strict science approves, will be hereafter resumed ; and " the chances
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of an accumulation of .e.rrors uppq such «. long extent of sea coast as that of
the líqited States, particularly ii» the direction in which it lies, will be too
great, .and the consequences of a want of system and care top glaring, no.t
to bring discredit and shame upon a less accurate operation."*

Paper» relating to the Surety of the'Coast. American Pkilviopkical Trantaetiont, new
l. . 400.



THE

C O A S T S U E Y E Y .

AN ARTICLE FKOM THE

P R I N C E T O N R E V I E W ,

A P R I L , l 84 5.

BY JOSEPH HENRY, LL.D.
PBOrESSOR Of NATURAL PHILOSOPHY IN THE COLLEGE OF NEW JERSEY.

PRINCETON, N. J. f .

Г В I N T E I) BY J O H N T. R O B I N S O N .

1845.



THE

C O A S T S U R V E Y .

AN ARTICLE ГНОМ THE

P R I N C E T O N R E V I E W ,

FOR

A P R I L , 1845.

BY JOSEPH HENRY, LL.D.
PROFESSOR OF NATURAL PHILOSOPHY IN THE COLLEGE OF NEW JERSEY.

PRINCETON, N. J.

P R I N T E D ВТ JOHN T. H O B I N S O N .

1845.



Blank page retained for pagination



C O A S T S U E V E Y .

OUÄ readers who arc in the habit of perusing the proceed-
ings of congress, must have seen frequent notices of the im-
portant work now in progress in our country, called the Coast
Survey. Yet from the tenor of the frequent inquiries we have
heard in reference to this work, we are led to believe that there
exists in the public mind generally no very definite idea of its
nature and importance. We have therefore thought that a
few pages of our review devoted to a popular exposition of
the objects, the method of operation, and the history of the
survey, would not be uninteresting to our readers ; and perhaps
be of some service in the way of enlisting public opinion more
generally in favour of the work, and of a liberal appropriation
of means for its proper and speedy completion.

The principal object of the coast survey is the formation of
an accurate map of the outline of our extended seaboard, from
its northern extremity in the state of Maine, to the limits of
our possessions on the Gulf ofj Mexico ; giving the latitude
and longitude of the principal points, a minute delineation of
the line of the shore, a sketch of the topography of a slip of
country parallel to the coast, an exact representation of the
form of the bottom of the sea, within the space limited by the
depth accessible to the ordinary sounding-line, the nature of
the bottom, whether of clay, sand, or gravel, the position of
bars, channels, and harbours, the direction and velocity of
currents, the depth and temperature of the water, the bearing
of the magnetic needle, and all other particulars immediately
connected with the wants and improvement of navigation. In
the accurate determination of these points of immediate prac-
tical utility, a number of results in the highest degree interest-

* 1. Principal Documents relating to the Survey of the Coast of the United
States since 1816. Published by F. K. Hasslor, Superintendent of the Surrey.
Two vols. 8vo. New York, 1834.

2. Executive Congressional Documents since 1832.
3. First report of Professor A. D. Bache, Superintendent of the Coast Surrey,

•bowing the Progress of the Work during the year ending November, 1844.
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ing to science will also be obtained : such as new data for
calculating the form and magnitude of the earth ; the variation
of terrestrial gravity ; additions to our knowledge of the phe-
nomena of terrestrial magnetism, and other facts of a purely
scientific nature, which are regarded with the highest interest
by the learned, in every part of the world.

The importance of such a survey must be evident to every
one who reflects on the nature of the art of navigation, and
its connexion with the commerce, and consequently with the
prosperity of our nation. It is not, however, a work in which
this country is alone interested, but one which affects the whole
civilized world. It is a duty which every nation owes to
every other, and to humanity in general, to furnish the mari-
ner with an authentic delineation of its coast. The dangers
which threaten the sailor in the midst of the wide ocean, are
nothing in comparison with those which beset him as he ap-
proaches the land. With ' a sea-worthy' vessel, and a wide
space for unobstructed motion, he can laugh at the winds and
the waves even in their greatest power ; for these, however for-
midable they may appear to the inexperienced landsman, are
formed of yielding materials, and usually spend their force in
merely changing the direction of the vessel, or in urging it
more rapidly on its way ; but the mere suspicion of a sunken
rock, the position of which is not precisely known ; or the un-
expected appearance of a breaker, is sufficient to strike with
terror the mariner who would brave unflinchingly the light-
ning and the tempest. The alternatives of life and death, of
wealth and poverty, are almost every day unavoidably staked
by some one on his precise knowledge of the position of a
head-land, a sand bank, or the true direction of the needle ;
and culpable must that nation be in the eyes of the world, who
boasts of civilization, and yet does not furnish the data for an
accurate knowledge of this kind.

According to the statement of a journal of the day, the truth
of which we have no reason to doubt, two hundred and eighty
vessels were wrecked during the last year on our coast, in
which one hundred and eighty lives were lost, together with
an immense amount of valuable property. Several of these
vessels were, without doubt, strangers from foreign countries,
allured to their destruction by the false representations of ex-
isting maps. The sailor, in his approach to our coast, has
hitherto been obliged to depend on the imperfect charts
founded on the surveys of the British government while we
were a colony, with the exception of the local charts furnished
by the energy and enterprise of Messrs. Blunt of New Yorkjantl
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the surveys of particular places by the United States' corps of
engineers. The consequence to ourselves of any unnecessary
delay in completing the coast surrvey, must be to deprive us for
thetime,of a knowledge of the important points of our sea-bo.ard
for the establishment of new harbours, roads and channels, of the
means of improving our state of defence in time of war, and of
lessening the risk of the lives and property of those of our citi-
zens engaged in commerce ; as well as to degrade our national
character in the estimation of all civilized nations.

The importance and necessity of an accurate knowledge of
all the particulars we have mentioned, as the principal objects
of the coast survey, will be evident from a brief account of the
method employed by the mariner in his approach to the land.
When the weather will permit, he determines his latitude and
longitude by celestial observation ; from a knowledge of these,
he marks his position on the chart, and from this ascertains the
course and distance of his destined port, with a knowledge of
all the shoals, currents, and obstructions of every kind which
may lie in his way. Or if, as is often the case, in approaching
land, the sky has been obscured for several days, and the
anxious sailor is uncertain äs to his " reckoning," he must
then have recourse to soundings. The number of fathoms
of the line, and the kind of soil, whether sand, clay, gravel,
&c., which adheres to the greased end of the deep sea-lead,
being found to agree with the indications of a definite spot on
the map, this is adopted as the position of the ship, and
from it the bearing and distance of the yet unseen land is de-
termined. Now, if the chart be incorrect with regard to the
relative position of the several places, the variation of the
needle, the situation of bars, u.c., or, in reference to the nature
and depth of the bottom, dangers of the most imminent kind
will await him. A national coast survey must therefore be
as accurate as the existing state of science and the arts will
permit it to be. An incorrect chart, published under national
authority, may in many cases be worse than useless, since it
may tend to inspire confidence of safety, and thus serve to re-
press the vigilance of the mariner, while he is surrounded with
danger.

The ordinary methods of land surveying, are entirely inap-
plicable to a work of this kind. It is impossible to combine
together the results of the partial surveys of small districts so
as to produce an uniform and consistent whole. The length
of a line of forty or fifty miles, extending from one jutting
point to another, across the water, is often required within a
limit of error which does not exceed a few feet, or perhapi

1»



inches -, and the position of points must be determined at the
distance of many miles from land, to serve as the bases of the
sounding operations. The only method which can be em-
ployed to obtain accurate results of'this kind, is one in which
lines and angles are measured by means of trigonometry, com-
bined with astronomical observations at the more important
points. This method constitutes a branch of physico-mathe-
matical science, to which the name of geodesy has been applied.
Its origin is to be referred to the attempts of the astronomers
of Alexandria, to determine the form and dimensions of the
earth ; but it has only been brought to any degree of perfec-
tion since the middle of the last century, by the labours princi-
pally of the English and French surveyors.

The general principles of this method of surveying, will be
readily understood by a reference to the annexed diagram.
1. In a convenient level place, a line, represented by

AB, of several miles in length, is accurately measured. This
line, which is the foundation of all the subsequent operations,
is called the base line. Starting from it on either side, the sur-
face of the country is divided into triangles, by erecting signals
on elevated points, properly chosen, until the whole length
and breadth of the space to be surveyed is covered with a net-
work of triangles. The angles of these triangles being mea-
sured, the several sides can all be accurately deduced by cal-
culation from the measured base. For example, the angles at
the points A, B,C, being known, and the base Aß measured, the
sides AC and AB can be calculated by a simple rule of trigo-
nometry. Again, the angles of the triangle CDB being mea-
sured, and the side CB being known from the last operation,
the remaining sides CD and DB can be readily determined ;
and m like manner, the length of the several sides throughout
the wh.ple series, may be obtained. A system of triangles
thus connected, and of which the sides, in some cases, are
more than fifty miles long, is called the primary triangulation.
It is intended to fix, with much more accuracy than could be



attained by direct measurement, the relative position of the
most important points of the survey. 2. The next step in the
operation, is to divide, by a similar process, each of the larger
triangles into a number of smaller ones, which may serve to
determine the more important intermediate points,°and form
the bases of the minute survey, to which the whole surface of
the country is submitted, as well as that of the bottom of the
sea contiguous to the coast. This system of smaller triangles is
known by the name of the secondary triangulation. 3. Con-
nected with the primary triangulation, a series of astronomical
observations are made for ascertaining the latitude and lon-
gitude of the principal points, the result of which may serve
to check the triangulation, and establish on the chart the par-
allels of latitude, and meridians of longitude. Such a survey
is susceptible of great accuracy, and possesses within itself the
data for its own verification. First, the accuracy of the mea-
surement of each triangle can be immediately verified by the
well-known theorem of geometry, which declares that the sum
of the three angles of every triangle must be equal to 180 de-
grees ; and secondly, the lines, and indeed the whole operation,
can be verified by measuring one side of a triangle in a distant
part of the survey, and comparing the result thus obtained,
with the length deduced by computation from the original
base. If the two agree within a few inches, the work is con-
sidered correct.

It might appear, at first sight, that the process here de-
scribed, is one of no great difficulty of execution, and that it
could be safely intrusted to men of ordinary scientific acquire-
ments. Indeed, such an opinion has been expressed in con-
gress : but nothing can be further from the truth ; and any
line of policy in reference to the coast survey, founded on this
opinion, would be attended with the most disastrous conse-
quences to the success of the work. Every error of measure-
ment or of observation, every fault of calculation or omission
of circumstances, is increased and multiplied as the survey is
extended, until they amount to discrepancies utterly inadmis-
sible in an operation of this kind. To insure, therefore, the
requisite degree of accuracy, all the resources of physical
science, and all the appliances of the mechanic arts, must be
brought into requisition to meet the difficulties which present
themselves from time to time, under the constantly varying
circumstances. The truth of these remarks will be evident
from a more minute examination of some of the processes of
the survey.

TO measure a base line, may appear a simple and easy op-
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eration ; and this is the case where no minute degree of accu-
racy is required, and when the line is of no considerable
length : but in a large survey it forms, perhaps, the most te-
dious part of the work, and under the most favourable cir-
cumstances, presents difficulties which never fail to call forth
the scientific resources and inventive powers of the operator.
Although a-bar of metal at rest on the ground, may appear
to have a fixed and unalterable length, yet we find, on exam-
ination, that it is almost constantly in a state of change, ex-
panding or contracting continually with the varying tempera-
ture of the day and the season. A line of six miles in length,
measured in mid-winter, with an iron rod, would appear about
eighteen feet shorter, if measured again during a warm day
in summer, with the same instrument : the temperature of the
measuring rods must therefore be carefully noted, and the ex-
pansions and contractions allowed for. In the measurement
of the base, near London, for the trigonometrical survey of
England, deal rods were at first used ; and although these
were made of well seasoned timber, and carefully varnished,
yet the changes in their length, produced by the moisture and
dryness of the air, were so considerable, that all confidence in
the results deduced from them was taken away. Glass rods
of twenty feet in length, and supported in wooden frames,
were afterwards substituted in the place of these. In the
American survey, under the direction of Mr. Hassler, the
whole measuring rod consisted of an assemblage of four iron
bars, each of two metres (39.4 inches) in length; these were
clamped together and supported in a wooden trough, prepared
for the purpose ; the bars had previously been accurately
compared with a copy of the French standard, which had been
obtained by Mr. Hassler, in 1799. It also requires no incon-
siderable skill to place the rods in two consecutive positions
in a straight line, and to make the beginning of the one ex-
actly coincide with the ending of the other. In the French
and English surveys, the latter object was attempted to be ef-
fected by the simple contact of the ends of the rod with a fixed
obstacle, while in thé American survey, the same object was
more accurately attained by an optical contact. For this pur-
pose, a hair was stretched across a semicircular opening at the
end of the bar, and made to coincide with the image of the
intersection of two lines drawn on a plate of ivory attached
to a microscope, which was itself fixed for the time on a stand
entirely separate from the support of the rod. The micro-
scope remaining undisturbed, the rod was carried forward to
a new position, and the hair stretched across the opening in
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the hinder end made to coincide with the same point. Ttie
microscope was next moved forward and adjusted to the hair
on the front end of the rod, and so on to the end of the ope-
ration. Again, the line thus measured in the most favourable
position, although its parts may be in the same plane, is in re-
ality not a straight Iine,but a part of a polygon described around
the curvature of the earth, the sides of which are each equal
to the length of the measuring rod. This polygonal line must
be reduced to a continuous curve at the mean elevation, of the
level of the sea.

The next important point which deserves particular notice,
is the establishment and mensuration of the angles of the pri-
mary triangles. In order to insure the best results, the trian-
gles should be as nearly equilateral as the surface of the ground
will admit, and the sides from twenty to thirty and even fifty
miles in length. To satisfy these conditions requires a very
careful exploration of the country by an experienced eye.
That the precise position of the angular point may be observed
at the distance mentioned, artificial signals are required and of
these several different kinds have been employed. In the
English survey simple masts were erected and they were
found to answer very well when projected against a clear sky
but when the back ground was a dark object they were not
distinctly visible even when painted white. In other surveys
balls elevated on the top of masts were used. In the survey
of the coast of the United States, Mr. Hassler employed at
first truncated cones of burnished tin which reflected an im-
age of the sun, and being elevated on masts were seen at a
great distance ; but the instrument which has superseded all
others for this purpose, and is now used on the coast survey,
is that called the Heliotrope, the invention of Professor Gauss
of Gottingen. It consists essentially of a small mirror placed
immediately over the angular point and so adjusted that a
beam of reflected sun light is thrown directly into the tele-
scope of the distant observer. To keep the beam constantly
in the proper direction from which it would soon be deflected
by the motion of the sun, a person is employed to adjust the
mirror anew, from time to time, and for the more ready effect-
ing of this, it is attached to a telescope through which the
distant station can be distinctly seen. The telescope being
properly pointed, the beam of sun light is directed along a
line parallel to the axis of the instrument, by means of two
holes in screens attached to its side. By this arrangement, a
mirror of a few inches in diameter, can be distinctly observed
iu a clear "day at the distance of forty or fifty miles.
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The measurement of the precise magnitude of the angle,
included between any two sides of the large triangles, is a
delicate operation for the performance of which different in-
struments have been employed. The first surveyors who
aimed at any accuracy, used a large quadrant of a circle divi-
ded to the fraction of a minute and furnished with two tele-
scopic sights, one of which being directed to the signal at one
end of one of the lines, and the other*ight to the signal at the
end of the other line, the arc included between the two direc-
tions was the measure of the angle required. This instru-
ment, simple as it may appear, is liable to be influenced by
so many causes of error that the use of it has been abandoned.
It is practically impossible to divide a circle into a given num-
ber of parts, all precisely equal among themselves. To obvi-
ate the errors arising from this cause, an instrument consisting
of an entire circle was used in the survey on which was
founded lhe French system of weights and measures. A re-
petition of the measurement of the angle being made in suc-
cession, on the different parts of the circumference of the cir-
cle, the errors of the divisions would tend to balance each
other, and the average of all the measurements would be a
nearer approximation to the truth. There is, however, the
objection to the use of this instrument, that it merely gives
the measure of the angle in the plane of the sides of the tri-
angle, while for the purposes of the survey, the horizontal
angle, or that of a spherical triangle described on the convex
surface of the earth is required ; consequently a reduction is
to be made, founded on an additional observation of the an-
gle of altitude of the one station above the other. In the
English survey an instrument called a theodolite was em-
ployed, which differs from the repeating circle, in having the
telescopic sight, moveable in a vertical plane, so that while the
graduated circle is horizontal, the telescope can be directed to
a point above the horizontal plane, and in this way the spher-
ical angle can be directly obtained without subsequent calcu-
lation. In the beginning of the coast survey of the United
States, the angles of the primary triangles were measured
with a theodolite of two feet in diameter, but for this was af-
terwards substituted a more perfect instrument by Troughton
and Sims, of London, which has been used with admirable
success since 1836. The graduated circle of this theodolite,
is thirty inches in diameter, and it is said to exceed any other
instrument ever made for the same purpose, both in the size
of the telescope and the power of the microscope, for reading
the divisions. But no instrument constructed by human means
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can be expected to be perfectly accurate. Notwithstanding
all the care that may be bestowed on it by the maker, it wifl
be found aâected with errors inseparable from the very nature
°f the material, and, therefore, it becomes the duty of the sur-
veyor, to adopt such methods of observation as may serve, in
the greatest degree, to diminish the errors or to cause those of
opposite tendencies to balance each other. It is truly surpri-
sing to what a degree of accuracy ingenuity has carried the
principle of the elimination of error in works of the kind ;
but the proper application of this principle can only be made
by one who to much experience, adds a profound knowledge
of physico-mathematical science.

After the triangulation of a district has been completed, and
the exact relative position of every point in the survey accu-
rately protracted, it is next required to draw on the map the
lines of relative latitude and longitude. For this purpose
"\vere the earth a perfect sphere, the bearing of any one of
the principal lines with reference to the true north being ob-
tained, that of all the other lines could be calculated and the
lines of latitude and longitude for the whole chart be accu-
rately projected ; but as фе earth is not perfectly spherical,
this method is not to be relied on, and therefore the bearing,
or the azimuth as it is called, of difierent lines in distant parts
of the survey must be determined. The simplest method of
accomplishing this is by means of the theodolite directed first
along one of the lines of the survey, and then to the pole star
When it is farthest east, and also when farthest to the west of
the meridian. The mean angle between these directions is the
quantity required. But even the frequent determination of
the azimuth cannot be relied upon solely for giving the dif-
ference of longitude, especially when the survey has consid-
erable breadth in the east and west direction. In addition to
it, astronomical observations should be frequently made at
fixed points, such as those of the occultation of stars by the
Шооп, of solar eclipses, &.c., which may also serve to deter-
mine the longitude from the first meridian. The employment
of the magnetic telegraph also afiords a ready method of as-
certaining the difference of time, and hence the longitude be-
tween the several points of the survey which may happen to
be near its path ; and even in some cases it strikes us, a wire
might be temporarily extended from one point to another for
the same purpose, the return part of the circuit being formed
by the ground.

In order to be constantly assured of the accuracy of the
work, the tests of verification should be frequently applied.



12

The sum of the three angles should exhibit what is called the
"spherical excess ; and the base of verification in measurement
and computation, give the same result within a few feet, even
in a length of five or six miles, and at the distance it may be
of several hundred miles from the original base. Such accu-
racy has been obtained in the great surveys of Europe and
will undoubtedly be exhibited in the American survey.

Trigonometrical surveys of the kind we have described,
have been made or are now in progress in various parts of
the world, namely, in Austria, Russia, Sweden, Denmark,
Hanover, Prussia, Swabea, Bohemia, and the German States
generally, Italy, Naples, and Sicily, Switzerland, France,
England, the British possessions in India and the territory of
the French colony in Algiers. Europe is indeed covered with
a series of triangulations, from the south of Sicily to the po-
lar circle, from Ireland to the interior of Russia, from Bor-
deaux to the frontier of Turkey. Some of these commenced
in the latter part of the last century are still in progress.

The American coast survey was recommended to congress
by President Jefferson, during the session of 1807, and an ap-
propriation of 850,000 was made for the work in February
of the same year. During the following month circulars were
addressed by the Secretary of the Treasury, Mr. Gallatin, to
a number of scientific gentlemen, requesting their opinion in-
dividually, as to the plans to be adopted for carrying out the
provisions of the law. Thirteen answers were returned to
these circulars, which were submitted to a committee of the
members of the American Philosophical Society, at the head
of which was the president of the institution, Dr. Patterson.
After a full consideration of the merits of the several plans
proposed, that submitted by Mr. Hassler, a native of Swit-
zerland, who had been employed in operations of the same
kind in his own country, was adopted. The survey was how-
ever destined to meet with many delays and difficulties. On
account of the threatening aspect of public affairs in reference
to a rupture with Great Britain, nothing was done in the way
of immediate preparation for the work until August, 1811,
when Mr. Hassler was sent to England to procure the neces-
sary apparatus for carrying into operation the plans proposed
by ,himself • but before the instruments could be finished
war was declared, and the agent was detained abroad as an
alien enemy, until 1815.

In August, 1816, Mr. Hassler was formally appointed su-
perintendent of the coast survey, and immediately entered on
the duties of his office in the way of exploring the country
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tot the purpose of discovering a suitable position for the es-
tablishment of a base line. A locality for this essential part
°f the survey, was finally chosen in that part of New Jersey
which borders on the Hudson, and is immediately behind the
perpendicular ledge of rocks well known to the traveller on
that river by the name of the Palisades. The base line was
Measured in the spring of 1817, and was found to be 30999.8
English feet, or a little more than five miles and a half long.
During the same year, a series of triangles founded on this
base and spreading over the basin of the lower part of the
Hudson, including New York bay and the adjoining country,
was established, in order to the extension of the survey north
and south, along the sea-board. Also to be assured at the
beginning of the work, of the accuracy of the instruments
aild methods employed, a base of verification was measured
°n the south shore of Long Island, near the Narrows, the
length of which deduced from the triangulation, was found to
agree with the actual measurement within about eight inches,
the whole length of the line being 25443Í English feet, or
flearly five miles.

We might conclude from these facts that the survey had
now been commenced in good earnest, and that the work
Would be prosecuted to a successful termination, with a libe-
ral support from the government, but this was not destined to
be the case ; before Mr. Hassler could have an opportunity of
presenting a report of the result of his labours during the year,
the survey was effectively discontinued by an act of congress,
passed in April, 1818. The principal cause of this sudden
stoppage of the work is to be attributed to a want of a proper
appreciation of the importance of the object, and a knowledge
°f the nature of the operations, combined with the embar-
rassed state of the ргОДс finance in consequence of the war
which had just terminated.

In 1827, after a lapse Of ten years, the coast survey was
again called to public attention by the enlightened policy-of
the Hon. Samuel L. Southard, the Secretary of the Navy,
who in his reports to congress repeatedly urged the necessity
of resuming the survey on the original plan. Finally, after
another delay, the law of 1807 was revived in July, 1832,
and the President again authorized to employ such astrono-
mers and other persons as he should deem proper for carrying
°n the work. In August of the same year, Mr. Hassler was
reappointed to the charge of the survey, and continued in the
employment until the time of his death, in November, 1843.

During the interval of the interruption of the survey, Mr.
2
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Hassler presented a memoir on the subject to the American
Philosophical Society, which was published in the transactions
of this body in 1825. m It contains a minute account of the
plans adopted for carrying on the work, a description of the
instruments he had procured for the purpose, and of the la-
bours which had been performed in 1S17. This memoir was
received with much favour by competent judges abroad, and
the commendation bestowed on it was of no little importance
in awakening a sentiment of national pride, which had con-
siderable influence in assisting the passage of the act authori-
zing the renewal of the survey in 1832.

Mr. Hassler's first report on the progress of the work, was
made in 1834. Under the new organization, the primary tri-
angulation was conducted exclusively by the superintendent.
The secondary triangulations were carried on simultaneously
in different districts, by three principal assistants, namely, by
Mr. Ferguson, Mr. Blunt, and Captain Swift. The topo-
graphical operations, which consist in the filling up of the mi-
nute survey of the secondary triangles, was intrusted to five
or six separate parties, each consisting of an assistant and five
or six men. The hydrographical surveys were made by offi-
cers of the navy, detached by the executive department for
the purpose. In these the sounding operations were carried
on by the reciprocal observations of three observers on shore,
and two on board the vessel. The position of the vessel at
the points corresponding to the several soundings, was thus
obtained by the measurement of five angles and two base
lines. This system of operation was carried out as far as the
land could be seen, or about twelve miles ; beyond this, the
position of the points of soundings was determined by means
of celestial observations for latitude, and the indications of the
chronometer for longitude.

Under this organization, the work appears to have been
prosecuted up to the present time, but with very variable suc-
cesF. The first operations after the recommencement of the
survey, was to uncover the station points of the triangulation
of 1817, which had been preserved, in some cases, by trunca-
ted cones of stone-ware, sunk sufficiently below lhe surface of
the ground; and in.others, by drilling a hole of two inches
in diameter into the solid rock ; an accurate description of the
locality having been placed on record. The new survey was
at 6rst based on the triangulation of 1817, and extended north
and south from it ; but in 1834, a new and much longer base
was measured on that part of the south shore of Long Island,
wl.ich extends along what is called Fire Islaijd Beach, near
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the light-house. The measurement was completed in forty-
five days, with the apparatus before mentioned, and described
in the transactions of the American Philosophical Society, and
its length found to be 8| miles. The position of this base on
the level beach, and but little above tide-water, offered unu-
sual facilities for an operation of this kind. It presented, how-
ever, the disadvantage which results from the impossibility of
permanently marking the terminations of the line, on account
of the encroachments of the sea. To avoid the effect of this
occurrence, which is said to have since actually taken place at
one end, the base was referred, by triangulation, to two per-
manent and elevated points, from twelve to twenty miles in-
land : the distance between these is known in the reports of
the survey by the name of the mountain base. Notwith-
standing the objections which have been urged against this
base, its great length, and the facilities which the position af-
forded for exact measurement, will perhaps more than com-
pensate for the want of permanency in the points which mark
its extremities. For should circumstances ever render it ne-
cessary to verify this base by another measurement a line ap-
plicable to the purpose, could be readily deduced from the
mountain base ; but from the present indications of the accu-
racy of the primary triangulation, such a necessity will proba-
bly never exist.

We have found considerable difficulty 'in ascertaining the
precise state of the survey at the time of the death of Mr.
Hassler, but from the examinations of a committee of congress
in 1842, it appears that the primary triangulation extended
from Mount Carmel, in Connecticut, to Yard's, near Philadel-
phia, including twenty primary stations, and covering 3,577
square miles. The secondary triangulation exceeded in ex-
tent the primary, and included the space along the coast from
Narraganset bay in Rhode Island to Cape Henlopen at the
mouth of Delaware bay. It covered a surface of about 11,000
square miles, while the topographical and hydrographical sur-
veys up to the same time extended over about 4,200, and
5,600 square miles, respectively.

Although the coast survey had been apparently recommenced
in 1832 under the most flattering circumstances, yet it must be
confessed that during the ten years which followed, its progress
was not such as the friends of the work and the public gene-
rally had reason to expect. Recalled to important duties requi-
ring great personal exertions, and the adjustment of perplexing
difficulties, at a period when most men begin to withdraw from
the ordinary duties of active life, Mr. Hassler no longer pos-
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sessed the practical ability to carry out fully the plans devised
by himself a quarter of a century before. But we desire iiot
to dwell on this part of the history of the survey, and would
rather call to public attention the great indebtedness of the
work to the early labours of Mr. Hassler ; and perhaps we
cannot present this in language more appropriate than that of
his successor, at the beginning of his first report. " The coast
survey owes its present form and perhaps its existence to the
zeal and scientific ability of the late superintendent, who devo-
ted the energies of his life to it ; and who but for its interruption
at a period when he was in the prime of manhood, and its
suspension for nearly fifteen years, might have seen its comple-
tion. The difficult task of creating resources of practical sci-
ence for carrying on such a work upon a suitable scale,
required no common zeal and perseverance for its accom-
plishment, especially at a time when our country was far
from having attained her present position of scientific acquire-
ment, and when" public opinion was hardly sufficiently enlight-
ened to see the full advantage of thoroughness in executing
the work. For his successful struggle against great difficulties,
his adopted country will do honour to his memory as the
pioneer of a useful national undertaking."

The appointment of Alexander D. Bache, LL. D., to the
office of superintendent of the coast survey, took place in De-
cember, 1843, and the acceptance of this gentleman, well
Imown for his scientific labours in every part of the civilized
world-, and highly esteemed for his moral qualities by all who
enjoy the pleasure of his acquaintance, was received by the
friends of the survey as a guarantee that, it would now be
prosecuted with energy and skill to a successful termination.
The appointment of Dr. Bache was urged on the President by
letters from most of the men of scientific reputation in our
country, and we know that it has received the approbation of
some of the most distinguished cultivators of physical science
in Europe. In filling an office of this kind it was gratifying to
find that political considerations were entirely disregarded, and
the merits and fitness of the individual alone considered.

Soon after the appointment of Dr. Bache he submitted a
plan of operation for the ensuing season, which was fully ap-
proved by the Hon. John C. Spencer, Secretary of the Trea-
sury, who during his continuance in office, exhibited the most
lively interest in the coast survey, and readily lent his talents
and his influence to every plan which might serve to improve
its condition. The peculiar feature of the plan proposed^ by
Dr. Bache was the immediate verification and closing of the
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primary triangulation of Mr. Hassler by measuring abase
line as near as possible to the southern termination of his la-
bours. It was considered, in justice to his memory, that as
little of the work of others as practicable should he included in
his series previous to its vérification ^ and it was also deemed
most proper to assign this measurement to his senior assistant,
James Ferguson, Esq. It was also proposed to verify the
main triangulation, on Long Island Sound, by measuring a
base as near as possible to its northern termination, besides
extending as far as practical all parts of the survey.

The first report of Dr. Bache, exhibiting the progress of the
survey during the year ending November, 1844, was presented
to the senate in December of the same year. Onr limits will
only permit us to give a very brief account of its contents. It
is the only report we have met with in searching for the ma-
terials of this article that gives a clear idea of the actual state
of the survey at the time it was made, and accompanied with
maps for its proper illustration. There is another peculiarity
of the report which deserves notice as exhibiting a characteris-
tic of Dr. Bache. We allude to the scrupulous care with
which he gives to each assistant his due credit even in case oi
a mere suggestion.

The report is divided into several different sections ; the first
of which gives an account of the survey from Narraganset
bay northward and eastward. In this quarter the primary
triangulation, which is still under the immediate charge of the
superintendent, has been extended across the stale of Rhode
Island and a part of Massachusetts. Five primary stations
were occupied and angles observed from fifty-three different
points of the survey. The whole number of angles measured
by the superintendent during the season is 2,753, and the sur-
face included within the triangles is about 1,100 square miles.
The secondary triangulation in the same section has been ex-
tended so as to include Buzzard's bay and the greater part of
the Vineyard sound. The area covered by it is 379 square
miles. The work was planned and executed by assistant C.
M. Eakin. The topographical operations in the same quarter,
cover a total area of one hundred and forty square miles. The
soundings under the directions of the naval officers, on this
part of the coast have been nearly completed from Point Ju-
dith to New Bedford, inclusive.

The next division of the work extends from Narraganset bay
to New York, and thence to the capes of the Delaware. The
main triangulation of this section, which is connected with the
primary triangulation of Mr. Hassler near Fire Island base,
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was extended by one of the principal assistants, Edmund Blunt,
Esq., over Long Island Sound, to Narraganset Bay. This work
was not originally intended to take the place of a primary tri-
angulation, but the care bestowed on it appeared to justify its
provisional adoption as such, with the precaution of measuring
at once a base near the north end for its verification. An eli-
gible situation for a base was found on the site of the Provi-
dence and Boston railway, the road having been originally
graded for two tracks, and only one having been constructed, a
wide space was left on the side, which offered in one place
ал admirable location for the purpose, being easily connected
with the triangulation, and affording a straight base of about
eleven miles long. The measurement was commenced on the
llth of September, and completed on the 28th of November.
The apparatus employed was the same used by Mr. Hassler,
at Fire Island Beach, with some improvements by Mr. Blunt.
This base is intended to close the survey made under the di-
rection of Mr. Hassler, at the north, and to serve as a base of
departure for a new primary triangulation, for the further ex-
tension of the work. The operations for deep sea-soundings,
have been continued off the coast, in this district, under the
charge of Commander T. R. Gedney, of the navy ; and have
been carried out from the land to the distance of from seventy
to one hundred miles, and to a depth of more than one
hundred fathoms. They now extend from beyond the
eastern extremity of Long Island to the capes of the Dela-
ware.

The next section relates to the extension of the secondary
triangulation, which had previously reached southward to the
mouth of the Delaware, under the care of Captain Johnstone,
of the army. The party surveyed seventy-four square miles,
and occupied twenty-seven stations ; and also prepared the
ground for the " plane-table" operations of next season. The
topographical survey of the shore of the Delaware River and
Bay, and also the soundings of the latter have been finished.
The hydrographical operations have also been carried on south-
ward and eastward of Cape Henlopen, to the extent of about
one hundred and fifty square miles.

Another section of the report gives the operations in the
Chesapeake Bay, relating to the selection and measurement of
the proposed base for the southern verification of Mr. Hassler's
triangulation. After considerable reconnoitering, the site of
this base was finally chosen, by the superintendent, on Kent
Island, in the Chesapeake, about thirty miles below Baltimore,
and opposite Annapolis. It is five miles and four-tenths long,
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and was measured by Mr. Ferguson, with the same apparatus
employed by Mr. Hassler on the original base. Although the
final verification of Mr. Hassler's survey cannot be completed
until the primary triangulation is brought to this base, yet it
is satisfactory to know, says Dr. Bache, that the results afforded
through the secondary triangles, show a remarkable coinci-
dence in the length of one of the sides, as computed from this
base and from the original one, the difference not exceeding
twenty inches in a line of twelve miles. Mr. Ferguson has
also been engaged in the " reconnoissance" for continuing the
primary triangulation of Mr. Hassler, so as to connect it with
the base of verification ; also the triangulation from the ends
of the same base has been commenced ; seven primary stations
and one secondary, have been occxipied; the area included
within this triangulation is 420 square miles.

The progress already made in this work, leaves only five
stations to complete the intended connexion with Kent Island
base, and when this is accomplished, the surveys executed by
Mr. Hassler and his assistants, will be included between two
bases of verification about three hundred and thirty miles apart,
between which the work will be nearly or quite complete,
over an area reaching from Maryland to Massachusetts.

In addition to the work just mentioned, a secondary trian-
gulation,near the head of the Chesapeake Bay, was commenced,
which now includes twenty-nine stations, and covers ninety-
five square miles. Also plane-table surveys were made on
the shore of the Chesapeake, and the adjacent country, which
cover upwards of eighty square miles, and hydrographical sur-
veys were made covering an area of more than one hundred
and fifty square miles.

Besides the operations we have described, others of a more
miscellaneous kind have been undertaken. Explorations have
been made, we believe by Mr. -3̂ . H. Gerdes, in North Caro-
Una, Louisiana, Mississippi, ancf Alabama, for commencing
the survey in these different states, during the next season.
Astronomical observations for determinining the latitude, lon-
gitude, and azimuth, have been made by the superintendents
at several of the stations of the primary triangulations. A
series of observations for latitude have been made at the two
extremes of the main triangulation, and for azimuth, near the
north end, by Mr. Blunt. Also a series of observations for the
same purpose have been carried on by the assistants, near
Kent Island. It is to be regretted that the astronomical instru-
ments belonging to the survey were found defective, and that
the superintendent was obliged to borrow from Columbia Col-
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lege, and West Point, articles of the kind necessary to the
prosecution of the work.

A series of magnetic observations on the variation, the dip,
and the intensity of the needle, were made by Professor Ren-
wick, of Columbia College, in some of the principal harbours
of Long Island Sound. The most important of these elements,
the variation, is required immediately, to finish a series of
charts of this district, now preparing for publication. At seve-
ral points, observations on the tides, the velocity and tempe-
rature of currents, the change in the position of bars, have
been carried on, together with a series of observations on
meteorology.

It is the settled policy of the present superintendent, to give
the results of {he survey to the public as soon as they are ac-
curately prepared ; and in accordance with this, four sheets
of the map of New York bay and harbour have been pub-
lished ; and one. hundred ajid sixty-nine copies distributed un-
der the authority of an act of congress. It is however, a mat-
ter of mortification that a narrow-minded consideration of
false economy, should have restricted the number to be distri-
buted to three hundred. This number is insufficient to supply
even the institutions in the different congressional districts,
whose representatatives have applied ibr them ; leaving none
to be sent to foreign governments, and literary and scientific
societies at home and abroad. Provision was not even made
for furnishing our own naval vessels ; but we hope more libe-
ral views have prevailed among the members of the last con-
gress, in reference to this subject, and that ample provision has
or will be made for the free distribution of these maps, and
the immediate publication of all the work now finished in the
office.

From the report of the superintendent, it appears that there
exists a large amount of material, the accumulation of past
years, in part or quite ready for publication. To withhold
this unnecessarily from the public, is trifling with the lives and
fortunes of our citizens, and doing violence to the commercial
property of some of our most important cities. To show that
we do not express ourselves too strongly on this point, we will
refer to some discoveries made during the present year, which
are given in the several parts of Dr. Bache's report, and ex-
hibit in a strong light, the imperative necessity of the imme-
diate publication of the results obtained, as well as the effi-
cient extension of the work. At the close of a report made
by Lieutenant commandant Blake, to the superintendent, are
the following remarks. " I cannot forbear calling your atten-
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tioii to the great deficiencies in the existing charts of this dan-
gerous section of the coast, upon which I have been employed
this season. They all appear to have been founded upon sur-
veys made before the Revolution, with some amendments and
additions; but even immediately off the important port of
New Bedford and Fairhaven, where nearly three hundred
whale ships are owned, I found dangerous single rocks near
one of the main ship channels with but five feet water on
them, entirely omitted in the latest publication."

The same gentleman states that the survey of Delaware
Bay shows a perfectly safe and direct channel for merchant
vessels of the largest size, where no channel has heretofore
been supposed to exist. It presents several advantages over
the old channel, and must be of great importance to the com-
merce of Philadelphia ; also three new channels have been
discovered over the " Cape May ridges," which will be of
great utility in the coal trade of the same city : and a dan-
gerous shoal, hitherto known to but few, if any, of the pilots,
near the main ship channel, has been traced out in the same
district. The charts of Delaware Bay have been found en-
tirely unworthy of confidence. The position assigned by the
most authentic of them to one of the principal lighthouses, is
nearly seven miles in error. Several dangerous shoals, with
but a few feet of water upon them, and on which numerous
•wrecks have occurred, are placed from three to five miles from
their true position ; and the bay is represented in one part as
fifteen miles in width, when it is actually found by the survey
to be but seven.

It is expedient and proper, in all cases, to give the coast sur-
vey all the advantages of popularity which discoveries of the
kind just mentioned entitle it to, and in accordance with this
view, but without wishing to diminish, in the least degree,
the well-merited reputation of the officers who may be enga-
ged in the sounding operations, we must, in this place, express
our decided disapprobation of the name given the new chan-
nel into the harbour of New York. Thousands who have
heard of the Gedney channel, are unacquainted wkh the fact,
that it is one of the legitimate offsprings of the coast survev,
and that all engaged in the work, were concerned in the dis-
covery. The name of Coast Survey Channel, would be, in
our opinion, á more appropriate title.

From the account we have given of the report of the su-
perintendent, it must be evident that more work has been per-
formed during the past year, than in any previous year of the
history of the survey, and this will appear more worthy of
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notice, when the difficulties are considered, with which Dr.
Bache had to contend, in entering on the duties of his office.
The records of the labours of his predecessor, were to be de-
ciphered, accounts were to be adjusted with the treasury de-
partment, which had been a perpetual source of perplexity to
almost every secretary ; prejudices in favour of old plans, and
against the introduction of new ones, were to be overcome ;
and in short, almost an entirely new and more efficient organ-
ization was required, with a set of instructions for carrying it
into operation during the coming year.

One of the plans adopted by Dr. Bache, we cannot speak
of but in terms of the highest commendation. We allude to
the apportioning of the work of calculation, and of verifica-
tion, as well as of celestial observations, at certain points,
among a number of the most distinguished practical astrono-
mers of our country. By this arrangement, science will be
encouraged and the interests of the survey advanced. Those
who have heretofore devoted themselves to the acquisition of
knowledge for its own sake, will receive a new stimulus in
the moderate compensation allowed for their labours, as well
as in the honour of participating in a national work of this
kind. The cost of the survey will be diminished, on account
of the smaller amount of pay required by a person who re-
mains at home, and devotes but a part of his time to the em-
ployment ; and it will also be more rapidly advanced, as well
as additional security offered against error, by a greater divis-
ion of labour, while the principal officers of the survey, re-
leased from the labours of calculation, can devote themselves,
even in winter, to the field operations of the southern trian-
gulations. To insure the full advantages of this plan, a rule
should be established, that no person be thus employed, whose
reputation does not rest on actual contributions to astronomi-
cal science, which have received the commendation of compe-
tent judges. The eifect of this rule, would be to exclude a
host of pretenders, and place in merited relief those on whose
labours the scientific character of our country, in this line,
really depends.

In accordance with this plan, which received the approba-
tion of the Secretary of the Treasury, W. C. Bond, Esq., was
engaged to make a series of astronomical observations at
Cambridge, and Professor E. 0. Kendall at Philadelphia.
Sears C. Walker, well known for his attainments in practical
astronomy, is engaged in the reduction of astronomical obser-
vations. His report shows that considerable progress has al-
ready been made in the work committed to him ; five out of
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nine classes of astronomical phenomena brought to bear upon
the longitude of a central point of the survey, and embracing
the results of seventy-two different observations, are comple-
ted, Mr. Bond has reported the result of a series of occulta-
tions and moon-culminating stars; and Mr. Kendall has
already furnished interesting approximate results obtained
With an Ertel circle for latitude. Professor Pierce, of Harvard
University has been employed in determining the longitude
approximately, between Liverpool and Boston, by the re-
peated exchange of chronometers, through the means of the
steam packets. Also, as the beginning of a system of verifi-
cation of the astronomical observations made by the officers
°f the survey, those of Mr. Blunt near the southern termina-
tion of his triangulation in Brooklyn, have been calculated by
Professor S. Alexander, of Princeton, and observations of the
superintendent are now in the hands of the same gentleman,
to be submitted to the same ordeal. The valuable labours of
Professor Renwick, which may be considered as belonging to
the same organization, have been already mentioned; and
from the whole results of the last year in reference to this
plan, there can be no doubt of its importance to the work, and
its beneficial effects on the science of the country.

It would also appear to be another favourite measure of Dr.
Bache, to enlist in the cause of the coast snrvey, the talents
and the influence of the officers of the army and navy, as
well as to employ the recent graduates of West Point ; the
work offering to the latter an admirable school of practice. It
is gratifying to learn that under the new organization, the
gentlemen connected with these departments have shown a
desire to engage in the work, and we cannot but hope soon to
see the survey, with a more liberal appropriation, carried for-
ward with increasing energy, under the generous rivalry of a
number of additional parties, filled with gentlemen from these
sources.

The concluding part of the report gives a statement of the
intended operations of the next year, and also an estimate of
the expense of the work with the same organization as last
year. This amounts to eighty-eight thousand dollars for ex-
pense of the survey, and twelve thousand dollars for the pub-
lication of the work of past years. " With this appropria-
tion," says Dr. Bache, " which does not exceed that of recent'
years,-1 feel confident that the work marked out in the fore-
going report may be accomplished, the field and water opera-
tions carried on in the eastern, middle and southern sections
of the work ; and the speedy publication of the results be se-
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cured." " While I thus submit an estimate, grounded upon
the past policy of the executive and congress, in reference to
the progress of the survey of the coast I would be wanting in
my duty, did I not show how the work might be more rap-
idly advanced. I feel the more obliged to make this state-
ment, because selfish motives might be supposed to prompt
me as superintendent of the work to desire a continuance
rather than its completion." An account is then given in de-
tail of the plan, by which the immediate benefits of the sur-
vey may be extended in a comparatively short time, to nearly
every part of our coast, by an appropriation of not more than
fifty per cent, greater than that required by the present plan,
while, in the sequel, the whole cost of the survey will not be
increased, but rather diminished, since the operations recom-
mended form an essential part of the survey, the expense of
which cannot be lessened by any postponement ; while with
a more expanded scale of work, arrangements of the parties
in reference to division of labour, and economy of time, be-
come practicable, which cannot now be eifected. " More than
once," says the superintendent, " have I had occasion to re-
gret the unavoidable diminution in the efficiency of a party, by
the necessary decrease in its expenditures ; and I am satisfied
that true economy in the yielding of results proportionate to
means expended, would be consulted, by a more liberal scale
of appropriation.
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E X T R A C T S

From the report of the Superintendent of the Coast Survey, showing
the progress of the work during the year ending November , 1845.

* * # * * * *
In the statements of the work done I have endeavored to be sufficient"

Iy niinute, to enable the President and Congress to judge whether the
progress for the past year has been satisfactory, cither in reference to that
of former years, or to the sum appropriated and expended.

In regard to the estimate for the next fiscal year, 1 would bespeak for
it in advance a favorable consideration; it has been made carefully, and
after due knowledge of the requirements of the different parties, and a
careful study of the operations which can be carried on to the greatest
advantage in the course of the year.

Any diminution of the sum there asked must involve a decrease in
the amount of work which is practicable, and thus postpone the realiz-
ing of the results of the survey on some portion of the coast, and the ul-
timate completion of the work. Operations are proposed which may
certainly be accomplished with the present scientific force, or with a very
moderate addition to it. The number of parties which may be employ-
ed advantageously in their execution is stated. The actual expenses of
such parties are taken as the bases of the estimate—expenses which are
limited as far as is consistent with the due progress of the work, so that
no party shall consist of more officers or men, or be supplied with more
equipage, than is absolutely necessary. The estimates for computing,
reducing, drawing, engraving, and printing, are regulated in a similar
way. To place these estimates upon a lower scale would be, in the
case of field parties, to risk the cessation of operations during the work-
ing season, and thus to incur the expense of salaries without correspon-
ding progress in the work.

It is sometimes supposed that salaried officers alone constitute the
Working parties of the survey. It is true that the scientific chief of
each party is the essential person by whom the results are obtained,
and who works with his hands as well as his head; but there are also
purely manual operations to be performed, requiring in each of the land
parties the employment of at least from four to six, and in some cases
ten and twelve, men. The number of persons, therefore, necessarily
employed in the mechanical operations of the survey is very considera-
ble.

The increase of the appropriation for the year 1845-'46 has enabled
me to commence operations effectively in two additional southern sec-
tions, one in North Carolina, and one on the Gulf of Mexico. This
is a measure of economy, since it gives employment in the field, during
periods of the year when the parties cannot be employed to the north,
and as it advances the work towards completion. It is of public utility,
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because it must give at an early day charts of parts of our coast but little
known, and dangerous to the navigator.

Should the estimate which I furnish be adopted, the work will be ex-
tended from diese centres, and a new southern centre be established in
South Carolina or Georgia, from whicli in turn to extend the survey to-
meet the other parts of the work.

The estimate furnishes means for carrying on the survey of the coast
effectively in the following named States—New Hampshire, Massachu-
setts, Rhode Island, Connecticut, New York, New Jersey, Pennsyl-
vania, Delaware, Maryland, Virginia, North Carolina, South Caro-
lina, от Georgia, Florida, Alabama, Mississippi, and Louisiana—in allr

sixteen States. In some of them the work is nearly finished, in others
far advanced, and in others new centres are to be occupied, from which
the survey may be extended until the parts unite.

The southern coast must be surveyed by frequent bases, connected
generally by intermediate triangulations. There is no objection to the
establishment of these centres, which will finally be connected by a chain
of triangles. The results thus procured are of course approximate, un-
til the connections are made, but they are practically useful, and in the
absence of more complete ones (to be finally supplied by the Coast Sur-
vey) they may save the loss of many valuable lives and of much pro-
perty. During the past year the survey in North Carolina and in Ala-
bama, Mississippi, and Louisiana, has been actually begun, establish-
ing two new centres, the northern one of which will be connected in
three or four years with the chain of triangles down the Chesapeake, and
thus with the whole coast survey from Maine to North Carolina. The
sum which I ask for field work was repeatedly granted when the survey
extended over but one of the five sections in which it is now executing,

The additional sum voted by Congress last year for reducing, engrav-
ing, and publishing part of the work of former years, has secured the
engraving within the year of no less than seven sheets, and the prepara-
tion by computations, reductions, and drawings of others for engraving.
Besides these, charts of two harbors, surveyed during the past year, are
engraving, and will probably be finished before next February.

The work promised to be executed within the period embraced in
this report has been actually done, and I may therefore claim confidence
in the promises now made for the coming year.

The following is a summary of the work done since November, 1844,
the date of my last report.

In the eastern section.—The primary triangulation has been extend-
ed to Cape Ann, and across (he northern boundaiy of Massachusetts,
one station observed on being in New Hampshire. The verification
base on the Providence and Boston railroad has been connected with
the primaiy triangulation. The secondary triangulation has been car-
ried to the peninsula of Cape Cod. The topography of the shores of
Buzzard's Bay, the Elizabeth islands, and Martha's Vineyard, has been
nearly completed. The hydrography includes Buzzard's Bay and part
of the Vineyard Sound. Additional observations for differences of Ion-
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gitude from Europe have been procured at Cambridge, Portland, and
Nantucket. The work of this section has been within the limits of the
States of Rhode Island and Massachusetts.

In the middle section. — The primary triangulation of Mr. Hassler has
been connected with the main triangulation in Delaware Bay, and car-
led across the neck between the Delaware and Chesapeake Bays. A
reconnoissance for correcting the work on tlie Delaware with that on the
coast of New Jersey is in progress. Astronomical observations have
been made at one of (he Delaware stations.

Magnetic observations have been made in the harbors of Long Island
Sound . The off-shore work has been continued , and the special ex-
amination of the Gulf Stream has been commenced. Observations- for
the set and drift of the tides have been made in New York Bay and
Harbor , in the East river, and in Long Island sound . Additional sound-
lrigs have been made in the East river and in Long Island sound. This
^ork is generally within the limits of Connecticut, New York, New-
Jersey, Pennsylvania, and Delaware.

Southern section No. 1. — The Kent island base has been connected
the primary triangulation of Mr. Hassler, and the primary triangu-

lation has been carried south of Kent island. A reconnoissance for a
triangulation to connect the work on the bay with the Capitol and Na-
val Observatory, and for verifying the work on the Potomac river, has
been completed. Also additional astronomical and magnetic observa-
tions have been made. A secondary triangulation of the streams emp-
tying into the Chesapeake north of Kent island, and of part of the bay,
has been completed. The secondary triangulation of the bay south of
Kent island has made considerable progress. The topography of the
shores of the bay, of the Patapsco river, and of other streams flowing
into the Chesapeake north of Kent island , is more than three-fourths
done. The hydrography of the Patapsco, and of the approaches to it,
is completed, and that of the bay north of Kent island is nearly finish-
ed. This work is generally in the States of Delaware, Maryland, and
Virginia.

Southern section No. 2. — The operations connected with the meas-
urement of the baseline on Bodies' island, North Carolina, and the tri-
angulation of Albemarle sound, have been commenced.

Southern section No. 3. — A reconnoissance of the coast of Alabama,
Mississippi, and part of Louisiana, has been made, and the triangulation
and astronomical observations on Mississippi sound will be commenced
as soon as the season permits.

The following maps and charts have been published within the year,
or will be ready for publication about the first of January: a map of New
York bay and harbor, on a scale of 5 i î tf i>ï> ! two sheets of the large map
of New York bay and harbor, scale 3^-50? completing this map of six
sheets; a chart of Fisher's island sound. One sheet of the entrance of
Long Island sound, from the eastward; one sheet of Delaware bay and
river; New Bedford harbor, surveyed in 1844; Annapolis harbor and the



44

Severn river, surveyed in 1844. The engraving of a sheet of the south-
ern coast of Long Island is nearly done.

The engraving of the following is nearly completed . A second sheet
of Delaware bay and river, and a chart of the harbor of New London.

* » . * * * * *
In conclusion,! beg leave to présenta sketch of (he progress which

may be made in the work of the next year, and an estimate of the
means required to realize that progress.

Two new centres of operations have been added during the past year,
one on the coast of North Carolina and the other in the Gulf of Mexico;
to these I would add, during the coming year, a third centre on the
coast of South Carolina, Georgia, or Florida, as a reconnoissance may
prove most desirable; and I would extend the work efficiently from the
two new centres. This can be done without proportionately increasing
the appropriation for the survey; for, if the means of keeping the parties
in the field for a longer period of time each year were provided , we
could work to the South during die winter, and to the North during the
summer — a system already in part commenced during the past year, and
carried as far as the means at our disposal would allow.

Again, the enlightened co-operation of the heads of the War and
Navy Departments, with the Treasury Department, and the general
good feeling towards the survey of the officers of the army and navy,
would enable us, under the directions already issued by Congress in re-
gard to the employment of officers of the army and navy, to organize
new parties, if we had means to fit them out, and supply them with
laborers, transportation, vessels, and other appliances for surveying,
which they require. We should thus be able to make such an impres-
sion on the public by the extension of the work, and the speedy publi-
cation of its results, as would repay, by a rich harvest of public appro-
bation, the fostering caie of the Executive and of Congress.

1 he present state of the work, in the different sections, will admit of
the following progress during the next year:

1. Eastern section. The primary triangulation maybe extended
across the northern line of Massachusetts mto New Hampshire, and
some progress made upon the coast of New Hampshire. The second-
ary triangulation may be carried across Cape Cod and Massachusetts
Bay, as far north as Plymouth. The topography of Martha's Vineyard
™ ^tuck&t таУ Ье completed, and that of the main be carried from™ ,
Wood s Hole eastward to Monomoy Point. The hydrography of the
Vineyard Sound, including the sound between Nantucketand the main,
may be completed, and the dangerous shoals off Nantucket seaward be
examined .

2. Middle section. The triangulation on the coast of New Jersey may
be verified, the magnetic observations near New York and in Long
bland sound, and its vicinity, may be completed, the observations of
currents m New York bay, Long Island sound, and Delaware bay
may be nearly or quite completed. The important observations in the
Gulf Stream may be continued, and the off-shore soundings be extend-

d southward as well as eastward.
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3. Southern section, No. I. The triangulation of the peninsula of
theEastern Shore of Maryland and Virginia may be completed, and its
connection with the triangulation of the Chesapeake made. The pri-
mary triangulation may be extended southward along the Chesapeake;
yie secondary triangulation reach the Potomac, and pass up towards
Washington. A main triangulation may be commenced to cross from
Annapolis to Washington, connecting the Capitol and Naval Observa-
tory with the coast, and verifying the triangulation of the Potomac. A
tertiary triangulation may be carried up the rivers of the Chesapeake to
the head of navigation of each. The topography of the shores of the
Chesapeake north of Kent island, the topography of Kent island, and
«f the shores of the Chester, may be completed, and that south of Kent
island be commenced. The hydrography of the bay north of Kent
island, and of the rivers flowing into it, may be completed, and that be-
tween Kent island and the Potomac be commenced and considerable
progress may be made in it.

4. Southern section, No. II. The triangulation of Albemarle and
Pamlico sounds may be nearly completed, and that of the rivers empty-
Jng into them be commenced. The requisite astronomical and mag-
netic observations at the Bodies' island base, and neighboring stations,
may be made. The topoeraphy of the shores of Albemarle sound, and
the hydrography of Albemarle sound, may be commenced.

5. Southern section, No. III. The measurement of a base on Dau-
phin island maybe made, and the triangulation of Mississippi sound
and of Mobil« bay, be carried on. The requisite astronomical and mag-
netic observations may be made in this quarter. The survey of the
Chores may be made from Dauphin island as far west as Mississippi city.

•I he observations of tides and currents may be continued, and the sound-
щ§8 commenced in the same quarter. . .

о. Southern section, No. IV. A reconnoissance for a suitable base line,
and to determine the character of the triangulation, which is practicable,
way be made on the coast of South Carolina, Georgia, and Florida, es-
tablishing a new centre of operations.
. "• Office work. The office work should consist, 1st. In the copy-
mg, reducing, and computing the observations of the previous season,
aud in making drawings and projections of past or for future work. The
arrangement of the observations'of the past year for publication. The
verification of calculations made by the field parties. 2d. The prepara-
tion of the materials for a map to extend from Point Judith to the east
chop of Holme's Hole, Martha's Vineyard, to include Buzzard's Bay
and the Vineyard Sound, properly so called, and the commencement of
•the map itself. 3d. The reduction of a chart of the harbors of Refuge of
Tarpaulin Cove, and of Holme's Hole, on the Vineyard sound, and
the engraving of the charts. 4th. The engraving of the second sheet of
Long Island sound, and the drawing and engraving of the harbors of
New Haven and Oyster Bay. 5th. The preparation of an off-shore
chart,, to include the work of the coasts of Delaware, New Jersey, Ne\v
ï ork, Connecticut, and Massachusetts. The commencement of the



engraving of a sheet of this chart. Gth. The continuation of the draw-
ing of the southern coast of Long Island, with a view to engraving and
publication. 7th. The completion of the engraving of the upper sheet
of Delaware bay and river, and the near completion of the sheet repre-
senting the entrance of Delaware bay and the approaches; the drawing
and engraving of a chart of Little Egg Harbor, on the coast of New
Jersey. Sth. The preparation of a chart of the Patapsco river and of
Baltimore harbor, and the commencement of the engraving of the chart.
9th. The preparation of the materials for the commencement of a map
of the upper part of Chesapeake bay on the publication scale, with a
view to its completion as soon as all the data are furnished by the field
parties, and its subsequent immediate publication. 10th. The data for
a map of Albemarle sound, and of Mississippi sound, west of Mobile
bay, should be collected and arranged, so that the maps may be drawn
as fast as the field work is executed.

If the additional appropriation for preparing maps for publication,
and for drawing and engraving, which was made last year, is contin-
ued, the new work and back work, which are spoken of together in the
foregoing report, may be continued together; if not, one or other of
them must be cut off. That appropriation was made after an estimate
had been presented to the Committee of Ways and Means, showing the
amount required to complete the reduction, drawing, and engraving of
the work of former years, and asking for part of the sum to expend dur-
ing the past year. It will be observed, that no work of this sort has
been allowed to accumulate during the past year, but that publication
has been made of what was complete in itself. This policy it is desira-
ble to continue, and at the same time to publish the materials which
have accumulated in past years, so as to bring the publication up to the
field work. 1 am confident that this may be done for the sum stated in
my former estimate—the progress made during the past year with the
sum appropriated having come up to my expectations.

I place the estimate for the field work under the different sections, that
it may be distinctly seen that the cutting off of part of it involves the
cutting off of some one section of all proportionately. It should be ob-

. served, that if there is a necessity for cutting off new work, or reducing
the amount of expenditure upon work already in progress, that economy
requires, absolutely, that the new work be not begun; the proportionate
facilities for continuing the new work not being equivalent to those of
continuing the old.

GENERAL ITEMS.
Current repairs of vessels at present in use in survey, and hire

of others, for work generally - - - - $1,350.
Purchase of surveying instruments, books, maps and charts - 5,500
For rent, fuel, postage, materials for drawing, engraving, and

printing, and for printing charts . . . - 5,000

EASTERN SECTION.
To continue the triangulations north, into N. Hampshire,over

С аре С od and Mass. Bay, to Plymouth ; the topography from



Wood's Hole to Monomoy Point; the hydro-
graphy through the Vineyard feound, and to
survey the shoals off the island of Nantucket,
including observations of tides and currents,
will require two triangulating parties, two to-
pographical parties, the whole time of one hy-
graphic party, and part of the time of another $18,000

To reduce and engrave the charts of the harbors
of Refuge, of Holmes' Hole and Tarpaulin
Cove on the Vineyard sound, to calculate the
data for a map from Point Judith to the east
chop of Holiness Hole, including Buzzard's
bay, the entrances to Narragansett bay, and the
Vineyard sound proper, will require - - 1,300

19,300
MIDDLE SECTION.

To verify the triangulation of the coast of New
Jersey, to complete the magnetic observations
near New York and in Long Island sound,
&c.; to complete the observations of currents
and tides in New York harbor, Long Island
sound, and Delaware bay. The off-shore
work off the coast of Delaware, New Jersey,
New York, Connecticut, and Massachusetts,
will require one triangulation party; one other
party for two months; two hydrographie par-
ties—one for the season, the other for five
months - - - - - 8,750

To complete the engraving of two sheets of Long
Island sound ; the reduction and engraving of
two of Delaware bay ; the drawing of the har-
bor maps of New Haven, Oyster bay, and
Little Egg Harbor, and the engraving; the
reduction, drawing, and engraving, of the off-
shore charts belonging to the work of former
years, will require . . . 9,100

17,850
SOUTHERN SECTION.—No. I.

To carry the triangulation from Cape Henlopen,
and connect it with the Chesapeake bay work;
to carry the primary and secondary triangula-
tions down the Chesapeake; the tertiary trian-
gulation along the water courses near it; a tri-
angulation across to Washington, and up the
Potomac. To finish the topography of the
shores of the Chesapeake, north of Kent island,
and to commence that of the shores south; to
complete the hydrography of the upper part of
the bay, and to commence that of the bay



south of .Kent, island, and of the adjacent
rivers, will require three triangulation parties
during the summer, and one during part of
the season; three topographical parties; one
hydrographical party - - - 21,500

To make the computations, reductions, and draw-
ing for, and to engrave the chart of the Pa-
tapsco, and of Baltimore harbor; to make tlie
computations, reductions, and drawing, of the
chart of the upper part of the Chesapeake, will
require . . . . . 3,800

25,30Œ
SOUTHERN SECTION.—No. II.

To commence the triangulations of Albemarle,
Roanoke, and Pamlico sounds; to make the
necessary astronomical and magnetic observa-
tions, to triangulate the rivers emptying into the
Albemarle and Pamlico sounds. To com-
mence the topography of the sound and ocean
shores, and the hydrography of the sound, will
require one triangulation party during the whole
season; one other during part of the season;
one astronomical party ; one topographical party ;
one hydrographical party; for the latter a vessel
must probably lie hired - - - 16,100

The reduction of this work, and the computations
connected with it, will require - - 1,500

17,600
SOUTHERN SECTION.—No. III.

To measure a base line on Dauphin island ; to
triangulate Mississippi Sound, and westward;
to make the astronomical and magnetic obser-
vations required; to begin the topography of
the shores and islands; the hydrography, by
observing currents and tides, and by soundings.
To continue the reconnoissance eastward, along
the coast of Florida, will require one triangu-
lation party, one astronomical party, one re-
connoitring party, two topographical and.one
hydrographical party - - 17,800

Calculations and reductions preparatory to map 400
18,200

SOUTHERN SECTION.—No. IV.
Reconnoissance of the coast of South Carolina,

Georgia, and Florida, commenced - - 900

$111,000
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The work in four of these sections is actually commenced, and to

keep pace in the regular way with its progress, will require all thai I
nave asked. The estimates have been made with care, and are ap-
proved by the Treasury Department. Should the amount be diminish-
ed, the work must necessarily be diminished, and that in a greater pro-
portion than the diminution of the appropriation ; because the work is
economical, just in proportion as the system of division of labor can be
more fully applied to it. The only choice will then be between ne-
glecting certain sections altogether, or the wasteful way of working
in all with insufficient means. I confess that the responsibility of
omitting the work projected for any particular part of the coun-
try for the eastern, middle, or three southern sections, is one which I
shrink from, and which I sincerely trust there may be no necessity for
taking. If, however, the means asked are not granted, the responsi-
bility for the progress of the survey, and for the period of its completion,
thus passes away from me, for it would be manifestly unjust to refuse
the means stated to be necessary to advance toe work and to publish the
results, and then to hold those engaged in or directing the work respon-
sible for slow progress and the absence of publication.

But I trust a different course will be taken, and that the disposition
shown to push the work forward rapidly, to task to the utmost the pow-
ers of all concerned, to economize in every way short of destroying the
efficiency of the work, to publish the results as fast as they are obtained,
will be responded to by the grant of the amount which, after careful ex-
amination , I pledge myself to be necessary to the due progress of the
work, and to be that which can be applied to the greatest advantage du-
ring the coming fiscal year.

I ought not to close this report without saying that the scale of the
survey may be still further expanded if desired by Congress. In my
last report I showed how this expansion might take place, carrying
on the work more rapidly on the coasts of the Atlantic and Gulf of
Mexico, at an additional cost of about $47,000. The foregoing esti-
mate is based upon the continuance of the policy heretofore sanctioned
by the Treasury Department and by Congress, but I am very willing
to go forward more rapidly, and agree to commence the work at once
on our newly acquired coast of Texas.

The extent of the line of coast within the geographical limits of the
United States for the time being is determined by nature, and the more
rapidly it is surveyed, consistently with accuracy, the more economically
can the work be done, the sooner will the loss of life and property be
diminished by showing the dangers of the coast, the sooner will the re-
proach be removed from us of being the only civilized nation still al-
most dependent mainly upon foreign charts for the little knowledge of
its coasts and harbors which it possesses south of the Chesapeake and
north of the Vineyard sound.
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THE UNITED STATES COAST SURVEY.
THIS National work is advancing so steadily,
and at the same time so quietly and unostenta-
tiously, that we desire to help in extending
information respecting its progress and its pros-
pects. As a matter of contemporary scientific
labor, as a national undertaking, and as a
subject identified with the commercial welfare
of the country, the Survey of the Coast of the
United States, under the authority of Congress,
has so general and real an interest that every
intelligent citizen should have some know-
ledge of it.

When a work of such magnitude is going on
tranquilly and without agitation, there is some-
thing in the very nature of such progress that
gives assurance of vigorous and successful ad-
ministration. There is assurance, too, of con-
fidence in it,—of general belief that its vast re-
sponsibilities are faithfully discharged ; and on
this account, it is matter of congratulation, we
think, that, although the Coast Survey is a
subject of annual legislation, so little is heard
of it in connexion with Congressional proceed-
ings. The annual report of the Superinten-
dent is communicated to Congress by the
Secretary of the Treasury; estimates are sub-
mitted ; the appropriation, recommended in the
Report, is voted, and so the Survey goes on
from year to year ; the Superintendent and
his Assistants and the persons employed in the
very various duties of it are at work,—hard at
work, and ceaselessly. Standing, as the Coast
Survey does, both from the nature of the work
and its administration, altogether aloof from
party relations, it occupies a position due alike
to its nationality and its importance. It has
ceased to be a debatable topic ; it is one of the
unanimous subjects in Congress. There is
general conviction of the necessity of the work,
and what is of no less consequence, there is
confidence in the manner in which it is con-
ducted. Whatever doubts,—whatever conflict
of opinion there may be on questions of policy,
permanent or occasional—high duties or low
duties—war or peace,—it is a settled thing that
the National Survey of the Coast is to go on
unto its completion,—till the sure knowledge,
thus acquired, of every harbor and channel,
current and shoal, along our extended shores,
shall save commerce and life from the perils of
what else would be wilful and guilty ignorance.
We are glad, we repeat, that so little is heard
of the Coast Survey from Congressional pro-
ceedings: one angry debate there would give
it a far greater notoriety—an undesirable
notoriety ; but, instead ofthat, the results of the
work have established its character, and are
quietly building up the solid fame of Professor
Bâche, as the Superintendent of it. Profound
science and practical energy combined have
produced an unanimity of opinion respecting
tl»e:tSuj-vey, and well-earned public-confidence
makes U safe from change ( Jr"interruptions;""

_.Г_ *"!Г.?'-!- "T-T1?".. "-. the Coast Survey,
desirable as^it is for any National work and
especially for one of a scientific nature, makes
it necessary occasionally to present to the pub-
lic mind the magnitude and importance of the
work, with some accounts of its condition from
time to time. There is nothing in it that ad-
mits of any signal demonstration, calculated to
astonish or impress the minds of men,—to
make them feel how much is doing—how
great is the extent and value of the undertak-
ing to which the Nation has committed itself.

, The annual reports on the Survey, being of
. course of a scientific and somewhat technical

nature, and circulated, too, only as Congressi-
onal documents, are known but to a limited num-
ber of readers. Still fewer, perhaps, are those
who, by visiting the Coast Survey Office at
Washington, see the combination of labor
there in working out the results of the field
and water operations. There are many, there-
fore, in all probability, whose knowledge of the
progress of the Survey will be no more than
the chance observation of separate items of
intelligence,—a newspaper notice, perhaps, of
the Superintendent at one time engaged on a
small island off'the coast in the Gulf of Mexico,
measuring a " base line," or again at some sta-
tion on the Atlantic, first at the North and then
at the South ; or the mention of some topogra-
phical party ; or a line or two in the Shipping
News, reporting a U. S. vessel having sailed
on a surveying cruise ; but such notices of the
operations of the Survey are met with singly
and by chance, and hardly suggest much, even
to a reflective mind.

Again, it is not likely that the extent of the
Survey will be appreciated by such direct per-
sonal observations as people have the opportu-
nity of making. The signal-posts, marking
some of the Survey stations, may be noticed
along the Coast or in the interior,—it may be
in Massachusetts or in New Hampshire,—notic-
ed without any thought of their being also in
Pennsylvania and Virginia, and the Carolinas,
and along the Gulf of Mexico. The coaster
sees them on Nantucket, and he knows of the
work going on in that quarter ; other men ob-
serve them along the involved irregularities of
the shores of Chesapeake Bay, or in the neigh-
borhood of Mississippi Sound, but these signs,
separately seen, are seldom thought of as be-
longing to one great work, under the guidance
of one mind. A small encampment may be
seen on some sand-heap of an island or pro-
montory in the sea, or perhaps on some elevat-
ed ground, fifty miles or more from the ocean,
and the passer-by is surprised to hear that it has
to do with the Survey of the Coast : the observ-
ing tents may be seen in one of the Middle
States, or towards the Northern or Southern
extremities of the Union. At equally remote
distances the topographical parties may be
encountered : a surveying vessel may be seen
busy with the soundings and the currents of
the Nantucket Shoals ; another may be spoken
exploring the G u l f Stream, and another at
work near the mouths of the Mississippi :
astronomical and magnetical observations at
various stations, or at Cambridge, New York,
Philadelphia, or Washington, mayícoinè to»ihe
direct notice of persons—here of one and there
of another ; these operations, apparently in-
sulated, may be personally met with, but no
impression is thus received, at least by- people
generally, of the extent of the operations or
their combination in one large scheme. Even
the published results,—the Maps ieiiued from
the Survey-officef-^whether the-general Coaet
maps, or the harbor maps—hardly give, an
luíbtjiflÍKi 'itpa nf thaulSflîîY and the-n magnitude
of the work, from wmatóoie attuiicipi!Íe=iJí;awn
away by the т!пи1еп^^№ад1а|Ц,ацЙ;фе.̂ 11дш-
ature accuracy, which sãr^>®o.úisejhefgreat
merits of these admirable charts otjfflpncular
sections of the shore or o£ pajticulai 'Harbors.

But, after examining;pne; of thesil maps—
say, the large map of'JJÍJS;*York Biy, or of
New Bedford or Аппафо^вЩатЬотв-г-а,,sea-
port or a bay-port, letrany one.turn Jm eye to
a common map of the United States, and lookr
ing along the Shore line from-the -Nprthern
limit of Maine down to the Southern cape of
Florida, and thence along the borders, of the
Gulf of Mexico on to the last limit of Texas—

comprehending, all the while, the circumfer-
ence of each island along the Coast, and
the complex configuration of each Bay, and,
most of all, the curious involutions of Chesa-
peake Bay, and the River banks up to the head
of coasting navigation,—he may then form
some idea of what an undertaking the Coast
Survey of the United States is—of what is
doing and what is to be done.

We have dwelt on the magnitude of the
work, because it is that which shows the mag-
nitude of the national responsibility in connex-
on with the Survey. And now, let us ask

what is that responsibility—what is it that
makes the Coast Survey a duty—and a nation-
al duty ? God has given us, as a people, a vast
territory, to use for our own good and for the
*ood of our fellow-beings throughout the world ;
ind with it we hold such territorial dominion
over a portion of the open sea along the coast,
as modern law appropriates to the nations of
the Earth. With the gift of all this territorial
oower—on land and water—there is given to
:he nation the duty of improvement and cultiva-
tion, and of so exploring the national posses-
sions that there may be commodious and safe
access and intercourse—the best channels and
larbors of refuge from the storm be made
tnown—and that the rock, and the shoal, and
the treacherous current shall cease to be the
secret perils of the deep. Such is the moral
tenure upon which every civilized nation holds
ts territory.

The very nature of this duty making it a
national one, it rests as such upon.the general
government of the United States ; and happily
t is neither thwarted nor perplexed by sectional
iealousies or constitutional scruples. Wher-
ever the Constitution carries the commercial
power of the general government, it carries—
we will not ьау the power—but the duty of the
Survey. No pretext of interpretation or of
policy can contract it, for there cannot be
right or reason for the omission or neglect of
any strip of American shore—be it on the Atlan-
tic,—the Gulf of Mexico—the Pacific Ocean—
or those inland seas, the Great Lakes. The
work that is to be done is to explore so as to
give a trustworthy chart of every section of
our Coaajgj^hether on the Continent or the
islands scattered along our shores,—the sea-
side1 and the shores of Bays and navigable
Rivers, and the great extent of Lake Shore, on
our Northern borders, from Sackett's Harbor,
or rather from the .Southern extremity of Lake
Champlain to the farthest West of Lake Supe-
rior. That it will;be the work of years mat-
ters not ; the more the need of present exer-
tion ; it is to be done, and^pjjgh bas been ac-
complished under the systen^ow in operation
to show how it may be done'thoroughly and
with prompt results—in a manner that fulfils
the purposes ofthe Survey, and is worthy of the
Country. . f, j

The Coast Survey being once recognised as
a national duty, it follows manifestly that it is
a duty to be carried on by the Government
vigorously ; and by the Government, we mean
of.course Congress ás well as the Executive,
and th[e Superintendent and officers, who are
directly charged with the work. As the Sur-
vey gives forth its results, those results are
immediately followed by their commercial bene-
fits, and therefore the appropriations for the
worjfcftopuld be-commensurate with its practi-
саоЩпй efficient progress. The most saga-
pious policy and the truest economy will be
simply this,—to appropriate without stint, from
year to year, what can be well worked with.
Why the Survey should never be suffered to
loiter, before its completion, for lack of means,
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is obvious from this,—that the importance of it
can have no other measure than that of the
value of the commerce which is unceasingly
flowing in and out of the many ports of a coast
so extended—on the Ocean and on the Lakes,
and along the banks of many rivers, and, what
is more, the value of human life that is ventur-
ed on the waters. What statistics can give an
idea of the worth of the foreign commerce, for
instance, of New York or Boston—the coasting
trade of Philadelphia—or that more interna
commerce which passes in and out of such
harbors as Buffalo or Cleveland ; or of the
numbers of lives concerned in such navigation
and exposed to its dangers ? Now it is direct-
ly in the way of the largest and richest portion
of the foreign and domestic commerce of the
country, that during the past year there has
been discovered by the Coast Survey, a Shoa
eix miles south of any known danger, out о
Bight of land, in the midst of deceptive cur-
rents—unmarked and unknown except to the
lost. A portion of the sea, so frequently
traversed and so familiarly known as theneigh-
borhood of the Nantucket Shoals might have
been supposed to be accurately known, but the
careful and exact processes of the Coast Sur-
vey discover a shoal hitherto unknown, lying
for a distance of near two miles,—having in
some places only eight feet of water, and sur-
rounded with a treacherous depth, so that a
vessel may have a cast of 15 or 20, or even 25
fathoms, and in a moderate breeze be agrounc
in five minutes: and this danger lies in the
•usual track of vessels between New York anc
Europe ; and all those from Boston bound south
to any port on the American coast, to the Wesl
Indies, or to the Southern Atlantic ocean, pass
in the neighborhood of it. In the Appendix to
Professor Bache's last Report, we find a letter
addressed to him in December last, by the
Presidents of sixteen Boston Insurance Com-
panies, acknowledging the receipt of the charts
of this " New South Shoal," discovered by one
of the Surveying parties during the last Sum-
mer; it is withrjustice they add :

"The determination of this hidden danger, ly-
ing, as it does, in the direct pauSaí the great
European trade ftom and to N|rc||3irk, of the
West India trade from this and tne|aBitern ports,
and of the coasting trade between^the NewiEng-
land and southern States, is a very valuable^help
to the security of our foreign and donaestic navi-
gation. ; , ' . . ' - .j ,. ' » „,

" Since thisdiscovery^f^rjnnounced, several
cases have been recalle"<jS>f| vessels that have
either actually struck the :bottom or been in
great peril ia this vicinity. They were sup-
posed to be цейоЕЬе old South Shoal, and' to
have been cainwjjjbut Of their course by strong
currents or ufiSvfîdable mistakes in their reck-
oning. In some -instances great-blame has fallen
on the commanders, as it now'eppeat|,*without
cause. Possibly, the steefenahip'»President was
lost on this spot. * *?4lp9r , -• .

" The services hitherto'rendered b*y the Coast
Survey have prompted tJujbEeft mtereats of tEe
country, by contributing to lessen the loss ofiife
and property on the water ;'and'we byre no
doubt that other discoveries agsfalúííble-l&'this
remain to reward its labors, particularly oh'the
•hores of tho southern States."

This shoal, and also a-shoal spot in the'Vine-
yard Sound, were discovered, it is proper to
Bpecify, by the hydrographie party an Же U.
S. Surveying Schooner, under the,-C
of Lieutenant Commanding Charlee
Davis.

Whatever probability there may be in the
conjecture respecting the fatal disaster of the
steamship "President," which, it is known,
was last'eeen in the dangerous neighborhood

just spoken of, it suggests some reflections
which cannot lightly be dismissed. We have
referred to the duty of the Coast Survey chief-
ly in its relation to ourselves, our own citizens,
and our own interests; but the duty has a
much larger scope ; it is commensurate with
obligations to commercial-Christendom. The
foreign ship, that is welcomed to our ports,
sails щ and out from them, trusting to our
pilots and our charts. The knowledge need-
ful for such navigation is got as we can give
it. It would be treacherous hospitality to ex-
pose the foreign ship, visiting our shores, to
the jeopardy of stupid or incompetent pilotage :
it is very imperfect and indeed perilous hos-
pitality to furnish charts that give no warning
of an unseen shoal, and which by ignorant
omission may actually lure the misguided
vessel to its destruction. It is shipwreck in
ite most cruel form, when the ship, with its
rich freight of life and merchandise, perishes
near its port,—perishes from some unknown
cause of destruction, and, though nigh the
coast, to be heard of no more. We may remark,
however, as one of the happy developments of
modem civilization, that nations, recognising
the duty of providing, whether for their own
or foreign traders, correct means of information
respecting their shores and harbors, are
engaged in careful surveys for this purpose.
The survey of the coast of France is, we be-
lieve, completed ; the ordnance-uurvey of the
British Islands is in progress ; Russia, Prus-
sia, Sardinia, and other European governments
are engaged in similar works. The govern-
ment of the United States, with its extended
water-boundaries, has more to do than any,
and from this the practical inference is that it
must be done vigorously—adequately to the
needs of the country and honorably to the
scientific character of those to whom the work
is intrusted.

The plan on which the Coast Survey has
been conducted for some three or four years
past, arid which was introduced by Professor
Bache, feoen after his appointment, is that the
work is not confined to one section of the
country. It is in progress in different parts of
the coast; and the resulting maps are publish-
ed as the work proceeds, so that for example,
charts of New Bedford or New Haven harbors
may be published simultaneously with charts
of the Delaware or of Annapolis harbor.
This plan of extending and distributing the
work has now received the repeated sanction
of Congr^ftand of the Treasury Department,
whjch nasche general direction of the Survey,
and'ma* bfjconsidered as in successful opera-
tion^ It is proved to have great advantages in
many respects ; in pojnt of economy, partly
from «the division of labor, and-the conduct of
the work, according to the season, at the North
or at the South; in yieldjBg earlier results
upon paits of the coast, which otherwise would
not be T^jached for yeaj8.'and in seejjringa
nfore'Sfc щГ distribution among "fh'e "States of

'"--«4be,beÍ№te<tr,

"hnr!""a>

ich formed

indent's report, transmitted
by flj^poretayy of the Treasury to the last
Congr« o/-parw8 pf.the Coast Survey were
it worlr.'. fiftapBJiyjStates, viz. Maine, New
H|mpsjiire, Mas^ajjgetts, Rhode-Island, Con-
necticut, New-JeorSTNew Jersey, Pennsylva-
nia, Delaware, Maryland, Virginia, North
Carolina, .South Carolina, Alabama, and Mis-
sissippi. The estimates for the present year
noposed operations also in Georgia, Louisiana,

Texat-', and possibly Florida, во that the Sur-
rey nitty be described at the present time as

in actual operation in eighteen or nineteen
States.

For the systematic prosecution of the Sur-
vey, the Superintendent has divided the whole
extent of Shoreline into Nine Sections of such
general equality as is attainable, the work to
be carried on in them in such a manner that
as the sections close on each other they shall
be mutually verified. The division of the
Coast is described as follows :

" No. 1, or eastern section, from Passamaquod-
dy bay and the St. Croix, to Point Judith, in-
cluding the coast of Maine, New Hampshire,
Massachusetts, and Rhode Island.

" No. 2, from Point Judith to the capes of the
Delaware (to Cape Henlopen), including the
coast of the States of Connecticut, New York,
New Jersey, Pennsylvania, and the greater part
of Delaware.

" No. 3, from the capes of the Delaware to the
capes of the Chesapeake (Cape Henry), includ-
ing the coast of a part of Delaware, of Maryland,
and part of Virginia.

" No. 4, from the capes of the Chesapeake to
Cape Fear, including the coast of part of Vir-
ginia and the whole of North Carolina.

" No. 5, from Cape Fear to Cumberland sound
(St. Mary's river), including the coast of South
Carolina and Georgia.

"No. 6, from Cumberland sound (St. Mary's
river) to St. Joseph's bay, on the west coast of
the peninsula of Florida.

" No. 7, from St. Joseph's bay to Dauphin
island, at the entrance to Mobile bay, including
the coast of part of Florida and the whole of the
coast of Alabama.

" No. 8, from Dauphin island to Vermilion
bay, including the coast of Mississippi and a
considerable part of that of Louisiana.

"No, 9, from Vermilion bay to the boundary,
including the remainder of the coast of Louisiana
and the coast of Texas."

The general state of the work will appear
from the following summary given, with re-
ference to the above arrangement, by the Super-
intendent in his last report, dated November
25, 1846 :

"Of these sections the eastern (No. 1) in-
cludes the greatest extent of shore line, but also
presents the greatest facilities for the execution
of the work.

" The survey of one of the nine sections (No.
2) is in general completed, and that of six oth-
ers (Nos. l, 3, 4, 5, 8, and 9) is in progress.
The work remaining to be done in No. 2 can be
executed gradually, as parties are disposable
for it.

" In sections 1 and 3 the work is in full pro-
gress, the field parties being engaged in different
portions of the sections. These embrace the
coast of Maine, New Hampshire, Massachusetts,
and Rhode Island, and of part of Delaware, Ma-
ryland, and Virginia.

" A full beginning of the survey has been made
in Nos. 4 and 8, embracing the coast of North
Carolina and part of Virginia, und the coast of
Mississippi and Louisiana ; and I shall present
gradually the estimates necessary for giving the
same efficiency to the work in these sections as
in-Noe: 1 ami _Я— The preliminary operation of

a reconnaissance is not expensive. Next in or-
der •wo-.-tii»-trian6u~iîÎ;,uï°a'7ib'' «гЙКЛЖЕа1 Л*1»«
servations, which prepare for the topographical
and hydrographical parts of the work, so that
the progress js one of increasing activity from
the reconnaissance forward, until all the opera-
tions of the survey are embraced, when the limit
of expenditure allowed for the section is reached.

" Reconnaissances introductory to the opera-
tions in sections 5 and 9, on the coast of South
Carolina and Georgia, and of Texas, have been
ordered."

The progress of the work during the year
ending November, 1846, is thus summed up:

" In section No. 1, the primary triangulation
has extended its lines into New Hampshire and
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Maine. The stations occupied being the most
northerly ones in Massachusetts, one astronomi-
cal station lias been occupied, and magnetic ob-
servations have been made at suitable points of
the coast. The secondary triangulation of the
southern part of Cape Cod has been completed,
and the lines extended over the cape and the
western shore of Massachusetts bay. The se-
condary triangulation of Boston harbor has been
commenced. The topography of Martha's Vine-
yard, the island of No Man's Land, of Nantuck-
et, and of the main from Wood's Hole, to include
Hyannis, has been completed. The survey of
the shoals south of Nantucket, and of Nantucket
sound, has been commenced. The harbors of
Edgartown and Nantucket have been surveyed.
Further observations for differences of longi-
tude from European observations, have been
obtained at Portland, Cambridge, and Nan-
tucket.

" In section No. 2, magnetic observations for
the chart of the Delaware and Little Egg Harbor
have been made. Verifications of topography
have been made. Additional observations for
differences of longitude and for lat i tude have
been obtained at Philadelphia. The currents of
Long Island sound have been in part investigat-
ed. Additional soundings have been taken.

" In section No. 3, the primary triangulation
has been carried from the Kent island base
south, to near the mouth of the Potomac. The
primary triangulation across from the Chesa-
peake lo the Capitol and Naval Observatory has
been in progress. Further astronomical and
magnetic observations have been made. The
secondary triangulation has been carried down
the bay nearly as far as the primary, and has co-
vered the Eastern bay, the Chester, Wye, Chop-
tank, South and West rivers, and part of the Pa-
tuxent. The unfinished portion of the topogra-
phy from the head of the Chesapeake to Balti-
more, of the shores of the Patapsco and rivers
north of it, has been completed. That of the
Chester river and adjacent shores of the bay, the
South and West rivers, and Sassafras, has been
commenced. That of the western shore of Kent
island has been in part finished. The hydrogra-
phy has included the upper part of the Chesa-
peake, from Poole's island to the Susquehannah,
and below Kent island to near the mouth of the
Patuxent, the South and West rivers, Eastern
bay, the Susquehannah, Northeast, Bush, Gun-
powder, Middle, arid Back rivers, and part of
Chester river and its approaches.

" In section No. 4, astronomical observations
have been made at one station on Bodie's island.
The primary and secondary triangulations have
been carried over Albemarle and Roanoke
sounds, from ' the marshes ' to Carroon's point,
and the triangulation of the Pasquetank has been
commenced.

" A reconnaissance of the coast of South Caro-
lina and Georgia (section No. 5) has been com-
menced.

" In section No. S, the primary and secondary
triangulations have been extended from the en-
trance of Mobile bay, westward, to Horn island.
Observations -of tides and currents have been
made, and the preliminary survey of Horn island

' channel has been made. . •

.__ oaiiuyTiooK 10 inat-ot uftpe Hatteras,
hj(s?been"'made upon three sections .'across the
atream. " '•

"The magnetic telegraph has been used to
ascertain the difference of longitude between

-the Washington and Philadelphia Observatories,
as an introduction to operations on a larger
scale.

" The determination of differences of longitude
from Europe, by the chronometers of the Boston
steam vessels, has been continued.

" The office computations of the observations
of 1844 and part of 1845 have been completed.
The computations of astronomical observations,
for difference of longitude from European obser-
vations, have made good progress.

" The charts of New Bedford and Annapolis
harbors (surveyed in 1844;, promised in my last
report, have been published ; also the chart of
Fisher's Island sound and the middle sheet t>f
Delaware bay and river, the chart of Little Egg
Harbor, a sketch of the newly discovered South
Shoal ('new South Shoal') off Naotucket
(1846). The chart of New Haven harbor is
ready for printing. A sheet embracing the
eastern entrance to Long Island sound, and on»
extending from Port Penn, on the Delaware, to
the head of navigation, are nearly ready. The
charts of New London and Syosset (Oyster bay)
harbors are nearly engraved. Considerable pro-
gress has been made in engraving the charts of
Holmes's Hole and Tarpaulin cove, both harbors
of refuge, and the large sheet of the entrance to
Delaware bay. An off-shore chart, from Point
Judith to Cape Henlopen, has been commenced.

" Drawings of a chart of the Patapsco, in two
sheets, and of the coast on the south side of Long
Island, and several harbor charts, • are nearly
finished."

With respect to the publication of resulta, it
is found that the present progress of the work
admits of the publication of five or six sheets
every year,—two to three of general coast
maps, and three to four of harbor maps. The
number of plates published, was, at the date of
the last report, twelve, and that number was to
be increased to seventeen during the present
year; and proper means are taken for a dis-
tribution of the maps equal to the demand for
them. The highest praise is due to the admira-
ble execution of the Charts, for the distinct
and beautiful minuteness of detail, and for the
excellence of the engraving in all respects.
They may be advantageously compared with
the Maps of the British Ordnance Survey, and
even with the highly finished maps of the
French Survey,

The Superintendent's Annual Report pre-
sents a detailed account of the progress of the
Survey in the several " Sections," with particu-
lar references to the labors of the " Assis-
tants" and other officers employed on the
work, the different operations being classified
under the following heads.

1. The primary triangulations, and astrono-
mical and other observations connected with
them.

2. The secondary triangulations, and others
connected with them.
3. The hydrography.
4. The topography.
5. The office work, including, firs , the cal-

culations of the survey ; second, the» drawing
and reducing of maps and charts ; third, the
engraving, printing, and publishing of the maps
and charts; fourth, the making and repair of
instruments.

For particular information the Report itself
must be consulted, but the following general
account of the successive operations may be
added here, as giving to the general reader some
idea of the mariner m which the'ooaet Survey

carried on. ^The order is ад
^ronhaissan.çéj thçn^the

UW..J M*«tJ _

" base ;" the
calculation,
publication of the
scientific importance is'ffie.^^
tion, connected with which ̂ arej^. .... ,
magnetic, and other оШЕЙ*1^8- This . fs
executed by the SuperiïMaént in'person or
by a principal assistant^ "Ehe sides of the
triangles are .very-lprjg.^Äümes^xceeding
fifty miles, by which 'the chance.s rjf error, ш
amount and frequency are greatly diminished.
The astronomical determinations of longitude
and latitude are independent at each station,
and yet are connected with the most distant

stations by means of the triangulation. The
primary triangulation is followeaby the second-
ary, which fills the large spaces occupied by
the former, and also brings down the stations
or signal points nearer to the level of the sea
and the line of shore, along which they stand
at distances of from two to ten miles apart.
The topography succeeds to the secondary
triangulation. It is the duty of the topographer
to represent in minute and faithful detail the
surface of ground comprehended within the
scope of the survey,—omitting'no object that
can be indicated on a chart. In the h'ydrogra-
phical work, it is the duty of the hydrogra-
pher to describe the bottom of the sea with
equal fidelity, together with careful determina-
tion of tides and currents, and instructions to
navigators. The charts published from the
Survey office contain the combined results of
all these operations, as they are completed in
their systematic services.

The hydrographical part of the Survey dur-
ing the past year appears to have comprehend-
ed a large amount of labor in the observation
of tides and currents and soundings, in con-
nexion with some of the most important har-
bors of the country,—and in Long Island
Sound, in the Chesapeake Bay with its сап-
course of tributary rivers, and in the Gulf of
Mexico. Besides the ordinary effects, the work
has been rewarded by the signal results of not
only the detection of the new Nantucket Shoal,
but also the discovery of a new channel, that
has been sounded out in Mississippi Sound ;
a channel of much importance not only to com-
merce, but in a military point of view, as giv-
ing access at all times to an excellent anchor-
age for ships of war. The hydrography of the
Mississippi section, which gave the result of
this discovery, together with an extended series
of observations on the very peculiar tides in the
Gulf of Mexico, was conducted by Lieut. Com-
manding Patterson of the U. S. Navy. We
are much struck with the following passage in
his report to the Superintendent, as illustra-
tive of the importance of the Survey :

"The harbors of Ship Island inlet, and that
under the north point of the Chandeleurs, de-
mand our particular attention. Two such har-
bors of reîjiéêiito say nothing of their importance
in other»"^|rfp ' °f view, are scarcely equalled
upon the'coast. They are perfectly safe from the
most dangerous storms in the gulf—those from
the eastward and southward—and could be
entered with ease, during those storms, with-
out a pilot, if accurate charts of the harbor«
and approaches a|S{§iimshed, and proper light-
houses placed in proper places. For the want of
these many vessels are lost, the annual value of
which would cover the expense of the light-
house establishment in thasjEUf, and the whole
coast survey-for a year. "]^Phow the security
of the Chandeleursi this little vessel (of 65 tons)
rode out, in that anchorage, with perfect ease
and comfort, the most severe gales which have

1hat coast for twenty, years.
^revenue cutter in-C

cut away her Tnsst» t<}
е----»- • - чг1"г -Ы—ч» *^loM«iJit
>ecureï thau:;t)jis?' '• ' '
'*:"'• jîe offshore hydrography included, besides
thcfcoperations in the neighborhood of Nan-
tucket, soundings on the coast from the Capes
of the Delaware to the Southern Islands of
Massachusetts. These off shore soundings
were'..carried out to sea to the depth of near
tw^ffludred.fathoms, being at an average dis-
tan£jfe$ffifty miles from the coast. Measures
.were..; takenvior the early publication of the
'chartsfwlush are to contain these results, on
accounf-of their especial value -to the foreign
and coasting trade, in giving full information
as to the manner of approaching and running



128 T H E L I T E R A R Y W O R L D [Sept. 11.

along that portion of the coast—the numerous
ascertained depths being given, and the charac-
ter of the bottom frequently and minutely
described.

The off shore hydrography extended also to
" the exploration of the Gulf Stream." Thie
portion of the work ia not only interesting in a
scientific point of view, but full of promise of
results important to the cause of navigation.
It derives an additional but melancholy interest
from the sacrifice in the fulfilment of his duties
of the distinguished young officer, Lieut. Com-
manding George M. Bache, who was charged
with the exploration, and who perished by be-
ing swept from the deck of his vessel in the
hurricane of the 8th of September, 1846. A
more extended notice is due alike to the impor-
tance of the exploration of the Gulf Stream,
and to the memory of an officer who, after hav-
ing successfully devoted himself to the service
with so much of scientific zeal and ability,
died in the discharge of peaceful duty to his
country. It is our purpose, therefore, to give a
separate paper, in continuance of this article
on the Coast Survey, to the character of Lieu-
tenant Bache, in connexion with his services
in the exploration of the Gulf Stream.

In concluding this paper, it is only neces-
sary to add as an item of information respect-
ing the Coast Survey, that the appropriation
vot«d for it during the present year by the last
Congress, in accordance with the estimates
submitted by the Superintendent, was one
hundred and forty-six thousand dollars. This
being an increased appropriation, in compari-
son with that of previous years, • is one of the
gratifying proofs of the confirmed confidence of
Congress and the Nation in the conduct of the
work, according to the system which Professor
Bache, combining, as he does, high scientific
ability with remarkable administrative talent,
has carried into successful execution. His
plan of operations has not only at once extended
the Survey along nearly the whole coast, but
has shown with considerable accuracy at what
annual cost it may. be carried on. It has also
established that the Survey of the whole coast
may be completed within a limited period ol

We shall be happy to have r$ju»SEto believe
that this paper has contributearioSre general
knowledge of the importance of the Coast Sur-
vey—its progress and prospects. There is,
we believe, no appropriation of moneys from
lhe National Treasury, wiy.ch is devoted to a
purpose at once so pura^ecientific and so
eminently practical anirrgODeficial. It is a
work not only of enlarged policy, but it is one
of the humane.Junctions of civilized govern-
ment. It is а шшЬпа! work in which a large
portion of the peoffe of the. United /States have
a direct interest—an interest that would he
measurable, if the value of the vast and-varied
commerce of a great MU
ed. If not a direct i

The Principles of Nature, her Divine Revela-
tions, and A Voice to Mankind. By and

-through Andrew Jackson Davis, the " Pough-
keepsie Seer" and " Clairvoyant." 1 vol.
pp. 782. New York : S. S. Lyon, and Wm.
Fishbough.

COLERIDGE preserves the anecdote of an ig-
norant Batch chambermaid, who, when suffer-
ing from delirium, raved in excellent Hebrew
to the religious wonderment of all the simple
neighbors. They thought the woman seized
with " the gift of tongues," until some scien-
tific visitor explained the miracle by tracing-
her former domestication with a worthy clergy-
man who used to read Hebrew aloud in his
study while his female servant dusted his
books of a morning. It was then agreed
by the wiser ones, that the mechanical im-
pressione daguerreotyped upon the girl's senses
in former years were simply reproduced by
congestion of the brain (just as the flame
brings out letters traced with lemon juice on
paper, thus hinting at the properties of a
more appalling kind of fire), even as we have
attempted to show how such images may re-
cur, when commenting upon Admiral Beau-
fort's letter in a late number of this journal.*

The most startling of the phenomena of
mesmerism, as now admitted by all intelligent
observeris to have a real existence, are, to our
satisfaction at least, traceable to and explain-
able by .the solution which these anecdotes
offer to a most interesting problem. The
testimony to the sympathetic influence of one
brain upon another, in certain conditions of the
system of operator and patient, cannot at this
day be set aside ; but the testimony as to any
new impressions which were not before in the
brain of the operator or patient, manifesting
themselves from the mind of the latter when
in an abnormal condition, stands by no means
upon tho same indisputable grounds of evi-
dence. The phenomena of the one case,
though not yet brought within the acknow-
ledged pale of science, have been known to
scientific men for ages. • The preternatural
claims in the other case, though not less old,
have in every instance been set aside when
carefully examined by the enlightened physio-
logist. Nor do we think that clairvoyance} has
necessarily any connexion with the well ac-
credited phenomena of catalepsy as a natural
malady, иг as artificially produced by what is
called " mesmerism."

Tie took'before us has strongly fortified
this conviction of disbelief in the supernatural
claims of clairvoyance, while strengthening,
in the most whimsical manner, our faith in the
solution of the chief wonders of mesmerism
as derivable from Coleridge's anecdote.

Accepting the history of the work as given
in the "•ejace'to be true, viz. that these

deep inland seclusion as not to;have some ^con-
cern in that which increases Ше^асЩиев^ша
security of commerce, and "gives ;,mòrò5.iad
more protection against one . oï „thejpeíHs 'óf
human life. •* . - .« . , . . - ,.,=

MAGNA CHARTA.—A tablet has been placed
during the past week on one of the ruin|4 pil-
lars of the Abbey Church, Bury, in the-gfçûnds
of Mr. Muskett, bearing the fqllpwilig'' in-
scription—"Near this spot, on the:2pth Novem-
ber, A.D. 1215, Cardinal Langton and the Ba-
rons swore at St. Edmund's Altar that they
would obtain from King John the ratification of
Magna Charta."—Jcrrold'a Weekly.

зу the ample newspaper reports of Lardner's,
Lyell's, and Brisbane's lectures in the New
York Tribune. Brockden Brown's most sin-
.jular fragmentary " History of Carsol" shows
ten times the novelty and invention displayed
m the fanciful historical statistics here given ;
and old Plato delivered long ago far more for-
;ibly the sentimentality which is here offered

as a substitute for religion.
The building up of such a big book is, how-

ever, a curious event in literary architecture ;
and after examining the structure with some
curiosity, we feel as if we knew more of other
similar edifices—more of the origin of other
mystic erections, which have been as famous
in their day as this is ever like to be. In proof
of this we will venture, ofi-hand, to write the
history of Jacob Bœhm, as it has never been
set down before, but as its truth will be ap-
parent to every reader of discernment from
internal evidence alone.

Jacob Bœhm, then, was a Dutch shoe-
maker, in a direct line of fore-fathership to
Coleridge's stolid Hebrew-stammering cham-
bermaid. Unlike his descendant, however,
Jacob was of a studious turn, and always sat
over his last with Faust's popular journal the
Tribuneizung spread before him. In this in-
dustrious journal were given daily reports of
all the lectures pronounced in the learned city
in which he dwelt. Indeed from the scientific
discussions which animated its columns, Von
Chamberz is said to have derived his whole
remarkable theory of " the Natural History of
Creation ;" while Lord Monboddo, Joe Duggins
and Caius Gracchus daily regaled its readers
with novelties in physical science, moral dis-
coveries, and the art of Squaring the political
Circle.

From the age of fifteen to twenty-one Jacob
Bœhm daily pursued his researches in this
Cyclopaedia of knowledge, until his last wax-
end of progressive improvement was fairly
drawn through the soul upon which he was
working. But there lay his hoards of learn-
ing, an inert congeries in his brain, a great,
dyspeptic, indigestible mass of crudities, and
contradictions—a blind accumulation of news-
paper common-sewerage.

Now it chanced that in those days Van
Helmont heard of the boy Bœhm. Van Hel-
mont, the great martyr to the science of animal
magnetism, whose fame has been so unfairly
usurped by Mesmer ; Van Helmont, who, fired
by mystic hints among the Egyptian referen-
ces of Herodotus,* reproduced to wondering
Europe the buried science of Neurology ;
Van Helmont, whose books had just been
burned for the first time by the Inquisition,
heard, mesmerically, of the excellent and stu-
dious Bœhm, and determined to submit him to
his experiments if possible ; and Bœhm was duly
magnetized by the modern originator and great
master of the art. Van HeJmont trief.,his

Ul U

icle of evidence
|ce of the book to

-,.,. - Ions' reproducer of this
of crudities held communion

w|W"lB îneC world than that of which
me 'Bfoadwly^beinacle is the centre, and
whose confines Bavebeen swept, of late years,

he soul over the body.of the; .
literary Wbrld,, No, 39.. .

t We use thQ4>arase Clairvoyance here in its extremes!
vr ßmisiu wnw ; for, In the limited application of the
word, we really see no greater miracle In the nervous
fluid, when In a highly electrical or magnetized state,
passing from the eye through a piece of sheet iron, than
we do In the pure electric fluid not pausing through a pune
of glass which the eye can pierce in Its normal state.

ism, advanced in behalf bf"mira.cle'a1përfijT^è1î¥
in the convents ; published another book at the
peril of his life ; and was again silenced by the
Inquisition.

Not so, Jacob, however. The fire of the mag-
netic passes had acted upon the Dutch Mem-
non as did Egyptian sunshine upon the old
negro head of "Thebes; and now, after its
legitimate reveille had been played, it continued
to give out a medley of sound in which each
contributor to the Tribuneizung might have

* U is a poetic Greek fragment, by the way, which
Herodotus quotes apropos to the art of caring maladies la
Egypt by stroking with the hand.



Extract from Professor Schumacher's Astronomische Nachrichten »
ЛЬ. 032.

LETTER OF PROFESSOR A. D. BACHE TO THE EDITOR.

WASHINGTON, February 7, 1848.

The results obtained in connexion with the survey of the coast of the
United States, under my direction, for difference of longitude by the
electro-magnetic telegraph being of considerable interest, I have re-
quested Sears C. Walker, esq., the assistant of the Coast Survey, in
whose immediate charge the opeiations have been, to prepare a notice
°f them for publication ; I have now the honor to forward it to you, and
Would respectfully request that you will give it insertion in your
Journal. A. D. BACHE,

Superintendent U. S. Coast Survey.

CAMBRIDGE, Massachusetts, Nov. 10, 1847.

To Professor A. D. BACHE, LL. D.
Superintendent U. S. Coast Survey.

Sin: In compliance with your request, I forward to you a notice of
the telegraphic operations for longJtude comprising the substance of my
report as far as completed. The final discussion of the observations for
dock corrections by least squares is in progress, but not completed.

Your instructions for making the necessary preparations for passing
telegraph signals, for the purpose of determining geographical longi-
tudes, were received in the autumn of 1845. Arrangements for using
*he Jersey City and Washington telegraph line were made with the
honorable Amos Kendall, in January, 1846. Wires connecting the
tiain lines at Washington with the Washington Observatory were put
up by the United Stales coast survey, in the summer of that year, and
telegraph signals were passed between Philadelphia and Washington,
pn the 10th and 22d of October, 1846. More complete apparatus hav-
'ng been procured, experiments were renewed in July and August,
1847. Lieutenant Maury, Superintendent of the National Observar
tory, directed the co-operation of that establishment.

The services of Professor Kendall, Director of the Observatory of the
Central High School of Philadelphia, had been engaged. Finally those
of Prof. Loomis of the New York University had been engaged lo su-
perintend the observations at the temporary station of the U. S Coast
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Survey in Jersey City opposite New York. Your instructions placed
the arrangements of (he details of the operations under my immediate
charge.

After 10 o'clock P. M. the three stations just mentioned were, by
means of the apparatus of the Coast Survey, converted into temporary
Telegraph offices, as well as astronomical stations.

The astronomical observaiions for clock corrections and personal
equations were arranged on the model of Struve's celebrated Chrono-
meter Expedition between Pulkova and Altona.

The mode of transmitting Morse's telegraph signals was very simple.
A mean solar chronometer was compared by coincidence of beats with
the sidereal Transit clock, before and after Telegraph signals. Then
the party giving signals having previously broken the circuit restored it
by striking on his signal key, at intervals of even ten seconds for a pe-
riod of about ten minutes, so as to ensure at least one coincidence.
The party at the other station who received the signals, was notified of
each signal beat by hearing his own armature beat. The apparatus
was adjusted so that the. receiving armature beat should be nearly аз
loud as the clock beat. The times of the armature beat were compared
with those of the receiving sidereal clock beat by the ear alone, and the
time so recorded. On some nights the signals, only twenty in number,
were given at each ten seconds of the signal sidereal clock. But this
method only repeats on the receiving clock the same fraction of a second,
and does not furnish the same precision as the method of coincidence
of beats.

Let us suppose that the Eastern Observer sends his Signal key beat
expressed in sidereal time of the meridian of Greenwich,

f — r;+ a. — rt + J + «
and the Western Observer receives and records in time of the same me-
ridian the accented quantities,

<r' = T1 + »' — r l' + d' + ?' — »' — fl'

where ( = the interval from the date T to the date for which the clock
correction is computed.

d, d' = the longitudes (—east, A- west) of Greenwich of the eastern
and western stations,

• = the correction of the personal error in giving signals,
? = the same in receiving signals,
» = the circuit time,
8 = the receiving armature time,
a = the clock correction, freed of personal equation of observer.

Then by eastern signals,

0=(d' — d) + (T '—T) + («,'— a) — (V С — ri) — • + ?' — »' — 6'

and by western signals,

0=(,i '_rf) . f (Г,-Г,) + («•' - «0 - (V /', - rt,) ц. , ' _ f + » + e

Making
<r = т 4- » ~ v f , - <f>, = r, + » —rt,
у _ T' -i «•' —i-'!'; ?', = T'. H. «' — r'l',
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there results

_ _ » '

+ »
by eastern signals 0 = (d1 — d) + (?' — <f ) — ï +£•
by western signals 0 — (d1 — d) + (?', — <?,) + ï' — f + » +

«bo making m = (<?', - <?,) - (<>' - 9) ; n - (Ф'( - «,,) + (q.- - í)

(A) О =(•' 4- «) - (f + l ) + (»' + ») + (£' + в) -f- m
(B) О =(.' - «) + (j" -O - ("' - ») - (в- - в) + 2 (d' - d) + n

The equation (Л) is purely telegraphic. It is independent of the
?atronomical observations, and of the relat ive longitudes. It affords an
Important test of the precision of lhe work. The value of • is nearly
'^sensible аз appears by the fol lowing table, in which it is given, as
Dearly as could be determined by the ear of the listener.

For Zanlzingcr ;
" Kendall ;
" Keillt ;
" Reynolds ;
" Walker

, = _0s007
, = +0.051
e = —0.003
, = +О.ОЙЗ
, = —O.U01

No. of beats = 189
No, of beats = 100
No. of beats = 20
No. of beats = 118
No. of beats = 30

These values of • do not exceed the probable errors of the results,
•fhey authorize the conclusion that it is useless to at tempt any correc-

tion of the signal limes, for coincidence with the clock beats intended
l° be signalized, by the ear of the listener.

Where the method of coincidence of beats of a mean solar rind sidereal
clock was dispensed w i t h , and a sidereal clock only was used, the value

?t or the estimated fraction of a second on the sidereal clock of the
observer, was sensible ; as appears from the following table,

gives the result of the first series of experiments that I am aware
of on this point:

Clock
Reading

d. T

OsQ
1
2 '
3
4
5
6
7
8
9

Means

LOOMIB.

í

+0 00
03
09
16
18
17
14
10
03
01

+0.090

No. Beats.

48

480

KEITH.
*

!

4-0 00
03
05
07
10
14
15
14
11
06

4-0.085

No. Beats.

14

140

WALKER.

i

+ 0 00
01
01
02
06
08
10
09
OG
03

+ 0.046

No. Beata.

40
"
"

400

Mean оП940 results, with six persons, f = +0«058.
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Clock
Reading

d. T.

ОзО
1
2
3
4
5
6
7
8
9

Means

KENDALL.

í

+0 OU
Об
U8
10
1U
07
04
02
02
01

+ 0.050

No. Beata.

32

320

REYNOLDS.

l

-10 00
01
03
05
07
08
09
06
02
01

+0.042

No. Beats.

20

200

MASON.

f

+0 00
00
04
05
05
06
05
04
03
03

+0.035

No. Beats.

40

400

Hence it appears that observers on the average estimate the fraction
of a second too small when using the ear only, unassisted by the eye.
This error is also greatest at the middle date between two clock beats.
It plainly indicates the necessity of relying solely on the method of
coincidences of a mean solar and sidereal clock or chronometer, for
which dT= 0; and by this table, as well as by universal experience,

? = °-
After forming from each night's work the conditional equation (A)

making • = 0, and giving to ? the value in the preceding table, pecu-
liar to each receiving observer when the method of coincidences was
not employed, the table of the observed values of [(«' + ») + (e/ +
6)] was formed.

Date,

1847.

July 17
19
21
24
27
28

1 29
Aug. 3

10
. 11

Means

WASHINGTON AND
PHILADELPHIA.

(»• + «) + (64- 6)

+ 0'02
— 0.11
+ 0.07
— 0.16

— 0.01
+ 0.09

— 0.017

No.
Beats.

40

к

"

tt
«

240

PHILADELPHIA AND JER-
SEY CITY.

(»' + *)+(S' + fl)

— 0-09

— 0.30
+ 008
— 016
— 0.13
— 0.05
+ 0.15
+ 0.20

— 0.038

Ko.
Beats.

40

320

WASHINGTON AND JER-
SEY CITY.

(»' + «) + (S' + в)

— 0-03
— 0.14

— 0.085

No.
Beats.

40
"

SO

Mean of sixteen results, [(«' + ч) + (в1 '+ в)] = — О.'ОП.



Prom this table it appears that the two circuit times added to (he sum
°f the two armature times is insensible. Each quantity is necessarily
Positive. The negative result for the aggregate, viz., —O017, must
"e regarded as the small error of the work.

Since we find « = 0 by trial, f — 0 by the method of coincidences of
beats of mean solar and sidereal clocks, and finally [»' + ") +
(6/ + o)] = 0, it follows that for the distance of 250 miles, embraced
l'Ht/iis experiment, the comparison of the clocks together is effected
^tith the same degree of precision as if they were placed side by side.

The next tables contain the equation (J3) for each of the night's works.
The value of •, ï, " and 6, are used as stated above.

Longitude by Telegraph signals between Philadelphia and Wash-
ington.

DATE.

1847.

Ц1У 19
21
24
29

August 3

Means..

By
Philadelphia

signala.

m. s.
7 33.017
7 33.210
7 33.060
7 33.062
7 33.083

7 33.079

By
Washington

signals.

))1. S.
7 32.920
7 33.180
7 33.056
7 33.038
7 33.184

7 33.080

Mean result.
(В)

m. s.
7 32.969
7 33.195
7 33.058
7 33.050
7 33.134

7 33.079

.

Ü*:5wg-s*
°il6 -S 3

й°р.

9
4
8
8

10

39

ä-i
Ютэ м
<VH >:-

°s-s
r°^

6
13
11
16
13

59

Relative
weight.

3.6
3.1
4.6
5.3
5.7

22.3

Jersey City and Washington.

'У 29
gust 3

Means..

12 3.572
12 3.505

12 3.540

12 3.532
12 3.339

12 3.468

12 3.552
12 3.452

12 3.504

6
6

12

16
13

29

4.4
4.1

8.5

Jersey City and Philadelphia.

July
 19

24
27
28
29

August 3
10
11

4 30.557
4 30.427
4 30.444.
4 30.548
4 30.284
4 30.473
4 30.438
4 30.242

4 30.422

4 30.322
4 30.182
4 30.461
4 30.393
4 30.530
4 30.298
4 30.440
4 30.363

4 30.371

4 30.440
4 30.305
4 30.425
4 30.470
4 30.407
4 30.386
4 30.439
4 30.303

4 30.397

6
6
7
5
6
6
5
6

47

9
8
9
8
8
10
6
13

71

3.6
3.4
3.9
3.1
3.4
3 8
2.7
4.1

28.0



The preceding tables seem to authorize the conclusion : 1st. That
Morse's electro-magnetic telegraph affords the best means for an astro-
nomical determination of terrestrial longitudes between places in con-
nexion with each other. 2d. That the two clocks may be compared
together as well as if placed side by side. 3d. That the relative clock
corrections for the night contain the only source of error to be appre-
hended. :

If these points are admitted, I think we may further conclude
that the relative clock corrections (*>' — «) may be obtained with any
desirable degree of precision, by sufficient multiplication of nights of
observation, and of Zenith stars observed in the two positions of the
transit instrument. The personal equation of the observers (da—rf»)
can be determined with sufficient precision by alternation of observers
at the stations. The collection of a very extensive series of observa-
tions of'the personal equation of ihe individuals employed in the work
for 1847, indicates that this source of error far exceeds all others that
are incident to the method. The reduction of any observer's clock
correction for any night, to the normal value or average value for all
the observers, is by no means constant. It seems to vary with the
heallh and temperament of the observer. I have called it the tempera-
ment correction for this reason. When the alternations of observers are
sufficiently numerous to eliminate this last source of error, there will
remain only the error arising from the relative deviations of the plumb
lines from those of a normal spheroid.

SEARS C. WALKER,
Assistant U. S. C. S.
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XXXI.—Review of tfie Annual Report on the U. S. Coast
Survey.

THE annual report of this important national work, interesting alike
0 the man of science, to the sailor, and the philanthropist, has just been

Published; and in accordance with our intention of keeping our readers
"Wormed of the state of the survey, we purpose to give a brief account
ot the operations during the past year, dwelling particularly on those
Points which are more generally interesting in a scientific point of view.
. Plans and Operations.—The general plan for the more rapid exten-

sion of the survey presented in the previous reports of the superinten-
et|t, has been prosecuted with the continued success which it promised

*' its commencement. This plan, it will be recollected, consists in
Aiding the whole of our extended seaboard, including that of the
S»ulf of Mexico, into nine nearly equal portions, and in prosecuting
ne work in six of these separately and simultaneously. This plan

^'H enable the survey to be accelerated as rapidly as the appropriations
У Congress for the purpose wil l permit, and it will produce immediate

Jesuits in the way of the examination of harbors and channels, of the
'ghest importance to commerce. It also furnishes the means of intro-
°cing a uniform system into every part of the survey, the importance
J which, in reference to economy and accuracy, must be manifest to
Acquainted with operations of this kind.
That detached surveys, conducted upon different plans and principles,

cannot produce a satisfactory map of a country, has been proved as often
as 'he project has been tried. The head of the work should have con-
8tantly in his mind a distinct plan of the whole, leading to definite final

«ho .port of 'he Superintendent (Alexander D. Bache, LL. D.) of the Coast Survey,
m_ ywS the progress of the work during the year ending October, 1847. (Senate Docu-

"l> dOth Congress, 1st Session, Executive No. 6,) pp. 88, 8vo.
одj °ur last number (p. 299) we barely announced the appearance of this Report, and

a few paragraphs rclutin^ to tl ic цсжтп! rrsiills of llic past, years survey.



results; he should be allowed full scope in the development and prose-
cution of this plan in all its parts, in their proper order of succession ;
and then and only under this condition he should be held responsible
for the quality and the rapidity of the execution. The plan proposed
by Dr. Buche has met the approbalion of the head of the department
under which he ac(s, and has received the support of Congress for three
years past. Even the existence of the war has not prevented the in-
crease of appropriation which has been called for by the continued ex-
tension of the operations. The superintendent has also been liberally
aided by the head of the Navy department, and has thus incurred the
responsibility above alluded to. The manner in which he has met this,
during the past year is shown in the report before us. It exhibits an
improvement in the quality of results, and an increase in quantity over
that of the former plan, which may be estimated at double the amount
for an increase of fifty per cent, in the cost.

In accordance with this plan the field work was extended during the
year 1844 into nine States, and the summer of 1845 into thirteen, in
1846 into fifteen, and during the past year into eighteen, namely,
Maine, New Hampshire, Massachusetts, Rhode Island, Connecticut,
New York, New Jersey, Pennsylvania, Delaware, Maryland, Virginia,
North Carolina, South Carolina, Georgia, Alabama, Mississippi, Louis-
iana, and Texas. The estimate for the next year will provide for ope-
rations in every State on the coast of the Atlantic and Gulf of Mexico.

The chief part of the operations in one of these sections, namely,
that from Point Judith to the Capes of the Delaware, is completed,
and the work has made very considerable progress in two others, viz.,
in the section of New England and that embracing Maryland and Vir-
ginia. The triangulation was commenced in 1844 in a fourth section
(North Carolina), and in 1845 in a fifth section, Alabama, Mississippi,
and Louisiana. The reconnoissance preliminary to the triangulation
was made in 1847 in South Carolina and Georgia and in Texas.
When the work is commenced in any section it is gradually extended
as (he introductory operations prepare the way for others, a reconnois-
sance being succeeded by a triangulation and by astronomical determi-
nations, andthese by the topographical survey with the plane table, and
by soundings and other hydrogvaphical operations.

Measurement of a new baxe line.—During the past year the mea-
surement of a new base line nearly seven miles long has been made by
the Superintendent in person, after a reconnoissance by F. H. Gerdes
on the Gulf of Mexico. The principal novelty connected with this
measurement relates to the base apparalus, the general plan of which
was devised by Dr. Bache. The measuring bars were upon the com-
pensation principle, first employed, we believe, in operations of this
Idnd, by Colonel Colby in Great Britain, and by Mr. Borden in this
country; but the method of obtaining the compensation was entirely
different from that used by these gentlemen, and served to remove a
cause of error which has been strangely overlooked in the different ap-



Plications of the compensating arrangement, as usually employed. A
ar of brass and of iron, of the same dimensions, and exposed 10 the
arne source of heat, will not arrive at the same temperature in the

8arne time; the rapidity of change will depend upon lhe difference of
conducting power, the difference of specific heat, and the state of the
surface as to its absorbing power. Hence though two bars of different

letais may show the same length at two different temperatures, yet, in
Hie transition from the one temperature to the other, they will exhibit
"'nerent lengths. To remedy this defect, the surfaces of the different
Petals were brought into the same absorbing condition by coating each
Wlth the same material, and the bars were made to attain the same de-
p'ee of temperature in the same time, by increasing or diminishing the
transverse section until the desired effect was produced. This apparatus
was constructed in 1845, and first used with microscopes in the autumn
°r that year, and is briefly referred to in the report of November fol-
lowing/ _
{{ "Having arranged the sections approximately," says Dr. Bache,
.Us'ng numbers taken from the books, the changes in lengih, clui ing
"e increase or decrease of the temperature, were not perceived when

^'croscopes were used, supported upon wooden stands, or even upon
s'one blocks of small,size; the means of measurement were not suffi-
. Iently delicate to detect them,or they were masked by greater changes
ln the supports. When the level of contact was substituted for the mi-
Cr°scopes, or when Mr. Saxlori's reflecting pyrometer was employed,
hese changes became very perceptible, and it was necessary to resort to

• lrect experiment upon the material of the bars themselves to obtain
Ven approximate compensation, and there to correct a small residual

Quantity by applying a covering more absorbent of heat to one bar than
^e other. If such changes have not been perceived hitherto, it has

een because inadequate means were used to detect them. I am in-
Jjebted to Lieutenant A. A. Humphreys and to Mr. Joseph Saxion for
lle perseverance and skill with which the experiments necessary to a

c°mplete adjustment of the apparatus were made."
"The lever and level of contact, first used, I believe, in the adjustment

-* standard measures by Bessel, was applied to indicate the lengths of
ne bars. The levels were so delicate that several divisions upon them

j^ade up a quantity entirely insignificant in the measurement. The
q°ubt which I had was, whether the sensibility of the apparatus had
*î°t been carried too far. This was, however, entirely removed, upon
Ending the rapidity and certainty with which li could be used. The
c°ntact of two adjacent measures was between a blunt knife edge and
a Plane of agate.''

"The trussed support for the bars adapted to bearing the apparatus
at two points only, and the tin covering or tube which surrounded the
^hole, were similar in principle to those used by Mr. Borden, but dif-
ered entirely in the adaptation of them; the bars moved freely on the
ïussed frame upon rollers, and were not attached to the covering tube,



in which the trussed frame itself was merely supported. The tin cov-
ering was conical and was doubled."

"The'trestles admitted of the various motions required in placing the
Apparatus. The length of the whole, about twenty feet, (six metres,)
gave a weight which permitted easy and rapid transfer by four men,
when covered with several thicknesses of imperfectly conducting mate-
rial to keep the fluctuations of temperature within moderate limits. In
arranging so many and various details, it is not to be expected that some
of them will not admit of improvement; but the performance of the
apparatus was highly satisfactory, working with a rapidity and accuracy
quite beyond my most sanguine expectations, and making comparative-
ly light the labor of all concerned in the excitement, produced by ex-
pectations constantly surpassed. The contacts were usually made in
much less time than the setting of the forward trestles for the next mea-
sure. The following statistics of the measurement will suffice, for the
present, to show that we have obtained a useful auxiliary in a geodetic
survey, especially when the difficulties of triangulation render advisable
the measurement of frequent bases."

"The greatest length measured in the course of a day, in the final
measurement, was one hundred and eighty-three tubes, equal to near-
ly seven-tenths of a mile; the least, forty-seven tubes, or one-fourth
of a mile; the average, one hundred and four tubes, or four-tenths of
a mile. The whole measurement of nearly seven miles was completed
in seventeen working days, not reckoning the time lost by bad weather,
or occupied by change of camp, and by comparisons of appaiatus.
The length of the apparatus was compared before and after final mea-
surement with a standard iron bar, with which it had been compared
in the office, by using Mr. Saxton's reflecting pyrometer."

" The accuracy with which a remeasurement of considerable length
could be made, was tested more than once in the measurement, but it
was determined to make a more complete direct trial by establishing in-
termediate marks, and noting by the micro-telescopes attached to the
ends of the bars the deviation at intervals. The greatest deviation in
the length of seventeen tubes was between one and two hundredths of
an inch ; the average in twelve cases of repetition, not regarding signs,
was five thousandths of an inch; the final error at the end of the third
of a mile remeasured was nothing. The probable error of remeasuriug
one hundred and twelve yards was five thousandths of an inch, making
in the whole seven miles of the length of the base, and supposing all
the errors to fall in the same direction, which is physically most impro-
bable, about five-tenths of an inch."

Astronomical Observations.—Within the last two years a number of
new astronomical insmitr.ents have been procured ; among these a ze-
nith telescope, which has been used for obtaining the altitudes by the
method invented by Captain Talcott. This consists in observing the
differences of zenith distances of stars culminating within a short dis-
tance of each other, and at nearly the same altitudes on different sides



j>f .the zenith. The publication of the new Catalogue of Stars by the
British Association, gives great facility in the use of this method, as well
. accuracy in the results. At one station the mean probable error of a

8|ngle determination, as deduced from the comparison of the several in-
'vidual observations, was but four-tenths of a second of space, and at

Bother but one-tenth. All the astronomical and other observations
.ave been reduced to a system, in which numerous indiv idual observa-

J'ons are scrutinized, and the limit of errors obtained by the method of
east squares, which is now constantly used as a part of the plan of ob-

Servation. By means of it the different instruments, which have pn
а|1У occasion been used at the same place, can be compared, and in this
Way the superiority of the zenith telescope, as far as the comparison has
УЫ been made, is rendered manifest. At the close of the year the
^°niparison was going on between this instrument, used in the way we

ave mentioned, and that of a new zenith sector, similar to that devised
Professor Airy, and used in the survey of Great Britain, and the

od of prime vertical transits. We may expect in the report of
year to find an account of the results as to the comparative value

the several instruments. The advantages in the use of the zenith
^escope over instruments hitherto generally used in the field, are, ease
f.application, a high magnifying power, and the employment of a

^'crometer.
An astronomical station has been established at Nantucket, which is

atl important position on account of its being the southern extremity of
jje longest arc of the meridian (o be found on the New England coast,

bservations have been assiduously continued at this place by William
J-litchell, esq., and his assistant. The method of determining the longi-
Ude by chronometers between Boston and Liverpool, has been continu-

ec* by William C. Bond, and fifty-two results from twenty-three chrono-
^eters have been reported.

"he use of new instruments has served to verify a remarkable con-
c'usion arrived at in the observations of a former year. In places near
*ach other, and w^ere the plumb line cannot be influenced by the attrac-
'°Q of mountains, the latitudes derived from geodetical and astronomi-
al data, do not agree with each other; or, in other words, the difference
1 latitude of two places in the vicinity of each other, is not found the
arne when derived from the triangulation between the two places and

Ir°rn separate astronomical observations. The latitudes of New York
^d Boston do not agree when compared by the two methods. Boston,
VaPe Henlopen, and New York differ from Philadelphia; and the va-
r'°us stations about the city of New York, when transferred to a central
P°int, are all at variance with each other. This result, intimately con-
*}ected with the questions of geology and the figure of the earth, was
prst announced in this Journal in 1845, and was referred by Dr. Bache

0 iireguiarûjes of gravitation occasioned by variations in the form and
ensity of the material composing the crust of the earth. A discovery
f the same kind has since been made by Major General Colby, in the



ordnance survey of Great Britain, apparently without the knowledge of
the previous discovery on the survey under the direction of Dr. Bache.

System of Computation f or Longitude, fyc.—Dr. Bache early intro-
duced a system of computation made by persons not employed in the
field of operations. These computations consist of reductions and veri-
fications of the observations of the triangulations of the azimuths and of
the latitudes, and also of the discussions of occultations, eclipses, and
other celestial phenomena which have been observed, and may serve
for the purpose of ascertaining the longitude of the principal points of
the survey. In the former work, Mr. Nulty and Mr. Werner are em-
ployed, and in the lattei, Lieut. Gilliss and Mr. Sears C. Walker.
The American observations collected by the last named gentleman .-for
the determination of the longitude, embrace no less than five hundred
occultations, and one thousand moon culminating stars. The European
observations for comparison with these, amount to nearly two thousand.
During the past year, Mr. Walker has also been engaged in reducing a
portion of the extensive series of eclipses and occultations observed by
W. C. Bond, esq., which embrace all the phenomena of this kind
which were visible at Dorchester or Cambridge during a period of twen-
ty-seven years. Lieut. Gilliss has been engaged in the comparison of
the longitude of Washington, Hudson, and Dorchester, with those of
the European observations of Cambridge, Greenwich, Edinburgh,
Hamburg, Copenhagen, Kremsmunster, and Cracow. The corres-
ponding observations in this country and Europe, in the year 1839, fur-
nish 428 differences of longitude.

• Use of the Magnetic Telegraph f or differences of Longitude.—The
employment of this method of ascertaining longitude has, under the
direction of Dr. Bache, during the past year, proved entirely successful
between Washington, Philadelphia, and Jersey City, opposite New
York. Lieut. M. F. Maury again directed the co-operation of the Na-
tional Observatory ; the operations at Philadelphia were under the di-
rections of Professor Kendall, and those at New York under Professor
Loomis. The details of the observations were arranged by Assistant S.
C. Walker of the coast survey. The principle of this method consists
in transmitting signals from one station to another, and these noted by a
time-keeper well regulated to the time of the place; the difference in
the times gives the difference in longitude expressed in time.

"The signals are given at one of the stations by pressing a key, which
causes a closing of the circuit. This closing it is intended shall be
simultaneous with the ticking of a clock or chronometer at the station.
The circuit being closed, if the electrical wave or current takes a sensi-
ble time to propagate itself, or to pass frpm one station to another, the
absolute time of the signals reaching the second or receiving station, is
sensibly- different from that cf making the signal at the first or giving
station. A coil about the poles of.a horse-shoe magnet of soft iron, forms
part of the circuit through which the electrical effect is transmitted.
Under its influence the soft iron becomes magnetic, attracting the soft



bar (armature or keeper) delicately poised at a determined distance
lrorn the poles of the magnet; the movement of this keeper sets in action
a local battery, which gives -sufficient power to make the dots and Hues
constituting the Morse telegraphic signals.» The click of the keeper of
"'s temporary magnet is compared at the receiving station with, that of

a clock or chronometer, thus marking the time at which the signal,
"tode at a known time at the giving station , is received. From this ex-
Pjanation, it appears that there is liability to error: 1. in the clock
llrnes at the different stations. These are easily examined, and the
"jost probable times assigned at each station , the personal equation for
c'0ck correction being determined and allowed for, they may be treated
as if only very small errors existed. 2. The time of striking the trigger
Or key, to close the circuit, may not coincide with the clock beat. The
^ttor> if any, from this source, is determinableby experiment; and care-

~ experiment failed to detect a sensible amount. 3. The electrical
effect may take a sensible time to be transmitted, and this may. be
k nown, if other sources of error could be got rid of, by transmitting sig-
ПаЬ from an eastern to a western station, and vice versa; and it may be
fetidered null in its effect upon determinations of differences of longitude

У such alternate transmission, or it may be examined in its combined
effect with the next error. 4. That of the sensible interval, if any ex-
|st, between the activity of the coil, its action in inducing .magnetism in
he receiving magnet, and the click of the keeper of this magnet. 5.
J he error in noting the fraction of a second as denoted by the clock.

11 Was perceived that this difference in the estimate of fractions of a sec-
°nd, rendered the transmission of signals, by the beats of a well regu-
Wed sidereal clock, and their reception by another sidereal clock, of

J|'le avail, the, time fal l ing constantly upon the same fraction of a sound.
I he transmission of signals, by beats of a mean solar chronometer, and
he marking of the time of reception by a sidereal clock or chronometer,

carries the fraction of the second over every part of the whole second;
aod once, at least, in ten minutes, marks the coincidence of the beats
°f the two time-keepers. By observations of the coincidences, and the
Diking of intervals at the same station, the law by which each observer
Va''iecl in the estimate of fractions of a second became known, and, of
c°urse, the differences (or receiving personal equations) of each observer,
Opposing them to be constant. Pains were taken to compare personal
Dations with all the observers. It turned out, finally, that this might
flave been done by transmitting signals; but, then, to have assumed it,
^ould have been to anticipate a result which was sought. The part of
lhe error, (hen, of receiving signais from error of noting time, was as-
c.ertained numerically, and its value could be assigned w i t h i n certain
"'nits in any case. The inference is drawn from an examination of this
c|ass of personal equations, 'that when the two clocks' (the one by which
Slgnals are given, and the other by which ihey are received, both being
r<ited either to mean, solar, or sidereal time) 'do not coincide in their

* Suc ;i figure n i ' t h i s appurnlus in t l i i w volume, p. 5G



beats, the observers on the average set down the fraction of a second of
«he signal received too small.' Of the five errors, then, which have
been enumerated, the numerical values could be assigned to two, (viz.
1 and 5,) and one (viz. 2) was insensible. After assigning the values
in any particular case to 1 and 5, there remain residual errors, caused
by 3 and 4. Now, it is plain that both of these will affect the result
alike; that is, will tend to make the time of receiving the signal later
than it should be by the amount of retardation of the wave current, and
by the difference in the time of its reaching the spiral coil and the click
of the keeper of the receiving magnet. But a comparison of the obser-
vations shows a very small residual quantity having just the opposite
sign, the signal being apparently received earlier than it was given.
From this, the nullity of both these corrections, 3 and 4, is fairly in-
ferred, and the interesting consequences follow, that : the telegraphic
method of comparing clocks, distant two hundred miles from each other,
is free from error when the method of coincidence of beats is employed;
and that the probable error of the longitude, from this method, is the
ваше as the mean result of the computed relative, correction of the
clocks for the nights of observation.' An investigation of the probable
value of such error shows that, under favorable astronomical circum-
stances, and with due care in the use of the transit instrument, 'the as-
tronomical difference of longitude, between any two stations of a trigo-
nometrical survey, maybe determined by telegraphic signals, with a
degree of precision of the same order as that of difference of latitude,'
the inaccuracy depending upon the same causes as the deviation of the
plumb line."

Magnetic Observations and Instruments.—Observations for deter-
mining the variation, the dip, and intensity of magnetism, are made at
the more prominent points of the coast survey, and the instruments used
for variation and intensity are those invented by Weber and Lloyd
and modified by Lieut. Riddell. They consist of a portable declinom-
eter,with its theodolite and apparatus for deflections and vibrations. This
apparatus was here first used under the immediate direction of the Su-
perintendent, and also at numerous detached stations by two assistants,
Capt. T. J. Lee and Mr. R. H. Fauntleroy, and by two of their aids,
and has been approved in every case by these gentlemen as convenient,
and whenever the azimuth lines of the survey could be used, as giving
accurate results. It was also used by Prof. Renwick and Dr. Locke,
but whether approved or not we do not know. We mention this, par-
ticularly, because we have learned from a distinguished observer abroad
that there is a disposition in England to return to the use of the older
methods, which is certainly not warranted by the experience of the'ob-
servers of the coast survey.

The magnetic observations near the city of Baltimore indicate that
this region is one of considerable local attraction.

Maps of the Coast.—It is stated in the address of the President of
the Astronomical Society of London that a specimen of the new map of



England indicates that it has advanced as much upon its predecessors
j*8 its predecessors had upon all other maps. The qualities which in-
dicate this.advance, we learn from the same Address, are: 1st. That
of maP *s uPon l^e 6ca^e °^ Tirvïïffj °.г nearly six inches to the mile,
^d-. That its details include every thing of topographical value which
£an be placed upon a map embracing the traces of the lines of equal
heights. 3d. The latitudes and longitudes are graduated not to de-
grees, as on common maps, nor to minutes, as on the largest maps on
which we have been accustomed to see graduations, but to single seconds
of arc, each of these seconds occupying one-tenth of an inch. The
^atitudes have been determined from numerous observations with the
zenith sector, and the difference of longitude of two exterior points, by
the transportation of chronometers.

We are here presented with a test of quality which may be applied
|° the maps of our coast survey. 1st. The scale adopted by Mr. Hass-
Jer for the details of the maps was тЛтпг> or a little less than six inches
10 the mile. As the object of the work is to combine a chart for navi-
gation with a map of the coast, this is too large for practical use, except
ln the case of isolated harbors, and was with propriety reduced to the
scale of the great map of France, that of ̂ ^. The detail and beau-
ty of execution of the American sheets, greatly surpass those of the
Celebrated map just mentioned. 2d. The system of topographical de-
tells introduced by Dr. Bache, secures uniformity in the representation
of the ground and includes all that is alluded to in the foregoing account.
.Ahe horizontal curves drawn at regular vertical distances, are marked
'Q red, and the system of hachures adopted, is modified from that of
Vehman. 3d. The scale admits of the same subdivision as those of
ие British maps; the numerousae'jterminations of latitude, resulting
forn the discovery before referred to in regard to discrepancies of the

geodetic and observed latitudes of near stations, are reduced to central
Points by the geodetic results; the determinations of difference of longi-
tjue made by the electro-magnetic telegraph, give materials of the same

•pod and quality as those alluded to in praise of the transatlantic maps.
1Q the case of the longitudes, the operation of which is still in progress,

^ethod is employed a step in advance of those abroad.
The large plates of copper on which the charts are delineated, are pro-

duced in a finished state ready for the engraver by means of the electro-
Уре process. Also, the same principle is applied to multiply the plates

aHer they are engraved, so as to increase indefinitely the number of im-
pressions which may be obtained while the original plate remains unin-
jured.

Explorations of the Gulf Stream.—In the last report an account
Was given of a series of observations on the Gulf Stream, made by Lieut,
^eo. M. Bache, whose life fell a sacrifice to his zeal in the discharge
of his duty, and whose loss science was called upon to mourn just as
«e Was commencing with his accustomed ardor the investigation of one
or the most interesting phenomena of our globe. The results he ob-
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tained will be given to the world in another publication, and it will be
sufficient for us to state in this place that he examined three entire sec-
tions across the stream. His researches exhibit the remarkable fact,
that the whole current of warm water, to the depth of at least four hun-
dred and eighty fathoms, divides itself into two principal branches, sep-
arated by a portion of cold water, and that the transition from the cold
water, along and next to the coast, is almost instantaneous, as if the two
were separated by a nearly perpendicular wall, slightly inclining to the
east at the top. The plan of operation, directed by the Superintendent,
and commenced by Lieut. Bache, has been continued during the past
year by Lieut. S. P. Lee,and a series of observations on the temperature
at different depths has been made across the stream off the coast of Vir-
ginia, North and South Carolina, Georgia and Florida, for the purpose
of comparison with those made the year before across the same places,
and to ascertain what changes may have taken place. The results are
highly interesting; the same general phenomena are presented as in the
former survey; two principal divisions of the stream are observed, but
these show a tendency in the last survey to separate into others; the
points of maximum temperature are not in the same places, and the
mean or average temperature is different. The investigation becomes
more interesting as it is farther pursued, and we doubt not the Superin-
tendent, with his love for physical science, will not fail to direct such
observations as may lead to a more definite knowledge than we now
possess of this interesting phenomenon of the ocean.

Changes in Channeu and Shoals, fyc.—One object of the coast sur-
vey is to ascertain the character and direction of the changes which may
be going on in different parts of the coast, to provide the means of ob-
serving them in future, and to furnish the data on which the plans of
controlling them may be founded. During the past year the changes
in the Delaware river, near the Pea Patch, have been examined, and
were found to consist in the closing of the old eastern channel by the
extension of the Bulkhead shoal to meet the spit, extending from the
upper part of the Pea Patch island. At the same time the new eastern
channel has widened and deepened. These changes have been accu-
rately marked on the map of the coast survey, which will thus furnish
the means of discovering any future alteration. In this way the records
of the coast survey will afford the data for solving problems of a most
interesting character,as, for example, the rate of increase of the delta of
the Mississippi.

Tidal Observations.—A series of observations on the variation of the
height of water, and the currents produced by the tides, have been es-
tablished at different points along the coast. The observations made at
Old Point Comfort have been discussed by Lieut. Com. Davis, U.S.
N., under the immediate direction of the Superintendent, for the pur-
pose of ascertaining the effect of the variations in the moon's parallax
and declination. In eliminating the effects of these, the oscillations
caused by atmospheric changes appear as residual errors. The effect
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°* change of pressure and of,wind on the height of water, is already
Apparent, and the continuation of the operations will, in due time, af-
fГ u ̂ a-la *°r tne f°rmati°n °f a prediction table of the time of the phases

°i the tide. In the continuance of these observations, valuable data
w"l be furnished for studying the phenomena of the oscillations of the
ocean.

Collections of Specimens from Soundings.—The charts of the coast
survey exhibit a perfect representation of the character and configuration
°f the bottom of the ocean within a certain distance from land. The
idea occurred to Lieut. Bache, in 1842, to form a collection of all the
Different materials obtained in the sounding operations, and he accord-
Jugly commenced reducing this idea to practice by placing in small bot-
IfeS) duly labelled, specimens of all the materials found at the bottom.
" Was the intention of this lamented officer to form a large geological
rnap by gluing on the surface of a suitable chart the several substances
c°otained in the bottles, in their proper order, and thus at one view to
Present to the eye the means of generalizing the geological phenomena
01 the submarine formation. The plan of a map of this kind has not
jet been carried into practice, but the collection of the materials of the
b°ttprn has been continued.

Besides the formation of the map above mentioned, the microscopic
^animation of these specimens could scarcely fail to develop some in-
eresting facts, which maight prove of value to navigation as well as of im-

portance to science. Accordingly, specimens of the materials of sound-
s were submitted by the Superintendent to Professor J. W. Bailey of

est Point, who kindly undertook the examination of them. He finds
t all the deep sea soundings are of the highest interest, being filled

with organisms, particularly with those of the calcareous polythalamia,
0 an amount that is really amazing, hundreds of millions existing in

every cubic inch. The specimen from latitude 38° 04', longitude 73°
, " > from the depth of ninety fathoms, is crowded with remains, mostly

enough to be recognised by a practised eye without the aid of a
ifier. The forms which occur at different depths, and in different

es, are so various, that they might serve to identify the position of
116 mariner, and thus furnish another illustration of the fact that branch-
3 °f knowledge apparently the farthest removed from utility, are fre-

HUently found applicable to the useful arts of life. In this connection
'ßlay be mentioned that Professor Agassiz has accompanied Capt.

uavis in his hydrographical operations connected with the coast survey,
*Qd has reaped a rich harvest of discovery relative to the animals which in -
habit different depths of water. Every few feet of increase in the derÄh
give changes in the character of organized beings which inhabit the
°cean.
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MR. JEFFERSON DAVIS, OF MISSч
ON THE «OBJECT OF THE

COAST SURYEY OF THE UNITED STATES:
Delivered in Senate of the U. S., Monday, Fell 19, 1849.

ftak ^enate> as in Committee of the Whole, haying proceeded to the consideration, of the bill
«„j- 6 appropriations for the civil and diplomatic expenses of the Government for the year
Tne June 30, 1850- :

Ste '• BENTON moved to strike out the clause appropriating $186,000 for defraying the expen-
ifi» -l'le coast survey, including compensation to the superintendent and assistants, and lo

,?" m lieu thereof the following :
•30th H Surve7 of the coast of the United States, the sum of $30,000 ; and from and after the
blent У of ^une' ̂ 49'tne sa'd survey slla" be carried on exclusively by the Navy Depart-

nt, under the direction of the President of the United States."
everal members having addressed the Senate on the subject—

Mr- DAVIS, of Mississippi, said—
g адг. PRESIDENT: The amendment offered by the Senator from Missouri (Mr.
all nf-°N) offends against the advice of St. Paul, -which tells us to "prove
. hings, and hold fast that which is good." It proposes to go back to an old
^P'oded system, an experiment made in-1818, ..which, after years of lost time
Zat? Aillions of lost money, was finally abandoned. It is to abandon an organi-
su v?n more perfect than, I believe, any country has ever before possessed for
j j^ . . a purpose, and to return to one, because it might imitate that of Great
sl n' *ne imperfections of which stand forth upon every map of the British

. Let any man obtain two hydrographie maps—take one issued by the
Survey, and one issued recently by Great Britain—and he will find that

0? an<^ intelligibility stand forth as the prominent features of the one> and
'°n 'n *ne ot;her; sometimes, even, surveys marked by square lines

to »f6 ^e lmes °f equal depth are curved, and can have no natural relation
rectangles thus presented.

of ™r- ATHERTON. I did not mean to say that it should be made the subject
* separate bill.

Setti ' ^AVIS- I' i3 useful and desirable that the question should not only be
On v^ now> hut that it should be quietèfl for all time. I believe more than
•^ e'balf the valuable labors of that distinguished astronomer, Mr. Hassler,
Vnf ^Os* t° science and the country, in consequence of his constant wrangling

'h Congress to obtain appropriations. His mind* was diverted from the pure
j-, .^uits of science, and he has, in consequence, left behind him comparatively

^of those results which we should have expected from his high reputation,
tio e' therefore, MJ'- President, that the Senate will consider the whole ques-
jj n n°w; and I hope that they will settle it by such a majority as was given in the

J^se last session, where I think the vote stood 90 to 3Q after a full discu^ion.
tjj я<? object of the Senator from Missouri, in his amendment, is to give up
jf *v °k coast survey to the navy, and return to the law of 1818. ' Now, sir
t}, e proposition had been to give up the whole to the army, I should have
of tJ>nt that there was more propriety in it/>,The ;original plan was a sury.ey
-y-.-JLggjgt, and a nautical survey based upon It." Such wasï top idea of Jef-

printers



ferson, and the idea of Gallatin, who, in his letter addressed to scientific nie

of the day, has аз clearly delineated a geodetic survey as language can describ6'
Mr. Gallatin proposes—
J. The ascertainment, by a series of astronomical observations, of the true position of

few remarkable points on the coast. » * * j
2. A trigonometrical survey of the coast between those points of which the position sW>

have been astronomically ascertained. « * » .
3, A nautical survey of the shoals and soundings of the coast, of which the trigonomctfl*

survey ,of the coast itself, and the ascertained position of the ligh'.-houses, and other dis'1"
guishable objects, would be the basis. >- * * *

Now, sir, if the basis of a nautical survey is the triangulation of the соазч
then we had better refer the work over to the army than to the navy, if it Ь'
be confined to one department; for they .are more competent to make that ge°'
detical survey which must be the basis of any useful nautical survey. If t"e'
purpose is merely to make a nautical reconnoisance along the coast, and ma*
nautical charts, we have such now, made in our colonial existence. But, sift
of little value are they, without accurate determinations of latitude and long1'
tude—without correct delineations of the coast—so that when the mariner ap'
proaches it he may recognise the prominent features that tell him with с&~
tainty where he is? It adds little either to the benefits of commerce or u>e

navy; it adds nothing to science, positively nothing. r
So far as I followed the Senator's argument, it was based upon the idea °

the recurrence to a former law, and of producing economy and despatch in t"e

work. Now, sir, as to the former law, the act of 1807 did not provide in tei'^8

for the use of the army and navy at all. So far from providing a plan to be

executed by the army and navy, a's the Senator's argument would lead one '
suppose, it says nothing about the jirmy and navy. It says that the Preside",
of the United States shall be, and is hereby, authorized to cause "proper art"
intelligent persons to be employed, and also such of the public vessels in actu^
service as he may judge expedient."

So far as the navy could be employed under this law, it must be constru"'
tively, from the use of the term "public vessels in actual service," wh^"
might apply to the revenue vessels as well as to those of the navy.

When Mr. Hassler was appointed superintendent for this work, one of b}
early difficulties was that the officers were not, technically speaking, under tys

orders; and after the work was discontinued and revived, Mr. Hassler, '
1832, wrote a letter which contained the clause that the Superintendent of tb*
Coast Survey, the astronomer, or whatever he was called, should make actu*1

observations in the field; that he should give orders and instructions to tbjj
officers of parties, and thus to guard against such a condition of things as b&"
Jed to his former difficulty. It was to give him authority, and to avoid beifljj
reduced to the head of a bureau, instead of having an opportunity in the fie',
to illustrate the science which he believed himself to possess. It was his amb1'
tion to be in the field, as it is that of the present Superintendent. He did n°
wish, as a mere bureau officer, as head of the department, to receive therepof'
of parties in the field. He wished to make astronomical observations, and to cp0'
nect himself with the triangulation of the coast. These were not the terms W
posed upon, but those sought by, Mr. Hassler, as a man of science. Has it bee"
changed? Have there been any variations from the duties assigned to the Sup61'
intendent? If so, have they not been constantly increasing his field labors?

In the year 1832, when the system of 1807 was revived, we find distinÇ
provision for the employment of officers of the army and navy. The President1'
authorized to " employ all persons in the land and naval service" for'the surWf
of the coast, " and such astronomers and other persons as he shall deem proper-.
Now, the navy was specifically connected by law with the hydrographjof
survey. During Mr. Spencer's administration of the Treasury Départent
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._ gtoization was adopted giving the Superintendent the powers which the
r esent Superintendent now exercises. Did this constitute a bureau? If'so,
wh^x a ^ureau °f Mr. Hassler's. But, Mr. President, can that be a bureau

cn is a mere temporary employment? This is a mere temporary employ-
ât, without a fixed salary, and without commission of office. The whole

£™Und on^which Mr. Hassler claimed a right to continue in employment was,
at the terms of his letter being accepted, constituted a contract. It was not
ureau then; it is not a bureau now. It was an office then, to which reports

ere made for examination, and results sent for computation; it is the same
L w 'and in the same building, as in Mr. Hassler's time. What change, then,

been made in the organization?
buí Sa'^' ^r- President, that the duties discharged were of the same character;
аЬ ^е.У nave become more extended. The present Superintendent passes
tin°Ut ?'&ht months of the year in the field, engaged in astronomical observa-
wh'8?."1 triangulation, in magnetic observations, in measurement of bases upon

Qich. triangulations rea't. Last year he was in North Carolina, Maryland, and
sis* *?ampshire; and the year before he was in- Massachusetts, Maine, Mis-
^,SlPpi, Louisiana, and Alabama—thus stretching his observations over the

öole breadth of the Union. Last summer he took the field long before the
Ieft0lrrnrn?nt °f Congress, and returned after Congress had reassembled. He
t, ' í believe, in the month of April, and returned after the commencement of

Present session of Congress. Mr. Hassler made but two preliminary and
ür jac*ual base of operations. Now we are operating upon four distinct meas-
f r bases. The old plan might have been conducted with one astronomer,
jj « commenced on one base, and was extended north and south. No man
„. nS ever could have seen it completed. When it had passed a certain point,
Y •'. three hundred miles, it would have been necessary to measure bases of
jj. Ration. In the present system, these bases have been measured and
Y r^ the original bases of other triangulations, and in time become also bases of
of tif Ca'i°n- Thus the work is divided into different sections, and various parts
ti0h

 coast—some of them very dangerous—are brought under early examina-
t h p T a)?^ Promptly the benefits of the work are conveyed to every portion of
k Union, and the time in which it may be completed reduced. Now, we
lar e n'ne Sections; and just to this extent, if the appropriations are sufficiently
Prp*e> таУ tne ^me be divided in which it is to be finally completed. Had the
ow

Sen* Superintendent desired merely to get his salary, had he consulted his
(j: V ease, he surely never would have extended the survey so widely, and

- aed it into various sections, giving him the increased and increasing mass
p] °rk which now devolves upon him; shortening the period, according to this
^^ m which the work will be completed, and, therefore, the term for which

т

саи hold the office he now fills under the present Coast Survey organization,
j^et me not be misunderstood. These remarks are not intended to reflect in
т У way upon the late distinguished Superintendent, or to disparage his labors,

'he language of the present Superintendent:
pf»r -e survey, which was suspended by the act of 1818, was revived by that of 1832. The
V6y ^'"ary operations of 1816 and 1817 were but partially available on recommencing the sur-
yeí 'n 1832, from which latter period, therefore, it dates its effective beginning. "The first
fer v ^fere necessarily years of organization and instruction. The Superintendent, Mr. Hass-
btojn . to systematize methods, to train up assistants, to cause the work to grow from a small
'"dud IA^ un'*' 'l comprehended the various operations of a geodetic survey of the coast and
^»»DUI i'*8 ky^Sraphy- When the results accumulated, it was necessary to provide for their
e*tend л П an<^ re^uctlon' ant' l'le preparation of maps and charts upon a plan suited to our
The am Coast) and lne engraving Of the maps. All these tilings were new in this country.
»ere LÏ°l?nt of knowledge, skill, and labor required to overcome these and other difficulties
Ьо» л,- У appreciated. The results show how large an amount of work had been done, and

" BuiliT Was e3t?endin£ beneficially at the time of Mr. Hassler's death."
dívelntJ, ^ uPontn's foundation, it was easy for Mr. Hassler's successor to give further

'wopraent to the work."



As to the economy of transferring this survey to the navy, I should
nothing can be more manifest than that if it was assigned to a sing1^
corps, the compensation of which, and reputation in its prosecution, was и"
derived from the work, it would lose in expedition and increase in expens6'
Not only has this result been proved by the experiment of 1818, but the saO^
conclusion should have been reached by a priori reasoning., What inter^8.
would they have; what dread of 'examinaiionf'wnairregaHior public opini""'
They will have their pay and professional distinction as connected with №
navy, whether the Coast Survey be approved or not, whether it be continu6

or discontinued. And if we refer to foreign services, where surveys are сой"
ducted thus, it will be found that the expense bears no relation to that of our

Coast Survey. This is established by the reply of the Secretary of the Tre*'
sury, recently sent to the Senate. He estimates the secondary triangulation aD*
topography by the ordnance corps in Great Britain, exclusive of officers' р*Л
at sixteen cents two mills per acre—between twice and three times the cost °'
our surveys of the same kind.

The Secretary says he had not sufficient data to make an estimate for t"1"
foreign hydrography. From other sources I find that the hydrography e*e'
cuted by Great Britain (I read now a manuscript .note) cost in two year8'
1845-'6 and 1846-'7, an amount equal to the whole appropriation of the со»9

survey of the United States from its beginning to the present time. In tbe

ten years past, it amounts to five millions of dollars, and this is besides bet

Arctic and Antarctic expeditions; it is also besides her trigonometrical survey5'
This Bureau of Ordnance and Hydrography is misunderstood, or as to En| '
misapplied. The ordnance surveys of Great Britain have no connexion
the hydrographer's office or with the hydrographical surveys. The ordt
survey of Great Britain is a geodetic survey of the whole kingdom, carried °'
by the ordnance corps of the army. It has cost, in the same period, 1,500,00"
pounds sterling, which is equal to about seven millions and a half of dollar*1

It has been in progress since 1791; and if we examine the cost officially ie'
ported, we are startled by the amount of expenditure which we meet. Eco»0'
my, then, can be no inducement to exchange our system for that of Gre*
Britain.

.But it is said that the navy desires this work. It is said that they are mof'
tified because the work is not confided to them. Now, Mr. President, wba

part of this work is professional to the navy ? Can it be any part of the la"
work? Can it be the determination of latitudes and longitudes on shore? C$
it belong to the seaman's profession to make topographical surveys? The ЬУ
drographical part of the work is now in the hands of the пату—is entirely co$'
fided to the navy. Why should we put officers and men of the navy up0"1

other than that part of the work they are best able to perform? They are no*
engaged in surveying the shoals, marking their outlines, delineating the curve<

of soundings at equal depths, determining the limits and depths of channel3'
and the character of the bottom. These determinations are based upon tbe

points accurately fixed by the trigonometrical survey of the coast itself. Whe11

the distance from the shore is reached, beyond which the sights from the sho'6

cannot be extended, it becomes necessary to anchor vessels, and make-the1^
new stations of observation. All this work, and the observations of tides 8°
currents, is executed by the hydrographie parties, composed of naval office^
exclusively, under scientific superintendence.

If the navy, Mr. President,-is (as has been said) unemployed; if there b*
any portion of it which ought to be employed on this Coast Survey, and is в°''
the Superintendent has provided for them. He has thrown his bases wide ovef

the coast—has divided the work into sections. It therefore lies ready, as tbf

coast is surveyed, for such increase of hydrographical parties as the naval &"
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been
 w Permit, furnishing employment upon a scale which could not have

ъ f eached if th° work had been continued on a single base of operations.
cann * uat- *ruth is there in the idea that the navy is seeking this work and
Jijav f°btain it? Why, sir, there is now an application to the Secretary of the
may a hydrographical party for Charleston. The Secretary of the Navy
of (, »rant; the requisition. I do not doubt his willingness to do so, if the interest
qu e.

e service will permit it. But I have heard of his complaining of the fre-
. draughts by the survey on the navy.

havi °®cers of the navy have shared fully the honors of the Coast Survey,
cb S received full credit for the work executed by them. Where is the
offiT^6' that has been discovered by them, that does not bear the name of the
the Г ^e navy who discovered it? Where is the chart, that does not show
aee

 name of the officer by whom the hydrography was executed? I have not
Y0ri °

ne- Geàney's name is indelibly associated with the harbor of New
По r ' an^ *hat of Blake with the new channel in Delaware bay. I know of
80rt

eP?tation which the officers of the navy could gain from a work of this
j> «igher tnan that wnjcn tney now acquire as a part of this great system.

ûot , attempting, as under the 'law of 1818, to combine topography, work
lost a11 professional to the sailor, with the hydrography, credit was
refe'r "

Qt won' The' Secretary of the Navy, Mr. Southard, in 1828,
uu^ ímg to the charts produced, says of them, that "they are unsafe,
°геа ^ т.ааУ instances useless and pernicious." There must be a system,
iij Ration, and connexion of the whole. In the emphatic language of

Southard, " nor can such surveys be made without the aid ^f the
Contemplated by the act of 10th February, 1807." Could this organi-

k °btained in any other way? Suppose an officer of the army charged
serv

 e conduct of the survey—would you require the officers of the navy to
UQder him? If you place an officer of the navy in charge, then you must

the -Г . e the highest rank in the navy, or confine yourself to those who are
°f rai '°rs °f y°ur Superintendent. Here is at once introduced the jealousy

aok which does not exist under the present system. You lose, thus, the
. .Ce8 of officers otherwise well suited to the work, and who, in independent

jis TDs' Unc'er scientific superintendence merely, would be glad to serve,
of «.- "link to be a very great drawback to efficiency. But there are branches
JIÍO.L ^aval service now filled by civilians, and some of them positions of very
nav^

enj?himent, which appropriately belong to the nautical profession. The
this • cer should be able to build a vessel, and yet civilians are employed in
tJocy

W°rk- Engineers are employed, and some at high salaries, in building
Hot *L' cr Steam engineers from civil life are also employed. Why should

116 navy build the engines for their vessels, and direct the working of the
?s Which propel their vessels, as they would the sails? These are branches

profession in which they can be employed, usefully and honorably
—У}) and which would not divert them from the proper pursuits of the

, r</ But if an officer of the navy, of science and special information and
Sufficient to carry on this great work, should be charged with it, how
'would .he continue in the post? An officer of professional enthu-

.^ » at the very first note of war, the first gun that comes booming over the
We A^-airain the functions of the savant. He would call for his sea-glass, \

>ad f ^ls telescoPe; his thoughts would be on the trunnions of cannon, in- Л
. °f the pivots of observing instruments. His computing tables would be \

w^ from him, that his hand might grasp th ' 'grasp the sabre,1 and he stand with arms
he 1» about him?;beneath his country's flag—upon his country's deck. If I
in the

 not do this' he would not be worthy to hold the station of an officer I
the w

 navy- Then, sir, in the hour of greatest need, he who had charge of }
°rk would abandon it for service better filling hopes proper to his profes- \
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/ sion, and then you must seek a savant to superintend the work during war, and

j he must learn the organization of the establishment, under circumstances ^east
i favorable to instruction, and most demanding accuracy, activity, and efficiency-
í But, sir, it has been asserted that our navy is idle and unemployed; that our
j present establishment is a war establishment; and that the annual appropriation
| of eight or nine millions, is therefore an expenditure without adequate return-
} Is the navy idle. ? With even the small force which we keep in commission»
) our ships are in the four quarters of the globe, engaged in maintaining the po-
' lice of the seas, and in vigilantly watching over the interests of American com-
' mçrce. Their presence every where arms the functionaries of the Republic
j with greater consideration and power of usefulness.

Is the navy unemployed ? If so, increase the number of vessels in corfl-
mis/yon, for we surely cannot have an excessive number atíoat while our trade

f with China in so imperfectly protected; when we have not a single\vessel on
í- the coast of Sumatra; while our merchant marine and whaling fleet in the
: South seas ask in vain for the arm of the American navy to protect them, and

enforce discipline in lawless and discontented crews; whilst our fellow-citizens
abroad have again and again been indebted to the courtesy of British naval
officers for services which their own Government is bound, by every consid-
eration of'justice as well as pride and policy, to render.

Is the navy on a war establishment ? This is що-st easily answered by re-
ferring to the fact that even during the late war .with Mexico, destitute as that
country was of maritime power, authority was given to our Executive to in-
crease the naval force during hostilities. With the restoration of peace this
authority was annulled, and the navy reduced to its former narrow dimensions-
There is enough, and more than enough, of appropriate duty for all the navy
which we keep in commission. Let it then continue in its legitimate employ-
ments at home and abroad; not be brought from its ships to labor on shore in
the solution of problems in geodesy and magnetism, which are not even cog-
nate branches of a sea officer's education. The sea is the element on which
they are to serve their country in war; the element on which they should be
educated in peace.

I think the Senator is mistaken in supposing that our naval officers are
chagrined or mortified at not being intrusted with these uncongenial operations
of the CoastSurvey. They will, I doubt not, be far more gratified if he will
extend the field of their labors upon the ocean, and open to them new roads to
preferment in the line of their own profession.

The State by whose authority I am here, whose rights and interests it is my.
duty to guard and promote by all the power with which I am endowed, has
much involved in the proper execution of this work, and she has claims of no
common character to consideration for these interests. She has contributed
wiihout stint to support expenditures in other portions of the Union ; she has
seen the northern Atlantic coast the subject of special care, and rejoiced to see
its harbors surveyed, its capes and islands crowned with fortifications, its shore.
glittering with light-houses and beacons, through storm and darkness to guide,
to save, to welcome home, the canvass^winged birds of the ocean. But when
she. turns to her own coast, with winding channels and shifting bars and shoals
irregularly presented, without charts of sufficient accuracy for the most com-
mon purposes of navigation, still less to determine where and how the hand of
man may enlarge and render permanent the advantages of nature, has she not
a right to demand, that this ..exact, scientific survey and investigation of her
channels and shoals, and the great causes which may hereafter, as they have
in times past, disturb and alter the one or the other, shall progress to its com-,
pletion; shall bring to her door this.the first contribution by the General Govern-
ment to her commercial interests and maritime defence? Already this survey
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hav51a e important additions to the knowledge of our gulf coast; channels
for Г ifen expl°red and delineated; new means of approach secured; the points
most S ^US Рг°Рег'У determined; the fact of changed depth in some of the
all s lmP01'tant avenues of commerce discovered and published; and now, when
fru-, etns hastening to a healthy maturity, shall we fell the tree with its unripe

to plant another, the product of which no one will contend can be better?
o>ot- Vn*erest °f those whom I represent has prompted me to an examination* ",
In v,etlï

an ordinarily full of the organization and progress of the Coast Survey. V
of p \ have found much to admire, of efficiency, economy, and order. Years ] '(
farpl^f r'ence and patient toil, under men bounteously gifted by nature and j ;
perf ^ lavored by education, have brought the system to its present state of \ \
*ant П' Could I see where а .рЩаг, a prop, a brace, a key, or a pin was j j
t0 ti

 ln§ to the fabric, I should have pride in attempting to supply it, in coming > í
J*e aid of those past and present to whom the merit of construction is due.»-' ''

Coa
 e have been referred to the increasing appropriations for the survey of the

iiti^' anc^ this unconnected fact has been presented for the purpose of attack
the conduct of the work. The value of the fact depends upon the relation
Penditure to product.

'«te П A n°w' Mr' Presidentj wnat has been the result since the present Super-
POÍM too'c charge of the work? Five years have elapsed since his ap

' 6 1 1 * ' ^rom which to gather an answer to the inquiry. It is due to the
of the former eminent superintendent, that we should recollect that

bim* charge of the work when in its infancy. That it was necessary for
intrhj1 Or?anize the survey, to train up assistants, and to make a beginning in the
Par *• c''on of geodetical science into our country. But what have been the coin-
Pro • Уе results? — for economy is not to be measured by the thousands of dollars

-, l(*ed in any one appropriation, but from the return for money expended.
u e letter of the

expenditure
°f Mr. Hassler, was $766,134 18, the annual appropriations ranging from

,
that tu e letter of the Secretary of the Treasury, before referred to, we find
den expenditure for twelve years — 1832 to 1844 — under the superinten-de

' °
vei ° in 1832, to $100,000 in 1843, as the work became organized and de-
frohî The expenditures are less than the appropriations. The expenditure
dito to 1844>is $766>ш 18; from 1844to 1849' $579,250 32; the expen-
last^ °^ топеУ> as seven to five; time, as twelve to five. The work done in lhe
^Oh years exceeds that in twelve preceding years. If in less time for less
r>e ,^y greater results are obtained, shall we complain of increased annual ex-
apti 'tures? Is not ihis-economy? Surely, sir, no one will contend against an
eJ,j.0Priation which hastens to completion a work which is more valuable as
in f ei completed. It is said this Coast Survey will not be brought to a close

Th years. Upon what calculation does this assertion depend?
It - length of our shore line is estimated at twenty-eight thousand miles.
shr>S Certamly beyond that, because there are indentations of the coast not
l84Ín °n *he charts by which we estimate. Now, the work done in the year
av^> compared with the work of 1848, will be about as one to two. The
Ьа

е-Га°е of the last five years as 1£ to 2. Upon this, then, we have the
th?5 °f a calculation as to when the work will be finished. The average,
is f' of the last five years is, to the work of 1848, as one and a half
tyi,°, two; one-seventh of the coast, reckoning on the same maps from
five tlle .total snore line is estimated, has been triangulated in the last
" t„ ls' ^n 'the next five, years, at the same rate, we would achieve three-

""nths—fifty per cent, over the latter. Then, in fifteen years, we should
Q'shed nine-fourteenths; making, with one-third already accomplished,
a very small fraction of the whole coast. I do not say that in fifteen

•^ rs we shall have no need of the Coast Survey, and that it is then to close,
more, sir,, 1 hope it will not. In its progress, the parts of the coast which



8
are liable to change will have become definitively known, and the work-
then be employed in ascertaining the changing of the shoals and shifting of the
channels, necessary to the benefit of commerce. I/ Besides, sir, I hopet.o,„.add
yet further to our coast, ï would be glad to include the shores of the Gulf of
California as those of'one of these United States. I should be glad to gather in
the Island of Cuba, so long desired. I should rejoice in the extension of our
Union. 'I therefore speak of 'this term only as indicating the progress of the
work; the time at which the survey of the coast on the Atlantic and Gulf of
Mexico would be brought to a close at the present rate of progress. But, sir,
our laws have been extended over a portion of the coast upon the Pacific, and
we'have made appropriations for building light-houses and placing buoys at the
mouth of the Columbia river. To determine the places of these is an appro-
priate and necessary hydrographie service of the Coast Survey, and to com-
mence the survey there, and render this service, parties have been despatched
to the coast of Oregon, and not, as has been falsely stated in some of the pa-
pers, to California and New Mexico.

For the hydrographical survey a very accomplished officer of the navy
was selected, and an able party was placed under his orders; for the
survey of the shore, a party of civil assistants and officers of the army. It
is worthy of remark, sir, that when the present Superintendent took charge of
the Coast Survey, he found that the officers of the army had abandoned the
work—had become dissatisfied—and the Secretary of War had refused their
aid on the terms upon which it was asked. The present Superintendent, by avoid-
ing a controversy which grew out of the requirement that the land parties should
be equally divided between civil assistants and officers of the army, and by the
judgment which he brings to bear'on everything, has been able to draw them
back to the work. When the war with Mexico broke out, he had eleven offi-
cers of the army thus employed; eight of them were taken away. He has applied
for topographical engineers since the termination of the war—an application
which has been laid over for the present by the chief of the Topographical bu-
reau, until he can determine whether officers are disposable from the other wants
of that department. An application is now pending before the Secretary of War
for officers of the line of the army to aid in the survey of the coast. In the last
report on the Coast Survey to the Secretary of the Treasury, the Superintendent
expressed himself upon this particular point. He says :

" The number of officers and petty officers and men are regulated by the same department, on
application from the officers of the navy commanding the hydrographie parties. These are
transmitted through the Superintendent and Secretary of the Treasury (is a matter of form; but
the judgment of the officers is conclusive with me, and the requisitions are complied with or de-
nied, at the pleasure of the. Secretary of the Navy. The law requires that as many officers of
the army and navy as practicable be employed on the work ; and, independently of the desire
to husband the direct appropriation, which I confess is a strong motive with me, and of the res-
pect which I feel for the officers of both branches of the service, and of the gratification which,
official or private intercourse with them always gives, I am bound by the spirit, and even by
the letter of the law, to apply for additional officers whenever they can be usefully employed on
the work.

* * « * * * *

"Under the law, the orgatiization of the Coast Survey contemplates the employment of civil-
ians and officers of the army and navy. This triple organization brings the scientific and
practical training of civlians and officers of the army and navy to its aid j a more permanent
nucleus is supplied from civil life than the wants of either the military or naval service could
yield, while entire concert of action is secured under a central authority, {he department in
which matters pertaining to the trade, commerce, and navigation of the country centre, in the
name and by the authority of which the Superintendent acts. The scientific details, which
careful study and the action of many minds viewin» them from different points have matured,
are made uniform throughout the work, and the whole proceeds according to a regular plan,
carefully arranged, and having in view a definite result. The temporary character of the work
is recognised as a cardinal principle, no permanent corps being organized to conduct it—a fea-
ture which hns proved important in other works, and which, I doubt not, has its influence in
this. Free scope is afforded for selection from the science of the country at large, or from either
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"hora íOV roil'tary or naval service, under the heads of their respective departments, of those-

"Ач У> knowledge, and opportunity unite in recommending for the service.
the » S-UOn as *'le arranaenient3 of the army in its new positions permit, I hope again to have
and л ГТ1^еа upon the work of such of the staff and line officers as can be suitably employed»

0 «uj be spared from their regular duties."

-1 hat is his application of the law — such his desife to have officers of hfr
™У and navy seeking for more than he is able to obtain.

„ 'he Senator has referred to an article in the plan of organization of the Coast
ljvey of 1843, which requires that chiefs of parties detailed from the army
Ч navy should not be relieved from the work without notice to the depart-
ent having charge of it, and this, he says, puts the entire army and navy

the l^e Secretary of the Treasury. The Senator surely must be aware that
„Ve Secretary of the Treasury has no power to detail an officer of the army or

У for the survey, but that is done by the head of their respective depart-
ents. Nor can jt follow, as a legitimate construction of the article, that the
Pertinent having charge of the work could refuse to allow an officer of the

, "ly or navy to be withdrawn by the head of the department to which he be-
US but only that notice shall be given, that the Secretary may not be em-

.ed by the withdrawal of the chief of a party, without an opportunity
ing been given to supply his place and to provide for the prosecution of the
ticular work of which he may have had charge. Still more strange is the

r^ruction. which would place the "entire"; army and navy under the control
'he Secretary of the Treasury, from the employment of a portion of it in the

Survey of the coast. *' L У »
.lhe investigations involved in the Coast Survey are of the most abstruse

C'ence, requiring computations of the highest order of mathematics and
JÏ yj*ics, such for example as the problem indicated by La Place in the Chamber

-Deputies in 1817, and which has received its first solution, for the pride of
merican science be it remembered, by the present Superintendent of the

j °*st Survey. To determine the curvature of the earth, its exterior form, by the
^flection of the plumb line, indicating the 'internal structure "of the earth.

"is knowledge is essential to the exact determination of latitude, and therefore
°upled most usefully and directly with the establishment of stations and with

e accuracy of the survey. If there be officers of the navy, then, competent
'his high reach of science j and, therefore, to superintend a geodetic sur-

еУ> why do we not employ them to teach in the naval school ? Why do
e employ civil-professors to teach midshipmen the elements of science? That

eerns to me far more professional than to undertake a work where the observa-
ons are astronomical or terrestrial — and the computations are for trigonome-

r*cal or topographical surveys, which can have no connexion with their pro-
eS

not know now far tne navy complain of not having their full share of
ork. You will always .find persons in the navy, as in other pursuits of

Ще> complaining of their lot as compared .with that of their neighbors. Many
^e no doubt anxious to go to the Mediterranean— ашаош to go to the Pacific,
an« to take command of mail steamers. Two of them have left the Coaat Sur-
^еУ for this purpose very recently. All desire the most eligible positions, and
put very few in any vocation are ever content. My acquaintance is very lim-
ted with officers of the navy. My conclusions are derived from the few,
ut are very decided that in this, as on more memorable occasions, they are

of u^ to co'°Perate w'tn tne arjny and share with them the good and evil.' One
1 them. — at this time an assistant in the Coast Survey — who is an honor to his

Profession, and who, if there be an officer in the navy competent to take charge
' *t, is,' I doubt not, the very one — always commends in the highest
errns the present organization of the Coast Survey. \He takes every pro-

Per occasion to place in bold relief the successful labors of the Superintendent,
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лпа would most deeply regret to see him driven from his position, even for
;the benefit of an officer of the navy.

I am anxious, Mr. President,, to pass over these points as rapidly as possible;
j but I cannot neglect the statement which has been made of the existence
j of a bureau of ordnance and hydrography in connexion with the surveys

Great Britain. The surveys made by the ordnance corps of Great Britain
correspond very nearly to those made by our topographical corps. Their
•ordnance surveys are like our topographical surveys. Their hydrographi
cal bureau is for hydrographical surveys; and by not having the two con-
Jiected, it follows that the ordnance corps establish their stations, make
their topographical survey, and then the hydrographical party must establish
their stations also, upon which their hydrographical survey is based. The
stations being independent one of the other, each must take independent ob-
servations, which perhaps never correspond, and produce disagreeing maps

•of the same localities. I The Senator says we have a bureau of ordnance and
" .hydrograpliy,"b'ut it is for very different purposes from those which he seems

to attribute to it. It is to supply naval ordance and munitions, to keep and is-
sue nautical charts and instruments for vessels of war.

I have referred already to the expenditure of the ordnance survey of Great
Britain; I will refer very briefly to their hydrographical surveys. I find for
1846, coupled with the hydrographical surveys, there are reported eighteen
vessels, and these vessels of large tonnage—a large number of officers on
boar|l—a great many of them steamers—making the total tonnage upwards
of 6,276. On the coast of England they have nine vessels, amounting to
3,201 tons, with sixty officers.

Vessels.
1. Beacon,
2. Blazer,
3. Bonetta,
4. Columbia,
5i\ Dasher,
•6. Firefly,
.7. Fly,
8. .Herald,
9. Lucifer,

10. Pandora,
11. Philomel,
12. Plover,
13. Porcupine,
14. Janaran;:,
15. Shearwater,
16. Sparrow,
17. Tartarus,
18. Thunder,

Tons.
378
527
319
361
260

485
500
387
319
360

382
500
343
160
523
472

Síoíioní.
Mediterranean,
Harwich,
Mediterranean,
North America,
Portsmouth
Irish Channel,
East Indies,
Pacific,
Coast of Ireland,
Devonport,
S. E. coast of America,
East Indies,
River Thames,
East Indies,
Coast of Scotland,
Coast of Scotland,
Cuast of Ireland,
North America & West Indies

Officers.
12
7
6
6
7
7

12
10
7
5
8
5
6

12
6
5

10
, 8

(steam)

(steam)

(steam)

(steam)
<

(steam)

(steam^)

(steam)

1

2
3

4
5

6

7
8
9

6,276 139
On coast of England, Э vessels, numbering 3,2-10 tons, and with 60 officers.
On coast of United States, 8 vessels, numbering 1,732 tons, with 49 officers.

This is the great establishment upon which their surveys rest, extending far
beyond their own coast, at an expense such as is always to be found wherever
the work is turned over to a corps or a profession not dependent for either its
.reputation or support upon the achievement of the work.

In relation to the amount which -has been stated of the expenditure made by
the navy for the benefit of the survey, I have taken the trouble to collect some

• f acte': I find that the Secretary of the Navy, in reply to an inquiry grow-
ino- out of the call of the Senate as to the expenditure made from the navy
for'the benefit of the Coast Survey, stated it to be $192,000 since 1844. This
•does not include 'the pay of the officers of the navy, which they would be en-
titled to if on leave of absence, but the difference between the leave of absence
-and sea pay, as the only amount which can properly be chargeable to the Coast
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Ve ^fit be supposed that they would not be on leave, but waiting orders, the
t would be less. The case therefore presents it in a most unfavorable form.

th find that the vessels employed were four schooners belonging to the navy;
e rest either belong to the Coast Survey, or have been turned over from the

6nU
mar'ne- The whole charge, therefore, which can be represented as

, 4nseen contribution from the Navy to the Coast Survey, is the use of four
"ooners. It will be recollected, Mr. President, that for the revenue service
6 built some steam vessels, and they were found wholly un suited to the ser-

trjCe' anc* aiter 4'ie most exPensive> fruitless experiments, they have been
, foed over to the coast survey; and running at low rates of speed, they have

?ft found to answer a very good purpose. .
ar>i °Геа* expense of these steamers, their inapplicability to revenue purposes,
ЗД the expensive repairs constantly required, rendered it desirable tculhe
easury trj get rid of them. In the Coast Survey they require few repairs;
e Consumption of fuel is very small, and a saving by transferring these

essels from the revenue marine, and substituting sailing vessels, as stated by
j aptain Alexander V. Fraser,-will be from three to four hundred thousand dol-
crs- So that the treasury has lost nothing by transferring these vessels to the

°ast Survey.
* he Senator from Missouri (Mr. BENTON) used a table. (I do not know

of^ye it was obtained.) It makes an exhibit of the annual expense to the navy
'he hydrographical department of the Coast Survey, and of- the number of

J^sels employed therein by Professor Bache. In this table, it appears, there
pe two hundred and nine thousand dollars annual expense to be charged to the

o^st Survey, which was drawn from the navy. Now, sir, I do not find that the
ssels here stated are used in the hydrography of the Coast Survey. It does not

Ppear that some of them have ever been there. The officers, stated to be
k aety-four in number, are actually forty-nine. The "Jefferson" has never
p e& used in the Coast Survey; the " Gallatin " has been transferred from the
jj°ast Survey to the revenue service temporarily in exchange for the " Ewing."
fGVeral/ of l'ie vessels> viz-j the Phcenix, Wave, Vanderbilt, and Walker?
L.,er^es] are employed by the triangulation and topographical parties, and are
fu ï atl(^ manned exclusively at the cost of the Coast Survey. The cost of
j. " and oil and contingencies, is paid from the Coast Survey appropriation.,
t .ls not too much to say of this table that not one of the ten columns which it con-

1118 is correct. .Its erroneous character will appear from the following tables:

• of the vessels used in the hydrography of the Coast Survey in 1848.

Names.

_^_
£ьь....
gallatin...
Stilus
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Error 50 per cent.
There are errors in the table in the number of vessels and the number of

officers employed, making an expense of $209,000 for one year, when, by the
report of the Secretary of the Navy, it appears ï that in five years it was
$192,000—that is, in five years it was less than the amount stated here for
one; or, if you include the whole pay of the officers of the navy, it will be
$335,000 for five years, as shown by the auditor's statement to the Secretary
of the Navy. Thus it will be about $67,000, instead of $209,000, per annum.
At any event, the error is very great.
Official statement of the Foulli Aiditor, shewing the amount of difference between the sea-service pay

and leave-of-absence pay of Die officers of the navy engaged in the Coast Survey, from January 1,.
1844, to Dece-nber 31, 1848, the value of their rations, the pay of the crews of the vessels employed
on the said service, and the value of their rations for the same period.

Sea service pay of officers subsequent to January 1, 1844 $207,584 25
Estimated leave pay for the same period 142,757 16

Difference $64,827 09

Rations of officers for the same period
Pay of crews
Rations of crews : 33Í886 00

$64,827 09
11,998 60
81,953 00

.Total (five years). $192,664 69

Note of entire pay estimated at highest rate, or sea-service pay, (five years) $207,584 25
Rations.. 11,998 60
Pay of crews 81,953 00
Rations of crews 33,886 00

'. . $335,431 85

Connected with British hydrography, " in the 'four quarters of the globe,"
instead of ten, there appear to have been, in 1846, eighteen vessels, at an ex-
pense of £178,000. The question asked by the committee of the -House of •
Commons of the chief hydrographer was in relation to his assistants in the'bu-
reau, who had no more to do with the surveying than the clerks in any other
bureau. The surveys are made by naval officers, and the number of officers



Si
13

employed is not indicated at all by the amount of money expended, which is
TJ, m(^ above their navy pay.

1847 f°4°wing 's a table of the expenditures for hydrography from 1837 to

--„ Hydrography of Great Britain and Colonies. .
1837-'38 ............ . ............ i ...................... / ........... .£68,517
«38--39 ................................................ ? ........... 59202
1839-40 ............................................................ 58,862
1840-'41 ............................................................ 52,517
841-42 .............. : ............................................. 91,832
842-43 ............................... . ............................ 142,235

1843-44 ...................... ..................... ................. 134,126
1844-45 ............................................................ 126,583
Í845-M6 .................................... . ....................... a78,782
1846-47 ............................................. .............. ; 123,678

In the last two years an amount equal to the whole Coast Survey appropria-
lon) and in ten years five millions of dollars. This is besides her arctic and

Antarctic expeditions; and besides her trigonometrical survey, which, from
ltjll to 1847, cost £1,500,000.
, The amount of expenditures for pay of officers and men employed in the
hydrography of the Coast Survey, and which I have stated above, is to be
Iound in the reply of the Secretary of the Navy to the Secretary of the Trea-
sury. — a document which I am sorry is not printed and in the hands of every
Senator.

salary of the Superintendent has been referred to; and the whole an-
swer to that is, that no salary has ever been fixed by law. It is a temporary
?mPfoyment. The annual compensation originally made to Mr. Hassler has

eea continued to me present day. When he resumed hia work in 1832, there
ere about four years — perhaps five — when the amount of $1,500 claimed

Or. superintendence of Coast Survey and Weights and measures was not
Paid him. In 1836, however, the terms of the appropriation bill referring
0 the Superintendent were used, and considered as covering the back pay,

ail(i the back pay of $1,500 per annum .was given to him. His compensa-
,l°n to the close of his life was $6,000 per annum. The same rate has
een continued, dollar for dollar, to the present Superintendent. There,

ras been no change in the compensation. The duty has changed only by
^rease of the time in the field. He still retains, under the same organi-

Zation, the same amount of compensation. It can be varied by the President
, any time. As this might cause the present Superintendent to leave the em-

.J£°yment of Government, it would be a serious evil, and in which the country
:*°uld lose far more than the Superintendent. In justice I should state, that

e. researches on hydrometers for the revenue, and on sugars, have been su-
perintended gratuitously.

•"Ut the next position taken was, that these observations concerning latitude
and longitude were invading the proper duties of the National Observatory.
• ?w, Mr. President, two observatories since the establishment of the telegraph .

w'res may determine difference of longitude with great accuracy. But, how
a fixed observatory is to determine the latitude of other places, I am wholly at
a bss to imagine. The observatory can fix the stars; but, unless it is made
Jocornotive, put upon wheels and carried over the country, it can have no
power to determine the latitude and longitude of places. But this observatory
*s to be made the receptacle of the Coast Survey, instead of transferring it
10 the Coast Survey — the minor to the major part. * * * * ' *

And is it reasonable, sir, that this observatory take charge of the determination
• °V t"e latitude and longitude, of stations on the coast, those observations upon

which all primary triangulations of the Coast Survey must necessarily reat?
bnall they wait until this observatory cango over the country and determine the
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latitude for them? The Coast Survey has employed observatories, ás. far as
available, to make astronomical observations for stations: thus it could be;done
better than in temporary buildings, and at one-fifth the cost—that is, for about
$200 a year; whereas it would cost about $1,000 to erect temporary observa-
tories and proyide observers. It is economy, then, to use. these observatories;
and when the law prohibited the construction and maintenance of an observa-
tory by the Coast Survey, I can not conceive that it prohibited the use of ob-
servatories, so far as it contributed to the objects and economy of the work.

It was to avoid, I suppose, connecting the Government with thé establish
ment of such an institution, and its maintenance, that the prohibition was
made. When, sir, observatories are erected and maintained, and offer faci-
lities for observation, surely it could not have been designed to forbid their use
for temporary purposes. If it was astronomical observations which were to be
excluded, why then, sir, authorize the appointment of an astronomer? If as-
tronomical observations are to bç made, surely they should be made under all
the circumstances which give the greatest accuracy. Nor is it material, so far
as accurate determinations of longitude are concerned, whether this observa-
tory be upon the coast or far in the interior; all that is required is, that the line
of'a magnetic telegraph should pass through it, and the observatory at Cincin-
nati is as available for determining the longitude of New Orleans, Charleston,
New York, Boston, or Portland, as a similar establishment at either of those
stations of the coast.

The advantages, Mr. President, of a mixed organization for conducting the
Coast Survey are fully shown by the working of the present system. The
army and navy are brought together by a harmonizing link, a head not sup-
posed to be prejudiced in favor of either the one or the other. The Superin-
tendent wf the whole lays down the plan, presses his land survey in advance
of his hydrographical survey; and while the hydrographical survey, by observ-
ing points upon the coast, will test the accuracy and emulate the land parties,
there can be no rivalry other than a generous one; there can be no jealousy
between the two arms of the survey, no conflict of rank between the assist-
ants and the savant who has charge of it, and binds the whole together by the
fraternizing bands of science. The results are seen in the good feelings which
have existed in the operations of this work, so far as I have learned, justifying
fully the wisdom of the plan which was adopted by that Secretary of the Trea-
sury who took the deepest interest in this matter, and who was the best quali-
fied, probably, since Mr. Gallatin, to perfect the organization of the work. I
now refer to the plan of 1843, and the regulations of the Hon. John C. Spen-
cer. From that time to this it has continued. It is carried on now exactly
under the organization of the original establishment, as modified by the regu-
lations of 1843 and 1844; the Superintendent operating more constantly in
the field, being about three-quarters of the year in open air, living in tents and
schooners, making his observations, measuring his angles, measuring with still
more wonderful accuracy -the bases upon which these observations rest. It
was fortunate, sir, that this work, when it lost its founder, was transferred to
its present Superintendent—a man who, to the severest early training in sci-
ence, combined simplicity, purity of character, and strict utilitarian princi-
ples, which he has always brought to those subj'ects intimately connected with
the work. Ne wandering after vague problems, no seeking idle reputation by
the discussion of questions which, however abstruse, were unconnected with
the purposes before him; always intent upon the object—a survey of the
coast—and to execute it according to the spirit of the law. He has brought
his' topography nearer to the coast, extending no further than the first high
land or road, so as' to limit it to the most narrow compass which would answer
every purpose of navigation and coast defence.
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Defence is certainly very intimately connected with the purpose of coast
survey. Had Long Island been surveyed, and had we possessed a map of it

uring the revolutionary war, the difficulties which General Sullivan encountered
would never have occurred. His letters to General Washington state that he
was ignorant of the country. That want of knowledge of the country caused
one road, which he did not know, to be left open. The enemy, informed of
it, turned his position, made a feint in front, a real attack in rear, and defeat
followed. The disaster which befel the army was the result of the want of
a topographical map of the island.

And again, sir, to refer to the same period and locality. Had the bay of
•New York been known as well then as now, Count d'Estaing would have
Passed with his vessels of war into the harbor, and would have found the
^itish without the power of effective resistance. Want of knowledge of that
channel by the pilots sent to the French fleet, induced their commander -to/
abandon, as a hopeless object, an entrance where there was really sufficient
Jitter for the draught of his vessels. These are two great facts, and present
l«eir own application.

Now, sir, as the most minute accuracy is required in topographical maps to
'j*rve for military operations, anything which improves their exactness or legi-
rjhty is important. I saw, in the office of the Coast Survey two maps of
pw London and its vicinity—one of 1840, the other of 1847. In the first,
*o streams emptying into different bays had been considered one, and the

otucer who should have landed upon the coast and projected his operations by
ne first map would have fallen into a fatal error; and if in presence of an ad-
е*8агУ better informed than himself, must have been defeated.

Nothing, sir, could have been a greater error than to suppose that the pre-
*ent Superintendent of the Coast Survey would prefer to be a bureau officer;
oe is a man of science, a practical astronomer—delights in the days and nights
Passed in the field of observation. If an attempt was made to reduce him to
4le condition of a mere bureau officer, he would assuredly resist it.
..Shall it be objected, sir, to this Coast Survey that it has attained the-
fl4jhest scientific character, at home and abroad? That is with me a great
Cjpject of pride and of gratitude. Nor, sir, has there been one scientific

Sc°very, so far as I have been informed, upon the Coast Survey, which has
•tot had direct and almost immediate application to the work. The bars for
Measuring bases give a good illustration of this. It was found that the best
compensating baçs which existed were liable to unequal expansion by heat

Uring change of temperature. The compensating bars are of brass and iron,
Hd these two metals have unequal capacities for heat and unequal conducting

Ppwers. In the base apparatus, made by the present Superintendent, under
1Я orders, the bars are so proportioned in mass as to heat in equal times, th&

faces being covered by a varnish so as to render the absorption at the sur-
;e the same, or nearly so.
ï former base bars, when the temperature was rising or falling, it was found

one would absorb heat more rapidly than another, and thus produce a varia-
~oninthe length; whereas it should be constantly the same at all temperatures.
*o the present Superintendent of the Coast Survey, it is due to say, that he has
brought this problem to a complete solution. He has, by changing the mass of
°ue or the other metal, in a certain proportion, obtained ax;onstant expression of
ength, with the exception of a small residual error; and he has even corrected

j^at minute residual error, which had been shown by experiment still to exist,
•T, t«e use of different pigments, so as to increase the absorptive power of one

in l meta^'c surfaces. The equilibrium is now so perfect, that in a base six miles
• . ength the maximum variation has been found from experiment to be so small

«action that 1 fear to state it—I believe it is less than five-tenths of an inch.
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He has also introduced another great improvement, namely, the process of
•electrotype multiplication of plates for the printing of the charts witb-
•out wearing out the original engraved plate. It is a most beautiful application
•of an invention which only men of science could ever have understood, and
still less have improved to actual use.

ï The remark-has been criticised, though I think it was well said by one of
the most distinguished assistants of the Coast Survey, that it has its mission of
science; and happily has this mission been connected with useful purposes in
this survey. When sounding for deep channels and samples of bottom, the
earth was found to be filled with organisms; and when naturalists observed
.that different organisms were found in the different depths of the sea, as dif-
ferent animals at different heights of(the land, one would hardly have seen how
immediately this was to be connected with navigation; and yet it has been so
far followed out, as to give good reason to believe that we shall find families to
be classed below as above the great level of the earth; and that, finally, a hy-

. drographic chart may be constructed which shall give us, by the nature of the
organisms, a new mode of determining the longitude of the vessel as she ap-
proaches the coast. The latitude is always most easfly determined Ъу a ves-

- sel at sea; and if the longitude can be ascertained, the position is exactly
known. If this can be learned, therefore, from the appearance of the bottomj
by the aid of the lead, a great portion of the danger in approaching the coast is
obviated. But the captain is relieved from the apprehension of any errors
when he sees the whole line of coast before him, as presented in its bold to-
pographical character, so as never to be mistaken.

By constant soundings of the sea, charts of the bottom so accurate may be
made as to enable the vessel, when she approaches the shore, by the lead, to in-
spect the ground over which she sails, as by the glass to examine the appear-
ance of the coast. These elements, added to observations for the latitude, de-
termine the position without the possibility of a doubt as to the shore she is
upon, what coast she is approaching, what channel she is in.

It is always a high astronomical problem to discuss the tides, and currents
dependent upon the tides. This problem is now in the progress of a solution,
which will throw new light upon this subject, and give an additional advan-
tage to commerce which could not have been otherwise derived.

In a particular part of the main ship channel in the harbor of Boston, for ex-
ample, this singular phenomenon is presented—that there is but one quarter of the

ï ebb tide in which the current sets out of the harbor. In all others the current
. runs in, ebb or flow. So that a vessel passing out to sea on the ebb would, on

reaching this part of the harbor, find the current adverse. These are facts
which, though of great value to the mariner, it requires careful and well-direct-
ed observations to explore. The whole system of observations on tides and

- currents in the Coast Survey has been greatly improved, and the mode of dis-
cussing the observations brought to considerable perfection.

Then, too, sir, systematic observations have been made upon that great pheno-
- menon of our continent the Gulf stream. It is somewhat remarkable that Doctor
Franklin, about the year 1760, first observed the change, of temperature in that
Gulf stream, and indicated its application to useful purposes of navigation ; and
that it now falls upon his descendant, and one worthy to be a descendant of him
•whose common sense taught him the most difficult lessons of philosophy, and
placed him in advance of the age in which he lived ; whose science was of that
daring kind which brought Jove's bolts from his charged battery, anp! held them
by a silken string ; so useful, that it lives on the cottage roof and in the parlor
fire-place; so permanent, that his name is known where wisdom is honored and
virtue respected—somewhat strange that this problem, first marked out by him,
should descend, for its solution, to the present Superintendent of thé Coast
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urvey, the great grandson of the original discoverer, and that the most exten-
e observations should have been made by a brother of the Superintendent, a

puant sailor, who, devoted to the honor of his profession and the duty in which
e wasengaged, lost his life in the exploration of the character of this phenome-
on> and lei't behind him labors which have not yet been properly appreciated.

Dr u? 'S anotner element by which to determine the longitude of vessels ap-
r Aching our coast — the temperature of the water. When the line which sepa-
, les the cold water near the coast from the hot -water of the Gulf stream, shall

ave been accurately laid down, the approximate longitude will be known by
Г1 observation of tne thermometer. This requires careful and repeated obser-
v

atlon to fix the limits of change of temperature by season and in different
years. The high temperature of this ocean stream, and its ceaseless flow, ren-

e* !ts position of primary importance to the navigator near our Atlantic coast.
* must not, Mr. President, dwell upon the great number of discoveries of

nannels, sunken rocks, shoals, and bars, every one of which may, in a single
. °ur, save to the commerce of the country more than the whole Coast Survey

a» cost from its commencement. Many of these shoals, if accurately laid
;yn in previous nautical charts, would have saved the wreck of vessels ; by

U]ch, from the mere duties upon the goods wrecked, we lose more than
have been sufficient to furnish a complete survey of the portion of the

jtet where these disasters occured.
ha • maPs are 'n rapid progress of publication. The present Superintendent

8 issued twenty-one distinct maps, and a large number of copies have been
ï ' uited and distributed, a number of preliminary sketches have been prepared,
A ,S1Ve the earliest information to the public, to show a channel or harbor use-

to navigation and beneficial to commerce, or a shoal or rock to be avoided.
„ . °w, Mr. President, after this long term of years, and when this minute ex-
of i*a^on °^ tne coast has been extended continuously from thp southern limits
of 7raine to the northern limits of Virginia; when the work is going on in seven
ha- г.П'пе secti°ns into which the coast has been divided; when five bases
All e .en measured, and the work is progressing in every State but one on фе
jj .a"tic and Gulf of Mexico; when we of the extreme South, who have contri-
th e • ° ''s suPPort, are about to derive some advantage from it, what justice is
v

 ere HI abandoning it, and going back to the exploded scheme of a nautical sur-
t

 v».which has once failed to furnish such maps and charts of the Coast as we
.4 -в ? I have the evidence before me from insurance companies, chambers

thpC°minerce> scient^0 associations, all bearing the highest commendation to
jot,

ltl°de in which it is now conducted. (See appendix.) It has been submitted
sir т °^osest scrutiny of scientific men, and has obtained their approval. Then,
to \b ask' can we a°andon a work bearing such useful fruits, fruits so honorable
j, c°mmerce of the country, at a time when its abandonment would ope-
i e so unequally to different portions of the Union, and resort to that which has

еец tried, fully tried, and
^ °f 'ts own destruction f

which has been found to contain the inherent ele-

•""• DAVIS, of Mississippi. A question has been asked which I feel dis-
\nf tc? answer before the adjournment—the question whether the navy is,
is tu*' incompetent to conduct the hydrographical survey. The answer to this

j that they do conduct it, and nobody else- conducts it but the navy. The
to tb °^ ^e Porti°n °^ ^e wofk which is professional to the navy is confided
land m'- ^e оп1У difference between our survey and that referred to, of Eng-

' ar|ses from the fact that the navy conducts our hydrographical survey in
eclion with the trigonometrical surveys. Of course, instead of being corn-

to make their own observations, and to fix their own stations upon which
2 r
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to base their hydrographical observations, they derive 'their points and shgre;
line from the land parties; this is the economy of our organization. Surely it
is.no discredit to the navy to suppose that those who are trained to topographi-
cal labor upon the shore would execute it better than those whose lives arß
spent upon the waters, and whose profession is upon the water. The work
upon the land.is not appropriate to them; it is not their own element; and I
•cannot believe that any proud sailor of the American navy would wish toi rival
•an officer of the army in topographical survey, or to rival the savant in the.
computation of astronomical phenomena, or in the making of astronomical ob-
servations. It is not his profession. His pride is in his profession. His glory
is to be gained there, and the laurels which now crown the navy, and endear it
ta every American heart, have been gathered at sea in the face of the enemy-
Hydrographical surveys are usefully and properly executed by the navy in time'
<if peace. They constitute a school in which the American sailor is-instructed, and
prepared for the high contingencies of war. In referring to the work on land as the
raore appropriate duty of the army officer, I make no invidious comparison be-
tween the naval and the army officer. I make no reflection upon the talents-
of the officers of the navy. This is not the work of talent. It is the work of
training, of preparation, of close study, of extended science—such as the-offi-
ce» of the navy cannot acquire at sea; and if his early life were to be devoted
toisuch studies on shore, his nautical experience must necessarily be very lim-
ited—his character as a sailor sunk in exact proportion as his character as a savant
rose. I should dislike very much to see any prejudice or jealousy excited in the-
navy; there is no necessity for it. Instead of reducing their professional pride,
I.desire-to exalt their ambition in those things which are entirely professional;
to them. I attempted, to-day, to point out new fields in which they may I)«-
•employed.

I did not certainly intend to cast any reproach upon Mr. Hassler. On
ike contrary, if J was not complimentary to him, I intended to be so. If
Ii did-not state as a reason for the difference in the progress of the work»
under the former and present Superintendent, the embarrassment to which he
•wag subjected, and the difficulty of organizing a new work under a new sys-
tem of which he was the founder, I failed of doing what I intended,- It
was.my intention to draw no invidious comparison. I was comparing—not apr
propriations—the Senator mistook me there—but expenditures; not the money
appropriated, but the money actually expended—dollars, years, and work. Mr.
Hassler organized this work. The present Superintendent took it as he found it.

I cannot allow this occasion to pass, sir, without again saying that I made'
no invidious comparison. In defending an organization which I.considered es-
sential to success in the Coast Survey,! compared, as I considered it my duty,
the expenditures, the time, and the labor. I attempted to show, that the work was
progressing'rapidly, and even went out of the appropriate line,of my argument
to guard against being misunderstood as disparaging the works of the former Su-
perintendent, to point out the disadvantages under which he labored.' It is to
me a matter of pride, sir, that the reflection once made that no American could
be found to take charge of the work, has proved so untrue. An American has
been found, who has not only been able to discharge the duties of his office,
who has. not;only been able to keep pace with science, but who has been fore-
most in some of the most difficult investigations, and has. attained'results-for
highly usefal application to the necessities of commerce and the perfection of.
thei.work' with which he is charged; often passing before, never falling,be-
hind,^the improvements of the age, he has elevated our- scientific reputation-
abroad, and is atihome justly the object of American pride.
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f feck of Hon. Jefferson Davis, of Mississippi, on the Coast Survey, delivered in

the Senate of the United States, February 19, 1849.

fit
õf a CôTTimitteé of the AMEHTCAN ACADEMY' OF ARTS AND SCIENCES of

and СатЫ-idge, on the United States Coast Survey, unanimously''
ed at a meeting held February 6/Л, 1849.

[Communicated by Dr. Asa Gray, Corresponding Secretary.]

.^ he committee of the American Academy of Arts and Sciences, to whom
ere referred the reports of the Superintendent of the United States 'CoastSur-

л У» and also the letter of the Superintendent requesting the opinion of the
^aemy thereupon, respectfully submit the following report:
*he present Superintendent of the Coast Survey of the United States war

j^'gnated in 1043, with extraordinary unanimity, as the proper successor of
<Tp\- sler' ЬУ tne science of the whole country. It was believed that mV
^at scientific capacities, nurtured at West Point, and grown to maturity un-
du • -lriost favorable opportunities for development in his own country and
aj '?£ his European travels, united with his admirable judgment and enlarged.
V;Q 'n'strative ability, were precisely adapted to the conduct of this national
Aft S° imPortant to commerce and navigation, and so interesting to science.
re

 Cr the lapse of five years from the date of his appointment, it is deemed
Па1?011аЫе to comply with Professor Bache's request to make a careful exami-
for °n °^ ^s laDors> and inquire if the high expectations which had been
sulf16^ have been realized; if there lias been so rich a harvest of valuable re-
, s as might have been anticipated; if the best methods of observation have
víith Un'f°rmly adopted; and if the survey has been conducted throughout.
Jiaf Pr°Per economy and despatch. Your committee have made this exami-
c • l°n to the best of their ability, and have thought it advisable to presenttheir
re' Usions in as simple and condensed a form as possible. The tone of the
Hut 's necessarily laudatory, for the committee are persuaded that the mi-

atl(* most conscientious scrutiny will find everything to approve and
to condemn.

" The methods and instruments of observation appear-to be. in all cases,
Inost convenient and accurate which are known; while, in some striking

es' ^еУ are _such as were not known or tried in geodetical operations
they were introduced upon this survey. It1 is, moreover, grateful to re-

Or: . at some of the most important of these improvements are of American
S1*1' The committee beg leave to refer to some examples. . • .

fournf aPParatus f°r measuring the base lines is so portable that six and three-
am miles are measured in ten working days, and so accurate that the whole,
•pi -?Unt of possible error in this distance would not exceed one-half an inch.
kef

ls beautiful apparatus, which is incomparably superior to any which has ever
9re been adopted, is in principle and combination the invention of the Su-

dent himself. It is a compensating system, and is in this respect
allied to the elegant arrangement invented and used by Mr. Borden in

\ У е / °f the State of Massachusetts, but the method of compensation ie
el amf original in an essential and characteristic feature.

cajj Method which has been finally adopted for the measurement, astronomi-
late^' ^ Differences of latitude, is that which was invented by Captain Talcott,.
'"sed'f ^6 ^orPs °f Engineers of our Army, and which had not before been
centi ?е?^?^с.а1 purp°ses- Д full description of this method has Been re-
of o v published in an unusually handsome form by the Topographical Bureau

e War Department, in a memoir written by Captain T. J. Lee, which con-
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tains some examples from the Coast Survey observations. From this puhjica~"
lion, it appears that the latitude is given, by a single night of observation, to '
the fraction of a second of arc, and that in four or five nights it can be deter--
mined with the minutest accuracy of which astronomical measurement is sus-
ceptible. The instrument employed is of simple construction, and of little'
cost, while its accuracy must render it available for some most delicate geodetic'
and geological- researches. It is not impossible that, in the hands of a skilful-
geologist, it may aid in determining the various densities of the crust of our
globe, and thereby serve as a divining rod for detecting its internal wealthy
and it niay thus give birth to a new species of practical astrology.

The use of Morse's magnetic telegraph for vthe determination of astronomical
differences of longitude was too obvious to escape early notice, but it was re-
served for the Coast Survey to ascertain its practicability as an exact method-
This has been done by a series of refined and careful observations made under
the direction of Mr. Sears C. Walker, from which it appears that differences of
longitude thus determined can be employed in the measurement of the earth
in a direction perpendicular to the meridian. This conclusion is of great im-
portance in reference to the survey of a coast, which deviates from the arc of
a meridian so much as that of the United States. The introduction of clock-
-work into the magnetic operations will undoubtedly contribute to their accu-
racy, although it remains to be seen which of the different plans which have
been devised will be the preferable one.

Professor Bache's method of employing the great theodolite in the primary
triangulation must command the admiration of experienced observers for its
conscientious accuracy, and its skilful and faithful determination of every cor-
rection and every source of error. His measured angles have rewarded his
patience and perseverance, by submitting to the usual tests with a uniform ex-
actness which has never been surpassed, and which proves that one-fifth of *
second of arc is the greatest error to which any one of his angles is liable-
This extraordinary accuracy is not attained at any sacrifice of time; but, on the'
contrary, the present Superintendent has completed the observations at each
station in much less time than was required oy his predecessor, because he ha*
rejected an unnecessary and injudicious rule in regard to the selection of days
of observation.

All the other portions of the field work, -,vhv 'лег of the recbnnoissance, of
the primary, secondary, or tertiary triangulation, or of the topography or hy-
drography, and also the office work, are distinguished for the same scrupulous
regard to accuracy and despatch. The observations, indeed, which are made'
in the field by one set of officers, are reduced and plotted by others in the office,
so that there can be no danger of any deception, and every thing must be as
good as it appears. The observations of the Superintendent himself are not e&~.
cepted from this ordeal.

The committee cannot pass from this head of their inquiry without express-;
«ing their commendation of the beautiful execution of the charts, and of the"
•wise liberality with which they are furnished to navigators at a trifling cost.
. 2. The survey has already embraced a very extensive portion of the coasV

and numerous ^discoveries have been made of the highest importance to'navi-
gation. "The field or office work of the survey has been carried into every
State on the Atlantic and Gulf of Mexico, except one." Every year result»'
have been obtained of a mercantile value incomparably superior to their cost»-
and which would be sufficient to pay, again and again, for the whole year's
•work. To say nothing of the many important discoveries of useful channels?
or of hidden and unknown dangers, m Long Island sound, in Buzzard's, Mass»'
«husotts, Chesapeake, and Mobile bays, who can estimate the value of
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th J 8 °!lailne.l* to New York harbor? Of the determination of the changes in

m!"n ship channel, which have been so gratefully acknowledged by the
er of Commerce of New York; or of Blake's new channel in Delaware

' Or of Davis's discoveries of the shoals in the vicinity of Nantucket, for
the insurance offices of Boston and New York have acknowledged their
•l°n; is not each of them separately worlh the whole amount which hás
expended upon the work? But leaving these remarkable discoveries to

c
 merchants and sailors, who are most competent to appreciate them, your

a ,
mmittee would draw the attention of the Academy to some other results, of
~Ss Practical, but no less scientific interest.

int ' j°m *ne variety of his scientific attainments, the attention of the Super-
„ endent has been readily drawn to all classes of observation which would

auce to the progress of science, and which could be made by himself or
Рг Ы kis P^ti63 without obstructing their other duties. Thus the abstruse
tio of the noure °f the earth will undoubtedly receive its'due considera-
titf w^en the primary triangulation is completed; and also the local varia-
*„ n? °f figure in connection with those differences of internal density, the de-

«on Of which ;s already to be enumerated as one of the scientific discoveries .
jch have been made upon the survey.
*ne intricate problem of the tides, also, which is still so defective, notwith-
7lng the labors of Laplace, Airy, Lubbock, and Whewell, will undoubtedly
,lve new development from the observations of the survey, and the laws of
tides upon the American coast will be ascertained.

exploration of the Gulf Stream, which was commenced by Lieutenant
and so indefatigably pursued, even to the sacrifice of his life, by the

'«Tine ^ George M. Bache, has led to results which are of profound scientific
g r°rtance; and the deep sea soundings, which have been examined by Prof.

ley> are also replete with interest to the naturalist.
•ty-.,' Your committee have few data for arriving at any definite conclusion
du t reSard to the extent of the economy with which the survey has been con-
>V v ' They are not, however, aware of any objection to the comparison vu.
•Q«: has been instituted by the Superintendent with the surveys of the Land
a

 Ce) and which is very favorable to the Coast Survey. There is certainly
a.i

 aP.Pearance of waste or extravagance in any respect; there are no excessive
Y,-aries, no idle attachés, nor any apparent disposition to pay too much for eer,-
hulf rendered. There seems, on the contrary, to be an anxious desire to
v, 8 and the appropriations of Congress, and to derive from them the largest

return °f valuable results. It is especially deserving of notice, that
uPerintendent has manifested the wisest and most unselfish economy in

for large appropriations, in order that he may press forward the work as
as possible to its final completion.

'Su ^n^usion, it is the deliberate opinion of the committee that the present
iperintendent of the United States Coast Survey has, by his able and judici-

... .s> hi« enereetic and economical, administration of this great national work,
ised it to the highest state of successful activity and deserved popularity, and
at he has thereby fulfilled the high expectations which were raised at his ap-

•p ,p°lntrnent. All of which is respectfully submitted by
^.Ktfc. BENJAMIN ГИЕЖСЕ, J. ï. BOWDITCH,

DANIEL TREADWELL, JOSEPH LOVERING.
•A-toERiCAN ACADEMY OF ARTS AND SCIENCES, •

Boston, Gth February, 1849.
arv ч committee was appointed at the quarterly meeting of Wednesday, Janu-

™ "1> 1848.
edney's and Blake's channels were discovered during the administration of Mr. Hassler. *
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Memorial of-the CABINE .SociETT of Boston, ip relation to,the Coast Survey--

To the honorable the Senate and ike House of Representatives of the United Sta№
in Congress assembled :

The undersigned respectfully represent, that they were appointed, on tke

6th instant, by the "Boston Marine Society," to act upon the following vote,
passed on the day named:

" Resolved, That this Society has heard with regret that an attempt has been made to imps''
the present useful and efficient organization of the Coast Survey, and that the committee charge*
with the matter relating to buoys and beacon on Nantucket Shoals be authorized to address
Congress, if deemed expedient, in the name of lhe Society, in order to prevent any action which

.may tend to injure the efficiency of the Coast Survey."

Wherefore, the undersigned pray that no change be made to curtail in any
way the plan as laid down and submitted to Congress by the Superintendent
of the Coast Survey in 1846; but that the appropriation be made from year to
year, so that the progress of the survey may be simultaneous in every section
of our coasts. (Signed) * R. SOULE, g

President Boston Marine Society.
R. B. FORBES,
W. A. WELLMAN,
THOS. B. CURTIS,

BOSTON, Feb. 15, 1849. • Committee.

Jfiemorial of the INSURANCE COMPANIES of BOSTON in relation to the Coast Survey-
To the.honorable Senate of the United States:

Having discovered that notice has been given in the Senate of the United
States of an intention to ask for the renewal of the law of 1818, concerning the

Coast Survey of the United States, by which the employment of citizens upon
the work was prohibited, and believing that the real effect of that law would
be now, as it was in 1818, to destroy the organization and arrest the progrès?
of this important work, the undersigned, representing the interest of the msil-
-ranee offices in Boston, beg leave to present to your honorable body the fol-
lowing memorial :

•The undersigned, being constantly concerned in the security of the navi-
•gation of our own shores, have watched with interest the condition and
progress of the Coast Survey, and being satisfied that every year it is rendering
very valuable service to the commerce of the country by its accurate charts,
and by its important discoveries, would earnestly pray against any movement

:by your honorable body that would cause an interruption to its useful .labors.
Your memorialists are satisfied that the present organization of the Coast

Survey, which embraces, in one combination, the most distinguished private
science and skill of the country, and the professional science, ability, and
zeal of the military and naval services, is better suited than any other to insure
•the prosperity of this great national work, to provide the best judgment in
directing its plans of operation, and the greatest skill and fidelity in their ex-
tension.

Your memorialists have witnessed, with great pleasure, the liberal support
that has been given to this work during the last four years, and believe that
there is no public undertaking more worthy of the .patronage of Congress than
this, which has for its objects to give facilities to trade, to enlarge the bounds
of useful knowledge, and to protect human life.

Your memorialists trust that this liberal support will not only be continued,
but also extended,-as far as may be consistent with economy and required by
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tb » ^ Progress, and do earnestly entreat your honorable body to tak e no- actiop •
- • ^iU impair the usefulness of this important branch of the public service.

J. INGERSOLL BÒWDITCH, Près. American In. Soc.
LEMUEL POPE, Près. Boston In'. Co.
C. -CUKTIS, Près. Neptune In. Co.
JOHN G. NAZRO, Près. Tremont In. Co.
SAMUEL QUINCY, Près. Hope In. Co.
SAMUEL W. SWEÍT, Près. National In. Co.
\NATH. MEEIAM, Près. Mercantile Marine In. Co.
ROBERT B. WILLIAMS, Près.. United States In. Co.
FRANCIS 'WELCH, Près, of the Franklin In. Co,
JOSEPH BALCH, Près, of Mer-chants' In. Co.
THOMAS 'LAMBJ Près, of Washington In, Co.
P. W. HAYWARD, Près, of Suffolk In. Co.
FRANCIS BACON, Près, of Boylstonln. Co.
JOS. H. ADAMS, Près, of JV. E. Mutual Marine In. Co.
JOHN CLARK, Près. Equitable Safety In. Co.

ъ JNO. L. DIMMOCK, Près. Warren In. Co.
'•BOSTON, Jan. 19,*1849.

вр°ьт of a Committee of the CHAMBER OF COMMERCE of NEW YORK on the
United States Coast Survey.

act for the survey of the coast passed in 1807, and several plans were
ted for-carrying out the law. The one proposed by F. R. Hassler, esq.>

ад had been engaged in a triangulation of Switzerland, viz., that by means
a series of triangles extending the whole length of our country, was ap-

.
., 'he difficulty of obtaining the necessary instruments and the standards foe

e treasures of length at that time, Mr. Hassler being obliged to visit Europe
°r the puipose, and the declaration of war during the period of his absence,

ií^^ted the actual field operations until 1815, and immediately after, in
18j a stop was put to the work by the passage of a law^ the purport of which

л a? *° employ none but officers of the army or navy on the work. This hasty
'.Station placed Mr. Hassler out of the work, and left it without a head; pud

wough the instruments were at hand, and moneys expended by the Govern-
_ 6nt in surveying our coast in several parts, yet nothing was done, during ;a
tm ^ °f fourteen years, that could be considered of. any use whatever, in cqn-
tj, {"0 the work itself, and very little knowledge was given to the world as to
-jft^hydrography oi our own shores by any of them. In fact, at the periqd pf
. i a *> when the act of 1818 was repealed, and Mr. Hassler again placed at the

^ad of the work, there was not on our whole coast six Ught:hpuses whose po-
rtion was known nearer than one minute of latitude, and the surveys !in pos-

,ession of the Government gave little orno information as to the position either
^ latitude or longitude. The hydrographical offices of other nations could not
°btain the position of any of them, and an official list, published even after this
Period, was worse than useless.

At the recommencement, the corps was organized under the Treasury De-
Partment; and at the period of Mr. Hauler's death, 1842, the work had been
3*rnded from the base on the south side of Long Island to the western part

Massachusetts, and into the eastern part of Maryland, but had not been
Spieled:; since which period, the work has been extended into and com-

.)(

eilce(i in every State on our sea-board with a degree of energy peculiar to
r country; so much so, that the progress now of the Coast Survey yearly
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surpasses that of any other country at any time, and stands in bold relief witb<"
any of our great undertakings.

The committee trust that no experiments in the way of reduced appropria"
tion or diminution will be made by Congress to put in jeopardy a work io
which the whole commercial world are interested; and that,' while Great
Britain is surveying the West Indies and her possessions to the north, and
throwing the knowledge broadcast to the world, we will not be behind hand-

Independent of the annual appropriation for the ordnance survey of Great
Britain', which includes the triangulation and topography, the expenditures ft"1

hydrographical purposes (exclusive of Arctic and Antarctic expenditures) were,
during the period of the years (from 1837 to 1847,) £1,036,334, upwards of
jive millions of dollars. A large part of this amount was expended at home»
while, as Rear Admiral F. Beaufort, hydrographer, states in his report, " on
an average of the last few years, the admiralty have employed on foreign sur-
veys 11 vessels and about 950 men; and that, however incumbent on this
country to take the lead in such efforts, still this amount of force, if properly
distributed and constantly employed, may be fairly considered as our full share
of that great duty which all maritime nations owe to the interests of navigation-".

While the first commercial nation is thus anxious to dasher share in extend-
ing hydrographical knowledge over the globe, we would ask of Congress such
liberal appropriations as will enable the department having charge of the work
to finish the survey of our own coast in a manner creditable to the present ad-

Ivanced state of science, and to extend it to our Pacific shores, so that "out
full share of the great duty" shall not be wanting.

(Signed) GEO. W. BLUNT,
M. H. GRINNELL.

RESOLUTIONS of ike CHAMBER OF COMMERCE of NEW YORK in relation to the
Coast Survey.

CHAMBER OF COMMERCE, JVew York, February Qth, 1849.
At a regular meeting of this Chamber, held to-day, the following resolution*

were presented and unanimously adopted, and ordered to be transmitted to the
Senate and House of Representatives :

Resolved, That, in the judgment of this Chamber, the continued prosecution
of the Coast Survey is due not only to the interests of our merchants, but as
an act of simple though tardy justice to the sea-faring classes of the United
States, whose energy, skill, and fearlessness, have made our flag known in
every part of the navigable globe.

Resolved, That it might be deemed a matter of just reproach, that the second
commercial nation of the world should consent to owe a large debt to other na-
tions for hydrographical knowledge, without making adequate efforts to repay the
debt in part, as the United States are now doing through the U. S. Coast Survey-

Resolved, That we ask of our Senators and Representatives in Congress by
their votes to keep up the appropriation necessary for this great and useful na-
tional work, conducted as it is wilh science, energy, and economy.

Extract from the minutes.
Attest: (Signed) JAMES G. KING, President.

(Signed) P. M. WETMORE, Secretary. ,

REPORT of a Committee of the AMERICAN PHILOSOPHICAL SOCIETY q/'PHiLADEt-
PHIA on the Coast Survey.

The committee to which was referred a letter from Prof. Bache, Superin-
tendent of the U. S. Coast Survey, asking the consideration by the society of
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the Clent*nc character and results, of the practical results, and the progress of
fer JJryey> and inviting any suggestions tending to improvement iit the dif-

In Piments of the work, respectfully submk the following report:
ness Jibing to these 'conclusions, they have necessarily assumed the correct-
3une • statements as to the progress and results of the survey made by the
aWg nntendent in his annual reports to Congress. The committee are not
thev >. апУ doubt has ever been expressed as to their correctness; and had
them П Questioned, it would have been impossible for the committee to verify
lot тлЯ, ^ke question for their examination appeared to them therefore to be,
vje nether these results have been attained, but whether, in a practical point of
the' ' .еУ Justify the yearly expenditure authorized by Congress, and whether
nj.1: s?lentific character is such as the, means at the disposal of the Govern\
Scj ..Justify us in expecting, and such as is likely to meet the approbation of

j. 4fic men in our own and in other countries.
sho\ î 11110* be a matter of surprise that the American Philosophical Society
Шем Undertake these inquiries, since, originally consulted by the Govern-

-}t ? as to the propriety of instituting such a survey and the manner in -which
the ^ ^е conducted, they have ever since, on all proper occasions, testified

Тк ln'efest in its efficient prosecution.
CQ

 Пе .object of such surveys as that which is now in progress along our sea
Point' ^ ^-determine with accuracy the position of every conspicuous fixed
aid f

witnm the limits of the survey. By which determination, and by the,
Ъ» conventional marks for different objects used in topographical draw-
the" ^i accurate representation may be made of the country surveyed, so that
^ou t *'ve position of any objects, their distance apart, the character of the
as t?

 ГУ between them, and their elevation above the level of the sea, as well
tur

 e position and figure of shoals, the depth of water upon them, and the na-
ti,j,of the bottom, the direction and force" of the currents, whether oceanic or
*OavV ^me °^ k'&h and low tide, with its rise and fall in our principal ports,

J be easily and precisely known.
"*hi ifre *s scarcely a branch of physical science (chemistry alone excepted) to
*иГы SUC^ a survey is not in the highest degree useful; but its practical re-
Co

 are those of the most prominent importance. It permits the sailor, who
an j ^ 'or the first time upon our coast, to recognise with accuracy his position,
s i ec*; with precision his vessel to its port. It warns him of the dangerous

8 which lie in his path, and indicates to him the existence and strength 'of
tern 6nk which may retard or assist his progress. And if he be surprised by a
°e rr,GSt wn'cn jeopards his safety, it guides him to a harbor of refuge where

У awa'1 more favorable weather. It enables the Government to select
the certainty the best situations both for works intended for the defence of
Se

 c°ast against hostile invasions, and for light-houses and buoys which are to
bes*

e as guides to our commerce; and, when extended inland, it indicates the
tabl riutes *°r internal communication, the obstacles to be overcome in its es-
. llshinent, and the resources which the country presents for its maintenance.

3 be truly said that a government owes such surveys as this to its citi-
g-

 ns> and since they inure in the highest degree to the benefit of all, and
ц ,Се the means of accomplishing them are possessed by the Government only,
. s one of the most important duties to have such surveys executed in the

°.st complete manner possible.
is d*1 °Ur svstem of finance the greater part of the revenue of the Government

erived from the duties paid by our commerce, and the demand that a small
sjj 'P? of the immense wealth, which is thus annually poured into the Treasury,
thos Л, a ^ew vears' Í36 expended in protecting the lives and property of

thus contributing, is so plainly just as to need no argument in its support.



53-
26

The actual receipts from customs in the Treasury^ for the fiscal year endjtyj
June 30Íh, 1848, was $31,757;070 95, and the estimated receipts for the neP
year $32,000,000. The appropriation asked by the Superintendent for the

Coast Survey, for the same year,'is $186,000,1-172 of the receipts, or 58 cent5

on the hundred dollars. Nor is the policy, in a financial point of view, le^s

evident. The committee haa found it impossible to get any definite inform^
tion as to the average amount of dutiable goods yearly wrecked upon our соа?,'>
but the actual duties paid in 1848,.by five packet ships, in the port of Phil9'
!delphia, was $243,942 15, or an average of $48,788 each. A loss of duties

equivalent to those paid by four such ships on our coast would amount to mPre

than the estimate for the expenses of the survey of 1849; the value of one

'such ship and cargo would probably have defrayed all the expenses of the

work for the two years 1847 and 1848. The loss of time by ships compelled»
for want of accurate charts, to await far from the shore the arrival of piloter
in place of running close into land where they may be at all times found, an"
the higher rates of insurance against dangers of which just enough is knoWP

[to render them formidable, but not enough to permit them to be avoided, mU?'
also be added in the calculations of the pecuniary advantage of such a survey}
while the continually recurring loss of life by shipwreck, and the immense

amount of human suffering caused by the detention of crowded passenger

ships off our coast, .especially in the winter season, forms an item 'of which fl"
estimate can be made in such a calculation.

If, then, our coast be peculiarly liable to such dangers as these, if it ^
dangerous in its character and comparatively .unknown, the duty of .the G°'
vernment to make and publish such charts as shall give every possible facility,
and safety to our commerce cannot be denied. That this is the character 0>
our coast is almost too well known to need assertion; but ifproof.be required)
we ha^e but to turn to the reports of the survey, for the last few years, t°
satisfy the most incredulous. Within that'time channels of vast importan^
to commerce, before altogether unknown or unused, have been discovered &
the harbor of New York and in the Delaware bay; and six unknown and da»'
gerous shoals have been discovered, within the last year, lying in the dire<^
track of the commerce between New York and Europe, as well as in the coast
trade between the former place and New England. Of the Delaware bay»
until the recent publication of the maps of the Coast Survey, there was o°
chart upon which reliance could be placed. Some of the most dangeroU8

shoals were placed from three to seven miles in error. The light-house »'
Bombay Hook, a neighborhood at one time noted for the number of vessel*
grounded there, was five miles out of place; and the mouth of the bay, be-
tween Cape May and Henlopen, was represented from 16 to 18 miles, wheP
the survey shows it to be but eleven and a half. Yet, over this unknown an"
dangerous ground passed yearly, according to a report made to the Govern-
ment, about the year 1837, by Major Bache, of the Topographical Engineer??
an insurable interest, created by the coal trade alone, amounting to $22,000,
per annum, estimating the vessels in ballast coming after it, and the value "I
the vessel and cargo carrying it to the various ports at which it is wanted-
Many of these vessels, however, instead of ballast, bring to Philadelphia cai'
'goes of plaster, fish, lumber, salt, &c., the value of which is of course not io'
eluded in the above estimates; and it is well known that few of these vessel3

employ a pilot. To such an extent has this coast trade increased, that, \vhue

in 1836 there cleared from Philadelphia 3,225 vessels, carrying 344,812 ton*!
the number of clearances in 1846 was 8,953, carrying 1,065,228 tons. Alon?
fhe southern part of our country the coast 'is of course still less accurately
known, since it does not lie in -the track of the extended trade passing over tbe
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'.which we have alluded to above. These few facts -will be sufficient to-
da * pressing necessity which exists that a coast so Kttle known a.nd of so

gerous a character, fr.om its exposure and the number of its shoals^ should
» as soon as possible, accurately and thoroughly explored,

-is Q er to accomplish a work of such extent with the requisite precision, it
eJ"epessary to make available to its purposes all the refinements which math-

•ein i*uS a рЬув'са1 science have added to the art of measurement. The ori-
el al base lines, which form the starting points of the survey, require to be-
ЗД asured by apparatus of the most delicate nature, since any error сот-
ti)1 '-n l^'s earty Par* °f *ne w°rk will necessarily be multiplied throughout

e series of triangulations which rest upon them. The bases of verification
""e to be measured with the same degree of accuracy, as otherwise thery

not serve as a check upon the calculated results. Nor is less precision
3ary in the measurement of the angles of the primary*and secondary tri—

D Stations, which serve as checks upon each other, since the position of any
£ mt in the former is determined by each of those series. And again,,at

*ry important point the astronomical observations for latitude and longitude.
~^m contest the results of the geodetic operations. In this way, although ab-
4h t а?сигасУ can never be expected from human work, and especially from

«-Which requires so many observations and calculations for its elaboration^,
ï, *le Possible error is reduced to so small a quantity that it may be for аИ.
Y. rposes of commerce and internal improvement neglected. But to obtain
UL e*e results the whole resources of science are requisite; and it is necessary
•Vn, to whom such a survey is entrusted should have a thorough familiarity
' U» what has heretofore been done in this regard by other nations, and should
r. ssess besides that degree of talent and profound science which will enable
. Í11 t° judge of the results of the eminent men who have preceded him, to

«ct what is worthy of imitation in their processes, and improve on that
Wf^b is defective. . -

When, however, a survey of this kind is conducted with the requisite, degree
.Precision, its results become incalculably useful, not only in a pecuniary

en * °f v'ew to the government and citizens, but to the advancement of sci-
4L°e' and through it of civilization and the general welfare of mankind; and
., efe are in many branches of science problems, not yet definitively solved, to

e correc(. elucidation of which the observations of the Coast Survey will be-
4 ^available. Hence the cause of science, not less than that of self-interest
n- 'lufnanity, is involved in the proper conduct of such a survey; and by its
r oiriotion, while we improve our commerce and relieve our seamen froitra.
ch °n °^ ^ dangers to which they are exposed, we shall raise our national

»racter arid justify our position among the great nations of the earth.
«now we attempt to compare our Coast Survey with similar works executed
road, we shall find iust cause of pride in the manner in which it has been

c°4ducted. '
The regulation introduced by the present Superintendent, by which the field

°rk at first computed by the party making it is* afterwards subjected to a sec-
•?ba calculation by others not connected with them, is such as to prevent the
.ntr°duction of accidental errors, and to remove altogether the possibility of
arnpering with the observations. It therefore allows implicit confidence to be

P^ced in the work.
f he measurement of the more recen'ly selected bases has been made by a

evv apparatus, contrived by the Superintendent for the purpose, (the descrip-

18 Society, vol.. iv, p. 368,) in which the arrangements for the,support of
6 bars, compensation for temperature, accuracy of contact, and delicacy of
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adjustment, are such as in the opinion of the committee to leave nothing to be
desired; while the apparatus is so simple, and so easily manipulated, as to al'
low of a rapidity of work-which, it is believed, has never before been obtained'
The measurements by this instrument are of course verified by the most severe
.and improved methods, and the agreements of the various measurements, some
of which were made under circumstances peculiarly unfavorable, shows a de-
gree of accuracy which has certainly never been surpassed.

The application of the electro-magnetic telegraph to the determination of differ-
ence of longitude, and the invention of a clock by which the time is accurate^
.registered without the intervention of any assistant, at stations at any distance
apart, allows the correct difference of time between two places to be deter-
mined within a very small fraction of a second, and will give the means of
getting the differences of longitude between the principal cities with a degree
of accuracy which,, had only been obtained at the principal observatories of
Europe after many years of continued observations and comparison.

\Improvements upon the,astronomical apparatus used, and careful experimen
tal observations upon the relative efficiency of different forms of instruments
and different modes of observing, have led to great accuracy in the observa-
tions for the determination of latitudes, so that the places of the smaller stars»
•as given in the catalogues, cannot now be sufficiently precise for the work, and
the positions of the stars used have to be determined by direct observalions.
The arrangements for having the maps, after reduction, engraved in the office
of the survey, under the immediate inspection of an assistant, and then, after
two separate verifications, submitted to the Superintendent before publication,
is calculated to maintain the accuracy of the field work upon the maps issued,
as far as that is possible.

The charts issued from the office bear the marks of the great care which has
been bestowed upon them, and as specimens of topographic art are not exceed-
ed by any which the committee have seen.

The same attention to insure accuracy is especially visible through the whole
plan of organization and the details of the work. The committee cannot but
repeat that, in their opinion, our Coast Survey will in this respect bear com-
parison with the best geodetic measurements of Europe.

As to the efficiency and rapidity of progress of the work, it is not possible to
make a minute comparison, since in no other work of the kind is there any an-
лиа! report from which its progress may be judged of, nor indeed was there in
the Coast Survey until this feature was introduced by the present Superintend-
ent. Nor can any statement of the number of square miles accomplished in
any year give a fair standard of comparison between two surveys in different
countries. The nature of the ground, the climate, and many other causes, op-
erate too strongly to retard or facilitate works of this kind; so that any parallel
founded upon them cannot but be fallacious. The ordnance survey of Great
Britain, commenced in 1791, has been continued from that time, and is, we
believe, not yet finished. Our own survey was actually commenced by the
late Mr. Hassler in 1817; discontinued from that time until 1832, when it was
recommenced; and has been prosecuted continuously to the present time. The
•triangulations now extend in a connected series from Maine to Virginia; and
have been commenced in North and South Carolina, Alabama, Mississippi»
Louisiana, and Texas. Since the work has been in charge of the present Su-
perintendent, (that is, since 1844,) an area of 19,309 square miles has been tri-
angulated; the topographical surveys with the plane table have covered 2,756
square miles, and embraced an extent of shore line of 4,055 miles. The hy-
drography has covered an area of 15,086 square miles; of which 11,000 were
principally off-shore or deep-sea work.. 21 sheets of maps and charts have been
published.
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be . P'an adopted by the present Superintendent, by which the survey has
adv Simultaneously started at different points of the coast, presents striking
g vantages m m°re than one point of view. It extends the benefits of the
f ^У more speedily to all parts of the country, reduces the time necessary
ren c°raPlet*on °f the work, and, as the Superintendent has shown in his
.Ports, diminishes the total expenditure necessary for it. The minute divi-
; a of labor, and the specific instructions from the Superintendent to the va-
eus parties as to their duties, are well calculated to promote activity and in-

ti
 ea£e th£ efficiency of the work — an end which will also be greatly assisted by

аы ^^Ые and friendly rivalry which evidently exists between the civilians
апЛ officers of the army and navy engaged'tm the work. In fact, so much

8цсЬ. excellent work could not have been accomplished within so short a.
J0^) except by extraordinary energy on the part of the Superintendent, 'se-
anj ^У the cordial and zealous co-operation of all those under his charge;.
jp1 the annual reports of the Survey indicate an amount of scientific talent and
^owledge, as well as energy and enterprise among the numerous assistants,

*£fh is highly honorable to our country. •
« *• he expense of conducting such a survey as this must necessarily be great,
„ °ugh by no means so in reference to the advantages obtained from it. From
"Je year 1844 to 184S, (the period during which it has been in charge of the
jj esent Superintendent,) the appropriations to the survey have amounted in
e?

e aggregate to $622,000; and if we add to this the estimate for 1849, we
QaJl nave a gross amount Of $818,000 as the cost of the survey for six years-
's hue that the expenditure has been every year increasing, but it is equally

j. 'hat such increase has expedited the operations of the survey in a still
1'с§лег ratio, and has thus actually diminished its final cost. Thus, while in
8>1пл ̂ e cost °^ fifteen parties (with Jess field work in all the departments) was
*lQn ^' *n '^ thirty effective parties have been kept in action for
*.tdO,000; "that is, an additional expense of 30 per cent, has doubled the effi-
Пп,

П(;У of the survey. In fact, so economical has been its management that,
th ^standing the far more elaborate work and the much greater precision,.
th6 exPense of the survey is- shown scarcely to exceed that of the survey of
«Л Public lands executed for the Government. For the reasons before, stated,.
fa others which will easily suggest themselves, it can. scarcely be deemed

r to attempt a comparison of the topographical map of Great Britain, yet such
e

 0!ílparison may perhaps serve to defend the U. States well from a charge of
jjj^agance. The_cost ofthe ordnance survey of Great Britain, from 1812 ta
A»" > is stated by a writer in the London, Edinburgh, and Dublin Philosophical
cY

agazine, (April, 1848,) at £1,500,000, or about $7,500,000. A survey of the
jg9?°^ Dublin for municipal purposes was stated in Parliament to have cost
0> . «MOO, or $1,000,000; and it was at the same time stated that the surveys
£чп е С'*У °f London, under the Parochial Assessment act, had already cost

d°OjOOO, or $1,500,000, yet a new survey of this latter city is now in pro-
Siess. With these data before us, and an attentive study of the estimates of
i06 Superintendent, it is scarcely possible to doubt that the Coast Survey has

ee carried on with all possible economy consistent with its efficient prose-
.

« it be asked what results of a scientific or practical character has accrued,
„ are likely to accrue, from this vast work, a hasty glance at its progress will
^eish, an adequate answer. ' . •

j. Accurate charts have already been published of the Bay of New York, and
harK ware ^аУ' an<* aPProaches to the city of Philadelphiar ia, and of sirf other

bora; and of the former one map upon a large scale, occupying six sheets,
another in one sheet, has been issued. Of some of these harbors no m a s -
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of- a trustworthy chairactet were- before in existeriez; and ih; all of thern" 1^л
jx>rtánt corrections have bee'n made, new1 channels indicated, unknown shöaö
pointed out, and the increase or decrease of the old ones marked, the sounding*
and nature of the bottom carefully noted, and every information given whicb"
can be of service to -vessels desirous of entering. fí

The plan adopte'd by the1 present Superintendent for publishing the results" or
the-sufvey as fast as the maps cart be prepared, cannot be too highly approved.
There can be no -reason why, after the work on a certain part of the coast ha^
been finished and verified, those" who are benefited by its results should bV
kept waiting; until the whole of so vast a work'as this can: be completed. Why(
tHe main trade of our principal cities with Europe should continue subjecVtoj
the1 annual risk arising !from insufficient maps until the whole of the shored of
the Gulf of Mexico have been surveyed.

The value of the publication of these maps has been materially enhátíc'é3jv.
too,. by the liberal policy of the Government in allowing them to be sold at'
such 'a low price as:to put them within ^he reach of all wholow price as:to put them within ^he reach of all who may require
By this judicious course their introduction, in place of the insufficient and often
treacherous guides which they are to replace, will be much more rapid, and.
they themselves being more widely disseminated, will be far more useful.

ДпЫпег practical benefit 'of incalculable importance, which we already owe'
to';the efficient prosecution of the Coast Survey, is the discovery of dangè'roùtf;
and sunken rocks and shoals before unknown, yet lying directly in the path of
our principal trade. In addition to the discovery of a new channel into Né^
York Bay; having two feet more water than the old channel; of two new' and'
important channels into Delaware Bay, one of which; is open when the : old';
channels are choked up with ice, and is thus invaluable in the winter seasöfi to'
our coasting trade; and of another on the coast of the State of Mississippi, the^
Coast Survey: has already detected and published nine dangerous shoals in th'e
vicinity of Nantucket, and numerous rocks in Long Island sound and its vi-
cinity. If these were the only practical benefits to be derived from it, their'
would more than repay all its' expenditures. Obstructions of a similar char-
acter have been discovered in the Delaware and Chesapeake bays, and doubt-
less: many more will reward its labors upon the coast further southward'.

The information derived from the Coast Survey has been made useful inthë1 '
determination of the proper sites for light-houses along our coast, and in аи'
sisting the local surveys- which the authorities of the various seaboard town»'''
•desire to have made; and' when, in the progress' of civilization, the citizens 'of
ourdifierunt1 States shall1 feel the importance of followinglhe excellent example'
set them by Massachusetts, and ;of substituting true topographical maps of theit
territories lor the fancy sketches which now bear that name, the 'results of thtí'1

Coast Survey will be found of great utility to them in establishing their baier1

and verifying their work;
But, after -all, the 'great practical utility of the work will be found in the pub-'

lication of' cheap! and trustworthy maps, which, while1 they furnish Valuable in-
formation to all, will be instrumental in diminishing that fearful loss of live«1

and property which annually takes place along our extensive and exposed
coast.

When owe turn to inquire what'benefits to science have arisen j or are likely
tdiarise, from the Coast Survey under its present organization; their number'
and importance almost preclude an elaborate reply.

The first and" most prominent point of scientific, interest' upon; which its 'м-,
sults'wlll be brought to bear, will of course be the determination "of thé'léngrtr'
of a1 degree' of- latitude on -different parallels', and from'this of the figure of lK*n

«arth.-- A problem considered of such' importance that surveys, more coetff^
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Eut °f our coast is. likely to be, have more than; ouce- been undertaken by
. nations for the sole purpose of obtaining its' solution. And France,,. ,

scien V* honorable ze£J which has placed, her first in all matters of physical
«aith t Sent Parties of her ablest men to the most remote regions of the
**te 'ri'execu';e these measurements. As our survey when completed will

ад over about 20° of latitude, the opportunity of, controlling, the results of
** determinations will be most excellent, and most advantageous to-soie»cew

number of astronomical observations of different kinds, for the de-
rof'latitude and longitude, extending from Gal veston to the northern-

juj•P 0 lnt of. the coast of Maine, the experimental observations for the. deter;-,
ob's -^ °f:<-ne relative value of different instruments and different methods of'

erv»ng for the nice determination of celestial phenomena, and; the elaborate
lss»ons of the formulae for reduction and correction of errors,.by the able
n"--- whom the Superintendent has engaged in those labors,, must be of

î importance to practical astronomy, for which we as a nation af9
Cdy obtaining a high character.

a1d<k aPP1icati°n of the electric telegraph to the determination of longitude,
ром ''nvention'of the self-registering clock, are improvements the vast ira-

•j,?nc*'of which cannot be overlooked.
" {^'development of the laws which govern the distribution of sediments at

oottpm of the sea ar d along the coast, the microscopic examination of the
""" infusorite which live in them, and the establishment of safe data from

^У future elevation or depression of the land, however gradual in its,
3, may be detected, will be found as important'to the geologist as the

sivo"8 ^hicn we have just alluded to are to the astronomer; while the exteii-
aod delicate magnetic observations, the study of the tides and oceanic
"nts, cannot fail to furnish a vast bodjr of the most carefully determined
»capable of giving to the physical science of our country an impetus which
a'lever yet received; while the training, of our officers of the army and

'scientific observations, and, what is far more important, the education! ;
./^y of young: men in the strictest school of modern experimental science,

над 4.e:ratjked among the most important advantages either in a practical or •
jptvfic'point of view:; - '

*8 not to be expected that, confined to the examination of the reaults'of
^ork; as published, and without access to the official records, the committee

any suggestions'likely to lead to any practical improvement in-the-
c[J.f t> ~" ~^e workj it is evident from the results that the superintendence1 of-.
ha'';°

ache is very active in this respect, and the members of the, society/
ал^ 6en ^ono enough associated with him to know that nothing; in the wayiof-

"ement is ï likely to escape his notice or to meet his neglect. Your conl-
.however would respectfully call his attention to.the fact, that, if conais-

tiQ
 Wlth his duties and means, the' early publication of the original-observa-

vi *''asteonomical, magnetic,.hydrographical, and others, would bvoî vast ser-
C(,|f- !*be practical scienceiofthexountry, and.is anxiously : looked for by.itB>

|Va,^Qj.g^
tu, п'р^огтапсе of their duty, the committee have been'compelled to confine
tj,e?)Selves to .anindication merely of the most important conclusions to which'

'" laminations .have led them. To enlarge upon the points suggested caa-
R u~—essai-y in a report to a scientific society, and would have occur)

than their other pursuits would allow, or the society would-
disposal. But enough, they think, has been said to'warrant them la.

ag Mpon; the í approbation of the'society in their conclusions.
'at e survey of the coast' is a work] which from its importance to our citi:

ejjj'^commends;itself'in thostrongest manner to.the protection: of the- Got-
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That4he benefits of a scientific and practical character, which havç yalreáíj
been derived, and are constantly Vesulting from it, are such as to repay abund*
antly the labor and expense which hás been and may be hereafter demote»
to jt.

That it has heretofore been conducted accurately,'efficiently, and есопопИ"
cally, and that there is every reason to believe that it will best thrive by being*
left with its present organization. 1

And thaty as well from the magnitude of the undertaking as from the skile,>
and energy with which it has been conducted, it will prove honorable to thos
who first conceived it, and to those who have been engaged in its prosecution*

The American Philosophical Society therefore recommends to the Superi»'
tendent of the U. S. Coast Survey the publication, as speedily as shall be con"
sistent with the interests of the survey, of the observations upon which the"
published results are founded, and of all others made during its progress, a*'
well as the formulae for computation and reduction, and the discussion of the
correction of errors from the observed results.

And the committee respectfully ask to be discharged.
R. M. PATTERSON,
JOHN F. FRAZER,
E. OTIS KENDALL,
J. K. KANE.

Survey of the Coast of ihe United States.
The Committee on Science and the Arts, constituted by the Franklin Institute

of the State of Pennsylvania for the Promotion of the Mechanic Arts, tq
whom was referred for examination and report the subject of " The Progress
of the Survey of the Coast of the United States," report—
That the Survey of the Coast of the United States is one of those great nft"*

tional duties which our Government owes to its own citizens and to the world
at large. In the present advanced condition of civilization and enlarged corn~
mercê, it would be a matter of great surprise should we find so important fr
duty overlooked entirely, or prosecuted with such unwillingness as to cause'
it to fail in its practical benefits to sorietv.

The duty of a Government coflstitutr a ike our own, whose care of the com*1

merce of the country is exclusive of a . interference from the States, and eX"'
tends over a greater sea, bay, and river border than that of any other in the
world, is, perhaps, more imperative upon this point, than that of the govern-
ments of countries of more limited space in these particulars.

The importance of such knowledge as an accurate measurement and delinea'
tion of the coast would give was early felt by the people and authorities ofr

the Union, and the plan for such a survey, to be prosecuted with the best •
lights that physical science then afforded, was adopted by President Jeflerson •
in the year 1807, and the appointment of the late Mr. Hassler to the office of
Superintendent was made by him.

Owing to the difficulties in which the country became involved about that
time, from the disturbed condition of Europe, and to the subsequent war which
took place between the United States and Great Britain, Mr. Hassler was un^:

able to procure the necessary instruments for the work, or to undertake its '
prosecution until the year 1817. Shortly afterwards the law under which Ъ&-\
had been appointed was modified, so as to exclude civilians from official posi-'
tions on the survey; and it was not until the year 1832 that .Mr; Hassler, иИ'
der a re-appointment, commenced his labors in actual service.

From that time until his death, which occurred in the year 1843, he wasen.r

gaged in prosecuting the work in the northern part of the United States, and-'
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erabraced portions of the States of Delaware, Pennsylvania,,
' New YorkJ Connecticut*. -Rhode-Island,-. and Massachusetts... ; ,, . ,:

mati the actual labors in. the field: were great, and much valuable, infor-
P u h V u Was co^ectea> i* was not deemed expedient by the late :Superiotendent to. ,
cha! ь tlle Prelimmary results,, to any great extent, in the. form., of ;п»ар$*.,аи.4

iatf
n 1844, Prof. Alexander Dallas Bache was appointed to the-òffice pf Sup#rr

add nt' made; vacant by the decease of Mr. Hassler, and r he, immediately (
n. ressed himself, first, to' .the proper measures foreclosing, upi: and yerifyingj'
n» '"î"** °f bis predecessor; and, second, to the publication of the ascertain^

S^t8 in a practical form. . . , ni.
av. ? credit, therefore, due to his predecessor having been fairly. a.nd .fujly

arded, Prof. Bache could 'safely complete the triangulations of. those рогДопд.
sb-í £ coast, and commence the publication of the maps and: preliminary
Iffr tnus rendering the work immediately', available. While this has been (
tA0*86 with.the work as.it stood in 1844, new base lines have been .me&surei;
in

ll?e north and south' of Mr. Hassler's work, and. the survey is now ,progressr
цА'п eighteen States on the eastern coast, and a party organized. for the pre_-,
tk lnary examination of the western coast; When the, committee states that:
jjj^e labors cover the whole .of the coast line of the Atlantic and Gulf of
oiii-*100' ^^ tne'r- tributaries, and are intended to extend over the whole of ;
rj coast line on 'the Pacific ocean, with its immense but.little known tributa^,
gr

s.' s<*me icíea may be formed of. the scope and value of such a survey., . Iti;
in tt? ^resses us in its practical character as a commercial nation — the second
abn Wor'd, whose foreign commerce in imports and exports amounts to
^^',$300,000,000 annually; and whose domestic or coasting trade is
184.^^ equal to as many millions yearly; In the year terminating. June 30,
tj, > 14,229 vessels, of an aggregate tonnage of 3,321,705 tons, arrived in
3 o7^

orto of 'the United States, and 14,370 vessels, of an aggregate tonnage of;
SS tons, cleared from the same. < The tonnage employed in, the coaeWi,

' Was 2,839,045 tons, and some of these coasters make ; ten or twelvie
annum. The number of emigrant passengers that arrived from foreigU!
Wils пеаг^У 240,000, and the officers and mariners engaged in-.oucv

e commerce amount probably -to 100,000 souls. ; .- . , •>•
can scarcely conceive of the perils to which such a .mass .., of property: •

|s subject in approa'ching our extensive and dangerous coast; and,"'.al-
-light-houses and buoys, have been erected to mark its most hazardous-
''there :are others, hidden beneath the waters that wash: our shores,. pern;

Dually perilous, which can only be ascertained, and become: generally.
n, by accurate soundings and charts. . . , ' •• -..i;'. •:

Vet Pendently of 'the ordinary results of the operations .of the Coast Sur-
Rr/' I8'^ven 'n the annual i reports, 'and preliminary sketches and maps, tjreo
L,a ''natural approaches, before'unkhown, have been discpvered, tmd verified1

•siieh f orm -as to mark theni distinctly for use by the mariner ; we refer-here.
A ^edney's channel in the harbor of New York, and to. Blake's channel in,

"
ar *' equal merit, but not yet so distinctly, made available for practical purposes>.
a, *he; newly discovered shoals off Nantutket, the examinations of Chesapeake

Я Mobile bays, and some of the dangerous parts of the coast of North Carolina.
jĵ 'J1* investigations of the width and direction of the current of {he Giilf
•bê 11' that .great physical wonder, its temperature and: depth, л»Ш no doubt-
tide aS Breat practical, as it is of '.scientific, interest. The phenomena .of the.

8i and of the currents of the oceans and rivers which, wash and; water, our
3
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'territories, the nature and changes of the bottom, .both in the shallow an<>?
deep places, are highly curious and practical. , •

ííor ought we to overlook, in such a summary, the accurate delineation of
the topography of the country bordering the shores. On every side, and every
wheïe, the survey applies the scale of truth and science to the crude and irfl"
perfect locations and measurements of former times, and presents us with'
perfect, or nearly perfect, work. .

Entrances to harbors and bays have been found to vary from the received'
proportions by miles—light-houses and dangerous points in the navigation have
had their locations corrected, and the confiding mariner made safe in his ap-
proaches.

It is only necessary for any one who doubts these great results to procure
the most approved of the old charts and jnaps, and compare them with the;

work of the Coast Survey. The members of the Institute may readily do this»
by an examination of the new chart of Delaware river and bay ; they will rise
satisfied, from such an examination, that every attention has been given to se-
cure accurate results ; and it will be apparent to them how valuable simile^
works must be to their fellow-citizens in other parts of the Union. But it i9

unnecessary for us to confine ourselves to the commerce of the nation in ao '
enumeration of the practical benefits of the Coast Survey. The work that ЪзЗ
been wrought out with so much care and accuracy, to fix prominent points
along the coast, may ,be equally relied1 on by the State and municipal authori-.'•
ties, for locator more extended measurements, by the triangulation*of the are»S:

of cities, counties, and States. , . ;

As land becomes valuable, and the conflicts forits possession increase in nuffl- •
ber, lhe importance of authenticated measurements, made independently of any
such considerations, will be more and more obvious ; and it will doubtless soon
become the policy of each State, if not of the subordinate parts of it, to compare
the boundary lines of public and private locations, as they now imperfectly or
arbitrarily exist, with great triangulations of the national wúrk; and correct'
them with, and mark their relation to, these measurements, by the application
of the same methods that are now used in them. By such a system, not only5

would private liligation on the subject of boundaries be much diminished, but
accurate maps would be produced, and take the place of those imperfect an4<
deceitful .sketches now in use. •

Of the scientific methods used in the labors of the Coast Survey it will be:
sufficient for us-, perhaps, to «ay, that they embrace all that is now known»
either in this country or in, Europe ; and that, in the establishment of new {of
mute, or in the application of old ones, those entrusted with the work maintain
a high position. ,

Our limits will not permit us to institute comparisons between the rapidity
and:correctness with which our work is going on, and those of similar character
that are now making by other nations. The testimony of Col. Everest, who те»
cently visited this country, and who was charged with the superintendence of the
great survey of India, emphatically marks it as equal to any with which he i|
familiar. And we know, by an examination of the history of the published
results abroad, that the survey of the coast of the United States is more rapidly
prosecuted" than any other national work, and its results placed in'the possesr
sion of the public with more promptness. . •

In point of economy, although from its nature large amounts of money must
be annually, expended, it can scarcely be said to exceed the price of our ordin»'
ry surveys of the public lands, while its results are much more to be relied ou>!

'This economy is, in a great measure, due to its peculiar organization ; while

it embraces army and navy officers of the medium grades, and uses their pecu-
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^.Professional skill and knowledge, it.relies more largely on the employment
^civilians, and thus blends into harmonious action those who can best contri-
°ute to its great objects. The Superintendent is- of course a civilian, and such
s|tould be the case from the very nature of his duties. They are varied, com-
Pjehensive, and require peculiar habits of thought and action, that are rarely
Attained in the camp or on board the ship. The chief of the survey cannot,
^bout great hazard, be'rendered subject to the contigencies which affect the
the military and naval service, because the 'great value of his labors depends
unnn ,*^e soun(jness and extent of first preparations, and .the gradual but steady

in of the details marked out by previous study. The computations,
observations, and measurements, the engravings and other artística!

,
ua»ne

connected with the subject^ must, to a great extent, be the work1 of» .ci-
j' ans J and while the head should be able to command the respect and confi-

encfe of military and naval officers of the country, he ought also to be -possess-
a of that practical knowledge of scientific and mechanical pursuits, 'that' will

g able him personally to direct and control the minutest details. In ithese re-
Pects we consider the work most happily organized, and tending to the 'best
«suits. The arrangements by which the services of, the different individuals
^Ployed are adjusted, the proper distribution of labor among them, and the

• Avisions of the corps into effective working bodies, are 'all' well adapted 'to
8L

CUre harmony and efficiency. The success of these arrangements is well
i n u n '? tlle Polished results, and if the finished maps be considered merely
aw ^&h* °£ mechanical productions, they will reflect high credit en .the
^ists ; but when they are examined- with reference to their scientific and
j optical value, the skill and talent bestowed upon them challenge the most

î£ate criticism- '
ihe committee has been struck with the perfection of the organization of the
a»ness of the survey. l
« has been arranged so as to meet the complicated responsibilities of a large
mber of individuals of different capacities, and laboring in different fields, -but

th 'ев'ц^ must be combined in order to perfect trie whole work. Each of
é'«?6- ^'^erent individuals is, in some sense, ä check upon the whole, and he

'her contributes to the correct result,- or is himself convicted of error.
• v *kis respect, the survey is a great даиопа! scientific school, in which .the
У01апК men from all parts of our extended country may actively participate in
g

s labors in the field, or, by means of its connexion with our colleges and other
«ools, become familiar with its methods of examination and computation,:and

-лЯ^раге them with those which claim the attention of the educational institu-
W ^ sc!ientific men of Europe. , '
*»е have already glanced at its economy, and, in connexion with what we are

°* considering, we would say that, independently of the у äst. practical' bene-
,. «{Which' are flowing from the work,: a natiomilike our own might welLafford
? 'contribute its quota to -the sum of 'human inquiry, by keeping a- portion of its

r'HZens, equal in number to -those now employed in the survey, engaged in the
.^veetjgat;on Qf tjje several branches of physical science that fall regularly within
ts. Duties. In these relations it connects us with the movements of general

Bc>ence throughout the civilized world, and will • enable the men of science of
u own land to vie with the philosophers of other nations in the value, and

of their investigations. Spread, as these investigations are, over many
. ^oca^ PreJudices retire befure the lights which they furnish, and every

w field that they reach will, in its turn, yield fruit :to the general harvest.-
"we direct our attention to the scientific character .of the Coast Suryey,

j.e °nd that it is making large contributions., to knowledge and the arts.
calls-to its aio :all the physical sdences, and applies them for the determina-
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tion of valuable'practical results. Thus; the higher mathematics used in
if eductions of the 'astronomical, magnetic, .and geodetic observations, give f
tnulte which 'may be applied to objects entirely distinct "from ,the
work.

The explorations of the depths and bottoms of our sea-coast,
:rivers, afford a large field for the more minute investigations of the'
the geologist, .and the observers >of all kinds who delight in the examination^0',
animal life in its various extended forms. The topography makes us famili81

with the: character of the surface, and the nature and extent of the cultivation
"o£;the soil.

The magnetic and meteorological observations will Ьесоще valuable in,the>r

(applications to the study of climate and general temperatures. The observe-
•lions'for latitude and longitude will designate with certainty the true position8

•of our cities, and other places of interest in a national point of view; and gi*e

greater'precision to our knowlege of the sphericity of the earth, and of !tb*
•relations of the meridional and equatorial arcs which are ï within the extended
•bounds of the «urvey. .

• It-has. given'xise to improved methods of observing angles and azimuthSi
•and: has furnished valuable formulae and tables for determining latitudes аи»
ilongitudes, by reference to its great bases. It has brought the aid of thé mag'
•netic telegraph, and magnetic and electric clocks, to practical use in the deter-
ïninatioirof the longitude of our cities and important inland points. New an1*
improved-apparatus has been constructed for ascertaining temperatures; f°T

constructing and dividing the delicate instruments used in the terrestrial aPd

astronomical measurements; for determining the meteorological, and magnet'^
states of the atmosphere; for discovering the true character of the sounding5'
:and for ̂ measuring the direction and velocities of tidal and oceanic currents-
The astronomical observations will embody a vast amount of information ofj
ithe subject of celestial-phenomena, and by their number and extent ten«
greatly to 'the verification of those results that have been obtained by the ter-
restrial measurements.* It is difficult, indeed, to determine where its valued"
ia strictly scientific sense, would terminate; because it explores every walk °'
known science, and is daily returning new discoveries for the aid-which-th8

•elder'ones.had'furnished t o i t . . ' . • • '
•( After a careful consideration of the whole subject embraced in the examina'
'tiòn of the Coast Survey, the committee would express the following concl""
«ions: ' ; . . • •

: First. That 'the Work is national in its character, ana ought to be continue"
by the Federal Government upon a scale commensurate with its practical ilP'
portance, and with the extent and variety of the objects which are benefitted
bytits results.

Second. That the'manner in which it is at present organized is economic»'!
'efficient, and scientific; giving its results with sufficient rapidity, at modera*6

;cost,<and upon correct scientific and practical principles. .
; ! Third. Thatiits labors ought to be (as they now are) divided among the citf'1»

»military, and1 naval talent of the country, in order to secure to each of th
departments that'.'knowledge of its processes and determinations which r
equally required by them all.

Fourth, That the benefits which the: nation has already obtained from it
fully justified its cost, and ï that those benefits ought now to be Continued- t
whole of testâtes of the ;Union, upon; as broad:and liberal a ̂ scale;as the ,
lernment'haa hitherto applied.
! By order of the Committee:

WILLIAM HAMILTON, Actuary-
Philadelphia, February St/i, 1849.
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by the iBiOARD jOF TRAD^..of PHILADELPHIA relative to the Coast

''•oa-M* jtate<i meeti°g of the Directors of.the 'Philadelphia Eoar.d of Trade, held
"tonn i°n Уч the 19th -of; February, 1849S the, .following, resolutions were unani-
-•OQsly Adopted:. > ö ' . . . ' . .

'•it'ôuéhi ' i?1*151 *e survey of the coast of the United Slates is a greal'National wprk,,and that
'**tion í"- Prosecuted upon broad and liberal principles; eo as to secure thç,most rapid..piib-
•^"jot.Jts results, and.extend its examinations over the greateetsurface.

\a|Uai>
4?"ii Tbat.as ,at present organised it is progressing Vapidly, economically, arid making

. ь^°'е publications, foj the use of the mariner, merchant, and underwriter,
^í-to i ' ^at ita present organization is that which is calculated, to produce the best jn*jiltB,
'̂ Tici to /1^а1 harmony and efficiency which are essential ;to success in .so complicated a

• 'iusn'l ï ' • - •
ite nj? > *hat we should view the abandonment of the Coast Survey, or any-limitation upon
tio í̂8?1?.1 extent and'plan, as a, public injury, and would deplore it, asa;fáilufeíin those Ifa-
:ijj^ , "gâtions which our country owes to the civilized World. ., .

*(Тм », ̂  That «he above resolutions be published, and copies transmitted to..O(ir ReprfisentA-
* « Washington.

BALTIMORE, January, 1&49:
seta 6'- ̂ e undersigned underwriters, merchants, owners, and masters of yes-
Of.ï 'Clt'zens of Baltimore, having had our. attention directed to the operations
' tQe. Coast Survey of the United :States, as conducted by Prof. Bache, hereby

ire to express our approbation of the work, and our opinion that it is to the
'st of. the public generally that.it should be continued. /
!_believe that'the various discoveries of new channels, new'shoals, and

' '^portant data upon which, correct sailing directions are founded, give
6'évidence of the zeal and .industry of .those engaged in the work, and

^riri'v10 ^ouht, prove of great importance in the safe navigation of our coast
«arbors.

A. J. SCHWARTZE,
Prest. oftherfmer. Mutual Ins. Co. of Ball.

SAM. T. THOMPSON,
Prest. of the Atlantic Mutual Ins.' Co. of Bait.

WM. GRAHAM,
Prest. Merchants* Mutual Ins. Co. of Bait.

EDWD. DIDIER,
Prest. of the Mutwl Marine, Ins. Co.

• ALEX. BROWN &. SONS, and.others,,
%'• • - ' • ' ' , " • • • - . . " • . •

CURIAL 'of the Faculty of ST. JOHN'S COLLEGE, MAHYÍANP, inrel<a$on.tp the
Í7. S. Coast Survey. '• . „ .! :

^ ' •• ; - JST. JOHN'S "ColLEGE, .Annapolis, Jan. luth, 11849.
Tu ^on- Senators of the United. States: .• . ' . ' • . ', ';

- t h e President and Professors of St. John's CpUege.haying. heard that dissát-
ijJ^iou-, exists in the minds of : some, as to the present condition and progress

the iGoaet 'Survey, .beg leave to express to your honorable body our perfect
ry. ^«ipe jn>'the,wisdom and, skill of the Superintendent, of that work, and in
:j)av

n
(deuty and success of the gentlemen employed under his direction. We

tior/i д <8ге^1У' please(í 'Witb the rapid advancement of this noble and n'a-
the v'^^ertaWng under the management of Prof. Bâche; and.wë.haye.dèrived
ĵ1ji|î|SÎIe.Bt) gratification from the accuracy wd b.eauly of the: maps and charts

•a have proceeded; from t^at office since it.was plaç.ed in his/keeping. This
Qgi.of.patriotic,pride we should deeply regret to, have.i^arred or cutnmished

адУ-change that may be contemplated in the method or direction of'these
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most responsible operations, which are doing so much to raise our country lp

the estimation of foreign nations, and contributing so materially to the s
and extension of commerce and national "wealth throughout the world.
believe it would be madness to arrest these delicate investigations in the
of men who are in every way fully competent to pursue them, or to embarra?3,
them by any temporary discussions which must call off the attention of the off'
cers in charge from their arduous duties. And we hope and pray that tb!f
work may be suffered to go on to its completion without any retardation—suet
as must necessarily arise from dragging it into the field of public debate. We

think that the world has never before seen so wide a field opened at once f°r

scientific explorations in astronomy and geodesy, as is now presented in ouf
conquests and acquisitions at the West, especially on the shores of the Pacing
seas. To interfere with the progress of this grand series of operations at sud1

a moment, when so vast a future is suddenly unfolded to the irrepressible ер'
ergies of our countrymen, could not fail to be highly injurious to our best 0*'
tional interests, and to diminish the glory that we have already won in addiflS
those .territories to the stewardship of the American people. We therefore
pray your honorable body not to entertain any proposition that is unfriendly ^
the uninterrupted prosecution of its present most able managers.

We have the honor to be, with the highest respect, your most ob't sev'ts,
HECTOR HUMPHREYS,

President and Prof, of Moral Science.
EDWARD SPARKS,

Prof, of Ancient Languages.
DAVID J. CAPRON,

Prof, of Math, and Civil Engineering-
CHARLES EDWD. ANTHON,

Prof, of Modern Languages.
WILLIAM H. THOMPSON,

Prof, of Grammar.

LETTER^OOT the Professors of the UNIVERSITY OF VIRGINIA relative to the "'
S. Coast Survey.

UNIVERSITY OF VIRGINIA, January, 1849-
GENTLEMEN: We learn with surprise and regret that a resolution has bee'

submitted to the United States Senate proposing to repeal the act authorizioi
the employment of civilians in the survey of the coast of the United States.

The immediate effect -of such a proposition, if adopted by Congress, would,
be to dispense with the services of the present distinguished Superintendent °J
the survey, and to discharge more than three fourths of the valuable corps
assistants now employed in the work, many of whom have devoted their t
and attention exclusively to it for several years.

In the execution of a survey, such as that now in progress under the
thority of the General Government, the requisite accuracy c.an be secured ÖO
by employing the most refined methods of geodesy, and- by a familiarity
all the collateral branches of science which exercise a direct influence o n ' t e
methods. To the Superintendent of such a work should belong not only t*1?
purely scientific qualifications required in the subordinate officers, but also tb*
administrative talent so necessary in directing'the labors of others, whose '<№"'
ties are to be discharged at points the most remote from each other.

The importance of concentrating upon this truly national work the most еФ'
inent talent, and the most varied scientific attainments which the country cß?
afford, would seem to render it inexpedient under any circumstances to lii*



the field irom which the selec.tion of its officers is to be made.
nth e general considerations apply, in our judgment, with peculiar force

emi e Posent instance, while the survey is under the direction of a gentleman
entiy fitted for the discharge of his arduous and responsible duties.

at

 e "e§5 therefore, respectfully, but earnestly, to express our convictions,
.апУ modifications of the existing law, in relation to the Coast Survey, re-

e appointment of officers from the military and naval services exclu-
M>] Wovî^ be attended with results prejudicial to the best interests of the

We have the honor to be, very respectfully, your obedient servants,
EDWARD H. COURTENAY,
GESSNER HARRISON,
M. SCHELL DE VERE,
R. E. ROGERS,
JOHN В. MINOR,
H. HOWARD,'
J. L. CABELL,

Tolí W. H. McGUFFEY.
•H°n. JAMES M. MASON, ) r, c 0 ,-R. M. T. m,™; \ u- s- Ые-

•t UNIVERSITY OF VIRGINIA, January 31, 1849.
C°nse1uence of my absence from the University, I was unable to unite

r°^ chagues in their memorial in behalf of the present organization of
ast Survey. I now beg to express my cordial concurrence m the views

u arguments presented in that communication. WM. B. ROGERS.

MOTIONS 'of the CHAMBER OF COMMERCE of CHARLESTON inrelation to the
Coast Survey* *

Peei? ^' Th3-*1 the Chamber of Commerce of Charleston have heard with
8цс}. gratification that the Coast Survey, which has produced benefits of
оц t, Magnitude to other sections of the Union, has at length been commenced
fe'ct • coast °f South Carolina, and in the harbor of Charleston, under the di-

011 *°f the present very efficient and scientific head of the Coast Survey,

, ^oftie^ That this chamber considers this survey as a work of more utility
ii /mportance to Charleston, and. the extensive country of which it js .and
j6 the outlet, than any work that the General Government has ever under-

lor it; and that we shall watch its progress and early completion with the
st interest.

c,,-0^^, That the examination of the harbor, and all its approaches; the
sfie jate ascertainment of the currents and channels; the volume, force, and
ifja " of the waters that flow and reflow through them; the exact locality and
<;0n^

eilce of the natural and artificial barriers, shores, and obstructions, which
ci< ^°1 or affect them, and which do, or may be so made as to bear upon the

ne ail(* outlets to the sea, so as to open or to deepen these highways of
ce to this city, will be of such valu&as to call upon this chamber to
*^е survey every aid and assistance in its power; for which purpose a

S committee of five members be appointed, to be at all times in communi-
ад,} 'П .^ith the officers engaged in such survey, and to extend to them any aid

j-intormation they may require within the ability of the chamber to extend.
аы **°™«f} That the surveys which have been made with so much scientific
fesso roiessional ability under the present able head of the Coast Survey, Pro-

r. -Bache, is a warrant that, if carried on and completed by him for our
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coast} nothing will be omitted to render the work as perfect as it is-capable-",-
being made. , ' ' .;

Resotaea, That the General Government, having already expended-one ai
half million of dollars in surveying and preparing accurate charts for the "{j
commercial ports of the north and its sea coast, and also for partial' surveys !

" examinations of the coasts of Texas, Louisiana, Mississippi, Florida, and A'8'1

baina, that those of Georgia and the Carolinas ought also to be completed; ao°
that to repeal the acts, of Congress authorizing this survey, before its beney"
have been extended to those who have not yßt had them, would not be just- '

• OFFICE OF THE MOBILE AND OHIO Ç^LROAD COMPANY,
• . -February 10, 1849-

At the annual meeting of the stockholders of this eompany there was alai'g6

assemblage of citizens and sojourners in our city, who joined mos^ cordially •"
the/esolutions I have the honor to enclose. I am requested to ask you tomak*
such use,of themj in Congress or the Departments, as wlU bring to notice tbe

high approbation by this community of the "Coast, Survey," especially as coi>T
ducted by its present chief, Professor Alexander Dallas Bache. It-'js to -t»'e

labors of this gentleman, and the officers under his direction, that we are ii>*
debtêd for the knowledge we have of the Mobile waters; thj>bay is not merelí,.
a capacious bay, but as the depth of the waters, and the-se'award movement'0

the bar are ascertained facts, it is conclusively established to be the best harb^
on,-the Gulf of Mexico. The late arrival and departure^jof .the British roy**
mail steamer Dee certifies these facts, to which we JtraveftTfled the certificat®
of the pilot, who took the ship out, that he_had ovej^weffly-four feet water o£
the most shallow points of the bar. // is ц Ьар^по mow; and.Cçngress ЯЩ
commerce will ere long find ahis port the best for the Government vessels, an"
for the arrival and departure of the largest class of "ships in. safety; .and whuc

in port the'harbor affords the. most complete protection against stornre from, anj,
point of the compass. Another 'reason for the favorable action 'of Congres|
may be found in the opening of our railroad, which brings us to the: granary °l
the world; for, whatever maybe the varied views of internal improvements? £
is'.ye't deemed legitimate to foster and protect the commerce of our country.

With great respect, your obedient servant, . ' .
SIDNEY SMITH, President.

To the Hon. WM. R.:'KiNG, of the Senate of the U. &
Hon. JOHN GAYLE, of the House ofRep&

OFFICE OF THE MOBILE AND OHIO RAILROAD COMPANY,
February 9, 1849.%

At a-meeting of the stockholders of this company, held in Mohile on Mond»*
the 5th instant,1 the following resolutions-, offered by S. Griffitts Fisherj'ed^j|
•We're unanimously adopted : 4 ' " ' : , t j

.ЯаоТчеа, That this meeting cprdially recommend to the favorable notice r'and action ofC<?|V-
gree? the continuation of an energetic and active prosecution of the .Coast Survey, as a tyorK?».''
the greatest utility to the various interests of the Union, and: calculated to reflect honor upon; *''
intelligence and'patriotism of this coupU-y. • • - , И, ' ! ! А:

Resolved, jThat the thanks of this Yneeting he tendered to Professor Bache,.and the °̂ \м
under his direction, for the zeal and success with which their duties have been performed in ч1^
bay and harbor of Mobile. • * • • ,i.



103

OF THE COAST OF THE UNITED STATES.

FROM THE JOURNAL OF THE FRANKLIN INSTITUTE.

e Committee on Science and the Arts, constituted by the Franklin Institute of the State

"ennsylvania, for the Promotion of the Mechanic Arts, to whom was referred for ex-
^unation and report the subject of " The Progress of the Survey of the Coast of the
Un'ted States,"

REPORT: —

Oh That the Survey of the Coast of the United States is
cit' hose great national duties which our government owes to its own
civ^r П8 -anc^ to tne world at large. In the present advanced condition of
sh ,Zati°n and enlarged commerce, it would be a matter of great surprise
Sür-Ц ^nc^ so imPor'ant a duty overlooked entirely, or prosecuted with

,5 unwillingness as to cause it to fail in its practical benefits to society.
Co», duty, of a government constituted like our own, whose care of the
and erce °^ tne country is exclusive of all interference from the States,
oth е^еп^8 over a greater sea, bay, and river border than that of any
of rtf 1П *^е world, is, perhaps, more imperative upon this point than that

be governments of countries of more limited space in these particulars.
Un • 1гпРог*апсе of such knowledge as an accurate measurement and de-
ц[Са'1°п of the coast would give, was early felt by the people and author-
tjj s,°f the Union, and the plan for such a survey, to be prosecuted with
dp * т* ^§>hts that physical science (hen afforded, was adopted by Presi-
t0 ï* Jefferson in the year 1807, and the appointment of the late Mr. Hassler

^e office of Superintendent, was made by him.
that- ̂ lne to the difficulties in which the country became involved about

time, from the disturbed condition of Europe, and to the subsequent
{j r ^hich took place between the United States and Great Britain, Mr.
UnH ^ as unahle t° procure the necessary instruments for the work, or to
UnH a^e *ts Prosecuti°n, until the year 1817. Shortly afterwards the law
fro er ^n'cn ne had been appointed was modified, so as to exclude civilians
tb 7\°^cial positions on the Survey; and it was not until the year 1832
8 .^r- Hassler, under a re-appointment, commenced his labors in actual

m that time until his death, which occurred in the year 1843, he was
a in prosecuting the work in the northern part of the United States,
s j f*' .his measurements embraced portions of the States of Delaware, Perm-

vania, New Jersey, New York, Connecticut, Rhode Island, and Mas-

inf "hough the actual labors in the field were great, and much valuable
• Ration was collected, it was/not deemed expedient by the late Super-

to Polish the preliminary results to any great extent, in the form
aps and charts.
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In 1844 Prof. Alexander Dallas Bache was appointed to the office o»

Superintendent, made vacant by the decease of Mr. Hassler, and he iiflDJ^
diately addressed himself, first, to the proper measures for closing up an"
verifying the work of his predecessor, and second, to the publication °'
the ascertained results in a practical form.

The credit, therefore, due to his predecessor, having been fairly and
fully awarded, Prof. Bache could safely complete the triangulations of those

portions of the coast, and commence the publication of the maps and p^6"
liminary sketches; thus rendering the work immediately available. \УЬ^е

this has been the case with the work as it stood in 1844, new base JineS

have been measured to the north and south of Mr. Hassler's work, and the
Survey is now progressing in eighteen States on the Eastern Coast, and a

party organized for the preliminary examination of the Western Coast.—
When the Committee states that these labors cover the whole of the côas*
line on the Atlantic and Gulf of Mexico, with their tributaries, and are in'
tended to extend over the whole of our coast line on the Pacific Ocean»,
with its immense but little known tributaries, some idea may be formed oj
the scope and value of such a survey. It first addresses us in its practical
character as a commercial nation—the second in the world, whose foreig"
commerce in imports and exports amounts to about $300,000,000 annually»
and whose domestic or coasting trade is probably equal to as many million8

yearly. In the year terminating June 30, 1847, 14,229 vessels, of aij
aggregate tonnage of 3,321,705 tons, arrived in the ports of the Unite''
States, and 14,370 vessels, of an aggregate tonnage of 3,378,993 tonSj
cleared from the same. The tonnage employed in the coasting trade was

2,839,045 tons, and some of these coasters make ten or twelve trips pei

annum. The number of emigrant passengers that arrived from foreign
countries was nearly 240,000, and the officers and mariners engaged i&
our maritime commerce amount probably to 100,000 souls.

We can scarcely conceive of the perils to which such a mass of property
and life is subject, in approaching our extensive and dangerous coast; and
although lighthouses and buoys have been erected, to mark its most hazard*
ous places, there are others, hidden beneath the waters that wash our shores»
perhaps equally perilous, which can only be ascertained, and become gene'
rally known, by accurate soundings and charts.

Independently of the ordinary results of the operations of the Coast Sur-
vey, as given in the annual reports, and preliminary sketches and maps,
two great natural approaches, before unknown, have been discovered, and
verified in such form as to mark them distinctly for use by the mariner;-'
we refer here to Gediiey's Channel, in the harbor of New York, and 1°
Blake's Channel, in Delaware Bay.

Of equal merit, but not yet so distinctly made available for practical
purposes, are the newly discovered shoals off Nantucket, the examinations
of Chesapeake and Mobile Bays, and some of the dangerous parts o
coast of North Carolina.

The investigations of the width and direction of the current of the
Stream, that great physical wonder, its temperature and depth, will
doubt be of as great practical, as it is of scientific, interest. The phenO'
mena of the tides, and of the currents of the oceans and rivers whic
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and
the ь °ur territories; the nature and changes of the bottom, both in

XT allow and deep places, are highly curious and practical,
of if?1" Ou8nt we to overlook, in such a summary, the accurate delineation
and toP°graphy of the country bordering the shores. On every side,
Cr ,every where, the Survey applies the scale of truth and science to the
Se

 e and imperfect locations and measurements of former times, and pre-
ps us with perfect, or nearly perfect, work.

Pm nirances to harbors and bays have been found to vary from the received
ha P°i.UOns by miles; lighthouses and dangerous points in the navigation,
in h' *^e'r l°cati°ns corrected; and the confiding manner made safe

j,l!? approaches.
c

 ls only necessary for any one who doubts these great results, to pro-
•̂ •f 'he most approved of the old charts and maps, and compare them
f .. the work of the Coast Survey. The members of the Institute may
Ba . ^° tn's' ЬУ an examination of the new chart of Delaware River and
tj0j[

;, they will rise satisfied, from such an examination, that every atten-
ihp keen g'lven to secure accurate results; and it will be apparent to
J>a í0' ^°w val l jable similar works must be to their fellow citizens in other
thp S °^ *ne Union. But it is unnecessary for us to confine ourselves to
the £?mmerce °f the nation, in an enumeration of the practical benefits of

^oast Survey. The work that has been wrought out with so much
fe)' )ЙП<^ accuracy, to fix prominent points along the coast, may be equally
r-, °n by the State and Municipal authorities, for local or more extended
Sta?SUretnents» ^У the triangulation of the areas of cities, counties, and

[ s land becomes valuable, and the conflicts for its possession increase
j ^ber, the importance of authenticated measurements, made indepen-
tyji, У of any such considerations, will be more and more obvious; and it
tiaf. Doubtless soon become the policy of each State, if not of the subordi-
ц parts of it, to compare the boundary lines of public and private loca-
]atl

 s> as they now imperfectly or arbitrarily exist, with the great triângu-
lo n?S °^tne national work; and correct them with, and mark their relation

> Qese measurements, by the application of the same methods that are
t)n rt,USec^ ш them. By such a system, not only would private litigation
u "e subject of boundaries be much diminished, but accurate maps would
j) Pr.°duced, and take the place of those imperfect and deceitful sketches

Of'" USe'
jj ' the scientific methods used in the labors of the Coast Survey, it will
ej,,Efficient for us, perhaps, to say, that they embrace all that is now known,
. 1er in this country or in Europe, and that, in the establishment of new

r^ulae, or in the application of old ones, those entrusted with the work
Qa»Hain a high position.
• ,:Ur limits will not permit us to institute comparisons between the ra-

[' ty and correctness with which our work is going on, and those of simi-
nA character that are now making by other nations. The testimony of
j, • Everest, who recently visited this country, and who -was charged with

Superintendence of the great survey of India, emphatically marks it-as
tin to апУ w^ which he is familiar. And we know, by an examina-
Co ° e kistory of the published results abroad, that the Survey of the

ast of the United States is more rapidly prosecuted than any other na-



tional work, and its results placed in the possession of the public with
promptness.

In point of economy, although from its nature large amounts of mort6)1,
must be annually expended, it can scarcely be said to exceed the price °'
our ordinary surveys of the public lands, while its results are much moli

to be relied on.
This economy is, in a great measure, due to its peculiar .organization'

while it embraces army and navy officers of the medium grades, and useS
their peculiar professional skill and knowledge, it relies more largely °n

the employment of civilians, and thus blends into harmonious action thoS^
who can best contribute to its great objects. The Superintendent is °}
course a civilian, and such should be the case from the very nature of №
duties. They are varied, comprehensive, and require peculiar habits °'
thought and action, that are rarely attained in the camp or on board the
ship. The chief of the Survey cannot, without great hazard, be rendered
subject to the contingencies which affect the military and naval service»
because the great value of his labors depends upon the soundness and ë*"
tent of first preparations, and the gradual but steady filling in of the detail8

marked out by previous study. The computations, drawings, observations»
and measurements; the engravings and other artistical work connected w№
the subject, must, to a great extent, be the work of civilians; and wh»e

the head should be able to command the respect and confidence of tbe

military and naval officers of the country, he ought also to be possessed °|
that practical knowledge of scientific and mechanical pursuits, that wi"'
enable him personally to direct and control the minutest details. In these

respects we consider the work most happily organized, and tending to the

best results. The arrangements by which the services of the different i"'
dividuals employed are adjusted, the proper distribution of labor атоп£
them, and the subdivisions of the corps into effective working bodies, ar"
all well adapted to secure harmony and efficiency. The success of thes^
arrangements is well shewn in the published results, and if the finishe"
maps be considered merely in the light of mechanical productions, they
will reflect high credit on the artists; but when they are examined wi'lj
reference to their scientific and practical value, the skill and talent bestowed
upon them challenge the most delicate criticism.

The Committee has been struck with the perfection of the organization
of the business of the Survey.

It has been arranged so as to meet the complicated responsibilities of a

large number of individuals of different capacities, and laboring in differed
fields, but whose results must be combined in order to perfect the \vhole

work. Each of these different individuals is, in some sense, a check up<"l
the whole, and he either contributes to the correct result, or is himse''
convicted of error.

In this respect, the Survey is a great national scientific school, in whicj*
the young men from all parts of our extended country may actively parti'
cipate in its labors in the field, or, by means of its connexion with oi>r

colleges and other schools, become familiar with its methods of examina'
tion and computation, and compare them with those which claim the atten'
tion of the educational institutions and scientific men of Europe.

We have already glanced at its economy, and ii connexion with vvha«



Prä considering, we would say that, independently of the vast
toi k enents which are flowing from the work, a nation like our own

gnt well afford to contribute its quota to <he sum of human inquiry, by
in n!"1^ a Port'on of its citizens, equal in number to those now employed
sical . Urvey> engaged in the investigation of the several branches of phy-
n science that fall regularly within its duties. In these relations it con-
tyo UUS w"k the movements of general science throughout the civilized
the k- an^ w'^ епаЫе the men of science of our own land to vie with
„ .Philosophers of other nations, in the value and extent of their investi-
l V°nS' Spread^as these investigations are, over many States, local pre-
thai°kS retire before the lights which they furnish, and every new field

t they reach will, in its turn, yield fruit to the general harvest.
w * We direct our attention to the scientific character of the Coast Survey,
it n l^at *' 's making large contributions to knowledge and the arts.

. al<s to its aid all the physical sciences, and applies them for the deter-
in ^Оп °f valuable practical results. Thus the higher mathematics used
giv factions of the astronomical, magnetic, and geodetic abservations,
frv4 e 'Orrriul8e which may be applied to objects entirely distinct from the
^diate W0rk. J H * 3

ri "e explorations of the depths and bottoms of our sea coast, bays, and
lisfrS> a^0rd a ^arSe ne'd f°r tne more minute investigations of the bola-
am'' • ee°l°gist, and the observers of all kinds who delight in the ex-
ilai?3'1011 °f animal life in its various extended forms. The topography
еад

 us familiar with the character of the surface, and the nature and
I"4 of the cultivation of the soil.

ÍL. "e magnetic and meteorological observations will become valuable in
ob Г aPP'ica'i°ns to the study of climate and general temperatures. The
tr

 ervations for latitude and longitude will designate with certainty the
Of ^.Positions of our cities, and other places of interest in a national point
tj, levvi and give greater precision to our knowledge of the sphericity of
a,

 e^rth, and of the relations of the meridional and equatorial arcs which
v^hin the extended bounds of the Survey.

^nrt k 8s S'ven "se to improved methods of observing angles and azimuths,
an ) i s ^Urnished valuable formulae and tables for determining latitudes
thp Etudes, by reference to its great bases. It has brought the aid of
in л11^116^ telegraph, and magnetic and electric clocks, to practical use
Poi detenriination of the longitude of our cities and important inland

New and improved apparatus has been constructed for ascertain-
eratures; for constructing and dividing the delicate instruments

»ï the terrestrial and astronomical measurements; for 'determining the
rological and magnetic states of the atmosphere; for discovering the

character of the soundings; and for measuring the direction and velo-
mk °^ l^ a"d oceai"c currents. The astronomical observations will

an i u ^ a vast araount °f information on the subject of celestial phenomena,
re ï '̂ е'г number and extent, tend greatly to the verification of those
fie Ui .̂ a* bave been obtained by the terrestrial measurements. It is dif-
Wni ï ̂ n^ee(^j to determine where its value, in a strictly scientific sense,
is H -i terminate; because it explores every walk of known science, and
fn„ a'y returhing new discoveries for the aid which the elder ones had
'«rnished to it.
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After a careful consideration of the whole subject embraced in the 6*'

animation of the Coast Survey, the Committee would express the followi"»
conclusions:

First, That the work is national in its character, and ought to be coj1'
tinued by the Federal Government, upon a scale commensurate with '^
practical importance, and with the extent and variety of the objects wbi"'1

are benefited by its results.
Serond, That the manner in which it is at present organized, is econO'

mical, efficient, and scientific; giving its results with sufficient rapidity'
at moderate cost, and upon correct scientific and practical principles.

Third, That its labors ought to be (as they now are) divided amoni
the civil, military, and naval, talent of the country, in order to secure '"
each of these departments that knowledge of its processes and determin8'
tions which are equally required by them all.

Fourth, That the benefits which the nation has already obtained fr"1"
it have fully justified its cost, and that those benefits ought now to be co$'
tinued to the whole of the States of the Union, upon as broad and liber»1

a scale as the Government has hitherto applied.
By order of the Committee,

WILLIAM HAMILTON,

Philadelphia, February 8th, 1849.
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, I have come in contact with, I have received strong wishes to be
d with such an article. '

e price which lumber of this description would bring in New York
shipper better than what it usually sells for in Liverpool, may

demol^trated by the.following calculation :—

j* generalífiverage price, when the trade to England was considered
wyorable, ^as about 22 pence sterling per cubic foot for timber of
™tt description. In 1,000 superficial feet there are 88$- cubic fejt,
^hich comes^o. ........................................ • • . • £1 12 02

Y, OHABQES.

per cent for insa in measurement ............... £0 12 02
36». per load of 60 cubic feet ................ 2 18 01

ng on Baie 'Jjid guarantee, 4 per cent ........ 0 06 01
on cargo an&.freight, say 60«. sterling a 2 p. ct. 0 01 00

rates, town dues, led incidentals, say. ........... 0 02 00
8 19 04

Total .............. \ .................................. Í8 12 10
•̂ .dd one-fifui for difference in exchange and premium. .......... 0 14 O1?

In colonial currency'rj, ............................. . £4 07 06
At $4 to the coloniaf^ is ........................... f I1? 49

tiie same article -was cut into seasoned lumber suited to the New
ïork market, 1,000 superficial feat, would be worth, delivered at a

£ P'er in the city of New York... ..\. ......................... $26, 00
euuct freight^ commissions, <fec ..... .\. 6 76

•'t
V

Difference in favor of selling in New Yorlr^n preference to Liverpool

The credit in Liverpool is four to six4months. In New York the freight
Part of the cargo is cash, remainder thrfi% months. The time taken to per-
ог a voyage to Liverpool is short to reckon on an average as 35 days.
••he time to perforrjj a voyage from any port in the Bay of Fundy to New York
?* *ong enough to reckon on an average as tei^ days. A vessel of the capa-
Clty of 600,000 superficial feet, carrying bulk, epuld as easily make five voy-
ages to New York in a year as she could make three to Liverpool.

NO one who has not had the means of examfojng into the subject can
any idea of the vast consumption of all kindfc of lumber hi the city of
York. In the course of fifteen years last past/Uthe number of houses,
, and public buildings alone that has been built iq, this city would make

? larger city than New York itself thirty years before/jbr as large as Boston
ri ^e Уеаг 1830. This is without taking Brooklyn, "WT^iamsburgh, Jersey
т"*У» or Hoboken into the account at all ; the former of 4%ich cities is three
^Чев the size now that it was in the latter year, and the nëfct is seven times.
Besides the consumption of lumber in the city of New York, and neighbor-
hood for building purposes, the consumption of that material m. our external
?°ttimerce is immense. It is impossible to calculate the extent of pine lum-
her used for packing-cases and yearly sent out of New York city, with the
goods they contain ; but I am acquainted with one box-maker alôjje whose
yearly consumption is over two millions of feet superficial, and this 'is' but one
°ut of more than one hundred of the same profession, several of which ap-
Proach to nearly the same extent. All kinds of salted and dried fish are
^nsumed over this entire continent ; and the continent of South America
+v ^e *81ап<^8 of the Atlantic Ocean within the tropics are supplied 'in
№е main by New York, New England, Nova Scotia and Newfoundland. ' .
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So much for the import trade from the provinces to the United States,
which attpresent is paralyzed by the restrictive duty. I turn now to the
trade from aie United States to the provinces. All manufactures of leather,
agricultural implements, (many of which are peculiar to the United States,
and not to be m'et with elsewhere,) many articles of hardware of superior
make, and a better-:j^daptation to colonial wants than English make, can. be
had by the provinces'%tter and as cheap in the United States as they can
import them from the mother country, and want but the withdrawal of the
colonial imposts to-find an extensive and rapid consumption among two mil-
lions of people on our easterritlfm that now do not know them, or but know
them sparingly. °T ,̂

The same causes that makes Ne^i^York the place of resort of the western
and southern merchant now, will таТЦ. her the resort of the eastern mer-
chant in the British provinces then, wheDsJhe trade between these provinces
and the United States is as free as it is bet&ççn thé States themselves at the
present moment ; namely, that because New^ifork is the emporium of all
the manufactures of the United States, as well às the emporium of foreign
commodities besides ; merchants at a distance come^re to buy because they
can buy cheaper, and find assortments better suited ttfc. their wants. Thus
each alternation in the turn of trade .enlarges the sphere í*£°perations of her
who is the commercial as well as the Empire City of these «tnited States,—•
a city whose metropolitan character resembles the sun in his •jienith, whose
golden rays are always the first to shine upon each new object ík(it comes
within the reach of his beams. '"':^

Citizens of the United States, Merchants and Statesmen, ye in whose"f^nds
are the destinies of the future, think of these things ! G. w. P.

Art. Ш.—THE COAST SURVEY OF THE UNITED STATES.

To FREEMAN HUNT, Esq., Editor of the Merchants' Magazine, etc.

DEAR SIR:—I intended, in support of the article on the Survey of the
Coast of the United States, which appeared in the February number of your
Magazine, to have made before now a brief statement of such information1

concerning it as should be elicited by the debates on the subject in Congress.
The documents produced during the discussion have, however, been but re-
cently published, and contain but imperfect information on the points of
most importance. In the meantime a reply to the February article, from
Lieut. С. Н. Davis, has appeared in the Magazine for April, and though
much of the body of this latter paper consists in plain denial without proof,
and is therefore not entitled to any notice, I shall glance at such parts of
it as deserve most attention ; not forgetting, in the meantime, the analysis of
documents, which it was my original purpose to make, and which present
the only additional facts worth attention.

At page 403 of Lieut. Davis' answer, he says, speaking of the author of
the article in the February number, " If one-half of what he asserts is true,
why did he not bring thé subject, with the authority of his name and posi-
tion, under the notice of some member of the executive government, or under
that of Congress? The writer must be little learned in the intrigues of
Washington, not to know that an organized body, like the Survey of the
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.-with ал annual patronage of at least a quarter of a million, and offi-
and employes of all kinds, amounting to near a hundred, may be guilty

r;*? • es> wn^n, though apparent to all, can for a long time bo practised
th impunity before they attract the attention of the public press or of the

Pposition in Congress, the only two censors- to which they can ever be
amenable. The influence of such an establishment is always power-

felt in the Legislature, while its patronage enables it, .to a very con-
ble extent, to control the press. There needs no other proof of this
reference to what occurred immediately on the appearance of. the arti-

cle on the Coast Survey, published in the February number. Anonymous
^nimunications were circulated in every direction, attacking grossly the char-
t̂er of the supposed author of that paper, and their admission into respect-

ée public journals was strongly urged. The course usual in similar cases was
Adopted here—when you cannot disprove the testimony, you must impeach the
Tvitness, The publications thus circulated consisted mostly of flat denials with-
?ut, proofs', expressed in language such as became the subject. Language'of this
.7J°d even found admission into the speeches of honorable Senators ; and
uough we perceive that they have been either expunged or much modified in
"*e reprints of these speeches, there can be no doubt but that they were
sally uttered in the course of debate. It should be a source of gratification
j Ше country that some one has been found to prefer charges against the

^ounistration of the Coast Survey. The Superintendent has now a fair op-
portunity of vindicating his conduct -and character, but it must be done by
Document and proof, and not by mere assertion and denial.

Lieut. Davis (pages 403 and 404) exclaims against the writer of the first
rhcle " because he has preferred to preserve his incognito." The editor of

4*6 Merchants' Magazine was desired not to communicate the name of the
author to any one not being personally interested in the publication, or who
^Wd not satisfy him that any of its statements were unfounded. He had

'Ways authority to communicate the name to persons claiming to know it
Or such reasons, and there was no other legitimate grounds upon whiclrit
^uld be asked. At the time of its publication there existed reasons for a tem-
porary concealment which exist no longer, and the name is at the service of the
Public. It has been injured, for the first time, by the influence and effort^
S* the Superintendent of the Survey of the Coast ; but it is to be hoped
^ttime, which always brings truth to light, will ere long do justice here^ .
. Lieut. Davis (in the succeeding page) attacks the assertion that " a geode-

'1(lUe operation, such as was commenced' under the authority of. the law of
807, was not contemplated or understood by the government." This as-

we deem fully proven by the wording of the law of 180.7 ;—by the

T"by Mr. Hassler's reply, in which, though the geodetique project is men-
oned as the more accurate, still a Chronometrie survey is intimated as pos-

¥|>ly becoming necessary. But, most of all, we deem this proven by Mr.
Crawford's letter to Mr. Hassler of April 6, 1818, which complains of the
• uttle progress hitherto made in the work." Strictly speaking, there

Ьаз not been any mere geodetique operation instituted by any country' for
™ore than half a century. Such an operation would be (as the name im-
plies) undertaken for purposes merely scientific, for the determination of the
ength of a degree of the meridian, or of the value of the ellipticity of the

VOL. xx.—«o. vi. 38
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terrestrial spheroid. Of this kind were the first scientific expeditions of La
Condamine, Btmguer, Maupertius, Cassini, La Caille, and others. But, in
these later days, the most perfect operations have been instituted with views
altogether more practical and utilitarian. The surveys in Europe have been
carried on, in the maritime States, for purposes either geographic, commer-
cial, or defensive ; and in the inland States for the cadastre, or apportion-
ment of taxes. The survey of England was a continuation of the triangu-
lation commenced iu 1*783 for determining the difference of longitude be-
tween the meridians of Greenwich and Paris. It was continued by the •
Board of Ordnance in 1791, along the southern coast of the kingdom, as af-
fording the basis for a system of defense, and only gradually assumed its
later organization and name. The survey of Scotland originated in like
manner after the rebellion of 1745, and was at first described as " a magni-
ficent military sketch ;" • while the survey of Ireland, said to be the most per-
fect operation of its kind ever performed, was executed for the plain purpose
of affording " data for a mode of apportioning more equally the local bur-
dens collected in Ireland." In this survey the compensation base apparatus
was first used by Col. Colby. This apparatus was constructed by Troughton
and Simms, and these distinguished artists received much and deserved
praise for their invention and labor. It is on the same principle as, the base
apparatus constructed for the Survey of the Coast of the United States,
though altogether less perfect in its arrangements ; but in the reports of
the Superintendent, we look in vain for any allowance of credit to the artists
in this country by whom the improvements were devised and executed—
their desert and honor is lost in the insatiable and all-appropriating fame of
the Superintendent.

But to return to Lieut. Davis. When we asserted that the government
did not contemplate a geodetique survey, we had no notion of intimating
that such might not have been the aim and meaning both of Mr. Jefferson,
Mr. Gallatin, and Mr. Hassler—at least if such a project should be found
practicable, in the then state of public opinion and information on such sub-
jects. We have, it is true, a theory of our own on the subject, nor is it im-
probable or unsupported ; namely, that the Survey of the Coast was first
thought of as necessary to the proper maneuvering of Mr. Jefferson's gun-
boats, which then constituted nearly all the navy of the United States. Be
this as it may, there can be much variance between the views of two or three
distinguished men, connected with a government, and those of the mass,
who are their constituents. To illustrate this, I will refer to a case of no verf
distant occurrence, which may perhaps have fallen under Lieut. Davis' ow»
observation. When the resolution was passed in Congress directing the
magnetic observations made at Girard College to be published at the es-
.pense of the government, (an editorial function belonging as appropriately to
Congress, as if they had directed the publication of any other class of papers
belonging to that institution, or of any other with which they had no con-
cern,) there cannot be the slightest doubt but that the Superintendent of the
Coast Survey, the member who made the motion, and perhaps one or two
others, knew what they were about ; but that the rest of the Congress, who
gave this authority, were at all aware of the true state of the case, was evident
from their astonishment when they found they had been sanctioning the pub-
lication, at an enormous expense, of two thousand pages of the most difficult
kind of matter.

The next assault which Lieut. Davis attempts to make on the February
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is upon what he calls a theory of ours in regard to the wish, on the
part of the army and navy, to appropriate to themselves, or to one of them,
^direction of the Survey. . . -
., ^ne expression of general views to this effect, by distinguished officers of
^e army and navy from 1817 till Mr. Hassler's death, will be so well re-
jteinbered by all persons conversant with the affairs of that time as to need

0 corroboration. As expletive, however, of the feeling on that subject, we
juay refer to Colonel Roberdeau's paper, read before the Columbian Institute
* 1826. Speaking of the British surveys, he sap :—" To that nation, and

*?. the skill and science of its naval and military officers, to whom the direc-
of these explorations and surveys are exclusively entrusted, are the

States and the nations of Europe indebted for a greater part of the
1 now in use, as well as for geographical knowledge of the most valua-
*e kind. The employment of officers on this service does not, however, pre-
ude the association of others skilled in sciences connected with it ; on the

. ntrary; they are generally employed ; but the command and management
t? ^nfided to the officers, and they only are responsible, at the same time

at due merit is allowed (Heaven bless the mark !) to each individual con-
'bed in it for their respective investigations and services." This quotation

presses, fully and fairly, the views of the greater part of the army at that
^e; and it is well known that the passage of the law of 1818 was mainly

J .̂ug to the intrigues of an officer of the navy, whose name it is not worth
-. hue to mention. It is admitted that the distinguished officers named by

eut. Davis were all intimate and valued friends of Mr. Hassler ; but to as-
J11116 that either they, or the officers of the navy who served under him,
. ere fair representatives of the general feeling of either arm of the service,

( т • regard to the Survey of the Coast, would be as just as to presume that
ï eut. Davis is at present the amour parfait and true exponent of the feeling

the navy either on that or on any other subject. . •
,~jeut. Davis next lets fall his indignation upon us for speaking irreverently
' Professor Henry and the Superintendent of the Coast Survey. The first

these gentlemen is only mentioned in a note as the author of an article
j.r.Pamphlet, bearing his name and designation, which was certainly repub-
, bed at Washington and circulated extensively for the avowed purpose of
inging tjje SUppOrt of щ-g name and talent to the new administration of the'

^past Survey. In like manner the Superintendent _of the Surveyjs_spoien
_°nly m reference to his works and writings. , No one doubts :that he роаЛ
** extraordinary "abilities, andof я, very peculiar and valuable order, to wit;-

. administrative and absorbent cast. ' Any, the most superficial observer
ashington, must have" noticed~the extensive and all-pervading ramifica-

on of influence and espionage which has for the last three or four years
8uPported the personal interests concerned in the Survey of the Coast. This
P^wer, under the administration just closed, has not only been felt among j
|*e legislative and executive functionaries of the government, but has entered ;

A6 domain of private life, negotiating family alliances, cementing от dis-!
plvjng private friendships, and characterized always by the secrecy of its mo-
°DS, and the certainty of its ends. No clique or faction of equal -power, or

of°r£ Per^ect organization, has been felt in Washington since the last days
£ the last Bank of the United States. When the credit of the bank began

'ail,'1 and its management to be questioned, it was sustained for a long
с ^-e P618011^ standing of Mr. Biddle and those connected with him.
hen it becomes necessary to bring private and personal influences to the
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rescue of public institutions, there is always evidence of serious mismanage"
ment somewhere ; and in the case of the bank, it and its president fell very
nearly together. The case is about the same with the Coast Survey now as
with the bank then. It has been held and managed during the whole, of the
last superintendence for purposes of family influence and personal aggran-
dizement. We hope it may not be destined to the fate of its predecessor, but

1 that we may " change the bailiff instead of ruining the farm." In. regard
to Dr, Bache personally, if we allowed him too little credit in our first noticßi
we trust we have amply supplied the defect in the present. As for his inti-
macy with Airy, Hamilton, Smythe, Arago, and Humboldt, which Lieut.
Davis quotes as evidence of his distinguished abilities, we hope it may be
presumed, in the present standing of American science abroad, that the bare
position of Superintendent of the Coast Survey would give him an, official
claim to the consideration of such men even were he twenty times more
distinguished. •

Of Borden's Triangulation, the subject next treated of in the communica-
tion of Lieut. Davis, it is admitted that five out of sixteen stations occupied
by Dr. Bache are identical with those previously occupied by Borden. This
is certainly a pretty fair proportion. But we regret that, in order to prove
the necessity of occupying these stations at all, (a point which was questioned
in the February article,) it has been found necessary to disparage the Massa-
chusetts. Triangulation, and to deny that any comparison was ever made

s between the perfect operations of the Survey of the Coast and the more
modest and humble work of its predecessor. It is said, " Mr. Bache did not
compare his results with those of Mr. Borden ; the means and instruments of
the latter were so far inferior to those of the Coast Survey that such compar-
ison was not desirable."

•--—• Now, that Dr. Bache had, through one of his assistants, or by some other
medium, obtained possession of all the results of the Borden Triangulation,
and that they were compared, and that satisfactorily, with the results of the
Coast Survey, is a fact which, if an investigation of these subjects should
ever be authorized, can be proven either by documentary evidence, or if not
so, then by other testimony equally as conclusive. The fact of the comfSf/
ison is of too little consequence to merit discussion, and was mentioned by
us in our former paper merely to show that, in commencing the Survey, the
present Superintendent had chosen the easiest and most healthful region for
his own operations, and one in which a pioneer had gone before him, whose
work, however unworthy to compare with that of the Superintendent, had
at least opened for him his points and saved him the trouble of a recon-.
naissance. This was mentioned, also, to show that all comparison of the
extent of surface covered by the primary triangulation, either in that régio*
or in the States of New Hampshire and Maine, with surfaces of the same
triangulation further southward, would produce conclusions entirely erroneous-
The points in the two latter States require little or no reconnaissance, a»d
lie, ,for tiie most part, open ; while southward the preliminary operation6;
require often, nay, almost always, more time than those which are. final-
The first year after the recommencement of the Survey (1833) Mr. Hassler
occupied seven stations, a number which equals the greatest number eve*
occupied by his successor in any one year. In the succeeding years Ы?
progress, which was southward, besides being interrupted by the techniö8^
difficulties constantly thrown in his way, was obstructed^ by the low, impe^
vious nature of the country, and by the time necessarily spent in reconnoiter-
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jug and cutting open the lines of the triangulation. This view of the subject
entirely avoided by Lieut. Davis, for reasons sufficiently apparent, and

ÏJ°gether consistent with the present management of the Coast Survey,
«e assertion that, in taking the northern section of the Survey, the Super- •

Mandent merely assumed his proper position at its head, is rather whimsical,
the head of a survey, like the top of a map, should always be north-

We deem that the proper position for the head of any establishment
s where its operations are the most intricate, and require the closest.
Jon ; and if, at the commencement of his operations, the Superin-
had located himself among the keys and reefs of Florida instead of

n the more salubrious shores, of Rhode Island and Massachusetts, we appre-
??ud that his self-denial and patriotism would have been held in much.

тпг?г estHnation than at present. ~̂ —*-
, We have now noticed the more general of Lieut. Davis' assertions, and

^all proceed to those which are more pointed and direct, not forgetting our
Pttucipal object, the analysis of such documents as the late congressional
^cussion has furnished.

-Lieut. Davis pronounces our statement, " that, at the stations of thé
?r?ùi triangulation under the present superintendence, there are usually
vT^ty tents with the corresponding equipage, to be striking but erroneous."
t ^ould have been a better contradiction, and have borne some likelihood,

•^d the real number been stated. A series of flat denials of facts follow the
eniarks in regard to the tents, and constitute the staple of the paper. To

Preserve the connection and avoid referring either to the February or April
Umbers of the Magazine, we will extract both the original statement and

lte
( contradiction:—

1 If the five years' work of the present Superintendent, with a personnel
^ least twice as large as the largest ever employed under the previous Su-
P^intehdent—an appropriation more than eight times greater than that
*Mh which the work began, and nearly twice as large as that with which the
оггдег superintendence closed—and with vessels and equipages furnished by

Г« Revenue Bureau of the Treasury Department to the amount of $240,000
'«!? ^uïpared with the eleven years' work done by his predecessor, it will be
j^o, even using the Superintendent's arithmetical process, that there is but

ВДе difference in the proportional quantities of work done. I exclude from
ois all comparison of the area of the primary triangulation. The reoccu-

Patipn of Borden's Triangulation put the Superintendent at once in the poe-
^ssion of triangles with sides of from eighteen to seventy miles in length,
V^d superficial miles by the thousand were covered with more ease than
uuadreds in any other portion of the Survey."—February Number.

Of this Lieut. Davis says, 1st " The first two lines are erroneous. A
Inference to the table hereinafter given will prove this. In every case, except
*he topography, which has been judiciously curtailed by diminishing the
^stance inland to which the work is carried, and increasing the accuracy of
^e portions surveyed, more work has been done in five years than in the

Preceding twelve. The number of assistants has not been doubled. The
Appropriation has not been for the five years nearly double that with which
he previous superintendence closed. No equipages have been transferred
°m the Révenue Bureau, and no vessel of that department was used until
847. The writer excludes from his calculation the most important part of

™x- Bacho's work—the most important in extent and valuable in results.
10 this part of the work it is strictly accurate to say, that the astronomical
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observations alone (which are but a single branch of the primary field work)
greatly exceed in number and intrinsic value all the observations of the same
kind made by Mr. Hassler during the whole eleven years that he had charge
of the work in active operation. In this connection it should be mentioned
that the present Superintendent has in five years occupied as many primary
stations, and measured twice as many bases as the former Superintendent i»
twelve years. The ' outer and more dangerous coast,' which the writer else-
where says ' has not been touched,' has been surveyed to the extent of twenty-
eight miles south of Cape JTenlopen. Great credit is due to Mr. Bache for
commencing the work of North Carolina, with this very object of including
the coast north of Hatteras. This is one of the conspicuous merits of hi»
new system of operations, that such work can be begun separately, the final
union with the other sections being deferred for the present. The survey i*
rapidly advancing to Cape Hatteras."—April Number.

In regard to several of these points, there are now printed documents no*
existing at the time our first article was written, and of which we will avail
ourselves. The comparison then instituted between the two superintenden-
cies as to work and expense was between four years and twelve. In the
matter of expense we have now the means of making it between six years
and twelve, which will give a more certain proportion.

1st. As to the quantity of work, our comparative estimate, which was as
six to five in favor of Mr. Hassler, is attempted to be refuted on the author-
ity, of a tabular statement which accompanies a report from the Treasury
Department to the Senate, dated February 8, 1849, and relates to the
"expenditures and results of the United States Coast Survey." We repeat,
that in regard to the real quantity of work, or its value for purposes either
commercial or defensive, no correct estimate can be made, by comparing
either surfaces of land or surfaces of paper. The bases assumed for it in the
February number, namely, the number of miles of outer sea-coast, or the
comparison of the areas of the secondaiy triangulation, or of topographyv
are the only ones which will exhibit the truth even approximately ; and all
these data, except the topography, which is admitted to be in favor of Mr-
Hassler, are excluded from the table referred to. The area of the triangula-
tion is made to include both primary and secondary ; and the coast line in
each survey is estimated by some method, to which the paper contains no
clue. We cannot find the four hundred and five miles of sea-coast which
is credited to Mr. Bache, unless it follows the sinuosities of Buzzard's Bay,
and all the shores of Nantucket and Martha's Vineyard. If such be the
grounds of the estimate, the quantity allowed to Mr. Hassler should include
both shores of the Delaware, and the whole circuit of Long Island, and
would be nearer 900 miles than 310, the length which is set down for it.
We have examined the report already referred to,, in hopes that it contained
in detail the data from which its results have been derived, but these are
looked for in vain ; and we cannot better characterize this paper, than by
referring it to that class of arithmetical computations for which we have
already given the Superintendent due credit. And while on this part of the
subject, and to render any further notice unnecessary, we will refer to another
arithmetical operation, performed, it is to be presumed, by Lieut. Davis hiin-
self. In the table referred to, the coast line already finished is set down at
710 miles; in the speech of Senator Davis,* of Mississippi, the whole coast

* Speech of Mr. Davis, of Mississippi, on the subject of the CoastSurvey.—Page 7.
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js admitted to be more than 28,000 miles in length. At page 413 of Lieut.
avis s reply, he says, " the statement that but one-eighth of the coast of the
mted States has been surveyed, and that parties are engaged in, and have

Г/611 sent to either Mexico or California, is not altogether consistent with the
Л facts ; at least twice that extent having been surveyed, and the dispatch

any party whatsoever to Mexico or California never having been either
*Qade or contemplated." Now taking Lieut. Davis' data, quoted above, we
nould like to know by what process 710 is made two-eighths of more than
°>000. Equally admirable and satisfactory is the arithmetical part of the

h of the honorable Senator referred to, in which he arrives, by an in-.
process, at this conclusion, that because 710 miles of the coast bave

at least eight years, is taken as part of the finished Survey. We are
,aPPy to learn that no parties have been sent either to Mexico or California,
,4' the official information, as to • the destination of Coast Survey parties

*ready sent to the Pacific, is not entirely satisfactory. Mr. Davis' statement,
ft * .^e astronomical observations alone (which are but a single branch of
Л1®. primary field work) exceed in number and intrinsic value all the obser-
J* °ns of the same kind made by Mr. Hosier during the whole eleven years

at he had charge of the work in active operation," is certainly very modest,
*™d may per}japs De true. Mr. Hassler, though admitted by Mr. Davis to be
if1?^1 °^ skiM an(^ 6Cience> was nevertheless something of a utilitarian ; and

яе had not been such, the coercion of public opinion would probably have
ade him so. He knew that astronomical observations could be made at

"У time (better, probably, in the next century than in this) at the principal
j^uits of the Coast Survey ; and that what the country looked for and de-

anded, was results practical and useful to the commercial interests. Suffi-
óí^t astronomical observations were made to determine nearly the difference
. '°ngitude between some points on our coast and the principal meridians

the old world ; and to do more than this, Mr. Hassler had neither meanâ-^
°r instruments. In the matter of sounding, which is not only stated in \

but also in fathoms of line, (this is another application of the
ntal arithmetic already mentioned,) and in which the work done

r. Bache greatly exceeds that of Mr. Hassler,* it is to be presumed tha^;, j
'. any superintendence, seventeen vessels would do more sounding thany'

^\ So much for the quantity of work.
•Lieut. Davis' next point is a flat denial. " The number of assistants has

been doubled." On this subject there is at present a document, namely,
tive Doc. 29,) a report from the Secretary of the Treasury, communi-
one from tne Superintendent of the Coast Survey, " in relation to the
r and cost of vessels in the Survey of the Coast of the United States,

number of persons annually employed, and the sale of maps by the
agent of the Coast Survey." This report, though called for by a '

of the "28th of December, and evidently requiring but little labor
/research in its compilation, was not sent to the Senate till the 9th of Feb-
т^^У, and had not been printed at the adjournment of Congress. According
и п ' Л 8 PaPer' the following was the number of persons annually employed

der the different superintendencies : —

«Мет1Л,?<1иагв feet of PaPflr and fathom» of Bounding line contained in the Superintendent's tabular .швпц are specimen» of bis uncontrolable propenalty to such quaint computations.
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Superintendent and as-

Draughtemen

Disbursing agent
Clerk.

mi
Mr. Hassler, l

17

'i

1848,
dr. Bache.

21
9
8
1
1

Instrument makers . .

Total.... •

1843.
Mr. Haseler.}

4
2
2
1

27

1848.
Ir. Bache.

8
2
S
1

49

Even as here stated, the number under the last superintendence is nearly
double that under the first ; but when coupled with the following explana-
tion, contained in the body of the report, it -will be seen that the proportion
may be much greater. The explanation is as follows :—" There are, besides
these, persons temporarily employed by the Superintendent and assistants as
hands, and in the capacities recognized by the regulations in the field parties
and office, the number in each part varying "with the requirements of the
service in which the parties are engaged, but paid at specific rates, under
the law by the regulations of the Treasury Department for the Coast Survey."
It will be evident that the resolution has produced only information of the
number of persons employed by the year, and that a portion of the personnel
has escaped the census altogether. We are satisfied that the number of civil
assistants mentioned in the February number (sixty-one) is rather under
than over the truth. But it was not to the civil assistants alone that we
referred when speaking of doubling " the official patronage of the Superin-
tendent," but of the whole personnel of the Survey. The following compar-
ison, even admitting the imperfect information communicated in the report,
shows the relative personnel of the two Superintendents :—

Civil assistants.
Naval officers..

Total..

Mr. Hausier.
27 .
18

46

Mr. Bâche.
49
49

98

This statement of the February article is therefore not contradicted by any
documentary evidence.

The next point made by Lieut. Davis is also á flat denial. He says, "the
appropriation has not been, for the five years, nearly double that with which
the previous superintendence closed." Upon this point we have now also
documentary information, contained ' in the report above quoted, and in one
from the Register of the Treasury,* which will enable us to compare the
respective expense for six years of Dr. Bache, with twelve years of Mr. Hass-
ler, and thus arrive at a more perfect determination. The following is the
official statement of the legitimate appropriations :—

MB. HABSLEU.

1807 February 10
1812, " 26
1816 April 16
1816, " 27
1882, July 10
1838, March 2..
1834, June 27
1836, February 18..'. .
1886, May 9
1837 March 3
1888 July 7

. . 160,000 00
49,284 26
29,720 67
64,720 67
20,000 00
20000 00
80,000 00
80000 00
80 000 00
60 000 00
9o'oOO 00

1839, Marcha
1840, May 8
1841 March 8..'.

1848,' March 8

Total
Deduct amount carried

$90000 00
. . 100 000 00

100000 00
. . ' 100 000 00

100 000 00

. . $1 008 726 89
to

96407 87

$907,818 02

* Executive Documente 4 and 29.
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1844, June 17 $80,000 00
1846, March 8 100,000 00
Í8*6, August 10 111,000 00
1W7, March 8 146,000 00
18*8, August 12 165,000 00

1849, March 3
1849, " 4

601

$80,00000.
186,000 00

Total... $818,00000

Ь the estimate of expense, contained in the February article, we had sup-
Posed that the Washington and Gallatin had been transferred from the
Avenue service to that of the Coast Survey without any consideration paid
^01n the appropriations. In this it appears we were mistaken, those vessels
Caving been purchased by the Coast Survey from the government. Indeed,
ao strict seems to have been Mr. Woodbury's construction of the laws both
°£ !807 and 1832, that previous to selling the Washington to the Survey,
*«e had been chartered or hired by it in the usual manner. Mr. Woodbnry
H?68 not seem to have been of the opinion of the late Secretary of tfie
treasury,* that the laws of 1832 revived that part of the law of 1807, which
Authorizes the transfer of public vessels to the Coast Survey, else he would

ave never received payment for the use of the Washington while she
^longed to the revenue service.
, Both the Secretaries have high legal reputations, and would not of course
06 allowed to overlook any point in the construction of statutes so plainly
forded. The documents referred to also afford data in estimating the value
?' vessels transferred to the Coast Survey. f The cost of one of the steamers
* get down at $120,000 ; and from it and the description of the others, we
^J arrive at some conclusion as to the value of the vessels thus transferred.
, -Щ these documents, also, it is estimated that no extra expense is incurred

У the government in employing officers of the army and navy in.the ser-~~\
J.̂ i there being no increase of pay to the army ; and to the navy, only the ;

ï between the pay on leave and the pay when on sea service. This
Q, so far as the navy is concerned, is sanctioned by a communication
the late Secretary Upshur. It presents a new view of the case, and

1 seem to be as reasonable as the supposition that if one purchases stocks
J par with money, he only pays the premium. In making the cornpar-^

tlv& estimate of the expense the whole pay is included, as it ia done in both
*^' There can be no wrong to either party.
ine following is a statement of the vessels now in the service of the Survey

cue Coast, with an estimated value of those transferred from the Treasury,
War, .and Navy Departments.
•ь?ап»е. Value.
?Щ FromTreas.Dept.§$120,000

Ismail steam
vessel and 2
schooners. . From War Dept. 60,000

Washington. Purchased
gafiatin.. . «
Sa"fflu. Built
íe£el From Navy Dept. 6,000
"• * -Mason. Buüt

Name.
Hassler.. . . . BuUt

Gerdés "
Phœnix .... From' Navy Dept.
G. W. Bache
Wave "

Nymph! Built

Value.

$6,000
4,000
6,000

$420,000

^S?lette» of the Secretary of the Treasury to the Chairman of the Committee of Commerce, Ex.
t Executive Document 26, pages 5 and 6. $ Steamers.

-'"" —• ' | 29, page 2.
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The comparative estimate, according to these more recent authorities, will
stand thus :—•

Mr. Haeeler, 12 years. Mr. Dache, 6 yea»
Legitimate appropriations $907,317 88 $818,000 00
Constructive appropriations, vessels 420,000 00

" pay 260,00000 324,00000

Total $1,167,817 88 $1,662,00000
Average annual expense 97,2*7649 260,33333

If the pay be omitted in each estimate, still the average annual expense of
the last superintendence is more than double the first. It cannot be said
that because the steamers could not be sold, that therefore they are worth
nothing ; or because they can, at the pleasure of the Departments, be trans-
ferred back again to their original service, that therefore they do not now
pertain to the Coast Survey. The object of this communication is to show
what are now .and have been the resources of the Superintendent of the
Coast Survey, and to compare its results with the establishment which pre-'
ceded it.

Lieut. Davis is perfectly right in saying that no revenue vessels were used
until 1847. Previous to that time the Departments hired and sold, subse-
quently they transferred. That no equipages were transferred is not strictly
correct. The equipage of a vessel consists, we suppose, of boats, anchors,
cables, &c., and it is to be presumed that all these were furnished in this
case.

. The statements concerning the abandonment of steam vessels in the reve-
nue service, and the reasons for transferring three of them to the Coast Sur-
vey, which is given in the documents referred to, exhibits some facts and
reasonings which are curious at least, if not inconsistent with each other. It
seems that when the late Secretary of the Treasury came into office he
found contracts existing, made with his predecessor, for the construction of
steam vessels for the use of the revenue service. Being of opinion that such
vessels were not adapted to that service, he at first suspended the contracts,
but afterwards revoked the suspension in conformity with an opinion of the
Attorney General, that the faith of the government had been pledged to
their execution, and could not be broken. Two of the steamers, the Bibb
and Legare, were furnished with propellers, and the Walker with side-
wheels. The two first vessels turned out failures, not answering the purpose
for which they had been constructed ; but the other one, the Walker, was
found to be a vessel of the first class, answering every expectation. It ap-
pearing, by retaining these vessels in the revenue service, that an expense
must be incurred of several hundred thousand dollars, it was decided to dis-
pose of them, and for this purpose one of the imperfect vessels was offered
for sale. As she did not command any price at all comparable with her
cost, the steamers were turned to other ends, and three of them, including
the Walker, were transferred to the Survey of the Coast. The annual saving
to the revenue service by dispensing with them is estimated at $39,000.
Wow it would appear that, in the Coast Survey, the use of these vessels, ex-
tending through at least seven months of the year, must be more expensive
than if they had been left in their original destination ; and as both services
are equally supported by the government, it seems curious, if not inconsist-
ent, that what occasioned a loss of several-hundred thousand dollars in one
service, should be found an economical arrangement in the other.

Lieut. Davis says that " great credit is due to Mr. Bache for commencing
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joe work in North Carolina, with this very object of including the coast
uorth of Hatteras. , The Survey, is rapidly advancing to Haiteras.'l гТЪ'е i sur- \
nf\ • ̂ or'h, Carolina was commenced, under instructions given to the writer \
w шш papei-; dated April 29, 1843, eight months before Mr. Bache became '
Superintendent. His great credit on this point is therefore solely due to his

bsorbent qualities. It does not appear that the Survey is one inch nearer
xJÎP® Hatteras now than it was then.;,

Ttt regard to the errors in the original construction of 'the Chart of Long
^land and the Delaware, which we stated as having " more than doubled the

of the charts, and delayed for about two years their publication,"
*e reiterate the assertion that such is the fact. An investigation will prove
u to be true.

The next point of the communication of Lieut. Davis is personal in the wrong
ense, inasmuch as it insinuates charges of a serious nature against some per-
°n) without designating either the person or the crime. It were needless to

,*y> that they are not both understood. But the public will probably soon
~* put in possession, from another quarter, of the facts of the case in a more
"thentic shape than can be given at present.

f n the remaining parts of Lieut. Davis' paper, there does not seem much
fk lniPortance to be considered. In regard to the monthly reports, he admits
*at they do not contam a single item of the information mentioned in the
ebruary number as having been directed by the regulations of 1843. He

also, that the name of the present Superintendent appears upon all
Qe sheets of the work, which is all that was asserted.

The author of the article in the February number apologizes1 for having
Veriooked Silliman's Journal. He was under the impression that it was
evoted almost exclusively to chemical subjects ; and even if it had not been,
could scarce have been expected to publish a paper which would have oc-

cupied at least three of its numbers.
In regard to the Superintendent's compensation, we are firm in our opin-

u that it has been at least equal to the amount stated in the February
U5^)er' Nothing can determine this but an examination of the accounts.

We now take leave of Lieut. Davis, who seems to wonder if there be any
^management or corruption in the Coast Survey, that such defects should
°t have been first exposed by its friends and employes. In other words, he
Sems to hold opinion with some of the aborigines, " that a man should first

. lo\v his manhood by beating his mother." Of the spirit in which his paper
written we say nothing, though in this respect he has expended some acu-

pen upon us, and filipped us with a few quotations. We agree with him in
"И estimation both of Milton and Shakspeare, though we cannot but think
bat the comparison between the Coast Survey and the Lady in Comus is

f(°nie\vhat unfortunate. He will remember that though the lady had really
. the strong siding champion " and two brothers in attendance, she neverthe-
ĵ 88 lost her way, and was only rescued by supernatural interference. Per-

aps Lieut. Davis anticipates some such danger in the present case, and in-
s playing the part of the attendant spirit himself. If so, we commend
to his function, which is certainly one both honorable and becoming.
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Art, IV.—LAW OF D E B T O R AND C R E D I T O R IN HiRll iND.
Л '

NUMBER IL

MERCANTILE CONTRACTS.

IN a fonrtgr article on this subject, which appeared in the April number*
of the Mercfants1 Magazine, were pointed out some peculiarities of Mary-
land Law, afleotmg the commercial relations ; in this it is proposed to con-
sider some points in the Law of Mercantile Contracts, noting any legislation
concerning themj%nd illustrating them by decisions in the Maryland Courts.

The law governmg mercantile contracts is comparatively of modern growth,
founded in principle* of equity and fair dealing, and is therefore nearly the
same in all civilized countries ; the difference therein having reference gener-
ally to the remedies g%en for the breach of them. The interpretation of
contracts, and the rightlsand duties of the parties, are governed by the law
of the State in which thefe are made, or in which they are to be executed.
If valid there they are vafîêl everywhere, and the execution of them may be
enforced in any other, unlesa: they be against the public policy or moraís, or
the law of the country where^the action is brought.* This latter also deter-
mines the form of the remedy,'»and the time and mode of suit. The most
usual of these contracts are thos^ of Sale, Bills and Notes, Guaranty, Debt,
Charter-Parties, Insurance, BottomW, and Contracts with Carriers, Seamen, <fcc.

The form and requisites of the CONTRACT OF SALE are governed by the
Statute of Frauds, (1661,) which enacts (sec. 4) that no action shall be main-
tained on any agreement for the sale V goods, wares, <fec., that is not to be
performed within one year, unless the agreement be in writing, signed by the
party to be charged or by his lawful age^t ; and, (sec. 17,) that no contract
for the sale of goods, <fec., of the value of 3}10 and upwards, shall be valid,
unless the buyer shaU accept part of the goodc, and actually receive the same,
or give something in earnest to bind the bargain^ or- in part payment ; or
unless some memorandum in writing of the baxgain be made and signed by
the parties to be charged, or by their lawful agente. The decisions in Mary-
land in regard to what constitutes a sufficient delilçry, part payment, memo-
randum and signing, are generally consonant' with %ose made in the other
States, and in England. V

A bill of parcels is evidence of a contract, if accepted by the purchaser
from an agent of the seller; the acceptance makes th\agent of the seller
the agent of the purchaser also for signing the purchaser's name. By an
act' of 1729, a bill of sale of personal property, executed \ good faith, ac-
knowledged and recorded within twenty days, dispenses wittôihe necessity of
actual or symbolical delivery, and vests the property in thoWurchaser, al-
though the seller was indebted at the time, and continues in poteession after-

, * In that number there aro one or two omissions and mistakes of the printer, whldrte corrected
In this note. At the end of section 3, p. 393, should have been Inserted as follows :—" A(ld the oath
or affirmation of any clerk, iton-keepcr, or disinterested credible witness, taken before arjrjudgo, of
justice, or court of this State, to the delivery of goods or money by any merchant, <cc., to imy person
within this State, shall be good and sufficient evidence to charge the person to whom paid y deliv-
ered, provided euch oath bt made Kit/tin twelve mtmtht from the date of the articles delivered, Sid the'
(he person claiming ahan also, before the time at which defendant ought to plead, make oath tagt be
bas not been paid, etc., as above." Under this law the correctness of a merchant's books ma
proved, as weu as the delivery and price of the articles sold, once every year, by the oath of his с
tus., and It has been a custom with some here во to do. On the same page, in section 5, It should!
" 31 In females as well as males ;" and in the 37th line on page 394, It should read "/or violation <
any duty," fee.
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REPLY TO AN ARTICLE

MERCHANTS' MAGAZINE

COAST SURVEY OF THE UNITED STATES.

2b the Editor of the ifercJiants' Magazine, etc.

DEAR SIR :—If the advice of Mr. Burke, " to outlive scandal, is the best
*Bode of replying to it," were as applicable to institutions as it is to individu-
зЬ; there would be no occasion for any notice of the attack upon the Survey
°f the Coast of the United States, contained in the February No. of this Jour-
bal. The attack and its author might be left to the judgment of time, which
tries all such offenders, and to the power of truth, which must ultimately
Prevail.

Or it would be quite sufficient, if any comment were made, to rely upon au-
thority, and to oppose to the sneers and imputations of an anonymous writer,
^he unqualified approbation and support freely awarded to the Coast Survey,
^d its distinguished head, by such institutions as the American Academy of.
•̂ rts and Sciences in Boston, the Philosophical Society and Franklin Institute
°f Philadelphia, the University of Virginia, the Marine Societies and Chambers
of Commerce in almost every Atlantic city, from Boston to New Orleans ; and
Besides these, the meniorials of the principal merchants and underwriters in
Joe northern capitals? Prom one class of these authorities we should learn
jhat men of science, who are fully competent to give an opinion on the sub-
ject, do, after mature and careful examination, entirely approve of the funda-
toental principles upon which the survey is conducted, and of all the methods
^d processes by which those principles are brought out in practice ; and from
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the other, that the Coast Survey, as it is at present established, has hereto-
fore rendered, and continues to give, to commerce the most important facili-
ties and improvements. He who opposed his own assertions, with or without

«a name, to such an array of authorities, would subject himself to the sarcastic
remark of Dr. Johnson, that " the man who attempted to prove everybody
else wrong, succeeded at least in proving one person to be in error." It can
hardly be imagined, even by the most skeptical, that so many men of high
literary, scientific, and social standing would combine to misrepresent, or to
conceal the truth, still less that they are ignorant of the matter about which
they have written.

But while we record here the cordial and valuable support which the Coast
Survey has received, during its recent troubles, from generous friends in
every quarter of the country, we must not forget that it is a part of our obli-
gation to those friends to relieve the institution, concerning the management
of which they have assumed a certain responsibility, from any suspicions of
impropriety, however unfounded.

To justify its character and conduct, is a part of its debt to its supporters ;
and, disagreeable as the task of a reply must be to ourselves, we enter upon
it as an act of duty. .

And first, we wish to call tho particular attention of those who have read
the paper referred to, to the temper with which it is written. It is charac-
terized by nothing so strongly as its merely personal ill feeling towards Pro-
fessor Bache, the present Superintendent This is the one trait, before all
others, which marks its tone and spirit. Sneers against his capacity are
freely indulged in ; accusations are brought without reserve, or stint, against
his personal and official integrity ; and the basest motives of conduct are
ascribed to him without even the observance of the most ordinary courtesies
of language. To these things we do not intend to make any answer. .They
need no answer.

An established reputation for learning, usefulness, and honor, like that of
Mr. Bache, is of itself a sufficient defence. The lustre of a good life cannot
be tarnished by a single breath of scandal, uttered by a mouth which refuses
to pronounce its own name. This is not the cause of one man, but of all
good men. It.is the cause of society, which cannot, for its own sake, suffer
that an honorable, name should be afiected by anonymous attacks of this
kind. There is no necessity for a reply here ; and, moreover, we are admon-
ished that we should not answer such a writer according to his folly, or other-
wise, lest we become like to him, or he be made wise in his own conceit.

But there is one comment which it seems worth while to pass upon this
portion of our opponent's writings. If one-half of what he asserts is true,
why did he not bring the subject, with the authority of his name and posi-
tion, under the notice of some member of the Executive Government, or un-
der that of Congress ? It was surely no charity to Mr. Bache that prevented
this mode of action. The Coast Survey is a public institution, immediately
responsible to the government ; its records are open to examination, and its
reports are distributed throughout the country.

If those abuses exist which the writer pretends to point out, it cannot be
but that there are men of sufficient patriotism, intelligence, and independence,
either in the administration, or in Congress, to demand .their correction. This
view is worthy, of reflection with those whose minds have been at all affected
by, the writer's statements. But the "writer preferred to preserve his incog-
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and we entirely disclaim all present desire to penetrate any farther than
We bave already done, into the heart of hk mystery.

Although we have thought it due to the friends of the Coast Survey to
some reply, yet it would be tedious and unprofitable to follow the
through every paragraph of his paper.^

After showing some of his errors and misstatements, we may claim the
benefit of the legal maxim which is applied to incompetent witnesses. The
^riter, in the course of some historical remarks upon the Survey, says, " that
* geodetique operation, such as was commenced under its authority, had not
^u contemplated or understood by the government," in the original law
«eating the Survey of the Coast. (P. 133.)

We may suppose that the writer is unacquainted with the nature of. a
geodetic survey, and with the true history of this particular work. The
general plan and purpose of this undertaking are laid down for the first time
^ . a letter of Mr. Gallatin, addressed to the learned men of the country,
^horn he consulted as to the best mode of carrying out the provisions of the
^w of 1807. This general plan is defined in the following words : —

The ascertainment, by a series of astronomical observations, of the true
on of a few remarkable points on the coast.
A trigonometrical survey of the coast between those points of which

e position shall have been astronomically ascertained.
8- A nautical survey of the shoals and soundings of the coast, of which

trigonometrical survey of the coast itself, and the ascertained position of
light-houses, and other distinguishable objects, would be the bask .

л U is not necessary to say to those who are informed upon such subjects,
"*t this is the very language by which a geodetic survey, with a hydro-

Ij^phic survey attached to it, is accurately described. The connection, by
*%onometrical measurements, of a series of points, spread over a seacoast of

extent, (like our own,) the position of which points has been indepen-
y fixed by a series of astronomical observations, is only a form of words

"Whichthe idea .of a geodetic survey is conveyed. It is the extent of
e coast which gives the geodetic character to the work. In the triangu-

,on of so large a region, it is requisite to have a regard to the irregularly
Optical figure of the earth ; in common surveying, the field is so limited,
7a*1 the deviations of the earth's surface from a plane are not noticeable.

1^ so also of astronomical determinations. In the great Survey, they must
multiplied, or constitute a series, on several accounts relating to the form

aterials of the earth's surface, and to the necessity for remote verifica-
- In the limited survey, (as in the nautical survey of a harbor, or group

°* islands ) the independent astronomical determination of some one or two
inent points is generally sufficient. _ f

the former case again, the formulae or rules for calculating the tnan-
embrace terms depending on the value of the earth's ellipticity, or ex-
ions of the radii of the parallels and meridians. In the latter case, the

Í}16« for solving the triangles are simply those of plane trigonometry. Mr.
.-Sassier, to whom among others, Mr. Gallatin's letter was addressed, details
m bis reply the methods of conducting a geodetw survey.

^he writer was probably not aware of these scientific distinctions, or he
*ould not have made such an erroneous assertion.
'Upon this point the writer makes elsewhere the following remark: — "At
that time (1807) the word ' Survey' conveyed the notion of a temporary and
"auted operation." (P. 182.) He ie probably not aware that thetrigono-
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metrical survey of Great Britain was commenced twenty years before this p8"
riod ; that the great meridianal measurement of Mechain and Delambre Wi*
(the original section) then completed ; and that Mr. Hassler, consulted Ъу №•
Gallatin, and appointed Ъу him to superintend the Coast Survey, had act*'
ally taken part in the triangulation of the Canton of Berne. The meaning
of the word " Survey," when apph'ed to an extensive coast, might thereftff
have been known in this country, without assuming any remarkable metf*
on the part of Mr. Gallatin and his advisers. Mr. Hassler might have coi0'
municated the definition of the word geodetic to Mr. Gallatin ; at any ra^i
it is very curious that the latter should have defined that word so exactly &
laying down the plan of the Coast Survey hi his circular letter, that his la0'
•guage could not now be improved either in precision or clearness.

We are very fer from wishing to charge the writer with any deceptio*
here ; but we think that we should be permitted to say, without rudeness^
that a person as uninformed as the writer evidently is, should speak w№
less confidence. It is certainly no discredit to be ignorant of the history aB<*
nature of geodesy ; but it te an offence against modesty, being ignorant, to »*"
tempt to instruct the public.

The writer seems to have a theory on this subject, one of the most impor"
tant deductions from which was made during the lifetime of the late Super"
intendent. It was this ; that no American could be found who was capable
of filling Mr. Hassler's place. Yet the science of geodesy, in its principles an**
practice, is very complete, and is ably and comprehensively treated by se*'
era! eminent mathematicians. We are led to think that this deduction wfl"
made to serve a purpose.

There is another subject upon which, also, 'the writer seems to indulge &
theoretical views. He ascribes to the officers of the army and navy a desire

to get possession of the Coast Survey after the civil employes had been dis-
missed from its service by the act of 1818.

" Under such circumstances," he says, " it was but natural that the òffi"
cers of our army and navy should look upon a work like the Coast Survey
as their peculiar property, and endeavor to place themselves at its head ; and
there is no doubt that the suspension of the work at that day, was in a gré»'
measure due to the operation of such a feeling." (P. 134.)

Here again :the writer's theory is singularly erroneous. When the coD"
nection of Mr. Hassler with the Coast Survey was suspended by the law of
1818, and the great object to which lie had devoted the energies of his mini
was defeated, it was actually in the army that he found his warmest person»!
friends, and his most able public supporters. General Swift, of New Yorki
(late of the Engineers,) and Colonel Abert, the present Chief of the Topo'
graphical Bureau, maintained towards him a strict and unswerving fidelity«
which no temptations of personal or professional aggrandizement could lead
astray. ' •

And we must say thatm Ûàs, these gentlemen acted quite as much aft0*
their own honor and dignity, as after Mr. Hassler's desert. During the 1*"
ter^and very serious troubles of 1843, as Mr. Hassler's friends well know,'i'
was only by means of the liberal, disinterested, and firm support of sucb
men as Colonel Abert, Lieut. CoL Kearney, Major Turnbull, and Captai»
Swift, that Ъе kept his office.

With regard to the navy, the case is equally striking. It was, in fiict, tbe

head of the Navy Department, the eminent Secretary nom New Jersey, .Mr-
Southard, who procured the revival of the law establishing the Coast Survey»
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ti Tr^ ^k ííccuatome(i ability and high authority, advocated the
aable superiority of a connected system of operations, over the then exist-,

S (but now happily exploded) plan of detached surveys.
« these facts had been known to the writer, his regard for; truth would

r^oubtedly have .prevented him from indulging in speculations which reflect
-"prédit upon these two branches of the public service. It is but just to the
Public, however disagreeable it may be to the writer, to say, that he should
7™ve known them ; that it was his duty, having presented himself as an au-
;?urity, to be acquainted with such weh1 known facts in the history of the
Co*>tSurvey. . . -
. But; besides the wrong to individuals, and to the services, which Ц included
щ these errors, it suits our present purpose to notice particularly their moral

"' upon the character of the writer himself. They betray a flippant cere-
in the statement of mere facts, which, taken in connection with his
plausibility of style, and his amiable and amusing alliterations,'

him appear especially unsound as a public informer.
More conspicuous than all, are his strong personal dislikes. They are not

, ̂ y ardent, but general. He attacks Professor Bache in a manner which
j^ds to the suspicion that he has had some personal or official contest with

"* He sneers at Professor Henry, the Secretary of the Smithsonian In-
as if towards him also he entertained a sense of personal injury. Ha

some very hard things of several of the assistants of the survey, both
and naval ; and finally, he includes the whole American Philosophical
ty of Philadelphia in one severe and comprehensive denunciation. He

in short, to have taken his place in the seat of the scornful,
it cannot be thought either unreasonable or harsh in us to observe,
t committing the folly of attempting a reproof,) that this is not the

of mind most favorable to an inquiry into the progress and condition of
Coast Survey ; that in the practical affairs of life we do not adopt, or

ier we do reject, the opinions and declarations of those who are laboring
г prejudices, and are controlled .by strong resentments; and that the
who is so deluded either by his feelings, or in his judgment, as to re-

, Professor Bache as being no more than a " retired schoolmaster," when
~* 'act he is, with one or two exceptions, perhaps, better known in Europe to
i^n men as Airy, Hamilton, (of Dublin,) Smythe, Arago, Humboldt, &c.,
?c-> for his contributions to science, than any other person in the United
jates—the man laboring under such a hallucination of his intellect (and
^ are not allowed to doubt that the writer speaks according to his present
finest convictions) is not entitled to ask those who do not share in his anger,

accept, without qualification, his opinions» ^ ' .
We do not fail to notice how this unMndness is obscured by a gracious show
r«gard for the public ' interests, and a virtuous condemnation of assumed,r

^ongs. But then again we see in the -writer's declamations more of the im-
Passioned earnestness, as well as some of the strategetical skill, of warfare,
•«an the calm and temperate dignity of the bench, and reminding the reader
that

«There is no rice eo simple, bat assume»
Same mark of virtue on bib ontward parts.™

^e invite them to make their own estimate of the motives and qualifications
«our opponent,

*>ut it still remains for us to point out hi detail some of his mistakes—ve
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call them by the most modest terms, for, like the pretended Sir Topas, *e

are one of those gentle ones that will use the devil himself with courtesy. -
The most important point which the writer endeavors to make, is upon »

comparison of 'the work executed under the late and present Superintendent
considered relatively to their means!

This is another of the writer's theories. We extract from his paper the
following paragraph, the chief purpose.of which, it will be observed, is to
bring discredit Xipon the character of the present Superintendent

"In taking the field in 1844, the Superintendent assumed the northern portion №
the Survey, which had been carried to Point Judith by his predecessor, under the im-
médiate charge of one of the principal assistants. The accuracy of the work thus far
had been verified by the last line of the triangulation, agreeing, within a very small
limit, (a fraction of a foot,) with the same line of Mr. Burden's triangulation, made &r
the survey of Massachusetts, and depending on another base.* In taking this part of
the field, instead of leaving it to the assistant, who had so honorably and judiciously
managed the preceding and more difficult part of the operation, the Superintendent
not only secured himself an easy and healthy country to operate in, but he had before
him the points already established by Mr. Borden, each marked with a monument. He
had also Mr. Borden's results to compare always with such as he might derive himself»
and, moreover, he had with bim one of Mr. Borden's assistants, who knew the country»
and thus spared him any trouble of reconnaisance. • Indeed, it is known that an at-
tempt made by this assistant to change a principal line of Borden's triangulation,
though made at great expense and loss of time, altogether failed ; thus showing clearly
the ability with which the points of the previous triangulation had been selected. The
Superintendent, in the four years of his personal field work, has scarce yet passed the
limit in which Mr. Borden had preceded him ; and if it be ever judicious in such mat-
ters to raise questions of economy, it might be well worth asking whether the work
done in the field by the present Superintendent, at immense expense, has been neces-
sary at all-)- To the assistante were assigned the more southern portions of the work;
ana two bases of verification, near the extremities of the triangulation, which had been
furnished by Mr. Hassler, were measured by them in 1844."—Pp. 140-4.

To which we make the following reply :—
When the present Superintendent came upon the Survey, ho found the.

first section of the work nearly completed, and he thought he would best
meet the views and wishes of Mr. Hassler's friends by assigning to his prin-,
cipal -assistants the closing up of that part of the work which had been com-
menced, and mainly performed, under Mr. Hassler's direction. Accordingly»
one of the two principal assistants was sent to the Chesapeake to measure a
base of vérification, and connect it with Mr. Hassler's main triangulation;
whilst the other one measured a base, of verification on the eastern end of
the work, and reconstructed the northern part of the main triangulation
(which was necessary) in Delaware Bay. On taking up the main triangula-
tion on the north, to begin a new section of the work, Mr. Bache only as-
sumed his proper place as the head of the Survey. The scheme of this maio
triangulation differed, essentially and necessarily, from that of Mr. Borden.i
and of sixteen stations occupied at the north by Mr. Bache, only five were
identical with those used by Mr. Borden. Mr. Bache did not compare his
resulte with those of Mr. Borden ; the means and instruments of the latter
were so for inferior to those of the Coast Survey that such comparison was
not desirable. The statement of an attempt to change a principal Une of
Mr. Borden is a mistake.

* This do»e Agreement of Mr. Blnnt's with Mr. Borden'e work to nowhere spoken of in the СеяЛ
Surrey reports ; nor IB there a single atom of credit given to Mr. Borden, though It Is said that he wet
one of the applicant« for the »upertntendence, and withdrew hie claim In Dr. Baohe'e favor.

t At the stations of the. mata triangulation, under the present superintendence, there are usnalV
thirty tente, with the corresponding equipage.



On the Coast Survey of the United States, 9

' The Superintendent has passed far beyond the limits of Mr. Borden's tri-
jtogulation, into the States of Maine and New Hampshire. It is implied in

e extract that this comprises the whole personal field work of the Superin-
ndent. go far is this from being the case, that Mr. Bache has measured

wo bases— one on Dauphin bland, (Alabama, coast of the Gulf of Mexico,)
™« one on Bodie's bland, (North Carolina,) besides connecting the Chesa-
peake with Washington by triangulation — for the determination of the first
^ridian, and as a check on the secondary triangulation of the Potomac.

;£he note about the tent is striking, but unfortunately erroneous.
The following paragraph is also designed to illustrate our author's theory : —

-^ If the five years' work of the present Superintendent, with a personnel at least
"flce as large as the largest ever employed under the previous superintendence— ah
PCfopriation more than eight times greater than that with which the work began,

^•nearly twice as large as that with which the former superintendence closed — and
Г11'1 vessels and equipages furnished by the Revenue Bureau of the Treasury Depart-
i .°Л| to the amount of $240,000, be compared -with the eleven years' work done by
J7~ predecessor, it will be seen, even using the Superintendent's arithmetical process,
т*' there is but little difference in the proportional quantities of work done. I ex-
Пп« ^rom ̂ k*8 °^ coropwison of the area of the primary triangulation. The reoccu-

of Borden's triangulation put the Superintendent at once in the possession of
les with sides of from eighteen to seventy miles in length, and superficial miles

'he thousand were covered with more ease than hundreds in any other portion of
Survey.»

The first two lines are erroneous. .A reference -to the table hereinafter
-vyjll prove this. In every case, except the topography, which has been

Judiciously curtailed by diminishing the distance inland to which the work is
î^ned, and increasing the accuracy of the portions surveyed, more work has
^en done in five years than in the preceding twelve. The number of as-
liants has not been doubled. The appropriation has not been for the five
î^ars nearly double that with which the previous superintendence closed.
•"0 equipages have been transferred from the Revenue Bureau, and no ves-
^ of that department was used, until 1847. .
v. The writer excludes from his calculation the most important part of Mr.
Ache's work — the most important in extent and valuable in results. In
^ Part of the work it is strictly accurate to say, that the .astronomical ob-
lations alone (which are but a single branch of the primary field-work)

Sfeatly exceed in number and intrinsic value all the observations of the вате
^d made by Mr. Hassler during'the whole eleven years that he had charge,
, * the work in active operation. In this connection it should be mentioned
^\ the present Superintendent has in five years occupied as many primary
ГГ^Ров, and measured twice as many bases, as the former Superintendent :in
^elvg years. The "outer and more dangerous coast," which the writer
elsewhere says "has not been touched," has been surveyed to the .extent of

ty-eight miles south of Cape Henlopen. Great credit is due to Mr.
e for commencing the work of. North Carolina, with this very object of
ding the coast north of Hatteras. This is one of the conspicuous mer-

* of his new system of operations, that such work can be begun separately,
be final union with the other sections being deferred for the present. The

ia rapidly advancing to Cape Hatteras.
-Гае error in the geographical position of Galveston, which Professor Bache

prepared to correct, has no doubt, as the writer asserts, existed. The
jae and danger of it belong to another people. It is highly .to the credit
-Professor Bache that the Coast Survey moved into Texas in two years

2
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after the annexation, (it had no right to go there before,) for the very purpose
of correcting these errors.

The writer next engages in an argument, purporting to be based on statis-
tics, to show that not as much work has been done under Professor Bache's
administration as was accomplished by Mr. Hassler ; which sums up, howev-
er, with the very favorable admission, that the primary triangulation under
Mr. Hassler's superintendence "covered a superficies of aboiit 5,760 miles,"
while " the superficial miles of primary triangulation made by the present
Superintendent up to 1847 will, by his estimates, amount to 7,803." This is
certainly sufficiently complimentary to the industry of Professor Bache, when
it is considered that Mr. Hassler's superintendence continued twelve years»
while that of Mr. Bache, up to 1848, only reaches a term of four years.
But he endeavors, as before, to discredit the utility of Professor Bache s
work, by saying that it had been anticipated by Mr. Borden, iu the trigono^
metrical survey of Massachusetts. . This error has been previously noticed.
As the writer has appended to his statement a summary in a tabular form,
and has forced this comparison, a correct table is given below, in which the
real quantity of work done under the superintendence of Mr. Hassler (a
term of twelve years) is compared with that of Professor Bache, (for a terra
of five years,) in every variety of form in which it can be estimated. It may
be noticed as an example of his very singular disregard for nice discrimina-
tion, even where the mistake is so palpable as to save the trouble of correc-
tion, that the writer in this part of his article speaks of the alluvial shores
of the south part of Massachusetts as " bold and rugged coasts," " rock-
bound shores," and contrasts them, in this respect, with the sunken and sandy
beaches of the South, of which, in fact, they are the very type.

BBSDLTS OF THE COAST StmVET AT DDTEttSNT PKEIODS FEOM 1807 TO 1849.*
From Prom From

1807-19. 1832-44. 1844-49.
Mr. Haseler. Mr. Bache. Total.

Reconnalsance, area in square miles
Triangulation
Extent of coast line

" shore line, including bays, sounds, &c
Astronomical stations, number of
Magnetic stations.
Vertical onglée stations
Base Unes, number of
Preliminary base lines, number of
Topography, area of, in square miles.
Length of shore line
Hydrography, area of, in square miles

Gulf stream, soundings, number of.
" fathoms of line

Current stations, number of.
Tidal stations.
Specimen« of bottom, number of.
Total number of manuscript maps
Of these manuscript maps, No. prepared in office, being re-

ductions, ace
Original topographical maps, number of
Containing sheets, number of.
Original hydrographies! sheets, number of.
Duplicate hydrographies! sheets, number of.
Containing sheets, number of.
Heoords triangulation, bases, Лс., number of volumes
Astronomical observations, <cc.i number of volumes
Computations, geodetic, " "

" astronomical " " ....
Magnetic observations ' : » u ...

560
450

3

2

4
1
1
2

18,103
14,483

310
3,315

11
10
7
1

6,333
6,100

+0,623
808,147

13
500
326

29
160
298
103
34

236
95
16
78
4
4

22,544
§19,309

405
4,211

47
88
34
4
3

2,755
4,055

±15,086
950,202

1,410
139,747

160
40

4,098
295

123
100
131
72

160
233
140
138
138
37

41,207
34,242

715
7,428

6l
98
41

S
5

8,977
10,155
24,709

1,758,349
' 1,410
139,747

'S53
4,599
4631

153
••260

429

332
157
917.
144
4l

1 Executive, No. SO. Senate. 30th Congress, 2d session. t 5,000 of off-shore -work. ±
cl offshore work. g In seotions Ш, rv7Vni, and IX, the primary end secondary triangulation Ve

united in general | Coast line, Including islands, bays, EC. If 11,215 square feet of paper.
•• 4,056 square feet of paper. ' -ц- 5,891 square feet of paper.
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BESULTS OF THE COAST BUJ1VJÎÏ AT DIFFERENT FEBIOBS—СОНТПШЕП.

Prom From
1807-19. 1832-44. 1844-49.

„mu-, ,. Mr. Hassíer. M. Bache. Total.
|?»en<itic computations, number of volumes 15 15
Jjeodeuc books, duplicates » " 1 26 128 155
«"«eorological boots " « 2 7 9
0-,̂  " duplicates, number of volumes 3 3
g"«™81 hydro'icalbooks,soundings, and angles,No.of volfl. ... 179 330 559
implicate u и " u « ... 27 jjj 59

^orographie books, tidal and current observations, and tidal
A,,:. ucti°ns, number of volumes ' 8 158 166
Т™.?аот'са1 differences of longitude 66 66
t&/«!Corda 9 439 1,373 1,928
^•"graved pistes of maps, number of 5 34 29
tuhli.v * " " electrotyped, number of. 8 8
PrSe? """P3" "umber of. SI 21

'"uea sheets of maps, number of 24£49 24,249
" " distributed number of 7,678 7,678
" « saleagent " 12,979 12,979

ielibrary — 655
nls, fee., value of 8149,513

The writer endeavors to make it appear that it is a fault in Professor
tehe to have instituted re-surveys, even where he knew that the old sur-

veys were actually in error. It is evident from this, that he does not fully
aPpreciate the strictly accurate and scientific character of the work.

The writer also, on the same page, declares that the field maps and sheets
°f reduction of Delaware and Long Island were erroneous ; that the correc-
и°п of the errors " has more than doubled the expense of the charts, and de-
layed for about two years their publication," and that this was the fault of
^ assistant, who at that time held the fifth place, and has since then been
promoted, and now occupies the second place on the Survey. Now the er-
*c*s, such as are imputed, never existed ; the pretended expense and delay in
Consequence of them were never incurred ; and the assistant referred to was
promoted for distinguished merit in the field in a southern section of the sur-
Vey, (Alabama, Mississippi, and Louisiana,) into which he was the first to
CatTy its operations.

The writer, in this paragraph, asserts that " other assistants have been fe-
tooved," or displaced, and implies that this has been done by the unjust
^d arbitrary exercise of power on the part of Professor Bâche. But one
assistant has been removed during the superintendence of Professor Bache,
and he for causes which we forbear to state, after investigation before a
scientific commission, consisting of Professor Pierce, of the University at Cam-
bridge, (selected by Professor Bâche on the part of the Treasury Depart-
°?ent,) of Capt.Talcott>te of the U. S. Corps of Engineers, (selected by the
assistant in question,) and of Professor Davies, late of the West Point Acad-
etny, (selected by Professor Pierce and Capt. Talcott,) the decision of which
^oinmission was signed by all the members, and approved by the Secretary
°f the Treasury.. . •

Havino- as we believe, disputed at sufficient length the writer's hypothesis,
(originating, no doubt, in his patriotic regard for the public interests, and
?ot at all in merely personal motives,) that Professor Bache is deficient in
integrity and capacity, we will proceed to point out, in a very hasty <man-
*j*» some other trifling inaccuracies into which he has accidentally fallen.
™e may attribute these inaccuracies solely to a want of judgment and
knowledge on the part of the writer concerning the matters of which he
freats, though doubtless he ia well informed on all other subjects. We ven-
î^e to hope that we may do this without incurring any serious displeasure,
or we are " very comptible, even to the least sinister usage." "
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The writer assails (p. 19) the American Philosophical Society, and charges
it frith delay and disrespect in the publication of Mr. Hassler's papers. By
referring to the Transactions themselves, it will be seen that Mr. Hassler's
papers occupy their place in regular order, with the exception of one short
intervening article ; and the precedence given to this last was owing, no.
doubt, to the unavoidable delay in preparing the engravings accompanying
Mr. Hassler's papers.

Neither is it correct, as the writer says, that the 'American Philosophical
Transactions constituted the only scientific journal then in existence. Silli-,
man's Journal was published at that time ; and the Memoirs of the American.
Academy, in Boston, made a scientific journal as much as the Transactions
of the Philosophical Society. .. . *

The historical relation which follows, concerning the standards of weights
and measures, is incomplete and inaccurate. The subject of standard weights
and measures was first brought forward by Mr. Jefl'erson in 1790. (See Ex.
Docs, of that year.) It was subsequently introduced by Mr. bard, in 1791 ;
by Mr. Jefferson again, 1795 ; by Mr. Harrison, in 1796 ; by Mr. Lowndes,
in 1819 ; and by Mr. Adams, (Secretary of State,) in 1822. The part taken
by each of these distinguished statesmen, in a measure of the highest practical
utility, such as has commanded the attention of every nation at all advanced
in political economy, is entitled to a place in history.

The writer next speaks of the gradual increase of the survey under Mr.
Hassler without comment ; but he makes the gradual increase under Mr.
Bache, the present Superintendent, as we shall see hereafter, an occasion for
attack. It is no part of our design to undervalue the labors of Mr. Hassler ;
but the writer, in order to disparage Mr. Bache, has given him credit such
as Mr. Hassler himself did not claim. The main triangulation, at the time
of Mr. Hassler's death, was only regarded by him as extending from the base
line on Fire Island beach to below Philadelphia, and not, as is stated, to
Point Judith. The triangulation from near New York to Point Judith, exe-
cuted by Mr. Blunt, one of the principal assistants, was considered by Mr.
Hassler only as a secondary triangulation, and was adopted as a main trian-
gulation by Mr. Bache himself, after the measurement of a base of verifica-
tion in Rhode Island.

The writer asserts, that, " four sheets of the large maps of New York Bay
and harbor -frere finished, and the reduced sheets of New York Bay and Long
bland were ready for the engraver, as well as the whole of Delaware Bay,"
" during the period of Mr. Hassler's superintendence."

One sheet only of the four was finished by Mr. Hassler. The others had
been commenced, but were delayed after Mr. Hassler's death, by the neces-
sity for making important additions to the hydrography, which occupied a
whole working season. The reduced sheets of Long bland were not, as the
writer hypothetically assumes, ready for the engraver. The project for the
map of Delaware Bay, the reduction of the whole land work, and a part of
the hydrographical work, were made under the present Superintendent. Very
extensive and important additions have been made to the hydrography of
Long bland Sound, and some additions to the hydrography of Delaware
Bay.

The name of the present Superintendent does not, as the writer thinks, oc-
cur in the title of the New York chart, but js merely placed in connection
with the work actually executed under his direction, and for which he ia
therefore responsible.
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ri A'? n0t con'eet> a8 k S£"d ky ̂ he writer, tbat the soundings had been car-
ea far enough to sea for the purpose of navigation, in 1843. The weights
d measures intended for the custom-houses had not, as he imagines, been
Depleted ; and as to the hope of procuring copies of the English standards

°t being realized, as he says, the writer discovers a want of perfect familiar-
У with the subject, in not knowing that the British standards have not yet
een made. ipjje equipment of the naval parties is paid chiefly from the Coast
и^у appropriation, and not from that of the Navy, as the writer assumes,
•lhe statements of the writer concerning the transfer of some of the reve-

steam vessels to the Coast Survey are also theoretical. Captain Alex,
r, late Chief of the Bureau of the Revenue Marine, in his annual re-
1847, recommended the abandonment of the use of steam in that
^ ̂ e public service, estimating the saving to be thereby effected at
three and four hundred thousand dollars. One of these vessels

been put up for sale in New Orleans, the single bid of three thousand
was made for her. She cost one hundred and twenty thousand dol-

81 After this vain attempt to dispose of these vessels, Capt. Frazer re-
i Y^ended in the same annual report, that, in order to prevent this melan-

c, °'У sacrifice of public property, they should be transferred to the Navy, the
oast Survey, and the light-house service. Yet, the writer supposes " that

^transfer was made without a passing remark."
W asserti°n that " as much work was done every year (during Mr. Hass-

8 superintendence) as there has been done since," taken in connection with
,VS4bsequent declaration, thit the appropriation has been since increased, and
,e Dumber of vessels, assistants, and officers, greatly augmented, is a direct

aĵ 8e that all the officers and vessels are idle ; that the gentlemen of the
i / г У and палу, and the civil assistants employed on the Survey are in col-
^ ion with the Superintendent to deceive the government and the country.

e trust it will not be thougbt unamiablo in us to plead not guilty to this
ye accusation, relying for proof on the table of statistics, which shows

much more work has been done in the last five years, than in the pre-
ug ten years.

e statements made by the vriter, in relation to the monthly reports, in-
on this subject, also, a hypothetical delusion. They were, formerly,

value, being merely put on file by a clerk of the Treasury Department,
^j~ regarded as inventories. Now these reports, sent to the Superintendent,
j. ° directs the progress of the work, furnish the means by which the opera-

^ of detached parties can be duly combined, the monthly progress of the
£,г* estimated, and the influences of climate, season, and local peculiarities,

2^ed for in every part of the Survey.
ï f"e monthly reports of results are not changed in their character. Month-
У Journals have been superadded of great value in combining the operations
, different parties, and in showing the amount of working time which may

* Bunted on in différent localities, and for different operations. These
ly journals do not contain a single one of the particulars mentioned by

as to be obtained from them at the end of the year, but they do
e <^a*a ^or determining the conditions of the atmosphere, and other

s which obstruct the work in particular sections, and which the wri-
states -were not taken into consideration ; and they have, contrary to his

, been used for such purpose by the Superintendent in his annual
contain full references to health, climate, and character of



14 Reply to an Article in Hie Mercliants1 Magazine

The writer speaks of the permission to employ private computers as a se-
cret abuse.

The permission here alluded to was given in the " directions " of the year,
approved by the Secretary of the Treasury, and printed and circulated ; and
the names of persons thus employed are mentioned in the annual report of
the Superintendent. This " official patronage " consists in the employment
of computers, chosen by the authority of the Department from among men
distinguished for their mathematical attainments, and has never amounted to
more than $1,500 in any one year. The plan, so far from being censurahle>
is one which merits, and has received, high approval. It enables the Coast
Survey to command the best mathematical talent of the country at compar-
atively a moderate compensation, and insures an accuracy which could hard-
ly be otherwise attained.

The statement that a new bureau of accounts has been made of the Coast
Survey office is quite a mistake, though certainly not meant unkindly. The
First Auditor of the Treasury has always audited, and now audits, the
Coast Survey accounts. The administrative examination of them by the
Superintendent is similar to that made by the Chiefs of the Corps of Engi-
neers, and of Topographical Engineers, and is an additional guaranty to that
formerly existing.

The statement that but one-eighth of the coast of the United States has
been surveyed, and that parties are engaged in, and have been sent to, either
Mexico or California, is not altogether consistent with the real facts, at least
twice that extent having been surveyed, and the despatch of any party what-
soever to Mexico or California never having been ether made, or contemplated.

The writer believes that the salary of the present Superintendent is greater
than that of his predecessor, and cites as his proof a mistake in the blue
book of 1845, corrected in that of 1847, (it is1 only published once in two
years,) which correction, of course, the writer never saw.

But in truth, (we do not mean to be sarcastic in the use of this word,)
the annual compensation originally made to Mr. Hassler has been continue»
to the present day. From 1832 to 1836, there existed some difficulty about
the allowance of fifteen hundred dollars of this sum. But the terms of the
appropriation bill of 1836 were construed to authorize the payment of the
sum held back, and it was given to Mr. Hassler.

His compensation to the close of his h'l'e was $6,000 per annum. The
same rate has been continued, dollar for dollar, to the present Superintendent-

Of course, the writer has never had any means of informing himself of
these facts. They appear, however, to be worth mentioning, if it be only for
his own satisfaction.

And here we can, we believe, safely dismiss the writer. We do so with
the utmost good nature ; after his kind, and according to his very humble
abilities, he has given us some help, and we thank him for it. " Truly, sir»
the better for my foes," is the remark of the clown ; and we begin to see
that it has other applications than the particular one made by himself. To
be sure, such service cost no trouble, " 'tis as easy as lying ;" and, moreover»
it has the demerit of not being voluntary ; but still, we are thankful for it)
and we should be sorry to think that, by exposing the theoretical fancies
and slight inaccuracies of fact into which the writer has been misled, *e
had done anything to injure his reputation. We feel confident, indeed, tb»t
no such injury can follow.

And what is the service which this writer has rendered to the Coast
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6У • The good he has done, is fo promote inquiry into the real condition
^u progress of the work, to make known its numerous friends, to elicit laud-
^°ry commendations of its principles and practice, and to spread abroad the

«nawledge of its usefulness and honor.
•I here is now a more confident assurance than ever, that its prosperity de-

Peods, not upon any fickle caprices of public favor, but upon an enlightened
pneral opinion ; that whilst it is conducted as at present, it will never want
t iT?68 and advocates, able and willing to give it an efficient, steady, and in-
j^gent encouragement and support. And for the good of the country, for

йе

( sake of true knowledge, for the cause of humanity, we rejoice that it is so.
1 Grateful science " records with satisfaction the many years and many in-

duces of honorable patronage which she has received from the Congress
aM government of the United States, never more conspicuous and benefi-

lal than when conferred upon the Coast Survey. It is true she has suf-
red, in common with whatsoever is of good report, from the assaults of ig-

. °rance, prejudice, and self-interest. Like the benighted lady, she may
av~e to encounter a thousand fantasies, and wily trains of evil, or be compelled,

(l uow, to unlock her lips in the unhallowed air, to answer some juggler,
, °btruding false rules pranked in reason's garb." But if she be faithful to

etself, she has nothing to fear from these threatened dangers, because she
Ver walks attended by the strong-siding champion, Truth.

„ Whatever false enchanter endeavors to fetter her onward progress, will
^d his rod reversed, and his wand snatched from his grasp.

While she preserves her purity, she

« May be assailed, but never hurt ;
Surprised by unjust force, but not enthralled ;
Yea I even that, which mischief meant most harm,
Shall in the happy trial prove most glory."
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an Assistant m the Coast Survey on an article in the February
number of Hunfs Merchants'1 Magazine, " On the Survey of the
Coast of the United States,1' (1849.)

tn the last number of the " Merchants' Magazine," there has ap-
peared an article on the Coast Survey of the United States, so plainly
characterized by merely personal ill will towards the present Superin-
tendent, and by a design on the part of the writer, actuated by this mo-
l've, to prejudice Congress against the work, and interrupt its progress,
{bat it was at first thought perfectly safe, (as it would certainly have
"fen most agreeable,) to leave the article to its,own self-condemnation.
The friends of the Coast Survey were persuaded that no apprehension
nped be felt of injury arising from such a source; that no impartial and
discriminating judgment would suffer itself to be guided by assertions
that were so palpably directed by individual resentment, or influenced
by ridicule that descended below scurrility; that a great public under-
taking like the Coast Survey, which in its conduct and its results has
80 often received the personal sanction of men of learning and of men
of business throughout the country, and now enjoys the unqualified
confidence and approbation of the Government, could not be injurious-
'У affected by a paper that bore, in every lineament of its face, the
'fiarks of bad passion,of indifference to truth, and of a desire to destroy
(destruction is the peculiar employment of bad, or misdirected intellects,)
^hat is essentially good and useful, from motives of personal hostility.

But it has been suggested, on the other hand, that neither time nor
°Pportunity is afforded to those who take part in the public councils to
famine into the accuracy of statements involving statistics not within
easy leach, or to arrive at an independent and deliberate opinion, (based
011 their own inquiries,) concerning matters embracing the theory and
Practice of surveying. In this respect, (it is said,) members of Con-
fess are to be regarded as acting in a judicial capacity, and that here,
08 in courts of law, in cases into which the principles of a science, or
!ne technical terms and details of an ait are introduced, the necessary
information must be derived from the examination of testimony which
18 both competent and true.

It is further considered, that even in a paper like the one referred to,
where the bad temper of the writer is found upon inquiry to discredit
bis statements, still some inquiry is necessary to discover this defect, and
lhat the " cunning livery" which untruth naturally assumes may readi-
|y deceive the candid and unsuspecting. And, finally, it is undoubted-
jy true, that in every public office, even the appearance of an unwil-
lingness to encounter investigation should be carefully avoided, that it
Bhould not be left to the malice of an enemy to boast that silence (how-
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ever justified by. contempt) is to be attributed to a consciousness of er-i
ror; and remembering that the malicious are always busy, that to arrest
scandal in the threshold of its progress is the most prudent though per-
haps the least agreeable course of action.

Our examination of the article must be brief. Every paragraph, we
may safely assert, contains an untruth, a misstatement, or a false con-
clusion from the premises. We will take up the more important asser-
tions as they occur; and, to begin with what the writer intends asa his-
tory of the Coast Survey, we have the following: " The law au-
thorizing the survey of the coast was passed Februaiy 10, 1S07. The
words indicate distinctly, that it was intended chiefly for maritime pur-
poses, and those of defence; and that a gcodetique operation, such as
was commenced under its authority, had not been contemplated or un-
derstood by the Government*" Mr. Gallatin's letter to Mr. Hasslery
(Transactions of the Ameiican Philosophical Society, N. S., vol. 1I>)
which forms the first document of importance in the history of the
Coast Survey, is dated March 25,1807, and calls upon Mr. Hassler to
furnish a plan for conducting a geodetic survey of the coast. In this
letter the project and elementary basis of a geodetic survey are stated
with as much clearness and specific distinction as they could be des-
cribed at the present time.

The objects specified by Mr. Gallatin are, THE ASTRONOMICAL DE-
TERMINATION OF CERTAIN POINTS, A TRIANGULATION TO CONNECT
THOSE POINTS, AND A HYDROGRAPHUC SURVEY BASED UPON THIS
TRIANGULATION.

The ordnance survey of Great Britain, and the topographical survey
of France, both of them surveys conducted on geodetic principles, with
hydrography attached, may be, or rather must be, described in the
same language. It is, in fact, the language of science, and was, no
doubt, carefully selected by Mr. Gallatin from the books, and designed
to say that precisely such an operation as the one just carried on in
France (the geodetic measurement of a degree of the Meridian for the
double purpose of determining the figure of the earth, and at the same
time a standard of measure, by Mechain and Delambre) should be re-
peated on the sea coast of this country, with the addition of hydro-
graphy.

Mr. Hassler's reply to Mr. Gallatin lays down, in detail, the plan of
a trigonometrical or geodetic survey, and this plan is accepted by Mr-
Gallatin. But the writer, in the next sentence, contradicts himself»
when he informs the reader that Mr. Hassler was sent to Europe for
instruments. The idea of sending to Europe for instruments to make
a nautical survey is absurd. It is because this was to be a work of the

highest class that science recognises, that is, a geodetic survey, thaV
better instruments were to be procured abroad than this country afforded-

The writer next goes on to indulge in aspersions upon the officers of the
army and navy not sustained by the premises, and contradicted by the

facts. He charges them with a desire to break down the survey l°
1818, and to get it into their own possession. • In 1818, General ~ :л
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aijd Colonel Abert, of the engineers, were Mr. Hassler's best friends
and warmest supporters. Colonel Abert has always continued to be a
'"end of the Coast Survey; and it is well known that, during the dif-
Pcullies in 1843, Mr. Hassler was deeply indebted to his support and
influence for preserving his own position, and the established organiza-
l l ° n o f t h e work.

With regard to the navy, it is only necessary, in order to show how
scandalous is the charge of endeavoring, in 1818, to make the survey
l^eir peculiar property, to mention that Mr. Southard, Secretary of the
Navy, in his report of 1827, was the first person in the Government to
P°int out the disadvantage of disconnected surveys; and that after-
l^ards, in a letter to Mr. Hoffman, chairman of the Committee on
Naval Affairs, dated April 14, 1828. (Doc. 264, Ho. of Reps.,) he
Urged the revival of the old law establishing the Coast Survey.

The writer also attacks the American Philosophical Society, and
Charges it with delay and disrespect in the publication of Mr. Hass-
'er's papers. By referring to the Transactions themselves, it will
"e. seen that Mr. Hassler's papers occupy their place in regular order,
^'lh the exceplion of one short intervening article; and the precedence
S'ven to this last was owing, no doubt, to the unavoidable delay in pre-
paring the engravings accompanying Mr. Hassler's papers.

Neither is it i rue that the American Philosophical Transactions
Instituted the only scientific journal then in existence. Silliman's
Journal was published at that t ime; and the Memoirs of the American
4cademy, in Boston, made a scientific journal as much as the Transac-
tions of the Philosophical Society. We only notice these things as
"eing indicative of the writer's trustworthiness.

The historical relation which follows, concerning the standards of
^eights and measures, is incomplete and inaccurate. The subject of
etandard weights and measures was first brought forward by Mr. Jef-
ferson in 17УО. (See Ex. Docs, of that year.) It was subsequently
introduced by Mr. Izzard, in 1791; by Mr. Jefferson again, 1795;
Ч Mr. Harrison, in 1796; by Mr. Lowndes, in 1819; and 'by Mr.
Adams, (Secretary of State,) in 1822. The part taken by each of
'hese distinguished statesmen, in a measure of the highest practical
Utility, such as commanded the attention of every nation at all advanced
1Q political economy, is entitled to a place in history.

The writer next speaks of the gradual increase of the survey
under Mr. Hassler without comment; but he makes the gradual in-
£rease under Mr. Bache, the present Superintendent, as we shall see
Qereafter, an occasion for attack. It is no part of our design to under-
^a'ue the labors of Mr. Hassler; but the writer, in order to disparage
^r- Bache, has given him credit such as Mr. Hassler himself did
n°t claim. The main triangulation, at the time of Mr. Hassler's
«eath, was only regarded by him as extending from the base line
btl Pire Island beach to below Philadelphia, and not, as is slated,
^ Point Judith. The triangulation from near New York to Point Ju-
Ulth, executed by Mr.-Blunt , one of the principal assistants, \tfas re-



garded by Mr. Hassler only as a secondary triangulation, and W»3

adopted as a main triangulation by Mr. Bache himself after the mea-
surement of a base of vérification in Rhode Island.

The writer asserts, that, " four sheets of the large maps of NeW
York bay and harbor were finished, and the reduced sheets of New

York bay and Long Island were ready for the engraver, as well as the
whole of Delaware bay," " during the period of Mr. Hassler's super-
intendence."

This is all simply untrue. One sheet only of the four was finished
by Mr. Hassler. The others had been commenced, but were delayed
after Mr. Hassler's death, by the necessity for making important ad-
ditions to the hydrography, which occupied a whole working season.
The reduced sheets of Long Island were not ready for the engraver.
The project for the map of Delaware^bay, the reduction of the whole
land work, and of a part of the hydrographical work, were made under
the present Superintendent. Veiy extensive and important additions
have been made to the hydrography of Long Island sound, and sotne

additions to the hydrography of Delaware bay.
The name of the present Superintendent does not occur in the title

of the New York chart, but is merely placed in connexion with the
work actually executed under his direction, and for which he is there-
fore responsible.

It is not true, as is said by the writer, that the soundings had
been carried far enough to sea for the purpose of navigation, in 1843-
The weights and measures intended for the custom houses had not, as
he asserts, been completed; and as to the hope of procuring copies of
the English standards not being realized, as he says, the writer dis-
covers his ignorance, in not knowing that the British standards have
not yet been made. The equipment of the naval parlies is paid from
the Coast Survey appropriation, and not from that of the Navy, as the
writer assumes.

The statements in regard to the compensation of the former an"
present Superintendent are false. At no time has Mr. Bache received
a higher salary than Mr. Hassler received from 1832 to the time of
his death.

The statements of lhe writer concerning the transfer of some of the

revenue steam vessels to the Coast Survey are also false. Captajo.
Alex. V. Fruzer, late chief of the bureau of the revenue marine, i°
his annual report for 1847, recommended the abandonment of the use
of steam ,in that branch of the public service, estimating the saving
to be thereby effected at between three and four hundred thousand
dollars. One of these vessels having been put up for sale in Ne^
Orleans, the single bid of three thousand dollars was made for lief-
She cost one hundred and twenty thousand dollars. After this vail1

attempt to dispose of these vessels, Capt. Prazer recommended in the
ваше qnnual report, that, in order to prevent this melancholy s
of public property, they should be transerred to the Navy, the
Survey, and the Ught-house service. Yet, the writer asserts,
this transfer was made without a passing remark."



TÎ assertion that "as much work was done every year (during Mr.
«assler's superintendence) as there has ever been done since," taken in
connexion with a subsequent declaration , that the appropriation has been
81r»ce increased , and the number of vessels, assistants, and officers greatly
augmented, is either the self-contradiction and inconsistency of a man
^no, careless of his statements, forgets ou one page what he has said on
he preceding, or it is a direct charge thai all the officers and vessels are

lc"e> that the gentlemen of the army and navy, and the civil assistants
^ployed on the Survey are in collusion with ihe Superintendent to
deceive the Government and the country; such a charge will hardly
receive credit coming from any source, especially from one so impure
113 this.

The disposition and temper of the writer is shown in his manner of
^peaking of Professor Bache. We take this opportunity to mention,
fjjat the nomination of Professor Bache to the office of Superintendent of
lne Coast Survey was made by all the leading scientific societies and in-
8tllutions of learning in the country. We set the authority of these open
Dominations against that of a concealed defamer, and we invite respec-
te gentlemen, (excluding, of course, the writer from this class,) to con-
J'o-er that such indecent language, when applied toa man distinguished
°r his services to the cause of science, and holding an eminent social

Position, should have no other effect than to excite disgust towards the
lfldividual by whom it is used.

The statements made by the writer, in relation to the monthly re-
P°rts, are false. They were, formerly, of no value, being merely put
°Q file by a clerk of the Treasury Department, and regarded аз invento-
Пе8. Now these reports, sent to the Superintendent, who directs the
Progress of the work, furnish the means by which the operations of
"etached parties can be duly combined, the monthly progress of the
^ork estimated, and the influences of climate, season, and local pecu-
''arities, allowed for in every part of the survey.

The vvriter speaks of the permission to employ private computei s as
an abuse, and makes false assertions concerning it.

The permission here alluded to was given in the "directions" of the
Уеаг, approved by the Secretary of the Treasury, and printed and cir-
culated; and the names of persons thus employed are mentioned in the
a_rinual report of the Superintendent. This "official patronage" con-
!is's in the employment of computers, chosen by the authority of the
^epariment from among men distinguished for their mathematical at-
ta'nments, and has never amounted to more than $1,600 in any one
Уеаг. The plan, so far from being censurable, is one which merits
ar>d has received high approval. It enables the coast survey to com-
'uand the best mathematical talent of the country at comparatively a
föderale compensation, and insures an accuracy which could hardly
be otherwise attained .

The statement that a new bureau of accounts has been made of the
Survey office is false. The First Auditor of the Treasury has

a'ways audited, and now audits, the Coast Survey accounts. The ad-



144
б

ministrative examination of them by lhe Superintendem is similar to
that made by the chief of the Corps of Engineers, and of Topographi-
cal Engineers, and is an additional guaranty to that formerly existing-

Equally false is the statement that but one-eighth of the coast of
the United States has been surveyed, and that parties are engaged in>
and have been sent (o, either Mexico or California.

The next paragraph is fairly characteristic of the whole article, and of
the writer's mind. It is difficult to say whether it displays falsehood or
malice in excess, or whether, of the falsehoods, those that are literal
misstatements, or those that are ingenious perversions, are the most of-
fensive.

" In taking the field in 1844, lhe Superintendent assumed the northern portion of the
Survey, which had been carried to Point Judith by his predecessor, under the immediate
charge of one of the principal assistants. The accuracy of the work thus far had been
verified by the last line of the triangulation, agreeing, within a very small limit, (a fraction
of a foot,) with the same line of Mr. Borden's triangulation, made for the survey of Mas-
sachusetts, and depending on another base.* In taking this part of the field, instead of
leaving it to the assistant, who had so honorably and judiciously managed the preceding
and more difficult part of the operation, the Superintendent not only secured himself an
easy and healthy country to operate in, but he had before him the points already estab-
lished by Mr. Borden, each marked with a monument. He had also Mr. Borden's result
to compare always with such as he might derive himself; and, moreover, he had with hio1

one of Mr. Borden's assistants, who knew the country, and thus spared him any trouble
of reconnoisance. Indeed, it is known that an attempt made by this assistant to change »
principal line of Borden's triangulation, though made at great expense and loss of time, al-
together failed ; thus showing clearly the ability with which the points of the previous tri-
angulation had been selected. The Superintendent, in the four years of his personal field
work, has scarce yet passed the l imit in which Mr. Borden had preceded him ; and if J'
be ever judicious in such matters to raise questions of economy, it might be well worth
asking whether the work done in the field by the present Superintendent, at immense eX'
pensc, has been necessary at all.t To the assistants were assigned the more southern por-
tions of the work, and two bases of verification, near the extremities of the triangulation
which had been furnished by Mr. Hassler, were measured by them in 1844".—Pp. 14Ü-M-

When the present Superintendent came upon the survey, he found
the first section of the work nearly completed,and he thought he would1

best meet the views and wishes of Mr. Hassler's friends by assigning to
his principal assistants the closing up of that part of the work which
had been commenced, and mainly performed, under Mr. Hassler's di-
rection. Accordingly, one of the two principal assistants was sent to
the Chesapeake to measure a base of verification, and connect it with
Mr. Hassler's main triangulation; whilst the other one measured a base
of verification on the eastern end of the work, and reconstructed the
northern part of the main triangulation (which was necessary) in Dela-
ware bay. On taking up the main triangulation on the north, to be-
gin a new section of the work, Mr. Bache only assumed his proper
place as the head of the survey. The scheme of this main trianguln-
tion differed, essentially and necessarily, from that of Mr. Borden; and

: * This close agreement of Mr. Blum's with Mr. Borden's work is nowhere spoken of ij>
the Coast Survey reports; nor is there a single atom of creditgiven to Mr. Borden, thougb

it is said that he was one of the applicants for the superintendence, and withdrew his clai111

in Dr. Bache's favor.

j At the stations of the main triangulation, under the present superintendence, there &6

usually thirty tents, with the corresponding equipage.



P/16 stations occupied at lhe north by Mr. Bache, only five were iden-
tical .with those used by Mr. Borden. Mr. Bache did not compare hia
resuhs with those of Mr. Borden; the means and instruments of the
latter were so far inferior to those of the Coast Survey that such com-
Parison was not desirable. The statement of an attempt to change a
Principal line of Mr. Borden is untrue.

.The Superintendent has passed far beyond the limits of Mr. Borden's
"langulation, into the Slates of Maine and New Hampshire. It is im-
Plied in the extract that this comprises lhe whole personal field work of
^e Superintendent. So far is this from being the case, that Mr. Bache
i88 measured two bases—one on Dauphin island, (Alabama Coast of

tlle Gulf of Mexico,) and one on Bodie's island, (N. Carolina,) besides
Connecting the Chesapeake with Washington by triangulation—for the
^termination of the first meridian, and asa check on the secondary
triangulation of the Potomac.

The ad caplandum note about the tenls is simply false, without the
Iïlei'it of ingenuity to screen it.

.The next paragraph abounds in untruths. It is untrue that the
Monthly reports of results were changed in their character. Monthly
Journals were superadded of great value in combining lhe operations of
Afférent parties, and in showing the amount of working lime which
S?ay be counted on in different localities, and for different operations,

monthly journals do not contain a single one of the particulars
ned by the writer as lo be oblained from them at the end of the

but they do furnish the data for determining the condilions of the
sphere, and olher difficulties which obstruct the work in particular

Actions, and which the writer states were not taken into consideration,
cud have, contrary to his assertion, been used for such purpose by the
kUperintendent in his annual reports, which contain full references to

ealth, climate, and character of season.
This passage characlerizes lhe writer, or at least one of the principal

c°fitributors to the composition of this paper.
The details given in the note could only have been furnished by a

Person formerly an assistant in the Coast Survey, and since dismissed
Г°Ш it under circumstances which establish his moral incompetency as

witness to its character.
This person was found guilty j before a distinguished commission, of

Meeting some of his observations and retaining others, "because they
Differed from or approximated to a mean or desired result." "And
Iflis objectionable method of arbitrary selection -was in sojne cases
C(*rried to such an extent that the same observations were used to cor-
r.Cct> in making up one set of results, which were rejected as erroneous
ltl making up another set."

Here we might take leave of the writer, and of the article. It is dif-
°c4lt to imagine that any person, whose mind is either impartial or re-
Sardful of the truth, should be imposed upon by imputations against the
Personal honor and official integrity of gentlemen of respectability,
c°tning from such a source.



But having advanced so far in the examination of this paper, it rrmy,
be as well to continue the exposure of its real character to the end.

The following paragraph is, perhaps, the fairest specimen that could
be taken of the merit of the article. Every line and statement in it are
untrue or malicious, or more frequently both. Ex pede Herculem.

" If the five years' work of the present Superintendent, with a personnel at least twicea*
large as the largest ever employed under the previous superintendence—an appropriation
more than eight times greater than that with which the work began, and nearly twice a*
large as that with which the former superintendence closed—and with vessels and equip"
ages furnished by the Revenue bureau of the Treasury Department, to the amountol

$240,000, be compared with the eleven years' work done by his predecessor, it will beseeHi
even using the Superintendent's arithmetical process, that there is but little difference in the
proportional quantities of work done. I exclude from this all comparison of the area oJ
the primary triangulation. The re-occupation of Borden's triangulation put the Superin-
tendent at once in the possession of triangles with sides of from eighteen to seventy mi'65

in length, and superficial miles by the thousand were covered with more ease than hun-
dreds in any other portion of the Survey."

1. The first t.wo lines are wholly untrue. A reference to the table
hereinafter given will prove this conclusively. In every case, except
the topography, which has been judiciously curtailed by diminishing
the distance inland to which the work is carried, and increasing the ac-,
curacy of the portions surveyed, more work has been done in five yeaii
than in the preceding twelve. The number of assistants has not been
doubled. The appropriation has not been for the five years nearly
double that with which the previous superintendence closed.. No equip'
ages have been transferred from the Revenue bureau, and no vessel of
that department was used, until 1847.

The writer excludes from his calculation the most important part of
Mr. Bache's work—the most important in extent and valuable in results-
In this part of the work it is strictly accurate to say, that the astronomi-
cal observations alone, (which are but a single branch of the primary
field work\) greatly exceed in number and intrinsic value all the obser-
vations of the same kind made by Mr. Hassler during the whole eleven
years that he had charge of the work in active operation.

In this connection it should be mentioned that the present Superin-
tendent has in five years occupied as many primary stations, and mea-
sured twice as many bases, as the former Superintendent in twelv6

years.
The "outer and more dangerous coast," which the writer says "has

not been touched," has been surveyed to the extent of 28 miles south
of Cape Henlopen.

Great credit is due to Mr. Bache for commencing the work of Nortb
Carolina, with this very object of including the coast north of Hat-
teras. This is one of the conspicuous merits of his new system of op6*
rations, that such work can be begun separately, the final union witb
the other sections being deferred for the present. The survey is rapidly
advancing to Cape Halteras.

The error in the geographical position of Gal veston, which Professor
Bache has prepared to correct, has no doubt existed. The shame an»
danger of it belong to our forefathers, or to the Spaniards; it ig highly
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to the credit of Prof, Bache that the Coast Survey moved into Texas
Î? two years after the annexation, (it had no right to go there before,) for
l".e very purpose of correcting these errors.

The writer next engages in an argument, purporting to be based on
stetistics, to show that not as much work has been done under Profes-
8011 Bache's administration as was accomplished by Mr. Hassler; which

up, however, with the very favorable admission, thai the primary
ulation under Mr. Hassler's superintendence " covered a super-
of about 5,760 miles," while "the superficial miles of primary
ulation made by the present Superintendent up to 1847 will, by

•J}? estimates, amount to 7,803." This is certainly sufficiently com-
Pjurtentary to the industry of Professor Bache, when it is considered
"iat Mr. Hassler's superintendence continued twelve years, while that
°ГМг. Baohe, up to 1848, ,only reaches a term of four years. But he
endeavors, as before, to discredit the utility of Professor Bache's work,

У saying that it had been anticipated by Mr. Borden in the trigono-
survey of Massachusetts. This untruth has been previously

As the writer has appended to his statement a summary in a
form, and has forced this comparison, a correct table is given

w, in which the real quantity of work done under the superintend-
Псе of Mr. Hassler (a term of twelve years) is compared with (hat of

"'ofessor Bache, (for a term of five years,) in every variety of form in
^hich it can be estimated. It may be noticed as an example of the

егУ singular disregard for truth, even where the misstatement isso pal-
t^ble as to save the trouble of contradiction, that the writer in this part
°' bis article speaks of the alluvial shores of the south part of Massachu-
*etts as "bold and rugged coasts," " rock-bound shores," and con-

them, in this respect, with the sunken and sandy beaches of the
, of which, in fact, they are the very type.
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Results of the Coast Survey at different periods from 1807 to 1849-

Triangulation

Extent of shore line, including bays,

Magnetic stations
Vertical angles stations

Hydrography, area of, in square miles. . .

Pnlf itrpim чпппЛтт number of
Pnlf Rtrpflm' fathnmsof line
C t t''on« number of
T'!? 1 ntetinriR '

Of these manuscript maps, No. prepared in

Pnn tain in!* sheets No of '
Original hydrographical sheets, No. of. . .
Duplicate hydrographical sheets, No. of. .

Records triangulation, bases, &c., No. of

Astronomical obs &c No of vols
PniiiniitntinnH D-pn'dptii-' Nn nf vnb

Computations, astronomical, No: of vols. .

Maírnptip eomniitatinns No of vols
Geodetic books, duplicates, No. of vols. . .

Meteorological books, duplicates, No oi

Original hydropraphical books, soundings,

Duplicate hydrographical books, sound-

Hydrographic books, tidal and current obs.

Astronomical differences of longitude

Ensraved niâtes of mans number of
Engraved plates of maps electrotyped, No.

Printed sheets of mans number of
Printed sheets of maps distributed, No. of.
Printed sheets of maps, sale agent, No. of.

Prom
1807—1819

560
450

3
0
0
0
2
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

4
1
1
2
0
0
1
0

0

0

0

0
0
9
0
0
0
0
0
0

Prom
1832—1844

18,103
14,483

310

3,215
11
10
7
1
0

6,222
6,100

*9,623
808,147

0
0
0

13
500
326

29
160
298
103
34

236

95
16
78
4
4
0

26
2

0

179

27

8
0

439
5
0
0
0
0
0

Prom
1844—1849

22,544
19,309

405

4,211
47
88
34
4
3

2,755
4,055

t!5,086
950,202

1,410
139,747

160
40

4,098
295

123
100
131
72
0

160

233
138
138
138
37
15

128
7

3

380

32

158
66

1,373
24
8

21
24,249

7,678
12,979

Total.

41.20T
3«

7'461
98
41

5
BJffl

ffi?>.-й139'ïS
53

4,598
J621

152

«S

»ï
396

333
155
SI»
144

8
'1

3

553

59

166
66

1,9g
8

si
4$12S

Í149.SÍ3

• 5,000 of off-shore work, f 11,000 of off-shore work. \ 11,215 square feet of paper-
Ц 4,056 square feet of paper. tj 5,891 square feet of paper.
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r. writer endeavors to make it appear that it is a fault in Professor
öache to have instituted re-surveys, even where he knew that the old
surveys were actually in error. This is so characteristic of a person
Dismissed from the scientific service of the Government for cooking (to
Use the technical phrase) his own observations, that it must not be per-
HiiUed to pass without this word of comment.

The writer also, on the same page, declares that the field maps and
sheets of reduction of Delaware and Long Island were erroneous; that
'he correction of the errors "has more than doubled the expense of the
Charts, and delayed for about two years their publication," and that
"Us was the crime of an assistant, who at that time held the fifth place,
atld has since then been promoted, and now occupies the second place
°u the survey. Now the errors, such as are imputed, never existed;

pretended expense and delay in consequence of them were never
red; and the assistant referred to was promoted for distinguished
in the field in a southern section of the survey, (Alabama, Mis-

pi, and Louisiana,) into which he was the first to cairy its opera-
tions.

The writer, in this paragraph,asserts that "other assistants have been
Amoved," or displaced. Now, but one assistant has been removed
««ring the superintendence of Professor Bache, and he for causes
Already stated, and after trial before a scientific commission, consisting
J)f Professor Pierce, of the University at Cambridge, (selected by Pro-
fessor Bâche on the part of the Treasury Department,) of Capt. Talcott,
*ate of lhe U. S. Corps of Engineers, (selected by Mr. Ferguson,) and
°f Professor Davies,late of the West Point Academy, (selected by Pro-
fessor Pierce and Capt. Talcott,) the decision of which commission was
Jjgned by all the members, and approved by the Secretary of the
Treasury.

And it should be enough to know that the materials of this paper
^ere furnished, and most probably the paper itself written, by this per-
зоо. Its character harmonizes with its origin. It is incorrect in its
ttateraents, perverted in its reasonings, and destructive in its designs.
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A P P E N D I X .

Mr. Bache has been charged by the writer with procuring, by im-
proper means, the removal of the old assistants from the survey. Bu*
one assistant has been dismissed, as we have before stated, during Mr«
Bache's superintendence.

The circumstances under which it became necessary for the Secre-
tary of the Treasury to dismiss him are explained by the " Report"
of the scientific commission appointed to examine the complaints against
him.

These complaints, it must be understood, originated with one of the
computers who re-examines the calculations made in the field. By
this system of do.uble computation and mutual correction, errors are
prevented and gross defects (where they exist) are dejected.

The following is the " Report:"

REPORT
Of a commission appointed to examine the Triangulation of Mr.

James Ferguson, Assistant U. S. Coast Survey, upon the Coast of the
United States, during the years 1844-'45.

COAST SURVEY OFFICE,
WASHINGTON, March 1,1847.

To the Hon. R. J. Walker, Secretary of the Treasury, the commis-
sion for examining the triangulation of Mr. James Ferguson upon the
coast of the United States, during the years 1844-'45, has the honor of
submitting the following report:

The Board has fully and freely examined the records of the observa-
tions made by Mr. James Ferguson in 1844 and 1845, for the primary
triangulation from the verification base on Kent island, to the junction
with Mr. Hassler's triangulation, and the books of results of the same;
also the computation of sides, the reports of Mr. Werner, of Lieut.
Humphreys, and of Mr. Ferguson, to the Department; and also another
document, viz., the reply of Mr. Ferguson to the Superintendent's re-
port. After mature deliberation and consultation, the Board has arrived
at the following conclusions upon the points submitted to their decision:

I. The character of the work as presented by Mr. Ferguson's report.
The Board decides that the primary triangulation from Kent Island

btise to the junction with Mr. Hassler's triangulation, as exhibited in
the results reported by Mr. Ferguson on completing the work, appears
good, and that the reported verification of Mr. Hassler's work was satis-
factory.

II. The real character of the work.
The Board' decides that the work is not really good, but that it is in

part defective and uncertain in its results, because—
First. At several of the stations the observations were not sufficient-
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У numerous, especially aa the observer appears to have distrusted hia
"istrument.

Secondly. The sum of the three angles of several of the triangles, as
educed from all the observations, differs from its correct value, which

8 180 degrees, increased by the spherical excess by more than three
seconds, which is now and has justly been regarded as the maximum
«mu of error admissible upon the primary triangulation.
, Thirdly. There are frequent uncertainties of reading, which amount,
ID some cases, to a minute of arc.

d the Board further decides that the work, which is vitiated by
defects and uncertainties, should not be received as a portion of a

primary triangulation and work of verification in the survey of the
c°ast of the'United States.

The Board has no knowledge that there were any reports of uncer-
funties in the work finally presented to the Superintendent prior to

'nose of Mr. Werner and Lieutenant Humphreys.
*П. The modes of obtaining from the observations the reported re-

8«Us.
The Board decides that methods were used by Mr. Ferguson which

are incorrect in principle, in obtaining the reported results from his ob-
*ervations; and that the apparent satisfactory closing of the triangles was

4e in part to the use of such methods.
The most important error in the mode of obtaining the reported re-

8l1«s consisted in neglecting to use all the observations made under cir-
Cl|r>istances equally favorable, and allow them equal weights; and in
Ejecting some and retaining others, because they differed from or ap-
Pr°xirnated to a desired or mean result. This objectionable method of
" rbitrary selection was in some cases carried to such an extent, that the
8a^e observations were used to correct in making up one set of resulta,

"ich were rejected as erroneous in making up another set.
The Board has further examined the books containing the azimuth

bservations made at Finley, in connexion with the triangulation, and
"Different computations of them.

The opinion of the Board is, that these azimuths should not betaken
'? final results, on account of the astronomical object upon which the

were made, and the mutual discrepancy of the results.
ï There were also submitted to the Board, at a late hour of their deli-
оПй'°П8> lwo otner documents, viz. , the letter of Mr. Bache of the 25th
,' February, and the reply of Mr. Ferguson of the 27th. The Board,

Sieving that the commentaries of these gentlemen could not 'affect the
Ц1 judgment which has been made upon the recorded facts of the

has given no weight to these communications in making up their
opinion.

which, together with the Journal of Proceedings of the Board, is
ed by, Very respectfully, your obedient servants,
(Signed) BENJAMIN PEIRCE,

ANDREW TALCOTT,
_ CHARLES DA VIES.

printer«.
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SPEECH.

e Senate, as in Committee of the Whole, having proceeded to the consideration of the bill
Appropriations for the civil and diplomatic! expenses of the Government for the year

n» TON moved to strike out the clause appropriating $186,000 for defraying the ex-
ajj es.°f &e Coast Survey, including compensation to the superintendent and his assistants,

u n msert in lieu thereof the following :.
30th d 8urvey of 'be ccast of the United States, the sum of $30,000 ; and from and after the
toent У of •"utle> 1849> *e ^'d survey sba11 be carried on exclusively by the Navy Depart-

l> under the direction of the President of the United States."
4r- BENTON having addressed the Senate in support of his amendment —

Mr. PEARCE said—

*"• PRESIDENT: í differ widely from the Senator from Missouri. My views
altogether different from those which he has just presented. I believe

at the United States Coast Survey, as it is now organized, as it is now car-
. °u> has not grown up in defiance of any act of Congress, I believe it is

8toct conformity with the original act of Congress authorizing the com-
ucernent of the Coast Survey, and with the subsequent act authorizing its

strictly in conformity with the objects of that survey, as described
uerally in the laws authorizing it, and with the special objects which were

by those laws at the discretion of the President; strictly in conformity,
only with the interests of science, but with the great interests of commerce

^navigation.
Irj this work was due, not only to science, but to ourselves ; due to that

'uiD.erce which pours into our treasury nine-tenths of all its revenue, which
ц distribute in a thousand channels throughout the land; due to the naviga-

. , D ^vhich conducts that commerce, and which furnishes us with the very
,, * defences our country can have against foreign aggression. We know

* the security of all the property invested in foreign commerce, and our
twise commerce too, depends upon the accuracy with which that work is

n°trned. We know that the lives of our mariners, who are constantly en-
°ed in the most perilous of all occupations, likewise depend upon the accu-

. СУ with which that work is accomplished. And I believe that this work has
, eïl so conducted, that, while it has been in strict conformity with the law, it

48 Advanced, in the very highest degree, the interests of commerce and
. ayigation. Let us look at the law, and see whether it is so very limited in

s °bject as the Senator from Missouri supposes. I find that the act of 1807
fi*dsaB follows:

'*ed ? mactedi ^c., That the President of the United States shall be and he is hereby authpr-
ehaii Î jre(juested to cause a survey to be taken of the coast of the United States, in which
UagUp des>gnated the islands and shoals, with the roads or places of anchorage, within twWy
t^jS es of any part of the shore of the United States; and also the respective courses and dis-
<Ueni "etween the principal capes or headlands, together with such other molten as" he may
*aií ,PTOPei for completing an accurate chart of every part of the coast within the extent afore-
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This is the general designation of the objects of this survey. It is not Ш0'
ited to pointing out the islands and shoals which may exist within twenty
leagues of the coast. It is not confined to the mere ascertainment of t"e

principal capes and headlands, but it embraces all such other matters as the
President, in his large discretion, may think should come within the proper

scope of such a survey as this.
Again, by the third section of the act of 1807, the President was " author

ized and requested to cause proper and intelligent persons.to be employed *°

carry out any of the purposes of the act." He was not limited as to the nut»'
ber of persons to be employed. He was not restricted as to the character °*
the individuals, or the nature of their professions or pursuits. It mattered no1

whether they were astronomers, engineers, or otherwise. But, in the expre39

language of the act, he is " authorized and requested, for any of the purpose8

aforesaid, to cause proper and intelligent persons to be employed, and ai«0'
such public vessels in actual service as he may judge expedient, and to givB

such instructions for regulating their conduct as to him may appear proper, ьс"
cording to the tenor of this act." So much for the scope of that law as to the1

employment of persons to carry on this work.
But further: The act of 1832 revives the act of 1807, and authorizes the1

President of the United States, " in and about the execution of the said act, '"
use all maps, charts, books, instruments, and apparatus which now or hereafter

may belong to the United States, and employ all persons in the land or •n'a'"
service of the United States, and such astronomers and other persons as №

shall deem proper."
The . Senate will perceive that the very largest discretion is given to №

President in regard to this matter, and it was rightly given. It would b°
have been proper for Congress to lay down the details of a plan for observ*"
tions so delicate and so complicated, as those necessary to the survey of №
coast of the United States. That was wisely and properly left to the disci*'
tion of the President. And the President, in the exercise of that discretion

began by directing the Secretary of the Treasury to acquire the informât«011

necessary to the successful prosecution of the survey, and to consult high^
distinguished scientific men throughout the country as to the plan upon wh'c

this important undertaking was to be pursued. The Secretary did so, &
adopted the plan of a geodetic survey submitted by Mr. Hassler, subsequent
sending him abroad to procure instruments for executing the work. This do°e'.
Mr. Hassler, when ready to commence the survey in 1816, was employed to

conduct its operations under the designation of " superintendent." And, slfr

the President departed from neither the letter nor the spirit of any law wneft

he appointed a superintendent of the Coast Survey. A work of such irop°rt"
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Ce5 magnitude, and delicacy, and of such a complicated character, could not

- ye been conducted in any manner,, much less conducted properly, unless
"er the supervision of one intelligent head, and that intelligent head must

eeds be " superintendent," no matter by what name designated. And Con-
§ ess have recognised the propriety of this designation hy their legislation.

lâ uow a common term in the legislation of the country. And the term
Superintendent of the Coast Survey" has not " stolen" into the language of

Ur statute books. It was brought in openly, properly, intelligently, and it
°uld have been rather a matter of surprise than otherwise if that word had
ot been used by the Executive and by Congress too.
The act of Congress of March 3d, 1843, directed the reorganization of th'e
°de of executing the survey, upon a plan to be recommended by aboard de-

'gaated in the law. This plan of reorganization was completed, according to
e Provisions of the law, before Mr: Bache became Superintendent; was sub-
ltled to and approved of by the President, and has furnished the general

utes for the conduct of the survey; referring to the department charged with
e survey^the employment of the civilians engaged on them, the pay tobe

7°Wed them, and providing that vacancies occurring thereafter, in the scien-
ce department of the survey, should be supplied from the army and the navy,
cordingly as the operations were upon land or water.
•*he Senator from Missouri seems to suppose that the sole object of the

Oast Survey was what may be termed hydrographical, and he seems to think
at> because such was its supposed object, the whole work comes peculiarly

*°" solely within the province of the navy. Sir, I do not so understand it.
aPprehend that the Congress which passed ithis law must have understood
e general principles upon which great works like this have always been

6&ulated in other countries. The letter of Mr. Gallatin to the. individuals
"Olu he consulted as to the plan for the Coast Survey, shows that he knew

Wnectly well what the language of science was upon this subject, and that
^ framing this plan, which has been carried out, and not departed from
nat day up to the present time, he was following out those rules which scien-

;"*c men, acquainted with the subject, had decided to be the best for conduct-
6 such an operation.
Mr. President, the primary object of the Coast Survey is to make an accu-

iate map on which shall be delineated'the whole coast of the United States—
e principal capes and head-lands only, but the whole coast, with all its

ons and sinuosities, including those objects, whether on the shore or
shore, the knowledge of which may be of any sort of value to naviga-

n- This is a work which cannot be done either by ordinary land surveying
1 by ordinary off-shore surveying. It is a work of the highest science. It
Imites the very best ability, the most complete and refined observations, the



Г58
•use of the most delicate instruments, the nicest and most complex calculations-*-"
astronomical as well as ordinary trigonometrical calculations. . The processes by
which the latitude and longitude of any point on the earth's surface are calcU"
lated are the very nicest of all the processes known to science—processes»-
perhaps, not perfectly completed at this day. And I may say of the Coast Sur'
vey under Mr. Bache—as indeed when under Mr. Hassler—that it has n°'
only kept up with all the inventions and improvements of science in other
countries, but it has surpassed them. The learned and able gentlemen en'
gaged in prosecuting this work have made discoveries of their own, have in"
vented new instruments, new processes, by which more precise results are »Г'
rived at in the various scientific calculations connected with their undertaking?
and many of their inventions and discoveries have attracted the notice and Vo0

the admiration of the scientific world, and will render our country UlustrioU8

for all time. To delineate accurately the-coast of the United States, accordiní
to the opinion of all scientific and practical men, requires, as I have said, tbe

highest scientific and practical abilities; for this, though a practical, is not *
1 plain business, as the Senator from Missouri assumes. It is not a business
which can be performed by every officer of the navy, or by one-tenth, or by
one-twentieth part of the officers of the navy, if I know any thing of then*
abilities for such a work. I know many of them who are no more competent
to perform this work than I am myself, and I am utterly incompetent. I kno^
very few naval officers who are competent for 'this business, and those fe^
have been trained and rendered competent by their labors in this service, uB'
der the present accomplished and efficient Superintendent of the Coast Survey
and his learned predecessor. The profession of the naval officer does not re'
quire the profound scientific education which these duties demand, and th&*
period of life usually devoted to such studies is passed by them in acquiring
nautical knowledge. From sixteen to twenty-two, when the foundation of tbJs

knowledge is laid with all professional men, they are commonly on the ocean?
without the means of, or the leisure for, this scientific training. Therefore»
though there are many gallant and generally intelligent men among our
officers, it is not to be wondered at that they do not furnish the kind or
of acquirement requisite for the higher operations of the Coast Survey. There
are some brilliant exceptions to this general rule, but they are only exceptions-

In the army there is necessarily more mathematical and astronomical sW
ence, and it has been availed of in the Coast Survey, which, indeed, has been-
a capital school for the further improvement of our young officers.

In relation to the navy, as well as the army, I may say, that they have n°
been idle, even since the war with Mexico has been brought to a close. Larg6

and increasing demands are made upon them for the protection of our coB>'
merce in every part of the world; and I think that the leisure allowed them &
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othing more than a reasonable relief from the common hardships and.perils of
' «eir profession.

•ihere are'very few whose attention has been drawn to the operations.of this
> and perhaps it may be- well to give some explanation of the process,
operation begins with a series of'triangulations, so called, by .fixing

a number of prominent points on the coast, some of them at large dis-
iauces, and connecting these points by trigonometrical operations upon a large

Cale. It js then necessary to include in the first another series of secondary
^d tertiary triangles, correcting and verifying the whole by astronomical ob-
lations of the greatest nicety.

The Senator from Missouri seems to suppose that the Superintendent of the
°ast'Survey has violated the law by establishing an observatory for the pur*

?°se of making astronomical observations. Not at all. Every astronomical
"servation that has been made by the Superintendent has been necessary for
°e determination of the latitude and longitude of places or points of the sur-
еУ which it was requisite to have fixed and precisely known. Sir, I scarcely

it needful to give the Senate any authority for these statements, but I
easily do so. I will read a paragraph from an article in the "Princeton

" written by Professor Henry, one of the most distinguished savans
1 this or any other country :

.f Connected with the primary triangulation a series of astronomical observations are made
f ascertaining the latitude and longitude of the principal points, the result of which may serve

lo«C • k '^e trian§ulation, and establish on the chart the parallels of latitude and meridians of
j. "Efi'ude. Such a survey is susceptible of great accuracy, and possesses within itself the data
•„/lta own verification." " It might appear at first sight that the process here described is prie

По great difficulty of execution, and that it may be safely trusted to men of ordinary seien*
*"' acquirements, &c., but nothing can be further from the truth."

a minute error in your base line—a small mistake in any of your pri-
observations—propagates, and multiplies itself throughout the whole ex-

elt of a work of this sort.

So that the astronomical observations which it has been supposed might con-
' ert the Coast Survey into a permanent national observatory, are nothing more
^ЗД the necessary instruments for giving, precision and value to the result of
^e surveys made in the prosecution of this .work. This is well known. It is
^e practice in every civilized country under heaven, where .any attempt has
^een made to execute a grand work like, this. The great survey of England
1S both trigonometrical and astronomical. So is the great survey of France.

0 toe those of "Wurtemburg, of Prussia, of, Russia, of Italy, and other coun-
ts, many of which have been executed with extraordinary fidelity and accu-
^У, but not one of which is superior, in any respect, to that in which we are
***** engaged. We have improved upon their means hi some particulars, and

°ür surveys are inferior in accuracy, completeness of, detail, and economy of
'to none in the world. A National Observatory has grown up here

the passage of the act of 1832, but it has grown up under different ацд.
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picBs:from those ofi the: Coast Survey., It hás been, legally, established;by-
act of Congress, by the co-operation of the two branches of. the
and Executive) aadiithas no connexion with the Coast Survey.
time, aa obse'iivatioa has been: made .at the;National Qbse;rv,ator.y fot the
efthe Coast Survey, it has been, but a proper and incidental copteibution if001

that establishment towaids .the accomplishment of tbia, great-national
Sir, Г venture to say that it newer entered themtiad of Mn.Bache or Mr.
1er that, m prosecuting those observations absolutely necessary to the
•of the undertaking in< which they were engagëdy they, were running in conw0'
with any act of Congress requiring that the Coast Survey shpujd not estabfeb
a permanent astronomical observatory. The Superintendent of the Coast Sur-
vey would have been, disgraced as a scientific man, and a, faithless, public s61"
vant, if he had, ornittedi to give accuracy, precision, and, value to; his work^ b}f
such indispensable and well known means as are and must be employed in el*
•works of this character. • .

BuUto return to the manner in which these operations are conducted. AAe*
the main triangulations and the secondary and tertiary triangulations^ com«*
the topography, which delineates the country for a few miles inland. MS'
Hassler carried it much further inland than Mr. Bache has done. That we*
partly owing, however, to the fact of the great diuerence in the character o*
the country upon which the: two officers were engaged. Mr. Hassler was oc-
cupied chiefly with the hilly regions of the North, where there were man/
prominent natural objects, far inland, which furnished the best points for hi6

triangulations. His observations were, therefore, necessarily carried further
into the interior than those of Mr. Bache, who, besides a considerable amount
of work at the North, has been much occupied with the souther» portions of
cur country, where the land is lower and more level, and-where Mr. Ha.ssl«f
never carried his operations. >

While, then, they are making this primary triangulation, this secondary tri-
angulation, -which is subsidiary to the former, and this tertiary trianguktiörf)
to assist in the completion and verification of the whole, they might just a»
Veil make a topographical map of the country. They might have omitted
that to be sure; but I think that it was discretionary with the President to ÍB>"
cTude this work, s'ince, while engaged in the Coast Survey; it would imake but
a very little addition to1 the expense to make a topographical map; of the coasu
msteaid of a mere skeleton map of the different stations and:triangulation^
Besides, an important part-of this topography is to furnish the- shore line ив'
cessary to the hydrography of the coast. It is by ascertaining the1 precisöipö"
sition, as to latitude and longitude^ of alPthe points- upon thé coast, that-y**
arrive at an accurate delineation of'the shore-lines upon that coast. That1»5

not'all. The hydrography cannot be ascertained -with any precision;
the aid of shore operations. It is necessary to make triangulations wit
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t the coast, with which to согщ.е,с1 the, points off the coast, in order to

and. describe the soundings. The system of triangulation is just as
in order to, enable, you, to delineate upon a map the character of. the

%faqe,of the. earth under the ocean, as, to enable you to delineate the objects
the surface of, the earth uppn the shore,;,. so,that trigonometrical and as.tro-

' observations, are absolutely necessary for this survey, and are,, in, fact,

;оТ it.,

w;e; have: had detached surveys,; made ab different times,, of different
of the: .coaßt— bydrpgraphical , surveys; and I venture to'say not a single

ofithem has been; accurate, but most of them have been,,in the.highestde-
maccuflate. I know this to be a fact- I know, for example, thattt he

alsurveys^ffiNew Bedford, and Buzzard's Bay have been exceed-
incorrect, and that by, the operation of this precise system under which

*e;Coa,st Survey has been prosecuted-, .we have discovered the greatest dangers
Navigation lying directly in the track of vessels on their way to that port —

-•J?Qrt which owns, three hundred whale ships. Dangerous sunken rocks, with
"Htifive feet water on them, have been discovered lying almost directly in. the
^WoneL The discovery. of these sunken rocks by, the Coast, Survey may, in
^course of time, save to this country more than the whole expense of the
-'.°ast Survey. A great deal has been, saved, by this discovery to citizens,

*W a great deal to the Government, for the Government very often loses more
"ties by the wreck of vessels in one. year than the • whole of the annual :ex-

of the Coast Survey.
To ascertain and. delineate the topography of the surface underneath the

to some distance from the shore, with, the same precision with- which
escribe the surface of the shore, is a very important matter,, sir. Navigation

be .secure without it. The navigator who approaches your, coast* in
weather, or in a cloudy night, when he cannot take observations of the

and when too far out to see the lights, must depend upon his sound-
-his position- Various modes have been' pursued to furnish the charac-

. r Pf, the. bottom, not only in the bays and sounds, but upon the sea and леаг
л!? shore, and as far out as the, sounding line can ordinarily reaph.. The с.одг-

me.thod is by means of a greaped.lead, which, brings up a, specimen of the
Qsites/ on, the, bottom.* These are accurately examined and described,, and
? character and depth, and their relations to points on the shore, which

ед previously determined by scientific observations, are carefully
on the charts.

•J.ítr^.d^sir1ahle,then,.togjv.e[B9t only the> topography, of the shore, but also
'exact character; or, topography of th,e bottom, of the sea-on qur coast

«f, soundings; Thus, and thus, only, can navigation be made safe.

toabte inventioB of áLieutenaDt:Sul)waçenvof the'<U. S.Nnvy, by. means of which-epe^
<Qi^%9f,tbe boUpin are brought up in sufficient quantities, for preeervation, is used on- the
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Now, sir, the results of that Coast Survey have already been of extren>e

value. The discovery of a deep and direct channel over the outer bars of '"
harbor of New York, never before used or known, has proved of immense я*
portance to the commerce of that great commercial city. It has earned t»B

gratitude of the merchants of that city, and elicited testimonials of the h
approbation from the chamber of commerce and other public bodies. The
gation of Delaware bay has been vastly improved by it. A new straight
nel, parallel to the old one, has been found in this bay, better sheltered frolD

floating ice. Three channels were found over what are called the Cape М»У
Ridges, which will be vastly serviceable to the coasting vessels of the c°*̂
trade—a business which sends from Philadelphia annually nine thousand car"
goes of coal to various parts of the coast. The whole form of the bottom °
the bay has been ascertained to have been inaccurately given heretofore-
Some dangerous shoals—on which wrecks have frequently taken place—ha?e

been discovered to be miles out of place on the old maps. Other suppose"
ones are shown not to exist. The width of the bay has been found to be lßSS

at certain points than heretofore described, by several miles, and the positio11

of important points has been corrected. In the case of a light-house the err°r

was some six or seven miles. For example, the position of the light-house et

Bombay Hook, on the lower part'of the bay, in a neighborhood noted for tbe

number of vessels grounded there, has been found to have been erroneously
assigned on the old charts by a distance of six or seven miles.

Off th'e shores of Nantucket a number of shoals have been discovered bf
Lieut. Davis, and have since been surveyed, which were wholly unknown be'
fore. They lie directly in the track of vessels from New York to Europe, fro*11

all the southern coast to several of the New England States, and from these
latter to the West Indies, and are and will continue to be 'very serious danger5

to navigation until the mariner shall be warned from them by proper beacoB*'
or other means.

Very great improvements have also been made in the navigation of Chesu'
peake bay. Many dangerous shoals have been discovered, by these precis^
operations, in that bay, which were never before known to exist; and who ce»
tell what amount of property, and how many valuable lives migbi have bee*
swallowed up in that bay but for these discoveries? ' Great 'an d similar iib"
provements have been made 'also in the navigation of Long Island sound, Ma»'
eachusetts bay, &c. New channels have been discovered, and hidden danger8»
not before known, have been pointed out.

These are some of the direct and practical benefits resulting from the oper»'
tions of the Coast Survey, which will soon be extended to all the coasts of ttíe
United States. No such benefits, I venture to say, could have resulted, or

ever will result, from a system different from that which we are now pursuing-
One important feature of this system, one which has been successfully car-
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out in the progress of its investigations, is the union of the officers, of the
and navy, and of civilians, for the better prosecution of the work.

Officers of the navy are now exclusively employed щ the .hydrography.
еУ have not been unceremoniously set aside, nor have they been thrust out
employment ior which they were fit. They are the only men who have

eu employed in the hydrogr.aphical department of the Coast Survey. Offi-
rs of the army have been employed on the shore work when they could be
'auied, and both have rendered excellent service in this combined system of

^rations. Only three of the army, I think, are now employed upon the
УеУ- Prior to the war with Mexico eleven of them were so employed»

Pplications are now pending, as I know, for more of them to be enlployed in.
e same service.
^he combination of army and navy officers and civilians is precisely 'the

°de of all foreign countries, except Great Britain.
** Great Britain the trigonometrical survey is confined to the .ordnance branch
'he military service. That is not exactly such a survey as ours. It is a

6e°detic survey of the whole kingdom, and the hydrographical part is com-
fwatively limited; and is, besides, not intended, I believe, to be complete and
°Utinuous as ours will be. The surveys of that description are detached,.

"atbcular parts of the coast only being surveyed and delineated, in which re-
pect it resembles the great survey of France.

™he great object of the English survey is to describe the whole interior of
îtle kingdom. I do not know how many officers there may be employed in.
^8> or how many vessels they may engage. Their hydrographical operation»
ie by no means so extensive as those of the United States. They have no
Uch extent of coast, sir, as we have; a coast of 30 000 miles, exclusive of
^ new possessions on the Pacific coast; and we have innumerable rivers,' be-
loes the bays and sounds. When I say 30,000 miles, I mean to count the

8lftUosities, of course. That is the estimate. We have a vastly more extended
^^st than that of Great Britain. There is a great deal more to be done. Be-

1 es> a great deal of their coast is unapproachable, and they survey 'only such
Portions as maybe approached. They began in 1783, with an intention te
c°onect, by trigonometrical observations, the observatory at Greenwich with
'hat at Paris. In 1791 the government undertook a general survey, under the
Section of their board of ordnance. We know how abundantly liberal their
Appropriations have been, and yet, sir, that service is going on to this day, and
18 not likely to be completed for some time to come. It has cost money far
"eyond any thing which the Coast Survey of the United States has cost. They
uave appropriated more than seven millions of dollars, exclusive of other large-
Sl»ns spent in the. general hydrographical operations, to which the Senator has-

, in the fifty-eight years during which it has been in progress.
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1825 the annual appropriations have varied from $250,000 to $500,000 pef

•annum.* How many officers they employ Г do not know, but I know that they

itave a corps of sappers, amounting to three hundred and fifteen men, specialty
organized for the service. And it is well known that the military service

<3reat Britain is organized upon so large a scale that they have much greater

range of selection than we have among the much larger number of scientific

-officers in their army.

Besides the seven millions already expended, the appropriations necessary

to complete their survey have been reported at about $1,500,000; so that to

finish it they will require a sum equal to the whole amount already expended

by us in our Coast Survey; and it will be remembered that these additional de-

mands are necessary to complete a plan which has been in operation for 58 year8'

We have already, in 17 years, accomplished a large part of our Coast Sur-
rey; much of the primary and other triangulations of the topography and hy*

•drography—not all of it connected, tobe sure; but upon the scale of appropr1"

Cation asked'for, the whole may be completed in 15 years.

Plans have been adopted by the present Superintendent to prosecute the
«work more rapidly. He has divided the whole Atlantic and Gulf coast int°

nine sections, and parties are at work on all these sections, in eighteen dif-

ferent States of the Union. Though the work on these diffèrent sections wfl»
be separately conducted, the whole will finally be connected, so as to form one

continuous series of observations and surveys, and to make the work a unit-

The work in one part will verify that in another, and a general, minute, and
accurate survey of our whole coast will be the result.

Now, sir, the expenses of this coast survey, so far, have been, I believe»

about a million and a half of dollars; of which the sum expended in Mr. Hassler's

lime was $766,000, and that in Mr. Bache's time $579^000. Mr. Bache no*
bas on hand! nearly $160^000j in vessels, instruments, equipments, engraving
.Apparatus, &C:, and^ deducting the cost of such of these as were purchased

•during his. superintendence from the gross sum spent by him, we have abo»'

$600,000 as the aggregate expenditure for all other purposes during his fi?e

of the aggregate amount f aid in each year, on account of the survey of counties and '**
trigonotnetrical surveys, since tAe year 1832 up to January, 1847.

Year.

1832--3
I833-'4
1834-'5
183'5-'6
183Cr'7
1837-'8
1в38-'9
1839-40

Total.

L.
44,329
48,528

.50,856
56,404

•66,-447
• 80,149
79,910
79,681-

i.
17
14
5

14
4

16
4
8

d.
3
2
7
5
Э
6.
5

Year.

Í840-4
1641-'2
Ш2-'3
1843--4
1844 '̂S
1845-'6

Up to January 1847

Total.

L.
84,039
84,365
93,147
77,402
65,428
57,311
44,155

s.
• 4-
11
11
9
2

19
13

4*U
14
1
4
5j

Hi
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, ars> 'For this sum he has accomplished morc than was done with mucb
arger expenditure in Mr. Hassler's time.
. sir, it is very true that the appropriations have been increased largely*

ce Mr. Hassler commenced the work, but it is equally true that the results-
e increased in a much larger proportion, and that greater accuracy as well-:

•a rapidity of execution is demonstrable.
1 take no notice of the work done prior to the suspension of the survey ia
*". ; because that was very, little in amount. But I compare the work done

У Mr. Hassler, from 1832 to, 1844, with that done by Mr. Bache from 1.844 to
-49. Mr Hassler's reconnpisances in twelve years covered 18,103 square

Mr. Bache's in five years cover 22,544 square miles.
Mr. Hassler's triangulation in twelve years covered 14,483 square mile?.
r- Bache's extended over an area of 19,309 square miles. The hydrography
Mr. Hassler's lime spread over an area of 9^632 square miles, a little more-

^ half of which was off-shore ; that of Mr. Bache covered 15,086 square-
Ues, of which three-fourths was offshore work.
Mr. Hassler's soundings were 808,147. Mr. Baphe's 950,202. Mr. Hass-

* 8 engraved plates of maps were five ; Mr. Bache's twenty-four. None
published by Mr. Hassler ; but twenty-one have been published by Mr.

ache, and 7,678 printed sheets of maps have been distributed in his tyme, and
uot one during Mr. Hassler's.

comparison continues the same throughout almost all the items of .the

r statement from which I draw this information.
. The only particulars in which Mr. Hassler'â work exceeds that of Mr. Bache
Ге iu the amount of topography and shore line, and the number of original to-

P°graphical maps. It will be observed that the amount of Mr. Bache's topor
§taphy jg) jn proportion to the time employed, larger than Mr. Hassler's. It .is

_8olutely less, because Mr. Bache designedly reduced the amount — not conr
'Gering it necessary to prosecute these surveys so far inland, and because,, in

"Us way, the expense might be lessened ; of course the number of original
would he necessarily less. The shore line, of which I now speak, 'щ that
includes the rivers, as well as the sea, bay, and sound coast; and it

be perceived that the amount of this under Mr. Bache is two-fifths of the-
, although his time is less than one-third of the whole time.

Thus it appears that the work done by Mr. Hassler was far more limited in
its amount than that performed by Mr. Bache. I do not say this as a matter

°« reproach to Mr. Hassler ; far from it. He had the difficulties of the early
rgaruzation to surmount, and, during the first half of his superintendence,

SIftaller annual appropriations were made by Congress. Hehadalsoto.edu-
a'e for the service some of these very persons who now seek to destroy
he progress and prosperity of the work. But I wish to show that while the
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appropriations have been increased when Mr. Bache has had the superintend-

ence, the work which has been done has increased in a greater proportion. T&e

work is advancing much more satisfactorily, and will accomplish much soone»
its great object—that is, the security of the commerce and lives of the citizens

of the United States. Almost all discoveries in science are so connected that
it is scarcely possible to prosecute the necessary operations of the Coast Sur-

vey without advancing incidentally the interests of science on matters not oi

themselves indispensable to the work. But who will venture to object to that)
•when this grand object is accomplished? The further expense will be a mere

nothing; and when it is in the power of the President to allow it or disallow •*>
he must of course be supposed to have allowed it, if he has not expressly dis-

approved.
The Senator from Missouri seems to think that this will subject the агтУ

and navy to the command of the Treasury Department, instead of the Presi-
dent of the United States; that it would subject, and had subjected, the аг№У
.and navy to the command of the Secretary of the Treasury. Why, I appre-
hend,that the Secretary of War never dreamed of any such results. I venture

to say there is not a single instance in which any officer of the army or navy
has been subjected to the command of the Secretary of the Treasury by virtue

of the introduction of these words into the act to which the Senator has re-
ferred. The Secretary of the Treasury has never dreamed of taking any au-
thority into his hands over the army or navy of the United States on account
of this phrase. He has never called upon one of them to do any service connected

with this survey, without the express assent and direction of the Secretaries of

War and Navy. It depends upon them, and not upon the Secretary of the
Treasury, whether those officers shall be ordered into the service of the Coast

Survey or not. It is so with the men; it is so with the vessels of the navy-
At this very time an application is pending before the Secretary of War for
more officers of the army for this very service.

Now, sir, the Senator stated that there were thirteen vessels employed in our

Coast Survey, wherea's there were only ten employed in the British hydrography-

Mr. BENTON. Before a certain day.

Mr. PEARCE. Be it so. Now, sir, these thirteen vessels—are they an ex-
cess or not ? That is the question. As I said before, we have the coast di-
vided into nine different sections, in which the work is all going on at the same

fime. It is necessary to have a considerable number of vessels to carry on all
these operations in the different sections, and execute the work properly and
efficiently. They are not only necessary for the hydrographie part of the work,

but it is necessary to have small vessels connected with the service for the to-
pographical and triangulating parties. Some of those vessels are so employed

to my own certain knowledge, for I have seen them in the Chesapeake bay-
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ThеУ are used not merely for the purpose of carrying on the hydrographical

.Cat ions , but to furnish lodgings for officers and men. In the sickly regions
^ ould not be safe for the parties to sleep in tents upon the marshy .shores.
is the experience which the officers of the Coast Survey have had in this

"lch induced them to ask for these vessels. They obtained them, and they
n°t camp on shore by night; they do not sleep on those low shores, subject
be miasma and the vapors, but on board of their vessels. • They found this

Be not only more healthful, but very economical. Besides, in 1,hinly settled
j/rts of the coast, they must carry all their supplies in this way;, and, indeed,

e vessels are necessary sometimes to carry them from one point to another,
ere a. passage is only practicable by water.
_ °*j sir, in regard to the vessels obtained, and the circumstances under
lch they have been obtained. Some of these vessels have been turned over

Ц) fk

ieA from the revenue service. A steam vessel, for instance, was built
eral years ago, at great expense, without authority of Congress. Gentle-

" will remember the complaint of this in Mr. Tyler's time — the passage of
. Щ to prevent it in future, which was vetoed by the President, and passed, •

spite of his veto, by two-thirds of both Houses. Two, of these vessels, one

^bich cost $120,000, were found utterly unfit for the use of the navy or
euue service. This vessel was not fast enough for a revenue cutter, and

s vastly more expensive than sailing vessels, and was not a good sea-boat.

s°ld at auction, and $3,000 only was bid for it. The officer having charge
, ea one of them returned from Mexico to New Orleans, it was advertised to

_ - ' would not complete the sale at that price, and sent word to the Depart-
. u*> who thought proper to transfer it to the Coast Survey. As the opera-

118 of the Coast Survey do not require very rapid movements, nor oblige ves-
a t° put out far to sea, this vessel answers her present purpose pretty well.

°h has been the case with another one.

he
Senator says that the additional expense of this little fleet, not charged

Coast Survey, is about $210,000 per annum — making the. proposed .ex-, , . .
P?Ilse of the next year about $400,000. But this is a mistake. These vessels
, Bailed or steamed out of the Coast Survey appropriation. The men, of all

Wpse used in the hydrography, are .also paid from the same fund. The
^cers and men of seven of them are furnished by the navy; and the Secre-

^ °f that Department, in a report recently sent in, states that their whole

for five years is $193,000, or at the rate of $38,600 per year; So that
e Senator's calculation is entirely at fault.

n °W3 it is asked that an appropriation should be made at the rate of $186,-
. per annum, and that is thought to be enormous. Well, it is certainly larger

л ï« ^е amount appropriated in Mr. Hassler's time, which in his last year was
The Senate will recollect-that we are increasing the force. In fact,
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you are getting the work done sooner, better, and. cheaper, 'by making appr°*
priations.to have it carried on upon a proper scale. The plan, progress, an"
economy of the Coast Survey, have received the approval -of every scient1""
man of any note in the country, and of the Department. I have before me the

testimony of learned societies and of learned men,'and I find one single sen"'

ment to pervade them all.
The Superintendent, .sir, is not always in the field,' it is true. He cannot -a»",

ways be in the field, but he is in the field for eight months in the year, c°n"
ducting and superintending the observations—always, when in the field, m'*»"
ing astronomical and geodetic observations himself. 'Indeed, whenever thefe

is any difficult process to be carried out, such as measuring a base line, 1°г

which purpose his ingenious apparatus has commanded the admiration of
scientific world, he always personally attends to it. But he cannot'be in
the points of the survey at once. In'the neighborhood where he is, he

-makes all the more important observations himself. It is true that he has
number of assistants. But the scale upon which his plans are pursued, в"

'whichl may say has received the approval not only of the President of -t
United States but of Congress, requires all the assistants allowed him.
specific details of all their work are regulated by instructions directly from hir°'
Mr. Bache has furnished every year a full account of his operations to the P6'
partment and Congress. He has concealed nothing.

He is not only a tnah of profound scientific ability, disciplined in the severe^1

school of study known in the'United States, but he has matured and improve»
his earlieracquisitions since his arrival aí manhood by the most diligent research?
perseveringly pursued at home and carefully prosecuted abroad, and indeed b/
every means known to the philosophic scholar. To all this ability and acquir8"
ment he adds a simplicity of character which becomes the philosopher, whi^
not only sheds a grace upon him, but secures for him the fullest confident
of all who know him. • '
1 Such a man -could not and would1 not conceal any thing from Congress aO"

the public ; and, accordingly, he has developed in the fullest manner, and •*"
the minutest'point, all his plans and operations. With a full knowledge, 'the!**
fore, of all they could desire to know, Congress has made the appropriation9

asked for, and has thus sanctioned the manner, the means, and the extent °
the Coast Survey as conducted at the present time.

•Ttfimk-a work'so interesting to science as this, so'incalculably valuable''
the country, so honorable to the Superintendent, his assistants, and all concern'
ed, should not be changed or checked, more especially in this manner.

I trust that ' the old exploded system of'detached and imperfect surveys *'•
not be resumed. That system has uniformly ended in disappointment an»
failure, and the present is the only one worthy of Congress and the country-
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THE COAST SURVEY.

IT was to be expected that a people devoted to the
pursuits of commerce, and depending, in some degree,
on the sea as a means of communication between dis-
tant parts of the national territory, should demand, at
an early period of their history, a competent survey of
their coasts and inland waters.

But a short time previous to the separation of the
Colonies, charts had been constructed of the shores
and harbours of North America, under the direction of
J. F. W. Des Barres, his Majesty's Surveyor-General
for the Colonies. The progress of his labors was in-
terrupted by the Revolution. The surveys made under
the personal superintendence of Des Barres still bear
testimony to his skill and fidelity, and present a gen-
erally correct view of those parts of New England and
the British possessions which, being rocky, are but
little liable to change. They continue to form the
principal basis of the charts of the northeastern coast of
this continent. In the Southern and Middle States,
however, they have been rendered worse than useless,
by the inconstant character of the bottoms, and the
Unequal merit of the originals. The surveys of Des
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Barres, covering a vast extent of coast, were original-
ly deficient in minuteness of detail, and in hydro-
graphical information ; and these defects have been
increased by the rapid and extensive changes in the
direction, means, and wants of navigation caused by
the growth of the country.

The project of a complete survey, conducted upon
a uniform system and extending over the whole coast,
was first proposed by the late Professor Patterson, in
1806. It combined three objects, the astronomical
determination of prominent points, a triangulation to
connect those points, and a hydrographie survey based
upon this triangulation. Mr. Gallatin, then Secretary
of the Treasury, encouraged the project, and obtained
in writing the opinions of learned men as to the best
mode of executing it. He selected the plan of opera-
tions recommended by Mr. Hassler, the first Super-
intendent of the Coast Survey. This gentleman, a
native of Switzerland, had been employed in the
triangulation of the Canton of Berne, and had studied
the science of geodesy under the most distinguished
masters. It was exceedingly fortunate that his pres-
ence and advice here secured the early adoption of the
only method of conducting a comprehensive trigono-
metrical survey that science approves, — the only one
of which the results have a certain and permanent value.

It is only, however, since the year 1832 that ,the
survey of the coast has been in steady and active
operation.*

The history of its fortunes, or rather misfortunes,

•During this long interval of neglect on the part of the government, the
coasting trade and foreign commerce of the country have been chiefly in-
debted to the indefatigable labors of those distinguished hydrographers,
the Messrs. Blunt of New York, (both father and sons,) for the means of
safe navigation.
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during the preceding twenty-five years, may be re-
cited in a few words. A law authorizing a survey of
the coast was passed in 1807, but nothing was done
under the law until J 811, when Mr. Hassler was sent
to Europe to procure the instruments specified in his
plan. They had all to be constructed. The war of
1812, and the failure of remittances, prevented Mr.
Hassler's return before* 1816, and in August of that
year he was appointed to the office of Superintendent.
In 1818, Mr. Hassler's connection with the work was
broken off, by the repeal of that part of the law of
1807 which authorized the employment of citizens.
During the ten years that followed, the Coast Survey
seems to have been forgotten by the public and by
Congress. In 1827, Mr. Southard, the Secretary of
the Navy, a name never to be mentioned without an
expression of the high respect which ability, patriot-
ism, and long, faithful, and valuable services must
always command in the republic, took occasion in his
annual report to say, that perfect surveys and charts
of our harbours could not be made without the aid of
the means contemplated by the act of 1807, and in
February, 1828, the House directed the Committee
on Naval Affairs to inquire into the expediency of
carrying into effect the provisions of that act. Finally,
in 1832, the act of 1807 was revised, and an appro-
priation made for carrying it into execution, and since
that period regular annual appropriations have beeri
rnade, varying in amount, but generally such as have
been called for by the estimates of the Superintendent.

In 1843, there was added to the appropriation a
proviso, stipulating that a board, consisting of scientific
persons in the service of the government, should be
empowered to reorganize the work, and the plan pre-

1*
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sented by them, when approved by the President, was
to be, and is now, the law regulating the operations
of the survey. The scientific methods pursued by Mr.
Hassler were continued, and it was directed that the
topography should be carried so far inland as might be
necessary for a proper delineation of the shore, and for
purposes either of commerce or defence.

It is now understood that the aim of the coast sur-
vey is to furnish, with the utmost attainable accuracy,
and in a connected and uniform manner, all the geo-
graphical, topographical, and hydrographical data that
can be made in any way useful to the navigation and
defence of the coast. And it is also supposed, that,
in collecting these data, information will be accumu-
lated that may become serviceable in suggesting and
directing local and general improvements ; such as the
placing and constructing of light-houses, beacons,
buoys, &c., the means of improving channels, the
effect of contemplated constructions upon harbours
and tidal deposits, the suitableness of a submerged
soil for building, &c. And, lastly, it is presumed that
those States through which the survey passes will»
sooner or later, avail themselves of the base it is able
to supply, to form a correct geographical map of their
own territory, under circumstances very favorable to
economy and accuracy. These are the practical ben-
efits, either direct or incidental, conferred by the coast
survey.

In abstract science it has also its mission, equally
useful and distinguished. It is to contribute a part of
the means by which the irregularly elliptical form of
the earth may be satisfactorily determined, the varia-
tions in local gravitation, their causes, and thence the
internal structure of the earth, be made known, and
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the phenomena of terrestrial magnetism be explained.
It will illustrate the astronomical problem of the tides.
Its numerous meteorological records will also contribute
to a better knowledge of the climates of the United
States, and of the. nature and action of meteoric
storms, and thus be of service to the farmer as well
as the navigator.

The science of geodetics prescribes the principles
Upon which a survey of an extended region should be
conducted. In the ordinary operations of land-survey-
ing, the surveyor is permitted to regard his field of
Work as a plane surface; but the engineer who is to
construct a map of a whole country, or of a long line
of continuous sea-coast, must take into consideration
the spheroidal figure of the earth, and present an ex-
act delineation of that part of the spheroid upon
which he is employed. This necessity controls the
processes used in computation, and the plan of pro-
jection upon which the detailed results are given,
Whether it be called a map or chart. Both the projec-
tion and the formulae for computation involve the higher
mathematics, and require an acquaintance with the most
advanced state of the mathematico-physical sciences.

The system of projection introduced by Mr. Hass-
ler originated with Flamsteed. It is the development
of a part of the earth's surface upon a cone, either a
tangent to a certain latitude, or cutting two given
parallels and two meridians equidistant from the mid-
dle meridian, and extended on both sides of the me-
ridian and in latitude only so far as to admit of no
deviation from the real magnitudes, such as would be
sensible in the detail surveys. In this method of re-
ducing the curved surface of the earth to a plane, the
radii of curvature of the parallels and meridians, de-
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pending upon the value given to the expression for
the ellipticity, and the assumed form of the globe, are
important terms. For practical use, tables have been
computed in the office of the coast survey, showing
the length in metres of every minute and second of
the arcs of the meridians and parallels comprehended
in the maps. It has been found necessary to re-calcu-
late these tables since 1844, on account of the new
value of the ellipticity announced by Bessel, and
adopted by the present Superintendent. There will
be occasion to recur to this subject.

The practical operations of the Coast Survey are
classed under the general heads of triangulation, astro-
nomical and magnetic observations, topography, and
hydrography. The fundamental basis of the survey
is a network of great triangles, the sides of which,
varying from ten to sixty miles, are the longest that
the limits of vision or the nature of the country will
allow, and hence a mountainous region is much the
most favorable for a first or primary triangulation.
The starting line, or first side of the first triangle,
called the base line, is measured by mechanical means,
and this is a labor demanding, as much as any other
on the survey, accuracy, a philosophical regard to
minute details, and long previous preparation. Ob-
serving, in passing, that several kinds of measuring-
rods have been heretofore used, as wood and glass,
and that the apparatus of Mr. Hassler consisted of an
assemblage of four iron bars, each of them two metres
in length, with which he obtained excellent results,*

* In 1817, the preliminary measurement of two base-lines was made by
Mr. Hassler, and in 1834 the length of the same lines was determined by
computation, carried from the new base on Fire Island beach. The dif-
ference between the measured and computed lengths of these lines was in
one case less than a foot, and in the other about four inches ; the bases
themselves were 5.9 and 4.8 miles long.
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Jt will, perhaps, best serve to convey an idea of the
difficulty of measuring a base-line, if some account be
given of Professor Bache's base-apparatus.

The measuring-bars are upon the compensating sys-
tem, first used by Colonel Colby in Great Britain, and
by Mr. Borden in the trigonometrical survey of the
State of Massachusetts ; but a principle not before ap-
plied was introduced in reference to the dimensions of
the bars, which is thus stated. Bars of brass and iron
(the materials employed), of the same dimensions,
Will not, owing to their different conducting powers
and specific heats, heat equally in equal times, and
therefore, during changes of temperature, the system
ceases to be compensating. This Mr. Bache correct-
ed by giving a coating to the bars that made them
absorb equally, and by proportioning the sections to
each other, so that both would have the same tem-
perature during variable temperatures of the atmos-
phere. In order to do this satisfactorily, it was neces-
sary to make direct experiments upon the materials of
the bars themselves, after having first arranged them
approximately by means of the numbers taken from
the books. The contact between two sets of bars is
made by a blunt knife-edge and a plane of agate, and
a lever of contact at the ends of the bars is corrected
by a level so delicate, that several of its divisions make
Up a quantity entirely insignificant in the measurement.
The bars are covered with a double conical case of tin,
to keep the fluctuations of the temperature within
moderate limits, and the bases on which they are sup-
ported are covered with several thicknesses of imper-
fectly conducting material, for the same purpose. The
length of the apparatus is compared, before and after
final measurement, with a standard iron bar that had
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been compared in the Coast-Survey office by means of
Mr. Saxton's reflecting pyrometer. By this instru-
ment, a change of the one hundred thousandth part of
an inch in the length of the standard bar is percepti-
ble.

To the preceding description it should be added»
that the bars (regulated in size by the relative specific
heats of the two metals) were heated above the pos-
sible temperature to which they could be exposed in
use, in order to give them a set. This precaution was
at first overlooked in the compensation base-apparatus
of the British ordinance survey, and it was afterwards
found necessary to resort to it. Those who are at all
familiar with the subject will perceive that Professor
Bache's application of the lever of contact and level
(first used by Bessel in standards of measure) has not
only greatly increased the delicacy of the instrument
and lessened its complexity, but also removed several
sources of error. By optical contact, and the employ-
ment of a microscopic apparatus to determine the dis-
tance between the compensation points, the measures
are repeated in two different terms, each having its
peculiar standard. Such was the case in the British
and Indian surveys, and Colonel Everest complains of
the consequent liability to error, and the burdensome
accumulation of petty corrections. The re-measure-
ment of a base of seven and a half miles, in India,
differed, however, only 2.4 inches from the first length.
In a base of seven miles, Professor Bache found that
the same difference might be about 0.5 inch, if all the
errors were supposed to fall on the same side, which is
most improbable. The probable error in re-measuring
one hundred and twelve yards was less than five thou-
sandths of an inch, and the actual resulting error in
re-measuring one third of a mile was nothing.
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This may appear like refining too much, but it must
be known that the lines measured by the same bar in
Winter and summer might differ materially in nominal
length. This difference in the original base of the
coast survey might be about twenty feet, and, at a
rough estimate, an error of twenty feet in this place
Would amount in one of the large triangles, of which
the sides are between fifty and sixty miles, to about
°ne tenth of a mile.

The source of error and its correction being recog-
nized, there is no other limit to accuracy than the pos-
sible.

We return now to the great triangles of the survey,
which, as has been said, form its fundamental basis.
The points of the primary triangulation are selected
With scrupulous regard to all those conditions which
make triangles, in the technical acceptation, good.
Scattered at distant intervals over the vast field of
Work, they are certain guides by which the more detailed
operations are conducted and controlled. Within them
the space is subdivided into smaller triangles, constitut-
ing the secondary and tertiary triangulations. They
bring down the work to the minute details of topogra-
phy and hydrography, and these subsidiary triangula-
tions and details, circumscribed as they are by the
primary points, are restrained and corrected by them
in their deviations. As an additional explanation of
the necessity for this first net of great triangles; it may
be well to inform the general reader that there is no
instrument, however delicate in construction, that is
not liable to very small errors, which the most studious
attention to every disturbing influence, whether me-
chanical or meteorological, cannot altogether remove.
Now this primary triangulation, which in a mountain-
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ous region spans the surface with giant strides, has
i'ewer of these unaccountable errors, simply because it
has fewer triangles. It is hardly necessary to add,
that better instruments also are used in it. The two
and a half feet theodolite, made by Simms (after
Troughton's death), under Mr. Hassler's supervision,
and used by him and by Professor Bache in the pri-
mary triangulation, is still regarded in this country and
in Europe as a masterpiece of invention and mechan-
ism. It reads to seconds.

Magnetic and astronomical observations accompany
the primary triangulation. The latter are for latitude,
longitude, and azimuth, or angular direction from the
meridian.

Following the secondary triangulation in order comes
the Topography, the duty of which is to delineate faith-
fully the features of the ground. It exhibits the height
and contour of elevations, the shape and extent of plains,
the courses of streams, all the constructions of man,
and the waving and indented outline of the shores. It
distinguishes the tilled land from the pasturage, and
the grove from the orchard, and designates the char-
acter of the woodland. It speaks a universal language,
and observes strict fidelity to nature.

Depending upon the secondary triangulation and the
topography for its means of progress, follows the Hy-
drography. In this term is included all that concerns
local navigation, as the depths and character of the
bottom, the direction and strength of the currents, the
ebb and flow of the tides, and the information, coming
under the head of sailing directions and nautical in-
struction, which makes up the valuable knowledge of
the local or general pilot. This branch enjoys the
honor of announcing the nautical discoveries of the
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Coast Survey, which, though resulting from the com-
bined operations of all, are yet brought out by its
means.

In the preceding pages the plan of the survey is
Presented, and the general distribution of its labors is
stated ; it remains now to speak of the execution of
the various details, and of the benefits that have been
conferred by the Coast Survey upon science, and upon
the local and general commerce of the country and of
the world. In doing this it will be most convenient to
keep to its actual state at this day.

It would not be just, however, to leave its past his-
tory without a tribute of respect to the memory and
services of the man by whose enlightened efforts a
right direction was given to the views of the govern-
ment in founding the survey, who was faithful to it
through thirty-five years of checkered fortunes, and
who literally died in the performance of its duties,
having written the last few lines of his final report
after he felt that he had been touched by the hand of
death. Educated in the best European schools of
theory and practice, and devoted to the pursuits of
science, for which he was eminently qualified by nat-
ural endowments, Professor Hassler always brought to
the task before him that zeal and tenacity of purpose
which give spirit to enterprises of great moment, and
gain for them the name of action. He is honorably
known for his mathematical and astronomical writings,
and his papers in the American Philosophical Trans-
actions, containing an account of the methods employ-
ed by him on the Coast Survey, will always be regarded
as a valuable contribution to geodetical knowledge.
Those who knew him intimately praise the ardor of
his friendship and the generosity of his disposition, -

2
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while the labors of his life, and the manner in which
they were performed, bear ample witness to his in-
dustry and integrity. That he had some defects of
character it is hardly necessary to say, for this is the
inevitable lot of humanity ; but they were not such as
it requires the exercise of magnanimity to forget, and
time, which is rapidly drawing over them a veil of per-
fect obscurity, will endear his name and his virtues to
the reverent and affectionate respect of all true lovers
of American science.

On the death of Mr. Hassler, in 1843, the appoint-
ment of his successor was regarded with deep interest
by the learned men of the country. The office of
Superintendent of the Coast Survey is recognized as
one of the central positions of American science, and
the incumbent is expected, not only to be able to fulfil
its prescribed duties, but to be qualified to direct his
powers to the advancement of knowledge in every de-
partment of the work. How far the present Superin-
tendent, Professor Bache, is suited to answer these
expectations, to sustain the national reputation, and to
promote the cause of science, may be estimated from
the fact, that his appointment was solicited by gentle-
men in all parts of the country, engaged in the pur-
suits of learning. He was educated at West Point,
and since graduating there he has, in connection with
the Franklin Institute and the University of Pennsyl-
vania, followed a course of physical science that has
made him well known in this country and in Europe.
While travelling as the President of Girard College»
he received from the principal European Academies
distinguished marks of consideration. It is but justice
to Professor Bache to say, that there is no branch of
the work into which he has not been able to introduce
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improvements, either owing to the discoveries of the
day, as in the use of the magnetic telegraph for me-
ridian differences, or owing (still oftener) to his own
great and eminent scientific attainments. This must
appear in the course of these remarks, but it is quite
as creditable to his administration to state, as may be
done with strict accuracy, that the amount of results
now obtained is double that under the former plan, for
an increase of fifty per cent, in the cost.

The points of the primary triangulation are selected
by means of a preliminary reconnoissance.* As they
constitute the authority to which the rest are subordi-
nate, and by which it is controlled, it is of the greatest
consequence to know the circumstances under which a
satisfactory result may be secured with the least delay.
The rule generally followed (and adopted by the
former Superintendent) is to observe on those days
only that appear entirely unobjectionable. This rule
Js attended with a serious loss of time. Mr. Bache
has increased the rapidity of the work, and improved
rather than diminished its value, by applying the
mathematical test of the least probable error to observa-
tions made under such conditions as are ordinarily
favorable and of frequent occurrence. The number
of observations made under these conditions, which
will reduce the probable error to what is attributable
to the unavoidable errors of instrument and observer,
is ascertained and taken as a governing rule. Six tri-

* The reconnoissances that precede the triangulations are indispensa-
ble, and require great judgment. The object of the general reconnoissance
18 to make known the facilities >and difficulties of the work, and to dis-
cover the best plan for its execution. A particular reconnoissance decides
l"e position of the stations and presents a general sketch of the triangles
'n any section.
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angles measured by Mr. Bache in 1844 gave for the
greatest difference from 180°, after allowing for the
spherical excess, 0".2 (of space) to each angle ; from
this, the difference descended to nothing.

Allusion has been made to the necessity of re-com-
puting the first tables of projection, in consequence of
the adoption of Bessel's latest determination of the
ellipticity. The tables for computing the triangles
have also been affected by this change, and the for-
mulae have been revised, and undoubtedly greatly im-
proved in convenience and accuracy. The tables have
undergone a further modification by substituting the
legal ratio of the metre to the toise in the place of the
arbitrary standard resulting from the ingenious, but
(as Bessel has said) " not allowable," comparisons of
Mr. Hassler.

This is the proper place to advert to the mode of
operations pursued on the Southern coast. It was
perceived, in the early progress of the work, that the
inaptitude of this level region for a comprehensive tri-
angulation was to be overcome, either by great ex-
pense, or by resources not yet developed. The most
apparent expedient was that employed in the northern
section of the great meridional arc of India, where it
crosses the flat territory of the Doab. Costly edifices
of masonry, with walls five feet thick at the base and
two at the summit, are erected at each of the princi-
pal stations, and their height, about fifty feet, is suf-
ficient to command a view above the vegetation. And
this expedient was, if contemplated, in accordance
with the former progress of the American survey»
which, advancing in two directions from a central
base, was necessarily slow.

In 1845, however, the present Superintendent ex-
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hibited in his annual report a plan for the more rapid
execution of the survey, which consisted in dividing
the whole of our extended seaboard, including the
Gulf of Mexico, into nine sections, comprising a near-
ly equal extent of shore line, and in prosecuting the
Work, separately and simultaneously in as many of
these sections as the appropriations would allow. The
Work of each section is commenced by the measure-
ment of a base-line, and, as the triangulation is ex-
tended, this base serves as the verification-base of an
adjoining section. The rapidity of this plan is made
apparent by considering that all the different processes
of the survey (in their necessary order) may be con-
ducted at the same time in every section, and thus, if
the appropriations were sufficient, the whole coast
ought be completed in the time required for a single
division of it. But this plan accommodates itself
more easily to the character of the ground, than one
in which the direction and progress are derived from
previous connections. Indeed, every latitude is al-
lowed for the selection of sites for bases, and for the
most favorable disposition of the triangles ; because
each section is for the time a distinct undertaking.
The combination of all will unite the extended coast
of the United States into one comprehensive scheme
of triangulation.

The value of permanent and conspicuous structures
of masonry to designate points of primary triangula-
tion is not, however, underrated. While temporary
means of elevation are employed, such as the high
tripods, with independent stands for the instruments,
first used in Delaware Bay by the senior assistant of
the survey, Mr. EdwawTBlunt, of New York, it must
be remembered that the coast survey is enabled to

2*
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avail itself of the light-houses, and other lofty struc-
tures along the coast. And it may be safely concluded
that the governments of the Southern States will raise
appropriate edifices at those points of the primary
triangulation of the coast survey which limit the basis
of their local operations.

Accompanying the primary triangulation, as an es-
sential part of it, are the astronomical and magnetic
observations. The former are for azimuth, latitude,
and longitude. For the determination of azimuths,
Mr. Bache has employed (for the first time on the
work) the elongations of Polaris in its eastern and
western digressions. At the time of elongation,
when the change in altitude is most rapid, the move-
ment in azimuth is nothing ; and thus the opportunity
is enjoyed of making careful and deliberate observa-
tions. This method is independent of local time.
By using several circumelongation observations, a
mean of a number of results is substituted for a single
one. In this reduction a very simple formula, first in-
vestigated by Mr. Nulty of Philadelphia, has been
applied, and the practice is simplified by the use of
tables for the computations of latitude, subjected to a
slight trigonometrical change. It is proper to state
that this method has been in use on the survey since
1845, as one similar to it, if not identical with it, has
recently been communicated to the Royal Astronomi-
cal Society of London.

The Superintendent has adopted the suggestion of
the Astronomer Royal at Greenwich, who proposed
referring the points of greatest elongation of circum-
polar stars to marks in the horizon, by perpendicular
lines demitted by means of an altitude and azimuth
circle. Elongation signals are established about



19

miles distant, consisting of a delicate wand by day,
and a lamp by night, the latter seen through a perfo-
rated board.

The determinations of the latitude (as well as of
the azimuths) are frequent. Since 1844 fourteen
stations * have been occupied for latitude, and seven
for azimuth, in Sections 1., II., and III. of the survey.
A comparison of the latitudes deduced geodetically
from a central point with astronomical determinations
led the Superintendent, in 1844, to the discovery of
certain variations in the level, which could only be
attributed to changes in form and density of the ma-
terial composing the earth's crust. These variations
are similar to those caused by the proximity of moun-
tains ; but whilst the latter have been well under-
stood, the former had escaped notice. The numerous
determinations of this element will therefore voccupy
an important place in the future discussions of the
general form and internal structure of the earth. A
similar discovery has since been made in the ordinance
survey of Ireland by Major-General Colby, and ap-
pears to have been anticipated by Laplace in the
opinion given by him in the Chamber of Peers, in
1817, upon the topographical map of France: — "If
the latitudes of the extreme points (of certain lines)
arid of several intermediate points are observed, and
the length of the seconds pendulum corresponding to

* At the astronomical station at Nantucket, important аз the southern
extremity of the longest arc of the meridian that can be determined on
the New England coast, the observations have been for several years in
the hands of William Mitchell, Esq., and his assistant. During the past
year Mr. Mitchell has observed 155 culminations of the moon and of
moon-culminating stars, 5 occultations, 93 series of altitudes for latitude
'with the West Point repeating circle, 89 prime vertical intervals, and
160 meridian transits.
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these points measured, a great deal of light will be
thrown upon the figure of the earth, and upon the
irregularities of its degrees and of gravity."

It is very interesting, in this respect, to know that
latitudes observed at the extremities of the side of a
triangle, and forward and backward azimuths on the
same line, have differed by several seconds, and that
these deviations in the plumb-line have occurred where
the want of uniformity (whether arising from differ-
ences in density, or the want of homogeneousness of
structure) was not apparent as a topographical feature
of the country.*

After the computations from which the preceding
conclusions are derived were verified, the results were
confirmed by the introduction of new instruments on
the work. During the last year, a zenith telescope
has been used for obtaining the latitude, by a method
invented by Captain Talcott, which consists in observ-
ing the differences of zenith distances of stars culmi-
nating within a short distance of each other, and at
nearly the same altitudes, on different sides of the
zenith. The circummeridian altitudes by the repeat-
ing circle, the prime vertical transits, and the absolute
measurement of zenith distances by the zenith sector,
are still used.

Observations for the comparison of these instru-
ments and methods have been made by the Superin-
tendent, and by Captain T. J. Lee, of the U. S.
Topographical Engineers, an assistant in the coast
survey, whose valuable labors have been chiefly de-
voted to the astronomical and magnetic observations.

* It has been recently announced that the irregular and unsatisfactory
results of La Caille's measure at the Cape of Good Hope are due to the
local attractions at the astronomical stations of hia arc.
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Of the magnetic observations it will be sufficient to
say, as an indication of their character, that they are
Wade with the new instruments invented by Dr. Lloyd
and Mr. Weber. The portable declinometer of Mr.
Weber (perfected by Lieutenant Riddle and manipu-
lated according to his instructions) measures inclina-
tions, and, by a subsidiary apparatus, the horizontal
force, by the method of Gauss. Fox's dip circle, with
the use of the deflecting magnet, has given very satis-
factory results. By means of these instruments, the
declination, inclination, and intensity (horizontal and
vertical) are determined in a manner that supplies all
that is practically necessary and contributes valuable
additions to general magnetic researches.

Longitudes have been determined by occultations,
eclipses, moon-culminations, and the frequent trans-
portation of chronometers. Mr. Bond, the director of
the observatory at Cambridge, Mass., communicates
the meridian differences by chronometers between the
British observatories and Boston.

All determinations of this element are referred to a
Principal port on the sea-coast, and are connected in
the aggregate with differences obtained from Europe
by Chronometrie and astronomical comparisons. The
security against error afforded by employing persons
to compute, who are disconnected with the duties of
the field or the observatory, is well understood. Gen-
tlemen in private life are engaged to repeat the im-
portant calculations of the survey, and this system,
which enlarges the sphere of labor in a way not less
commendable for its economy than for its other advan-
tages, receives universal sanction.

But the discoveries of Professor Henry, (Secretary
of the Smithsonian Institute,) resulting in the inven-
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tion of the magnetic telegraph, have provided a new
and more precise method of arriving at the difference
between the times of two places, or their difference
of longitude expressed in time.

The details of these observations are consigned to
Mr. S. C. Walker. The following concise account
of the manner of transmitting the signals, of the pos-
sible errors of observation, and of the real value of
the results, is from the pen of Dr. Bache.

" The signals are given at one of the stations by
pressing a key, which causes a closing of the circuit.
This closing it is intended shall be simultaneous with
the ticking of a clock or chronometer at the station.
The circuit being closed, if the electrical wave or cur-
rent takes a sensible time to propagate itself, or to
pass from one station to another, the absolute time in
which the signal reaches the second or receiving sta-
tion is sensibly different from that of making the sig-
nal at the first or giving station. A coil about the
poles of a horseshoe magnet of soft iron forms part of
the circuit through which the electrical effect is trans-
mitted. Under its influence the soft iron becomes
magnetic, attracting the soft iron bar (armature or
keeper) delicately poised at a determined distance
from the poles of the magnet ; the movement of this
keeper sets in action a local battery, which gives suf-
ficient power to make the dots and lines constituting
the Morse telegraphic signals. The click of the keep-
er of this temporary magnet is compared, at the re-
ceiving station, with that of a clock or chronometer,
thus marking the time at which the signal made at a
known time at the giving station is received. From
this explanation, it appears that there is liability to
error."
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Dr. Bache then proceeds to enumerate five possible
errors, numbered in order, and shows that the nu-
merical values can be in each case assigned to two
(viz. 1 and 5), and that one (viz. 2) is insensible.
A comparison of the observations proves that the
errors denoted by 3 and 4 are cancelled by a very
sniall residual quantity having the opposite sign, and
" the interesting consequences follow, that ' the tele-
graphic method of comparing clocks, distant two hun-
dred miles from each other, is free from error when
the method of coincidence of beats is employed ; and
that the probable error of the longitude, from this
method, is the same as the mean result of the com-
puted relative correction of the clocks for the nights
°f observation.' An investigation of the probable
Value of such error shows that, under favorable astro-
nomical circumstances, and with due care in the use
of the transit instrument, ' the astronomical difference
of longitude between any two stations of a trigono-
metrical survey may be determined by telegraphic sig-
nals, with a degree of precision of the same order as
that of difference of latitude,' the inaccuracy depend-
ing upon the same causes as the deviation of the
plumb-line."

Before concluding with the primary triangulation,
it must be observed that Dr. Bâche uses reciprocal
Vertical angles for determining differences of heights
at the primary stations. These angles may be meas-
ured at a time of day when it is impracticable to ob-
serve horizontal angles, and the effect of refraction
near the surface is investigated by a long series of
observations.

The space circumscribed by the terrestrial angles
of the first order, and defined by the celestial observa-
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tions that accompany them, is subdivided into a minute
network of smaller triangles, constituting the secon-
dary and tertiary triangulations, the points of which
embrace and determine headlands, light-houses, bea~
cons, churches, hills, and all conspicuous objects along
the coast, that can be made useful in its navigation-
They also bring down the work to the details of the
topography and hydrography, and supply the bases for
these branches of the survey.

It has been already mentioned, that the topography
is minutely and exactly descriptive of the ground, both
in form and character. The Lehman system of topo-
graphical drawing has "been adopted, but with such
modifications as the nature of this country exactedj
in order to preserve the beauty of the maps. The
slopes are represented by hachures, the strength and
distance apart of which indicate the degree of incli-
nation. In the original maps, the horizontal curves
limiting the different slopes are drawn in red ink, as
the draughtsman progresses in his sheet.

The scale of the original sheets is - 1 0 o o o > or about
61 inches English to the mile. Plans are frequently
executed in the field, and furnished from the office,
when wanted for local improvement, on twice this
scale. But the charts designed for navigators are
necessarily reduced in dimension. The harbour charts
are published on the scale of гплго-, or about Scinches
English, and the more general charts on that of -eiroTff>
or about three fourths of an inch, to the mile ; which
last is the scale of the great topographical map of
France. In all the maps, the topographical details are
faithfully preserved, including height, contour, &c.

It appears from the report of the council of the
Royal Astronomical Society to the twenty-seventh
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annual general meeting, that a similar scale of execu-
tion, and an equal fidelity of representation in the

' , , topographical details, have been finally attained in the
"V ord^mance maps of England and Ireland. In both the

American and English maps, the subdivisions of the
Meridians and parallels are so minute, that parts of a
second of space can be estimated.

As the first object of the Coast Survey is the knowl-
edge of our own shores and inland waters, and the
general improvement of the navigation, both external
and internal, of the coast, so the large class of facts
and researches embraced in the general term hydrog-
faphy-aee-regarded as being of paramount importance.
It is to the hydrography that the friends of the Coast
Survey direct the public attention for the evidences of
Us great practical utility, and the discoveries in this
department have been so numerous and valuable, as to
secure for it a high degree of public favor.

The first popular inquiry concerning the Coast Sur-
vey is as to the progress it has made, and this inquiry
Js satisfied by learning the extent of the shore line
over which the hydrographer has passed. But before
estimating its performance in this way, it is necessary
to say, that, as the operations of the triangulation,
&c., must precede the hydrography, this leads to an
unfair estimate. The hydrography can only be laid
down when the trigonometrical points on which its
operations are based have been established ; thus two
thirds of the work may be completed when the hydro-
graphical labors commence.

In 1844, the first year of Dr. Bache's superintend-
ence, nine States on the Atlantic seaboard shared in
the benefits conferred by the Coast Survey; in 1845,
thirteen States ; in 1846, fifteen ; and in 18'47, eighteen

3
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States. The estimates for the present year in-
clude all the States on the Atlantic and the Gulf of
Mexico, and it may be inferred at once from this state-
ment, that, if sufficient appropriations are supplied by
Congress, a definite and not distant period can be
assigned for the completion of the whole work.

Having premised this statement, which was neces-
sary to give a correct idea of the progress of the
work, it may be added that the nautical parts of the
survey have extended, generally, from Nantucket
Sound to Hampton Roads nearly, including the Vine-
yard Sound, Block Island and Long Island sounds,
with all their harbours, great and small, New York
bay and harbour, Delaware bay and river, a large part
of Chesapeake Bay, together with most of the rivers
emptying into it north of the Potomac, and all the
external sea-coast, from the southern coast of Massa-
chusetts to the Capes of the Delaware.

In this broad field a little remains to be done, but
very little in comparison with the whole. In addition
to the above, something has been accomplished in the
hydrography of Albemarle and Mississippi sounds, and
in the latter especially great benefits have already re-
sulted to its local commerce.

It will give, perhaps, the best idea of the value of
the hydrographical work to enumerate some of those
discoveries and corrections which, in different places,
have signalized the progress of the Coast Survey.

The first of these in order and in merit is the dis-
covery of a new channel, straighter and deeper than
the channels before known, over the outer bars of
New York harbour. Such a gift as this to the first
commercial city of the continent, where it was very
much needed, ought to gain permanent favor for the
enterprise by which it has been made.
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Important changes in the main ship-channel near
Sandy Hook were first noticed by Major Bache, of
the Topographical Engineers, by a comparison of his
own limits with those of the Coast Survey in 1842,
and this discovery has since been confirmed by the
latter. So rapid has been the accumulation upon the
extreme point of the Hook, that the high-water-mark
now stands where there was a depth of 40 feet in
1836. The Chamber of Commerce of New York
has gratefully acknowledged the communication of
this important fact by the present Superintendent.

In Delaware Bay a new and straight channel was
discovered, lying parallel to the main ship-channel,
more narrow than the latter, but likely to prove ser-
viceable in scant winds, and better sheltered from
floating ice. Three channels were opened through
the ridges of Cape May, and a passage made known
through the " Over-falls." The future changes in the
latter, which may prove to be the germ of a new pass
to the ocean, will be watched with interest.

The result of the survey in Delaware Bay has been
wholly to change the form of the bottom, as it stood
on the old charts. Some shoals have been erased alto-
gether, a new one near the deep water of the channel-
Way has been added, and the limits, shape, depth, and
direction of every shoal in the bay have been altered.

In Long Island Sound, Buzzard's Bay, Massachu-
setts Bay, and Chesapeake Bay, so much has been
added to the safety of navigation by laying down po-
sitions correctly, and by good sailing-directions, but
chiefly by the actual discovery of useful channels or
of hidden and unknown dangers, that a list of these
additions alone would occupy too much space. In
Long Island Sound, a rock having only 13^ feet water
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on it, on the Cerberus shoal, was discovered and de-
termined by the brig Washington, in September, 1845 ;
and in the same year three rocks were found in the
most frequented part of Buzzard's Bay, by the Galla-
tin. Changes of the highest importance, which, owing
to natural causes, had taken place in the channel-way
of the entrance to Mobile Bay, were found out by the
Phœnixin 1847.

In the off-shore work, the most valuable discoveries
have been made by the hydrographical party employ'
ed on the Nantucket Shoals. They deeply concern the
navigation, foreign and domestic, of the whole coast,
especially the European trade from New York and the
West India trade from the Eastern States. The in-
surance-offices of New York and Boston have publicly
acknowledged their obligation for these discoveries.

To this part of the hydrography belongs the explo-
ration of the Gulf-stream, an enterprise that originated
with the present Superintendent. This is a work of
difficulty and time. It was commenced by the hydro-
graphical'assistant in command of the brig Washing-
ton, in 1845, who obtained bottom near the inner edge
of the stream at the depth of seven thousand eight
hundred feet, and the marked and rapid change of
temperature at this place gave reason to hope, that a
curve of similar depths might be traced, corresponding
to the inner line of direction of the Gulf-stream, of
which any point would be known when crossing, from
the characteristic changes of temperature. The lati-
tude (the most easy of the two coordinates to ascer-
tain correctly) being given, the ship's longitude would
result sufficiently near the truth to be of essential
service in approaching the coast. The deep-sea and
surface temperatures were both taken in 1845.
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Lieutenant Bâche succeeded to the charge of this
duty in 1846. Professor Henry has thus spoken of
his merits and success: — "In the last report, an ac-
count was given of a series of observations on the
Gulf-stream, made by Lieutenant Geo. M. Bache,
'Whose life fell a sacrifice to his zeal in the discharge
°f his duty, and whose loss science was called upon to
uiourn just as he was commencing, with his accustom-
ed ardor, the investigation of one of the most interest-
ing phenomena of our globe. The results he obtained
^vill be given to the world in another publication, and
H will be sufficient to state in this place that he ex-
amined three entire sections across the stream. His
researches exhibit the remarkable fact, that the whole
current of warm water, to the depth of at least four
hundred and eighty fathoms, divides itself into two
principal branches, separated by a portion of cold
^'ater, and that the transition from the cold water,
along and next to the coast, is almost instantaneous,
«s if the two were separated by a nearly perpendicu-
lar wall, slightly inclining to the east at the top."

The subject of the tides is now receiving for the
first time, in this country, proper attention. The tide-
tables on the charts contain all the information as to
times, heights, and durations, that is required in prac-
tice. Corrected establishments are deduced from the
means of the luni-tidal intervals combined for each
half-hour of transit. The astronomical problem of the
tides is worked out for prominent points, where the
observations have sufficiently accumulated.

The mean curves of semi-menstrual inequality of
time and height, corrected for the mean annual paral-
lax and declination, are compared with the curves of

3*
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observation (freed from the diurnal inequality) at each
semi-lunation, and the variations in the times and
heights of high water, due to changes in the moon's
declination and distance from the earth, are tabulated
for the future improvement of the tide-tables.

By the continuance of careful and constant observa-
tions, the means will be supplied of adding to the
knowledge of the diurnal and solar inequalities, and of
studying all other phenomena of the tides. The re-
sidual errors that appear in the semi-menstrual curves,
after eliminating the effects of parallax and declina-
tion, are caused by atmospheric changes. The local
influence, therefore, of particular winds, and the gen-
eral effect of changes in the pressure of the atmos-
phere, are to be investigated, and enough is already
known to prove that the seaman will derive great
profit from this part of the labors of the Coast Survey-

The direction and velocity of tidal currents are noW
carefully determined for the normal condition of the
tides, and for their disturbance by winds and storms,
and a knowledge of the courses and conflicts of the
tides in the harbours and inland waters of the United
States (as Long Island and Vineyard sounds) will also
result from the comparison of numerous records, kept
with a special view to their investigation.

To the preceding account of the operations of the
Coast Survey it must be added, that the reduction of
the maps to the scale of publication, the engraving
and printing of them, are entirely executed in the
office at Washington. An exception is made in the
engraving of the smaller harbour maps, particularly of
the harbours of refuge. They are sometimes placed
in the hands of private artists, which serves the double
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object of an earlier publication and of encouraging the
art of map-engraving in this country.* The office at
Washington contains, also, workshops, at which the
various instruments of the survey are repaired and
made. All the details of the office duties, whether
relating to the verification and engraving of maps, or
the occupation of the workmen, in the absence of the
Superintendent, are under the direction of Captain A.
A. Humphreys, of the Topographical Engineers, an
assistant.

As the operations of the Coast Survey are numerous
and various, and its duties very multiplied in detail and
complicated in their connection, it will be readily be-
lieved that the direction and adjustment of them, —
the instructions, the reports, and communications aris-
ing from them, — make the office of Superintendent
one of increasing labor and responsibility.

Besides personal attention to these duties, Dr. Bache
occupies the station of the primary triangulation at the
north, and the observations, whether geodetic, or as-
tronomical, or magnetic, are either made by himself,
or under his immediate supervision. In the same man-
ner he has also measured a base-line for Section VIII.,
on Dauphin Island, and carried the main triangulation
across from the Chesapeake to Washington. In a
work of such magnitude and extent, occasional indi-
rect contributions to knowledge may be expected, and
there is every disposition to make them.

* The propriety of publishing to the world the important results of the
Coast Survey as soon as obtained was immediately recognized by Professor
Bache. In lhe case of a discovery affecting the general navigation of the
coast, like that of the " New South Shoal," a " preliminary sketch," an-
ticipating the complete chart, has been freely distributed. In other cases,
information has been disseminated through the press, or furnished by au-
thority to chart-sellers.
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A point of interest to the geologist, developed by
the operations of the Coast Survey, is the changes that
are constantly occurring in different parts of the coast.
In this respect its present accurate determinations will
furnish in future the means of interesting comparisons.
It must be remarked here, also, that too much impor-
tance cannot be assigned to this view of the results of
the Coast Survey. With regard to most harbours of
consequence, the question is repeatedly asked, whether
they have undergone any change ; and this question
can rarely be satisfactorily answered, for the want of
a correct standard of comparison. The charts of the/
Coast Survey will enable the future hydrographer to
point out the changes, if any, and the future engineer,
in his endeavours to improve or to preserve the chan-
nels of navigation, will, by a careful study of these
changes, be able to guard against the causes of ob-
struction, and to cooperate intelligently with natural
laws, instead of blindly opposing their effects. The
manner in which harbours are affected by the matter
held in suspension by the rivers emptying into them,
that is, the place and form in which this matter is de-
posited, will receive such elucidation from the inquiries
of the Coast Survey as will assist the counsels of the
constructing engineer.

The charts of the Coast Survey exhibit, as far as
they go, a view of the topographical formation of the
bottom of the sea. Specimens are collected, and pre-
served in the office, of the bottom in all its varieties,
and it was the intention of the late Lieutenant Bache
to form a geological map, on which the materials thus
collected should appear, in the natural order of their
formation. Besides serving as useful indications to
the navigator and pilot, they prove to be, when placed
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Under the microscope, highly interesting to the natural-
ist. The deep-sea soundings have been examined by
Professor I. W. Bailey, of West Point, and have been
found to be filled with organisms, particularly those of
the calcareous polythalamia, to an amount that is really
amazing, hundreds of millions existing in every cubic
inch.

" One specimen, from the depth of ninety fathoms,
Js crowded with remains, most of them large enough
to be recognized by a practised eye without the aid of
a magnifier." And it is not impossible that, in similar
cases, science may supply the mariner with another
mode of recognizing the character of the bottom.

In 1847, Professor L. Agassiz, of Cambridge, ac-
companied one of the hydrographical parties engaged
in the ofF-shore work, by the invitation of its com-
mander, and enjoyed an opportunity of examining the
animals inhabiting depths that are rarely accessible.

It proved to be a rich field of discovery. Not only
many new species, but several new genera, were
added to the known lists; the subject of embryology
received fresh illustrations, and a new light was thrown
Upon the laws of the geographical distribution of an-
imals, showing that in the different depths of the sea,
as in the elevations of the land, distinct families have
each their assigned and native dwelling-place.

It would lead to but a partial estimate of the value
of the Coast Survey, to omit these examples of its in-
cidental benefits to knowledge. There are others
upon which there is not room to dwell. The friends
of this work have reason to be satisfied with its prog-
ress, and it is confidently believed that they may lay
aside all apprehensions for its future prosperity. .It
rests upon the firm support of a controlling public
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opinion in the government and among the people-
Working, as it does, in a field that is useful and hon-
orable, and being conducted in all its branches with
zeal and efficiency, it cannot fail to add every year to
the consideration with which it is now regarded, not
only at home, but in every country where science
and its application to the arts of life are justly appre-
ciated.
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EXTRACTS
FBOM THE

DEPORT OF SUPERINTENDENT OF THE COAST SURVEY
TO THE

SECRETARY OP THE TREASURY,

Showing the progress of that work during the year ending
November, 1850.

A general view of the advance made in the work is readily had by
Comparing the sketches of the previous reports with those of the present.
ID 1844 four sketches sufficed to show the year's progress, and the
Derations embraced eight States; this year eleven principal and seven-
teen subsidiary sketches are required, and the work is in progress in
the whole of the nineteen States on the Atlantic and Gulf of Mexico,
*nd the Slate and Territory on the Pacific.

The plan of operations for the western coast is founded on the char-
&cter of our present knowledge of it, and is intended to produce succes-
8ive approximations, from a preliminary hydrographie reconnoissance
to a complete survey, the results being made public at each stage of
Progress.

The general examination for the proper sites for light-houses, and
{he minute surveys of the sites to determine the character of the lights,
heights of the buildings, and other important particulars, are making;
lue former along the coast generally, the latter at the points specified
'Q the bills making appropriations for the lights and other aids to navi-
gation. The general surveys required for the Engineer department
have been directed.
, The entrance to Columbia river has been surveyed, and the places

*or buoys designated ; the sites for light-houses at Cape Disappointment,
^ape Flattery, and New Dungenness, in Oregon, and in and near San
Francisco bay, have been examined and reported upon, and the de-
tailed surveys required in the latter bay are making. A hydrographie
lamination of the coast from the entrance to'Columbia river to Mon-
terey has been made, and a preliminary chart prepared is engraving at
'he office. The geographical position of Point Conception, the Hat-
'eras of the western coast, has been determined, and the results will
80on be received. A detailed account of the work executed and direct-
cd will be found under its appropriate head in sections X and XI.

The entrance lo Columbia river has undergone very great changes
GIDEON, Printer-



since it was surveyed by the Exploring Expedition in 1841, a°"
the discovery of the " New South Channel" by Captain White has
rendered access to the river comparatively easily for vessels drawing not
more than seventeen feet. It is computed that within the last eighteen
months more vessels have entered this port than in all previous time*
and no serious accident has occurred to any one of them. This chan-
nel has been carefully sounded out, and a preliminary survey made t°
above Astoria, the chart of which is reducing at the Coast Survey offic6*
and will be published without delay.

The character of the coast from Monterey to the Columbia river &
described by Lieut. W. A. Bartlelt in the appendix, No. 2.

The appropriations made at the last session of Congress for the west-
ern coast, will, if continued so that the. work there receive no check)
secure the obtaining of satisfactory results on that very important po1''
tion of our coast. The provision of a steam vessel for the hydrography»
which was made with wise liberality, at the last session of Congress
will enable us to execute in one year what would require two to four
years to effect, less perfectly, with a sailing vessel, or less economically
in the same" time with several sailing vessels.

The triangulations on lhe At lant ic coast to which all the other parts
of the work are attached, extend unbroken from Casco bay in Maine»
to Cedar island, on the coast of Virginia, (1200 miles measuring along
the sides of the triangles;) then with an interval of about one hundred
and twenty miles, to Hatteras inlet,' in North Carolina. They have
made progress on the coast of South Carolina, Georgia, and Florida;
extend from Mobile bay, Alabama, to Lake Borgne, Louisiana, cover-
ing Mississippi sound, and have been commenced in Texas. The oth-
er land operations, and the hydrography, are kept as closely up wii*1'
the triangulation as is practicable. The computaiion, reduction, d r»*''
ing, and engraving, are also arranged with a view to keep pace wi»1

the field and water work; and the modification of plan, and increase
efforce, which experience shows to be necessary to carry out this prin-
ciple, are made as occasion permits. When the back work which ha»
accumulated in 1844 is all published, and the field work and hydro*
graphy have reached their greatest extension, so as to present a constao'
instead of an increasing supply of results each year, it will be compar"
atively easy to realize the idea of keeping the publication up with №
survey. Fifty-five maps and charts, besides preliminary sketches, de-
rived from the new work, are already in the hands of the draughtsm611

and engravers, or have been published.
Hydrographie notices have been published by authority of the Trea3'

ury Department, or distributed, within the past year, in relation W W*
following localities and subjects important to the navigating interests о
our country :

1. Hatteraa shoals, North Carolina.
2. Hatteras inlet, North Carolina.
3; Str- Helena sound, South Carolina.
4; St. Andrew's shoals, Georgia.
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5. Surveying marks on ilie Florida reef.
G. General description of the Florida Keys.
7. Shoals off Cape Canaveral, Florida.
8. Sailing directions for the western coast, from Monterey to the Co-

lumbia river.
9. Hydrographie notices of the western coast within the same limit.

10. Notes on the south channel of Columbia river.
The statements relating to these subjects are also given in the ap-

Pendix to the present report; sketches of the following portions of the
f°ast, chiefly of localities, where dangers or facilities to navigation have
°een found, have been published from time to time as the results were
received, and sent to insurance offices, and for gratuitous distribution to
^e agents for the Coast Survey charts. They are now appended to
this report.

1. Sketch of Nantucket shoals as far as surveyed in 1849.
2. Changes in Sandy Hook.
3. Preliminary chart of sea-coast of Delaware and Maryland.
4. Sketch of Beaufort harbor, North Carolina, from reconnoissance.
6. Sketch of Halteras inlet from reconnoissance.
6. Preliminary chart of Hatteras shoals.
7. Sketch of St. Andrew's shoals from reconnoissance.
8. Sketch of shoals off Cape Canaveral from reconnoissance.
The chart of the reconnoissance of the western coast, from Monterey

'o the mouth of Columbia river, will be published in about three weeks.*
The following reports in relation to lights, beacons, buoys, &c., will

be found in the appendix.
1. In relation to buoys in Massachusetts bay and the Vinyard sound.
2. In relation to buoys in New York harbor.
3. On lights and buoys required in the Chesapeake, north of the

Potomac.
4. On buoys in Albemarle and Pamlico sounds.
5. In reference to buoys for Hatteras shoals.
6. Beacons for Florida reef.
7. On a light-house for Sea-horse key, Florida.
8. System of beacons, &c., for Mobile bay, near the city and entrance.
9. Buoys for Cat and Ship island harbors.

10. Light-houses and fog signals for San Francisco bay.
11. Light-house at cape Hancock, or Disappointment, Columbia river

entrance.
12. Light-houses for Cape Flattery and New Dungenness, Oregon.
Scarcely any portion of our coast has been thoroughly surveyed which

baa not yielded important discoveries; the broken ground off Nantucket
bas proved different in extent and character from what was previously
supposed. Davis's shoal on the south, Davis's bank on the east, Me-
Blair's shoals on the north, were, with many minordangeis, previously

e unknown; indeed, the discovery of Davis's shoal was received at
by many seafaring men with suspicion, which would have been

« Was published Dec. 24th.
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removed at too heavy a cost, had the fine steamer which touched
it in 1849, been lost there, or the gallant line-of-battle ships returning
from a long foreign cruise, which struck,been sacrificed upon it. Ged-
ney's channel, at the entrance of the great commercial port of Ne^
York, and Blake's channel in the Delaware bay, were actually buoyed
out before their existence was generally admitted. The discovery °'
twenty-one feet of water on Mobile entrance bar, by Lieut. Patterson;
has effected already important changes in the commerce of that city-
Saint Andrew's shoals on the coast of Georgia, the Hetzel shoal off
Cape Canaveral, the new channel into Key West, by Lieut. Job»
Rodgers, have been discoveries of value. The existence of Hatteras
cove and Hatleras inlet, first publicly announced to navigators by Lieut.
Maffitt,may almost be ranked with them. The delineation of the
shoals offthe sea-coast of Maryland by Lieut. Lee, those off Cape Hal"
teras by Lieut. Jenkins, so entirely different in distance from the shore;
in extent, and even in most cases in the depth of water supposed to ex-
ist upon them, from the data previously furnished by the best authori-
ties, belong to the same class. Such results, (hough among the rnos'
striking of those which the survey yields, are not more useful than the
accurate delineation of the harbors, bays, and sea-coast, which the or-
dinary operations are continually furnishing to navigators.

Some of the differences observed between the recent surveys uno
those on which former charts were founded, are no doubt the results °f
actual changes; but there are no facts which prove that any important
channel has been obliterated without being replaced by another, or ha3

diminished in depth. The portions of our coast which really do change
will be made known in the course of the survey, and the permanent
marks furnished by the land work will permit re-examinations to be
made whenever required, at a very small expense, and by ordinary nau*
tical means.

It is sometimes forgotten that though the land work yields no dis-
coveries, it is the basis of the whole, and that without it "the results on
the water would be uncertain in their character. The positions on the
water can only be determined by reference to fixed points upon the land;
and the places of these on the surface of the earth must be given by tbe

operations of geodesy. Without the land work, a geodetic survey, such
as was planned by Jefferson, Gallatin, and Hassler, and such as bas

.been well declared within the year to be the only survey admissible >°
the present state of science, would dwindle into a nautical reconnois-
eance. Nearly or quite four-fifths of the whole work, and two-third8

to three-fourths of the out-door work, is on the land—the approprie'6

work of landsmen, of trained scientific men, and of such only. WbeD

a pursuit is in the highest sense of the word a profession, it is ever true
that devotion to it unfits the man for a different profession.

The extent of shore line of the coast is the most unexceptionable da-
tum by which to determine the progress of the work from year to year»
and its relative economy. If the survey had been commenced in eacb
section at the same time, there would have been no difficulty in the
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course of three or four years from the beginning in collecting sufficient
statistics to answer such questions, and to determine conclusively the
length of time required for the survey of the whole coast. The
Difficulty of giving an approximate estimate now, results from the very
Afferent stages of progress of the different sections. I have, neverthe-
less, attempted these conjectures from year to year, and kept the records
to be checked by the following year's experience. As sections V, VI,
Ünd IX have not been under survey long enough to furnish reliable
data, I do not propose now to dwell upon these statistics, but in a
Sérierai way to show what has been gained in time and economy, by
«ODducting the work on its present scale. In 1844 and 1849, the re-
lative proportion of shore line determined, including sea-coast and
r'vers to the head of tide, was as one to three and four-tenths, (1: 3.4,)
while the cost was as one to one and nine-tenths, (1: 1.94,) exhibiting
a relative economy of one and three-quarters to one, (1.76: 1,) or of one
hundred to sixty, or a gain of nearly forty per ,cent, and a diminution in
'he time of completion to less than one-third.

The extent of shore line determined in the topography is a proper
guide to such an estimate; for, if some of the operations, as the hy-
drography and publication follow it, others, such as the triangulation
and astronomical work, precede it.

If the hydrography be taken as the test, it appears that the number
°f square miles of in-shore work, and the number of soundings in and
°ff shore have been nearly tripled, from 1844 to 1849, the average of
'he ratios of area and number of soundings being as one to two and
five-tenths.

I have heretofore compared the actual cost per square mile of this
ftode of surveying with that of the public lands; (see report of 184S,
Exec. Doc. No. 1, Senate; Exec. Doc. No. 13, H. Reps.,) and the
Secretary of the Treasury has instituted a similar comparison in refer-
ence to foreign surveys of the same class. Having re-examined the
data on which rny estimates were founded, and the reports of Assistant
H. D. Cults in relation to the matter, I find my previous conclusions
confirmed as to the economy of this method of surveying. The only
difficulty, and that by no means an insurmountable one, in applying
this method to the public lands of our new territory on the western
coast, would be the organization of a body of surveyors competent to
execute the details.

Before leaving this part of my subject, I may be permitted to state
that the coast of Texas, added to our Union in 1846, would require
one year for the entire force of the Coast Survey to complete, accord-
ing to the statistics gathered in other sections; and that the coast of Cal-
ifornia and Oregon would require between two and three years of the
application of the same entire force. The survey of Texas was com-
menced in 1846, and will be made to keep pace with that of the other
sections; and California and Oregon will constitute two sections, in
which the parties may alternate during different seasons. As far as the
maps now in our possession may be relied upon, the shore line of Ore-
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gon, its rivera to the head of tide, and its bays and sounds, has an eX-
tent of 2048 miles; and that of the State of California of 1647 miles/
I will explain further on the course proposed, in order to meet the exi-
gencies of the survey of the western coast.

The re-organization of the Coast Survey under legislative authority
in 1843 embodied all the experience oblained up to that date, both w
which trials had succeeded and of others which had failed; it confirmed
and gave the force of law to the union in one corps which had
ually grown up, of civilians, officers of (he Army, and officers
Navy.serving under a neutral department, under which alone theycoii'O
be united, namely, that having control of matters relating to commerce
and navigation. It is easy to see, that without a permanent nuclei'3

for such a work, the objects and aims must be wavering and unsteady»
the methods wanting in uniformity from year to year and from party
to party, and the results heterogeneous in kind and i n f o r m . Confa'
sion and waste would result from such an organization, and the survey
would in time be abandoned. The scientific parts of such a work re'
quire diligent study and devotion to mathematical and physical science
to grasp them in their various bearings, and it is not too much to say»
that unless such a work came up to the demands of science and seien'
tific men of the country, it could not long stand. That the theoretical
knowledge acquired at the Military Academy should be reduced t°
practice in the survey by those officers of the Army who have an incli-
nation to similar pursuits, to its advantage as well as to their own, wil*
readily be seen; and up to the point where details would interfere with
the duties of the arm to which the officer belongs, Congress has con-
ferred upon the work a right to seek his services. The War Depart'
ment judges whether they can be granted or not.

The plan of re-organization very properly limited the services o»
officers of lhe Navy to the hydrographie parts of the work, the portion3

which have a professional bearing, and towards which the inclinatk»0

of a nautical man may turn with professional pride. Experience haa
fully shown the advantages of this organization in general. The ten-
dency resulting from lhe variable elements, (the Army and Navy,) }3)
nevertheless, at times, to lessen the results produced, by the necessity
for turning aside from actual work to give instruction, and from the
loss of the experience acquired at the expense of the survey by the
removal of officers, caused no doubt by the exigencies of their propef

service, and yet re-acting severely upon the survey. The experience
and knowledge of Humphreys, Johnstone, and Prince of the Army>
and of Davis, Patterson, and Porter of the Navy, cannot readily be re-
placed. A detail may be filled, but the knowledge immediately avail-
able is not supplied.

The injunction of the law to employ as many officers of the АггяУ
and Navy as practicable in the Coast Survey I have never lost sight of-
On lhe breaking out of the Mexican war, five staff and nine Hne

officers were upon the work. The number of hydrographie parties
has been increased from two in 1843, to eight in I860.
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At the close of the war I again applied, through the Treasury Depart-
eni, for the renewal of Army details, and repeated (he application
hen there was a probability that the ground of refusal might no longer

exist. On the detachment of Captain Humphreys, an application was
e for the detail of officers of the corps of Topographical Engineers,
asking that at least the vacancies caused by former detachments
t be filled. ID reply to the Secretary of the Treasury, the Secre-

tary of War stated that it was not in his power to comply with the
fequest, and transmitted a forcible letter from Colonel Abert, showing
lhat every member of his corps was employed. "In fact, replies Col.
Abert, it is not in my power to meet the demands of officers in com-
"tiand for the assistants they require; on which account, and on account
°f other duties, numbers of civil engineers have to be employed in the
execution of surveys." When the chief engineer, General Tottei), ap-
P'ied through the Secretary of War to the Treasury Department for
Distance from the Coast Survey in making the surveys required for the
8Hes of fortifications by the joint commission of Army and Navy officers,
ï deemed it a most favorable opportunity to urge the detail of officers
°f the corps of Engineers, and the application was accordingly made to
rtie Secretary of War. The Secretary of the Treasury, while manifest-
'ng a disposition to meet the views of the War Department as far as
Practicable, by giving authority for the surveys on the western coast,
Urged upon its favorable consideration my application for the detail
desired.
. 44iat nothing but an urgent demand for officers for their military
duties caused this application to be declined must be obvious. When
"ly last application for line officers was refused, the War Department
8lated, that staff officers would, if practicable, be assigned to the survey.
•Now that this was found impracticable, I renewed the application for
line officers, which has been favorably considered by the War Depart-
uient, and five officers have been detailed for the service.

The inciease in the number of officers of the Navy attached to the
Coast Survey has in like manner been carried as far as the Navy De-
partment has found it possible to make the details. Such has been the
demand for officers for the more immediate duties of the naval service,
lbat those engaged in hydrographie reductions in the office, were gene-
fally detached from the survey, the hydrographie parties were dimin-
ished to one-half, or less than one-half, their numbers on coming to the
office to reduce their work; and, finally, the additional officers required
for the Texas section this winter could not be procured when applied
for, the Navy Department stating lhat, in the present condition of the
service, two passed midshipmen, junior to the master who had been or-
dered, and who stands near the head of the list of passed midshipmen,
cannot be detailed. Owing to the same exigencies, the vessel for lhat
section still remains (Dec. 10) without her complement of officers. So
great have been the exigencies of the naval service, lhat more than one-
half of the officers attached to the coast survey a year since have been
changed, The chiefs of parties feel sensibly the impediment to the
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progress of the work under Iheir charge which this rotation produces»
and which no exertion of iheirs can compensate. With officers anp *
crew more or less entirely new to the business of surveying, a portion
of each season must be spent in teaching instead of working. The pre'
sent organization affords a school of practice for ihe young officers of
the Navy, and as such is valuable to the country. It must be obvious»
however, that in point of economy and expedition, the plan of erfl'
ploying persons regularly trained to the occupation, keeping then1

steadily at the work, and giving them a compensation proportioned Ю
lheir knowledge, sk i l l , and industry, would be preferable.

The statistics of the relative economy of the different parts of the
work as at present conducted confirm this view of the subject.

The regular progress of the work, according to the plan submitted
in successive years and approved, requires the entire appropriation
asked for in this report. The sum for the coast of the Atlantic and
Gulf of Mexico is less than the general appropriation of last yeaO
when it was necessary to ask an amount in the Deficiency bill for the
western coast. That for the Florida reefs and keys is the same &'
which it was originally fixed by the Senate of the United States; and
that for the western coast is the sum appropriated at the last session»
less the cost of a steamer included in the foimer appropriation. With
the sums now asked, and which, after examination, have received the

sanction of the Secretary of the Treasury, the work laid out can be
done, but not with less. Economy and rapidity in obtaining results,-
the completion of the survey in a reasonable period, are all concerned
in keeping the appropriations at their present rate.

The estimates for the next fiscal year are:
For continuing the survey of the coast of the Atlantic and

Gulf of Mexico, exclusive of the Florida reefs and keys $180,000
For the continuation of the survey of the Florida reefs,

keys, and coast - 30,000
For continuing the survey of the coast of Oregon and

California 150,000

The items of appropriation for the present year were:
1. General appropriation for the survey of the Atlantic

coast- - - - - - - 186,000
2. For the Florida reefs, and keys, and coast - - 30,000
3. For the western coast,including the cost of a steam vessel 190,000
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Distribution of the parties of the Coast Survey upon the coast of the United States, during the surveying seasons
in different parts of the coast, from November, 1849, to November, 185G.
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I.

Limits included in
several sections.

Passamaquoddy bay
to Point Judith, in-
cluding the coast
of Maine, New
Hampshire, Mas-
sachusetts, and
Rhode Island.

Sä

{S
1

2

3

4

5

8

В

Operations.

Reconnoissance.

Magnetic observations.

Secondary triangulation.

Do,

Topography.

Do.

Hydrography.

Persons conducting the ope-
rations.

A. D. Bache, superintendent,
'and C. 0. Boutelle, assistant.

J. Б. Hilgard, assistant.

Capt. T. J. Cram, U. S. Topo-
graphical Engineers, assis Ч.

С. 0. Boutelle, assistant, and
Geo. A. Fairfield.

H. L. Whiting, assistant.
J. M. Wampler, sub-assistant,

and R. M. Bache, (trip. p'y. )
J. B. Glück, assistant, and i.

H. Adams, sub-assistant.
A. D. Bache, superintendent.
Lieut. Commanding Chas. H.

McBlair, U. S. Navy, assis't,
and Lieut. Com. J. N. Maffitt,
U. S. N., assistant, (double
party.)

Localities of the several operations.

Preparation of stations, examination of work
to be done at Richmond's island, harbor of
refuge, part of season.

Magnetic variation, &c., for harbor charts
from Newburyport, Mass., to Richmond's
island, Maine.

Secondary triangulation from boundary of
Massachusetts and New Hampshire to be-
yond Kennebunk, Maine.

Junction -with Capt. Cram's work completed,
triangulation -of Richmond's island harbor,
and approaches made and connected with
general primary triangulation.

From near Beverly, Massachusetts, eastward.
Marblehead, harbor and vicinity of Salem.

Topography near Cape Cod, part of season
only.

Inspection of progress of parties.
Nantucket shoals, Muskeget channel com-

pleted, off-shore work between Gay Head
and No Man's land and Block island, Well-
fleet harbor, Cape Cod, Salem, and Beverly
harbors.
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II.

III.

Limite included in
several sections.

Point Judith to Cape
Hentopen, includ-
ing the coast of
Connecticut, New
York, New Jersey,
Pennsylvania, and
Delaware.

Cape Henlopen to
Cape Henry, in-
cluaine the coast

\ of Ddkwwe, Ma-
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Operations.

Hydrography.

Views.

Magnetic observations.

Auxiliary triangulation.

Topography.

Hydrography.

Do.

Primary triangulation and
secondary triangulat'n.

Persons conducting the oper-
ations.

Lieut. Com. Maxwell Wood-
hull, U. S. Navy, assistant.

John Farley, assistant.

George Davidson, sub-assistant.

Professor A. G. Pendleton, Unit-
ed States Navy.

H. L. Whiting, assistant.

Lieut. Comg. Maxwell Wood-
hull, U. S. Navy, assistant.

L. F. Pourtales, sub-assistant.

Edmund Blunt, assistant,
S. A. Gilbert, sub-assistant.

Localities of the several operations.

Tidal and current observations in Martha1!
Vineyard sound and Buzzard's bay; hydro-
graphy of Richmond's island harbor of
refuge, Casco bay, Maine, and approaches.

Views of entrance to Narragansett and Buz-
zard's bays, &c., for coast chart, eastern
series No. 1, part of season.

Determination of constants of magnetic instru-
ments in early part of year.

Triangulation in connexion with verification
work of hydrography, south side of Long
Island, part of season.

Topography of mouth of Connecticut river,
and of City island, re-surveyed ; shore line
of Sandy Hook traced for progress of the
Hook, part of season.

Verification work on south side Long Island,
from Ketchabonneck to Neapeague.

Examination of Prince's and Diamond reef,
&c., N. Y. harbor, part of season.

Examination of specimens of bottom of eea
in section 11.

CoBtinuation of the triangulation of the Chesa-
peake to Wolftrap station.

Mr. Gilbert, asaietant from August to c\ose of
September.

5 ГО



rfland, and Vir-
ginia.

111. Cape Henlopei. to-
Cape Henry, &(..
continued.

IV. Cape Henry to Cape
Fear, coast of part
of Virginia and
North Carolina.

2 Primary triangulation and
astronomical and mag-
netic observations.

Reconnoisaance.

Triangulation and astro-
nomical work.

Secondary triangulation.

Topography.

Do.

Topography.

Hydrography.

Main and' secondary tri-
angulation.

Secondary and tertiary
triangulation and- topo-
graphy.

A. D. Bache, superintendent,.
Geo. W. Dean, sub-assistant.

A. D. Bache, superintendent.
Thomas McDonnell,
S. C. Walker, assistant,
L. P. Fourtales, sub-assistant.

John Farley, assistant.

R. D. Cutts, ass't in charge, work
executed .by John Seib and S.
A. Wamwright,(d'bleparty.)

Geo. D. Wise, assistant.

J. B. Glück, assistant.
Capt. A. A. Humphreys,United

States Topographical Engi-
neers,.assistant.

Lieutenant Commanding S. P.
Lee, United States Navy, as-
sistant; Lieutenant-Command-
ing B. F. Sands, (doable pat-
ty-)

Capt. A.A. Humphreys, United
States Topographical Engi-
neers, assistant.

J. J. S. Hassler», assistant.

Continuation o f triangulation from Cbeeapeak«-
to: Capitol and Ooserratory, Washington,
&c., astronomical and magnetic observa-
tions at three stations.

Line from Webb's to Hill's, opened, &c., ear-
ly part of season.

Triangulation and astronomical observations
at-Seaton station. Telegraphic operations
for d iff., of longitude of Charleston and
Washington, &c.

Continuation of triangulation of outer side of
Eastern Shore peninsula, from work of last
year to Cedar island, Virginia.

Eastern shore of Maryland, western shore of
Virginia, between the Potomac and Rappa-
hannook.

Examination of Patapseo, topography of outer
shore of peninsula of Eastern Shore to
Lonesome hill, Virginia.

Verification work in Patapseo, part of season.
Inspection of work on Patapseo.

Hydrography of outer coast, from Green run
Md.r to Lonesome hill, Virginia. Hydro-
graphy of Chesapeake, from work of last
year to line Windmill point,.Nandua creek.
Sailing directions for Chesapeake, and list
of buoys, etc., for bay north of Potomac.

Base on Bodies'island, connected with main
triangulation verification of tertiary triangu-
lation of ocean shore towards Hatteras, part
of season.

Secondary triangulation of Currituck sound,
and tertiary of Chowan Cusha and Roan-
oke rivers continued; drawings completei
of topography of Albemarle sound, &c_

s CXJ
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V.

Limits included in
several sections.

From Cape Fear to
the St. Mary 's riv-
er, coast of South
Carolina and Ga.
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Operations.

Tertiary triangulation.

Tertiary triangulation
and topography.

Hydrography.

Do.

Do.

Measurement of a base.

Main and secondary tri-
angulation, and astro-
nomical and magnetic
observations.

Secondary triangulation.

Persons conducting the opera-
tions.

J. Hewston, sub-assistant, and
A. S. Wadsworth, jr.

C. P. Bolles, sub-assistant.

Lieut. Commanding Thornton
A. Jenkins, United States
Navy, assistant.

Lieut'nt Commanding Richard
Wainwright, United States
Navy, assistant.

Lieut. Commanding J. N. Maf-
fltt, United States Navy, as-
sistant.

A. D. Bache, superintendent; C.
0. Boutelle, assistant; and C.
F. Bolles, sub-assistant.

C. 0. Boutelle, assistant.
George Davidson, sub-assistant.

C. 0. Boutelle, assistant,
C. F. Bolles, sub-assistant.

Localities of the several operations.

From Bodies' island base, south, to near Hat-
teras inlet.

Triangulation of Beaufort harbor made, and
shore line traced.

Off-shore soundings (deep sea) from Capes of
the Chesapeake to Cape Hatteras; hydro-
graphy of Hatteras shoals and cove; exam-
ination of Hatteras inlet. Gulf stream work
in this and section V.

Hydrography of Albemarle and Croaton
sounds of Alligator and North rivers. Re-
connoissance of Hatteras inlet.

Hydrographie reconnoissance of Beaufort har-
bor, North Carolina.

Measurement of base on Edisto island; com-
pleted.

Astronomical and magnetic observations at
north end of Edisto base; connexion with-
main triangulation commenced; secondary.
triangulation of North Edisto inlet made..

Measurement of a preliminary base near Sa-
vannah; secondary triangulation from north
end of Hutchinson's island to Elba island,
Savannah river.

, Hydrography. \ \м\А. Com. J.N.MafiiU.XI.S. \ Hydrography ot Charleston harbor undap-



VI.

VIII.

St. Mary's river to
St. Joseph's, coast
of Florida.

Mobile bay to Ver-
million bay, coast
of Alabama, Mis-
eissipi, and part of
Louisiana.

3

5

б

l

2

Do.

Reconnoissance.

Astronomical and mag-
netic observations, and
secondary triangula-
tion.

Secondary triangulation
and topography.

Hydrography.

Do.

Primary and' secondary
triangulation.

Secondary triangulation.

Topography.

Hydrography.

/ Navy, assistant.

Lieut. Com. John Rodgers, U.
S. Navy, assistant.

A. D. Bache, superintendent.

F. H. Gerdes, assistant.

J. E. Hilgard, assistant.

H. L. Whiting, assistant,
J. H. Adams, sub-assist.,(double

party. )
Lieut. Com. John Rodgers, U.

S. Navy, assistant.

Lieut. Com. James Alden, U. S.
Navy, assistant.

F. H. Génies, assistant.

C. M. Eakin, assistant,
S. A. Gilbert, sub assistant.

W. B. Grcenwell, assistant.

Lieut. Come. James Aden, Unit-
ed States Navy, assistant.

•/ pranches; reconnaissance off St. Helena'
sound.

Reconnoissance of St. Andrew's shoole.

Inspection of progress of work.

Reconnoissance of Florida keys and of part of
the main, from Cape Florida to the Tortu-
gas completed; preliminary base near Cape
Florida made. Reconnoissance for base
near Cape Sable made. Reconnoissance
near Cedar keys commenced.

Observations for latitude and azimuth, mag-
netic declination, &c., at Key Biscayjie.
Preliminary base near Cape Florida- mea-
sured. Triangulation of Key. Biscayne bay
and of Florida reef adjacent) commenced;
part of season.

Triangulation near Key Biscayne continued.
Topography of Key West and of adjacent
keys executed.

Reconnoissance of Cape Canaveral shoals ex-
ecuted. Hydrography of Key West har-
bor and approaches nearly completed.

Reconnoissance of Cedar keys. Recommenr-
dation for a light-house.

Primary triangulation continued to Chande-
leur islands, part of season.

Triangulation of part of Mobile delta, connex-
ion of Mobile bay and outer coast made; of
Mississippi sound and adjacent bays,.con-
tinued westward into lake Borgne.

Topography of west shore of Mobile bay and:
of delta completed; of north shore of Mis-
sissippi sound continued westward of Pas-
cagoula.

Hydrography of Mobile delta completed; of;'
Mobile bay nearly completed..

03

01
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IX.

X&XI

Limita included in
several sections.

Vermillion bay to the
boundary, part of
La. and Texas.

Weetern coast of the
United States, Ore-
gon and California.
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Operations.

Main and secondary tri-
angulation.

Topography.

Hydrography.

Reconnoissance, main and
secondary triangulation
and. topography..

Geographical determina-
tions.

Person» conducting the opera-
tions.

R. D. Cutts, assistant,.
S. A. Gilbert, sub-assistant-.

James S. Williams, assistant,.
Spencer C. McCorkle, sub-aas't.
J. M. Wampler, sub-assistant.

Lieut. Com'g A. S. Baldwin,
United States Navy, assistaut.

R. D. Cutts, assistant,
Augustus S. Rodgers, aid.

George Davidson,. assistant.
John Rockwell.

\ V-

Localities of the several operations.

Main and secondary triangulation continued
westward and southward from Golveston
bay; preliminary base-on Galveston island
measured;: triangulation of East bay con-
tinued.

Under instructions, to- continue foregoing-
work.

Topography of Galveston Lower bay com-
pleted, and of western shore of Upper bay.

Hydrography of approaches lo Galveston har-
bor nearly completed.

Under instructions to make minute surveys of
sites for light-houses in San Francisco bay;
to .make general surveys required by Engi-
neer-department in same bay; to execute
land work of harbors of Bodega, Monterey,
Santa Barbara, and San Diego in California;
and of Columbia river (to Fort Vancouver)
in connexion with general survey of coast-
in Oregon, and to unite in general reconnois-
sance from San Francisco to San Diego.

Latitude and longitude of Point Conception,
under instructions to determine those of
Monterey, of southern entrance to Santa
Barbara sound, of Trinity bay,. Straits of.
Euca, &.C.



Я I Topography.

Hydrography.

/ A. M. Harrison, tub-assistant.
James S. Laweon.

Lieutenant Commanding W. P.
McArtbur, United States Na-
vy, assistant.

/ Under instructions to execute topography of
sites of light-houses at Monterey, Point
Conception, and San Diego; topography in
connexion with work of other parties.'

Hydrography of Mare island straits, San
Pablo bay.

Reconnoissance for sites of light-houses at
Cape Disappointment and New Dungen-
ness; preliminary survey of entrance to Co-
lumbia river, and determination of places for
buoys. General reconnoissance of coast from
Columbia river to Monterey. Report of
sites for light-houses at entrance to San
Francisco bay and harbor. Under instruc-
tions to examine sites for light-houses at
Monterey, Point Conception, and San Die-
go, and to unite in foregoing operations.
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A S T R O N O M I C A L JOURNAL,
No. 7.

VOL. I. CAMBRIDGE, APRIL 2O, I860. NO. 7.

NOTE FROM PROFESSOR BACHE TO THE EDITOR.

DEAR SIR,—
BY authority from the Honorable Secretary of the Treasury,

I inclose you, for the Astronomical Journal, the abstract of a
report of SEABS C. WALKEH, Esq., one of the assistants of the
United States Coast Survey, on the recent telegraph operations

Washington, March 9, 1850.
for longitude, including the experiments for the measurement
of the time of propagation of the hydro-galvanic current in the
telegraph lines of the United States.

A. D. BACHE,
Superintendent U. S. Coast Survey.

ON THE RECENT TELEGRAPH OPERATIONS OF THE U. S. COAST SURVEY.

By SEARS C. W A L K E R ,
ASSISTANT П. в. СОЖ8Т BtHVET.

With a Copperplate.

To PROFESSOR A. D. BACHE, LL. D ,
SUPERINTENDENT UNITED STATES COAST SURVEY.

DEAR SIR, — In compliance with your instructions, I beg to
submit an abstract of my report of January 31, on the experi-
ments of the Coast Survey for determining the small correction
of the local automatic registers of the transits of stars, used for
determining the longitudes of the stations.

The experiments of Mr. WHEATSTONE, made with apparatus
devised and executed by Mr. SAXTON, give the velocity of prop-
agation of the waves of frictional electricity, similar to that of
radiant light or heat. The smallness of the tension of the
hydro-galvanic current had induced Professor HENRY, in 1846,
and Professor LOVERING, in 1847, to express to me their opin-
ion, that its velocity of propagation would be much smaller than
that of light, heat, and frictional electricity, and that it would,
perhaps, be measurable by the processes then in use in the tel-
egraph operations of the Coast Survey. In 1846-48, the ex-
periments, though carefully examined for this purpose, gave no
indications of a measure of this velocity. The introduction of

-ritó^sciomatic circuit-breakers, for graduating the registers, gave
hopes of better success, and the operations of the 23d of Janu-
ary, 1849, for determining by the new process the longitudes
of Cambridge, New York, and Philadelphia, indicated discrep-
ancies in the local readings of the dates of transits of stars, at-
tributable only to the hypothesis of a sensible value for the prop-

agation of the hydro-galvanic waves. This interpretation of the
phenomenon was suggested in my report of February 21,1849,
of which an abstract was published in the Proceedings of the
American Philosophical Society for March 16, 1849. A re-
print of this abstract may be found in the six hundred and
seventy-sixth number of the Astronomische Nachrichten of
Professor SCHUMACHER. A critical notice of this article from
the pen of Professor STEINHEIL of the Royal Academy of Ba-
varia, was published in the six hundred and seventy-ninth
number of the above-mentioned journal, which has been trans-
lated and published with comments by Dr. GOULD. Mr.
STEINHEIL, whilst giving his weighty sanction to the mode of
conducting the experiment, and interpreting its results, express-
es a wish for a further accumulation of data, with a view to in-
crease of precision in the measurement, and invites the atten-
tion of the Germans to this subject. I have not yet heard
whether these experiments have been repeated in Europe ; but
I was satisfied from the inspection of the work of January 23,
1849, that the laws which govern these local discrepancies of
the readings must be studied by the astronomer proposing to
determine longitudes by the telegraph, with as much care as he
does those of the aberration of light. Accordingly, with your
approbation, on the nights of the 31st of October and the 5th
and 21st of November, the arrangements were made, both with
reference to the determination of the difference of longitude



between Seaton Station and the Cincinnati Observatory under
Professor MITCHEL, and to the measurement of wane-time. The
former element, the longitude of Cincinnati, is an important
item in the Coast Survey operations, as affording the readiest
means of connecting Washington and New Orleans.

My report of January 31 is confined to the discussion of the
latter operation, namely, the measurement of wave-time on the
line between Washington and Cincinnati. The first part of
these experiments consisted in the double graduation of the
registering fillets by the SAXTON circuit-breaking clock at Sea-
ton Station, and by that of Professor MITCHEL at Cincinnati, for
a period pf an hour or more. The second part consisted in the
imprinting of the signal pauses or electrotomes by the operator
at the Cumberland office, for a term of twenty minutes, while
both clocks were graduating the fillets at all the stations. The
third part consisted in the repetition of the same experiment by
the operator at Wheeling. The last two portions of this night's
work have, by your direction, been referred for discussion to
Mr. C. CULMANN of the Royal Bavarian Engineers, now on a
professional tour through this country.

• Before presenting the results of the first portion, namely, the
direct comparison of the two clock-scales on the respective
registering fillets of paper, it is proper to submit a brief state-
ment of the analytical theory of telegraph operations, which has
been given in my successive reports since 1846.

The mode of effecting the automatic register of the dates of
events, by means of the galvanic current, has teen described
at length in my report of December 15, 1848, and in my sub-
sequent report read to the American Association for the Ad-
vancement of Science, in August, 1849. Th'j drawings of
Figures l and 2, in the accompanying plate, exhibit the pecu-
liarities of the armature movements, and lhe dimensions of the
telegraph line. Figure 3 shows a specimen of a graduated
paper fillet, with its automatic pauses and lines, on which an
arbitrary pouse F G has been inserted by an elec.trotome made
at a signal station. I will now proceed to the formation of the
equations of condition for computing the effect o1' wave-time on
the local readings of an arbitrary signal or paust, imprinted on
an automatic clock-scale, as exhibited in the local registers.
For this purpose we have, —

AB, CD, &c. = the clock lines or times of continuation of
the active galvanic currents (eleclropœas) on a continuous cir-
cuit. These may be compared to syllables in tfce case of prop-
agation of waves of sound in the air. The inteivening. pauses
are analogous to the intervals of silence between sounds.

BC, CD, &c. =r the clock-pauses (electrotomes), or inter-
ruptions of the galvanic current.

FG = the signal pause or electrotome, made by the opera-
tor, by tapping on the break-circuit key.

D F = the electrotome scale-reading of the beginning, F, of
the signal pause.

E G = the electropœa scale-reading of the end, G, of the
same signal pause.

D if = the measure of the reading of a second on the élec-
trotome scale.

E 1=. the same for the eleclropœa scale.
D F

Ъ = the equivalent of D F in time = •=-= .

m = E G

__
—

EF

GH

ZQ , L0, Z>0, and м„ = the absolute values of Z, L, J, and m.
a, o, := the miles traversed respectively by the clock- and

signal-waves in going to the receiving station.
x = the time of propagation of the hydro-galvanic wave

through one mile of a, or a,.
a, «ï = the time of decrease or waning of the magnetic force

of attraction, after the first electrotome wave reaches the re-
ceiving magnet, before the force falls below that of the spiral
spring (increased by friction), which, by drawing back the ar-
mature, severs the metallic connection of the local circuit, for
the clock- and signaZ-electrotomes. Professor HENRY'S re-
searches have shown that these quantities « and «ï are increased
by the action of the secondary current, which retards this wan-
ng the more, the greater the length of the telegraph line.

(I, /5, = the times of induction of magnetism after the electro-
pcea wave reaches the receiving magnet, before the attraction
of the magnet upon the armature severs it from contact with
the outer brace, for the clock- and signaZ-waves respectively.
These quantities are also increased by the action of the second-
ary current.

y, ft = time of the armature traversing the pass inwards,
after motion commences posterior to the clock and signal elec-
tropceas.

о, 5i = the outward pass times for the clock and signal elec-
trotomes.*

Then we have for the conditional equation from the clock
and signal electrotomes and electropœas, respectively, the ex-
pressions,

I.

II.

О = (e,

= = < ?

,)«+(„,_„) + &_ b)

.' ) *.rfc-j(/?UJ!=l̂ ).r|--(íÍ-.—If) rfc.

Also for any other receiving station, marking t Jhe letters with an accent above,

0 = («,' - «') x + («/ - a') + (00 - V)
0=( a i >—4')

* The quantities analogous to », j), •/, and 3 for the looal magnet and register are omitted, because they are the same for the clock and signal elec-
trotomes and electropœae, and their difference is null.
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Subtracting the equations (II.) from (I.) to eliminate b0 and mo,

ш 0 = [(a, - a) - (a,' - a')] * + [(«, - a) - (a,' - a')] + (V - b)

0 = [(e, - a) - (a/ - a')] * + [(A - Л - (A1 - /*)] + (y. - у) - (у,' -

And by the mean of expressions (III.),

IV. 0 = [(fll - a) - («,' - a')] *+ J [(„,-«)- («,' - «')] + í [(A - Л - (A' ~ /5')] + Í [(* - У) - (yi -

+ 1 [(»'-*) + (»'—IB)]-

From (III.) and (IV.), we derive the equations of condition

m •m).

0 =
0 =

a=[(ai —„) — «_„')]

* = [(/»,— /ï) — (A' — /»)]

В = V — J
Ж=да'— m

v.

where

VI.

= j [(L, -L/) -(Z -Z')].*
The import of the terms í/, z, and w may be gathered from

the drawing of Fig. 1. That of a, from the tracing of the tel-
egraph line from Washington to Cincinnati, via Wheeling, in Fig.
2. The experiments were not so arranged as to present a full
discrimination between the resistance of the wire, the ground,
and the batteries. This must be the subject of future experiments.

In the accompanying plate, Fig. 1, —
A, B, and С are stations on the main line ; A is that of the

receiving magnet M. B and С are more remote successively.
E is the main-line battery.
M is the receiving magnet.
F is the armature.
0 is the outward l i m i t of armature distance.
1 is the inner, preventing absolute contact of P and Ж
О Ils the pass, so called, between the inner surfaces of О

and I. Both have adjusting screws for position.
S is the spiral spring.
K, the key for its adjustment for tension.
ID F is the local circuit.
D is the local battery.
It may be seen from the drawing, that when the armature-

beam F is in contact with I, the local circuit is complete. But
the departure of F through an indefinitely small space breaks
the metallic contact with I, and thus breaks the local circuit.
When the adjustments are all properly made, F, on leaving I,
departs through the pass to contact with O, and there remains,
till the circuit is restored on the main line, when M, again be-
coming a magnet, attracts F, and draws it back from 0, through

* The second form is more easily measured than the first. It does not
afford the same facilities for the separate measurement of В and M.

the i>ass again, to contact with 7, restoring thereby the local
circuit.

This is called the make-make arrangement, or FI connection.
The I end of the local circuit may be removed to O, and

giving the make-break arrangement, or the F O connection.*
Let us now suppose that the adjustments of position of 0 and

I, and of tension of S, are made to suit the intensity of the cur-
rent from the battery, E, acting on the magnet, at the receiving
station A, so that an electrotome at A causes the armature to
depart through the pass to 7, and an electropcea, or restoration of
circuit, again draws F through the pass back to contact with 7.

Now, whenever the meteorological condition of the atmos-
phere is such, that a friction-electrical machine would work
well, the line, if properly insulated, also works well. Such a
state of the atmosphere occurs in this country, when a north-
west wind prevails, with cool weather or frost, after the clear-
ing up from a northeasterly storm, or from a south or south-
westerly rain, or snow. Such have been the nights of our ex-
periments for wave-time.

In this case the magnet being adjusted for .4's dots, as it is
called, Ti's and C's dots are well received by A, and so on, for
all the other stations, whether considered as dotting or receiv-
ing stations.

On bad working nights, a new adjustment is required for the
receiving-magnet appurtenances for each change of the dotting
station. Such nights are unfi t for the experiment, and have not
been used for the purpose. They are unsatisfactory, even for
the exchange of star-signals.

The fact that each receiving magnet, on the 31st of October
and 21st of November, could receive, in the same second of
time, the dots at all the stations from Washington to Cincinnati,
is conclusive iu favor of the good insulation of the line, and of
the good meteorological condition of the atmosphere. Still, as
no insulation is perfect, and as no meteorological state of the
atmosphere is perfect, let us conceive that there was at each
station a slight change of residual galvanic action of the cur-
rent on the magnet, from change of place of the dotting station.
This change, we know, both from theory and experience, must
be an increase of residual action of the magnet for increase of
distance of the dotting station when external to the battery, still,
however, varying within the limits suitable for good action of
the receiving magnet. When there are several batteries on the

* This kind of connection lias recently been used by Mr. J. J. SPEED,
of Detroit, in his ingenious invention of the universal relay apparatus.



line, a dotting station may be external to one, and internal to
another. In this case, the ordinary principle in mechanics of
the composition of forces may be applied, and the relative
efíect of the dispersion of the galvanic force by imperfect insu-
lation along the lines traversed by the clock- and signal-waves
maybe either an increase or diminution of the residual tension,
after the electrotome.

Now let us make, —
W= the number of grains that the receiving magnet, M,

will lift, when at the inner limit, /, of distance from the poles
of the magnet, by the total intensity of the galvanic current
from the battery, E, acting at the receiving station.

Wi =. the number of grains of lifting destroyed by the elec-
trotome at the receiving-magnet station.

Wa, И^,&с.* = the same for the second and third, &c.,
stations, in the order of distance from the receiving station ex-
ternal to the battery.

J?i , R,, &c. = the residual weight, ( W— Wj, ( W— TFS),
&c., lifted after the first, second, third, &c., electrotomes.

Q = the number of grains of attraction of the magnet M,
for the contact, F I, required to balance the antagonist tension
of the spiral-spring. ;

V ==. the friction to be overcome by the movement of the
armature F.

The first condition required and actually fulfilled on the 31st
of October, in order that the armalure, F, should go promptly
through the pass from I to 0, on any electrotome at the 1st, 2d,
&c., or nth station, is,

(Q-F)>B„.
A similar condition, viz.

prevails with respect to the electropœa, when the armature is
at the F 0 contact. In this case, the total intensity, PF, for
the F I contact, becomes W for the F O contact, and over-
comes the actual spiral-spring tension, W, and the armature
friction V for the same. This condition was also fulfilled on
the 31st of October.

Again, let us call, —
Ф Wn dt = the decrement of attractive force (for the F I

contact) in an element of time for the nth electrotome, which
in a finite portion of time, í, destroys the attractive force W„.

<f' JR„' dt = the increment of attractive force (for the F O
contact) in an element of time for the nth electropœa, which in
a finite portion of time, <', augments the attractive force from
Rn> to TF„'. ;

Then, since the armature F breaks the .F I connection or
local circuit, when the force PFhas diminished to W — F, and

-broakg-tho F f).-eontap.t, when_the fbme.JïJJia. jncreaseiLto.
(Q'-|-F'), we have the expressions

* This decrease of Wn takes place only on the side above the ground
external to the battery. On the interior side, each electrotome destroys
the total intensity W. In a compound circuit, the same olectrotome may
be total for the effect of one battery, and only partial for that of another.
In this cage, the principle of the composition of forces applies.

г г \
Q-y f
w (f vn.

where n represents the order of increase of distance of the dot-
ting from the receiving station in the direction above ground
external to the battery.

The quantity yn for each receiving station must be consid-
ered as constant for the period of one or two seconds, during
which the experiment lasts, whatever be the locality of the dot-
ting stations ; these times of inward vibration of the armature
(technically called the inward pass) are, like the successive
vibrations of a pendulum, isochronous. The adjustment of the
spiral-spring, and outer and inner braces, is the same. The
arc of vibration is the same. The spiral-spring tension is the
same. The force of attraction (Q'-\- V) at which the .vibra-
tion commences is the same. The remaining induction of at-
tractive force of the magnet, from (Q'-f-F') to the maximum,
takes place during the vibration. We may, therefore, assume
that

и = [(л-у)-(л'_у')] = 0. VIII.

Let us make, —

P = the apparent duration of a pause, as read on the grad-
uated fillet of paper.

P0 = the actual duration of the electrotome, or separation of
the metallic closing of the main circuit. Then,

P = P,, _ „ + (ß _|_ y)

0 = 3/ — z.
And,

Also let
0 = в + m. IX.

X.
в = F (ç) = function of Q.

The character of this function of ç depends upon the nature
of the integrals of (VII.). It must, I think, be apparent from
the inspection of these integrals, that the greater lhe value of
the residual tension R„ after the nth electrotome, the greater
that of «„, or the waning time from a magnetic force of W
down to that of ( Q — T ).

This follows from the general law of dispersion, whether of
ponderable or of imponderable fluids, that the rapidity of. this
dispersion increases with the head of pressure. A similar
course of reasoning leads to the conclusion, that while an in-
crease of R„ increases «„, a consequent increase of jR„' dimin-

ishes /?„, because the quantity of magnetism [( Q' — F') — Д„']
-to -fae -induced- -previous-to-Hhe-eommenoetaent-ef tho rotura —
ing vibration of the armature is diminished by the increase of
Л„'. These circumstances authorize the following conclu-
sions with respect to the quantity Го = F (ç) = y — z") : —

1st. The function F (Q) is of such a nat.ure"fhat в becomes
0, when ç becomes 0.



2d. That for a positive value of с, в is positive for a double
reason, viz. that the value of у is positive, and that of ъ is neg-
ative.

3d. That for a negative value of p, в is negative for a similar
double reason.

Let us now suppose, that the selection of the additive and
subtractivo readings is so made in the conditional equation ( F),
that the value of a; will be positive, when B, or M, or J (B-\-M),
is positive, then the quantity 2 a x is cumulative, and increases
with the number of nights' work, and with the number of sta-
tions compared together each night.

On the contrary, the quantities S y, 2 t, 2 м, 2 J (y -f- я
-j- и), instead of being cumulative, tend continually, by the in-
crease of 2 a (which is their divisor in the conditional equa-
tions), to produce the results, —

XI.

The conditions of (XI.) are the natural result of the fact that
ç is an accidental quantity, sometimes positive, and sometimes
negative, dependent upon the temporary condition of the line,

and its multitude of connections in the offices, and on the in-
stantaneous meteorological circumstances along the line. The
rapidity of the convergence of the quantities in (XI.) towards
zero increases with the goodness of the line, and with that of
the combination of meteorological circumstances.

These theoretical conclusions in (XI.) have not yet been sub-
mitted to direct experiment, for want of apparatus for measur-
ing the absolute durations of the clock and signal electrotom.es.
The conditional equation of (IX.), which depends upon the rel-
ative duration of the measured pauses, (their absolute duration
being eliminated,) for the experiments yet made in the Coast
Survey operations, very nearly fulfils the condition of compen-
sation involved in the equations of (XII.), viz., that for the sep-

arate vanishing OÍ2Í — \, 2 ( — \, 2 \ — \ , v r e have also
\ c t / \ a / \ a /

= 0. XII.

The following table comprises the values of в and a, as far
as they have yet been obtained. The Harper's Ferry and the
Wheeling registers have been omitted. The former was ad-
justed for too long a pass of the receiving magnet, thereby in-
troducing an unnecessary source of error. The latter had the
pass so short, that the readings of the pauses were indistinct.
In practice, both extremes should be avoided. The retention
of these registers, however, would not have made any sensible
change in the mean result.

TABLE I.

Collection of the Values of 0 from the Coast Survey Experiments.

No. of
Cases.

ï
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Date.
1849.

Jan. 23
u
«
tt
«
tt

u
ч
ti
u
ч
II
u
(С

((
«
u
It

Oct. 31
u
et
(1

u

Clock Station.

Phil.
tt
tt '
«
«
tt
tt
u
tt
tt
»

• tt
tt
u
it
ii
tt
ti

Ci.
(l

S.S.
tt

tt

Signal Station.

Phil.
tt
it
tt
ii
tt

Cd.
tt
tt
tt
tt
ii

N. Y.
it
ii
ii
tt
ii

S.S.
U

Cd.
tt

ÍÍ

Station for P.

Phil.
il

it

Wn.
tt

N. Y.
Phil.

U

U

Wn.
u

N. Y.
Phil.

ti
it

Wn.
tt

N. Y.
Ci.
tt

tt

Cd.
tl

Station for J*.

Wn.
Camb.
N. Y.
Camb.
N. Y.
Camb.
Wg.

Camb.
N. Y.
Camb.
N. Y.
Camb.
Wn.

Camb.
N. Y.
Camb.
N. Y.
Wn.
s. s.-
Cd.

s. s.
Ci.
s. s.

*— (*+«)

ô
—0.014
— .029
— .026 ч

— .007
-t- .014
— .044
- .014
- .020
- .050
- .023
- .033

— .027
- .005
- .029
- .002
- .020

— .003
h .050
- .052
- .008
- .053

— .037
+0.010

No. of
Results.

n

16
11
11
11
11
6

17
17
17
10
18
2
7
6
7
6
8
6

88
12
29
36
34

Probable Error of
Group.

e

±0!Ò07
.007
.007
.006
.008
.011
.005
.006
.008
.005
.005
.006
.010
.010
.010
.010
.010
.010
.003
.005
.004
.004

±0.004

Relative Miles
of

Wave Space.

a

0
0
0
0
0
0

150
900
400
750
250
500

0
400
400
400
400

0
806
161
421

ч 155
266



No. of
Cases.

24
25
26

Date.
1849.

Oct. 31
u
u

Clock Station.

S.S.
U

u

Signal Station.

Wg. :

(С

'Station for P.

Ci.
и

Cd.

Station for P.

S.S.
Cd.

S.S.
For 26 cases 2 в ==
Indiscriminate mean 6 =

2 0°_
2 a

*-(*+«) '

6

:

-0.047
- .031
-0.025
[-0.271
-0.010

No. of
Results.

n

12
12
17

427

Probable Error of
Group. '

e

loos
±0.005

Relative JHiles

Ware Space:

a

421
155
266

7201

+0.'Ò00038

The
Wn. for Washington, D. C.
Phil. " Philadelphia, Pa.
N. Y. " New York City.
Camb. " Cambridge, Mass.
S. S. « Seaton Station, D. C.
Cd. " Cumberland, Md.
Wg. " Wheeling, Va.
Ci. " Cincinnati, Ohio.

The results of this table are in conformity with the accidental
character of the quantities ç, y, z, м, and 0. They show that
the value of в is as great for the cases of a = 0, as for its max-
imum value, and that it may, according to circumstances, be
positive or negative, while a is positive. It is on this ground
that we may assume, with sufficient plausibility, that

fy + z + VSy _|_ z _L_ M4
I —• •— 1=0, very nearly.
\ 2« /

]=2)\ very nearly.
/

хш.

Whence the conditional equation for the measurement of the
wave-time for one mile of the hydro-galvanic к jrrent is very
nearly

XIV. 0 = ая-|-«.

The single results are given at length in my report of Jan-
uary 31. From them we derive,

Washington, February 1, 1850.

0 = - 806 x + 0.049
806 x -f 0.054
645 x -j- 0.036

No. of
Measures.

121
218
218

Receiving Stations.

(Ci.) - (S. S.)
(Ci.) - (H. F.)
(Ci.)-(Cd.)

x = -j- 0.0000625 = wave-time for one mile of space.

— = -j- 16000 = miles for one second of wave-time.
x
This value of x is derived from the Seaton-Station signals

registered on the Cincinnati clock-scale, October 31, 1849.
It confirms the general character of the result for the operations
of January 23, 1849, giving a somewhat slower motion of the
galvanic waves, viz. sixteen instead of nineteen thousand miles
per second.

The remaining experiments, for 31st of October, have by
your directions been referred to Mr. C. CULMANN, of the Royal
Bavarian Engineers, for examination and discussion. The sta-
tistics are still too incomplete to warrant a full discussion of the
comparative resistance of the ground, the wires, and the bat-
teries. It is desirable to take advantage of the prevailing frosty
season, with its favorable meteorological combinations, to re-
peat the experiment for the measure or this wave-time on a line
of greater extent. This proceeding is in fact necessary for the
perfection of the art of reducing to a common value the dis-
cordant local readings of the printed dates of the transits of
stars, in the longitude operations of the Coast Survey.

Yours, truly and respectfully,

SEARS C. WALKER.



GREAT EXHIBITION

Descriptive Analyris of the Contents
of the Crystal Palace.

NUMBER SEVEN.
U- S. COAST SURVEY.

Organization and Field Work.
Among the articles congregated in the Crys-

a Palace, few во much invite intelligent ex-
amination, or so imperatively require the aids

'clear descriptive illustration, as the series
01 instruments and charts in the Coast Sur-
теУ Department. These are selected and ar-
ranged -with a view to exhibiting the principal
Methods and processes employed on this ex-
tensive work ; and though the collection is j
ьесеввагНу wanting in some essentials, it pre-
sents a means of readily comprehending the !
«haracters, leading features, and results of ;
this erganization. Not doubting that a work '
so truly national and perfect, will possess a
positive interest for many of our readers, and
knowing that the instruments exhibited can
°nly be understood by being described in rela-
tion to the entire system of operations in
which they are used, we propose now to give
such a general account of the history, organ-
ization, methods and results of the Coast Sur-
vey, as will enable visitors duly to appreciate
the articles exhibited.

Accurate geography is of quite recent date,
and all old maps and charts especially, are
drawn with a fanciful vagueness quite incom-
patible with our present views and necessi-
ties. The Surveys of the American Coast,
«ven including DBS BARREB' comparatively
excellent charts, had been found so dis-
joined and inadequate, that the need of a sys-
tematic, connected, and accurate survey of
the entire coast of the United States was dis-
tinctly felt. On such a survey being proposed
by Prof. PATTERSON, in 1806, Mr. GALLATIN,
the Secretary of the Treasury, strongly re-
commended it, and in 1807, a law authorizing
it was passed. Nothing of much importance
'was done, however, until 1832, when the
work was systematically undertaken, and
from that time to the presve£MdEttte>pro-
priations and a steady progT^^^HpPh-ked
its history. Mr. HASSLER waWRFnTst Super- !
intendent, holding this position, first from '
1811 to 1818, and then from 1833 to his death
in. 1843. He was succeeded in 1844 by Prof.
A. D. ВАСПЕ, who has continued to discharge

- duties ol thio rosponeib.o poanmii uy i~
• resent time. The annual appropriations

icreased, as the work, by its expansion, (

'e a more rapid progress desirable and \
. Prof. BACHK'S organization of the ;
: t into nleven distinct sections, ec- '

" ' jive operations of the eur-
taneously in as many local-

ities, if this be desired ; thus giving to the
whole work a much more manageable char-
acter, and making attainable the final results
on any particular locality in a comparatively
«hört period. Some work has been done in
all these eleven sections, though only one can
be regarded as essentially finished. The main
original operations are tending rapidly to com-
pletion in four or five sections, but even after
all is done in the first survey, reëxaminations
will continue to be necessary at localities un-
dergoing change. It will require, at present
rates, not far from fifteen years to conclude
the survey of the Atlantic and Gulf
Coasts, and a somewhat longer period for
that of the Pacific Coast, though larger appro-
priations would abridge this time if required.
The immense development of our sea-coast
gives to the Coast Survey an unprecedented
magnitude of operations ; yet there is no por-
tion of that long line which commerce does
not require to have accurately defined, and no
lurking dangers can exist in the adjacent
waters without subjecting to formidable risk
not only a great and rapidly increasing com-
merce, but also human life. The introduc-
tion of steam power into ocean navigation, by
causing vessels to follow the coast without fear
of storms, makes them but the more exposed
to those lurking dangers, which thorough hy-
drographie examination discloses and defines.
Moreover, there is a kind of im mortality to the
results of accurate surveys ; for, except in a
few instances, the results of a correct first
survey remain applicable through an idefinitely
long period. And \yhere changes are progres-
sing,—as, for instance, at Sandy Hook, Boston
Harbor, and the mouth of the Columbia,—the
importance of accurate surveys, whereby their
laws and tendencies can be decisively made
out, is even greater than in those portions
which experience no change. It is a fact that
the localities undergoing changes are very fre-
quently just those of most importance to com-
merce. We cannot, then, too highly value a
thoroughly accurate determination of all our
hydrographie shore lines for future use in
commerce and hydraulic engineering. We need
to know, once for all, the ocean bottom along
the shore, and the tides, currents and charac-
teristics of the great deep itself, far beyond our
marine league of domain. The commerce
which contributes so large a part of our na-
tional revenue,,rightfully demands in return
that protection which charts, based on accu-
rate surveys, alone can furnish. While Eng-
land is expenuing millions upun surveys of
foreign coasts, in addition to all she gives for
home hydrography and topography, we are
bound, at least, to urge vigorously forward
this survey of our own coasts, not only for our
own national benefit, but as »matter of inter-
national comity and justice. The two thou-
sand charts of the British Admiralty, the in-
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numerable surveys and explorations of France,
the coast charts of Prussia and Sweden, the
great geodetic survey of Russia,—these, and
many like enterprises of European nations,
impose on us the duty of reciprocation so far
as to give them in turn reliable charts of our
•own sea-boundaries. "We are now auspiciously
progressing in this reciprocity, with the assur-
ance, so gratifying to American pride, that,
in point of style and general perfection, no
foreign charts quite equal those now issued
by our own Government.

The ultimate object proposed in the Survey
of our Coast, is the preparation of a series of
charts, presenting the complete hydrography
of our entire seaboard, with the highest ac-
curacy, on the scales required by commerce
and local needs, with the addition of such
topography as is requisite to present the char-
acteristics and relations of the land adjacent.
In order to insure the requisite accuracy, the
latitudes and longitudes of numerous points
must be scrupulously determined, and the re-
lation of many other selected points to these
must be ascertained, so that all the various
bodies of soundings can be referred to one
system of fixed points, whose locations and
mutual distances are thoroughly known.
Thus every ^Jine of soundings run is system-
atically assigned to its true locality, and the
resulting charts exhibit a correct representa-
tion of the facts of nature.

In carrying out this scheme, a network of
ifianales rt quires to be thrown over the entire

; extent of our coast ; its angles require to be
j observed, and its sides computed. By this
'• means, all the points observed upon become
1 known in position and in mutual distance.
! The first operation in order, and one of the
{ greatest delicacy and moment, being, indeed,
) the foundation of all the accuracy to be at-
i tained, is the measurement of the base line.
j Л straight line, nearly horizontal and from
! five to ten miles long, is selected and graded.
; Then comes in play the large and formidable-
> looking base apparatus, one tube of which is
j mounted in the Crystal Palace, on its proper
I trestles. One might think it a matter of great
! ease to measure a base line, but a more diffi-
i cult enterprise is rarely undertaken than such
j a measurement becomes, when great accuracy
: is to be attained. If we did not care for

errors of a yard or two in a base of several
miles, its measurement would be easy enough ;
but when six-tenths of an inch in seven
miles becomes the limit of error supposable,

| the matter is one of transcendent skill, and
: the execution of such a measurement is one
uiitie most refined operations ever conducts.
First of all, the measuring bars must bo so
accurately compared with and adjusted to the
legal' standards of linear measure, as to eli-
minate all possible discrepancies between
the two. Without great care and fidelity in
this fundamental step, as also in the сотрэг

son of different nationalstanda'rds о) щ"5—' .д
various independent surveys executed>"0,,
give discordant geodetic elements, and the •
crepancies arising from imperfect compart
would be peculiarly difficult of detection»
correction. Bnttheelementmostofalldenian
ing skill and care^ springs from the necessity
eliminating the 'effects of varying tefflP^
tures and moisture, and of all the mechanic*
accidents incident to the use of the base app
ratus. So to construct this apparatus, as tn
the distance between the measuring POUV_
shall, under all circumstances of varying "
peratures, be absolutely invariable, is the P*
blem which is solved with preeminent ac
racy in Professor BACHB'S Base Appara*11 •
The compensating principle, first used by ̂  '
COLBY, in the English, and by Mr. BOBDS« >"

'the Massachusetts itarveys, was perfected »У
a correction, origiie^"applied by Prof. BA«HS'
Two bars of different metals (iron and bras9j
having unequal expansive rates, are jo'ne

transversely at the ends, by movable levers,
which bear the contact points; the attain-
ments being so adjusted that the contact point8

will not be moved by the expansion or con-
traction of the bars due to heat variations-
But if the two bar* do not respond with the
the same facility to variations of temperature,
the compensation will be incomplete daring
the progress of temperature changes. . Prof-
BACH«, by means of SAITOH'S Pyrometer, (a
beautiful arrangement, also exhibited at the
Crystal Palace, which consists of a plain mir-
ror, mounted so as to rotate as the expéri-
mental bar varies, and thus to reflect the grad-
uations of a distant arc, into a telescope fixée
on this arc,) made numerous experiments 01
the specific heats of iron and brass bars, an(J
EO determined theirrelative cross-sections, that
thé two bars, in the base apparatus, vary their
temperatures, through a given amount, in
equal times. He also experimentally deter-
mined varnishes for the two, which give them
equal rates of absorption. The contacts be-
tween the ends of successive base bars, is
made in measuring, by abutting an agate knife-
edge against an agate plane, and a contact
level indicates the standard contact, the tube
being worked backwards and forwards on the
trestle, by a delicate screw-movement, until
the level indicates an exact contact adjust-
ment. If the tube be inclined in ascending; or
descending, a level on the radius of а?ша11
graduated arc gives the angle of inclicS*1011

of the bars, and a versed-sine cqrreetiqijj-*'1'
this, reduces its length to a horizontal eqnî a,-
lent. The iin tube, which encloses* lue bàW
ùi;;̂ V.'"<. «™ ~MÍ".W..05 iiai..t. . -JAWlUull ev il

ports the bars on rollers, is intended to prof ' '
the whole from injury, and from the direct
tion of sunshine and weather, thus sornj'
limiting temperature variationsr *The '̂
is secur?„against changes of flexture, sr'
to induce appreciable errors, and tb
nation embraced in a tube is as ligb



•£ -,
e (four men carrying a tube in measuring

as it could safely be made with bars,
res, or about twenty feet in length,

"construction of the trestles, in Professor
apparatus, is quite peculiar, apd is '

give unequalled convenience to the
the apparatus. T wo tubes and six, or

;iines eight trestles, are en ployed in
iring a base. The Coast Survey bases

v Pleasured with a combined accuracy and
«f v^ 4°ite unequalled in the performances
k , ase Measuring apparatus, so far as we have

Wished means of comparison, and we think
j of- BACHE'S apparatus Is entitled to the first
fii" 'П resPect to i's compensation and

uity of field use. In measuring Dauphin
and Base, four-tenths of a mile was the

Verage, and 183 tubes, or near seven-
ei>the of a mile, was the greatest day's work.

8 the Coast Survey will ultimately require
wast eleven base lines, or one for each sec-

">n! this facility of use becomes an element
nLeven б16^ economical importance in our

" case.
,. -n the base is duly measured, no farther

lrect measurement of lines in the section is
necessary, but all the remaining observations
In tne triangulation, consist ol angle measure-
ments on graduated circular limbs. The fa- /
Cu»y \fitjj wnjcn angles can be observed or !
Measured, with numerous repetitions, as well
ae the convenience of angle instruments for !
«ansportation, make it a matter of primary;
lmportance thus to limit recourse to linear :
Measurement to the one fundamental base
''ne, by reducing all the subsequent operations
0 адв1е measurements and computations.

Having completed the base line measure-,
raent, each extremity is occupied as a prima- •

'ТУ station, and observations made to deter-'
Шше its latitude and longitude, and the azi-'
"luth, of the base line. In the Coast Survey ,
'atitudes are now habitually observed, (after
careful comparisons with the other known;

ethods and instruments,) by the method due'

of P P t ' Al TALCOTT> late of the u- s- CorPs

Engineers. Pairs of stars are chosen, hav-
6 nearly equal but contrary zenith distances,

that by turning the instrument 180°
"~ ' a vertical axis, the North and South

will both cross the meridian in the
telescope field, without changing the

t ••>5'П8> and their difference of zenith dis-
.- , £e ls micrometricálly measured by wires

. ^e instrumental field. Hence, by the aid
j *tar catalogues, the latitude is deduced.
!\v ;.Veiy finç .specimen of the Zenith Telescope,
ï —.^"iaj.fip.d for Coast survey latitudes,is row--'
',)t up in'fEe Crystal Palace, just by the door I

Г of the Crystal Palace Superintendent's Office.
•It was made by WINDKMAN, in Washington,

i T дго or three hundred latitude observations
I-aie usually made at each astronomical pri-
îjîry station, nearly fifty of which have al-

idy been occupied. The observations for

longitude differences are made with great
care, and labor, by the several methods- of
transporting chronometers, of moon culmina-
tions, eclipses, occultations, and- the magnetic
telegraph. The last method belongs to this
country, originated and grew up to the Coast
Survey, under, the lamented Prof. .S. C-
WALKIR, and is, decidedly, the best of''all
where its application is practicable. Ataong
the instruments exhibited at the Crystal
Palace, is one of the portable transits which is
used for determining the local time, by ob-
serving the instant of meridian transit* for
known stars. This local time is, of course,
requisite in an astronomical determination of
longitudes. The azimuth or angle with the
north line, made by the base, is determined
with a thirty-inch theodolite. Other stations
are next chosen, about ten miles distant, and
signals are established or heliotropes posted.
The horizontal angles which these signals
make with the base line and with each other,

' are observed with great care about a hundred ]
times each. These stations are in turn simi-
larly occupied, and like observations made on
the base extremities and other new stations.
Thus results a series of triangles in which all
the angles are observed, and in one of which
the length of a side is known. From these
elements, all the remaining sides or distances
between stations are accurately derived by
computations. The length of sides is usually
increased in proceeding from the base, some
lines of over ninety miles long having been
observed in New-England. This network of
triangles makes up what is called the primary
triangulation, and it is from its discussion that
the length of meridian and latitude arcs, the
value of the earth's radius, its ellipticity, and
deviations from a regular ellipsoid, with other
grand geodetic results, are derived. Quite
numerous primary stations, (already about
fifty,) are occupied lor astronomical, latitude,
and longitude observations ; a step made
necessary by the marked irregularities of the
earth's crust, from which result quite appre-
ciable differences between the astronomical
latitudes and longitudes, and the geodetic, or
those derived by computation from the pri-
mary triangulation. As the work progresses,
connections will be made between the primary
triangulations of all the nine Atlantic and Gulf
sections, and the bases will thus verify each
other, as the lengths of the connecting sides
will be derived from two bases, which should
give identical lengths if. the previous opera-

sum of the angles in each triangle, after/car-
recting fer spherical excess, must Jpe* eMal to
two right angles, thus presenting a-ooralant

•check, on the measurements :of horizontal
flu HidbL ili»raafc

ents :of horizon
e-«itationpj*;gpe at

great distances, in primary observatipnsjithe
heliotrope or heliostat is used. This, tnstru-
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•ment consists of a mirror so mounted-ãnd con-
nected with a train of clockwork, that"it can
be made to reflect an image of the sun Con-
stantly into the distant observer's theodelite,
the mirror, by its movement, exactly following
the sun's motion. Such a heliotrop^- ist ex-
hibitedjat the' Fair. •

As the primary triangulation progresses, a
fccmdàry'tnaggplatiou is begun, basing on the
primary lines,'though its component linea are
usually shorter and extend to a much greater
number of stations, which are occupied with
smaller instruments, and a smaller number of
observations at each station is made to suf-
fice. A very fine 12-inch theodolite, made by
GAUBXY, in Paris, and exhibited in a special
show-case at the Fair, is used for observing
altitudes and and azimuths in the secondary
triangulations, where the Jines are longest. It
is also employed in the primary triangulations
of the Southern sections, where the lines are
short, and where from the flat and wooded
character of the country, it is sometimes ne-
cessary to raise the instruments on tripeds of
forty feet height to command open lines of
vision. The result of much experience in ar-
ranging these tripods has been the complete
separation of the supports for the instruments
and for the observer. Smaller theodolites are
used in observing the shorter secondary lines,
and a specimen (six-inch) is also exhibited.
A tertiary triangulation proceeds from the sec-
ondary, the lines of which become quite short
and very numerous, so as to give, generally,
two or more points, accurately determined,
within the limits of each sheet of soundings or
topography. The topography is then executed
by using the plane-table, a specimen of which
instrument is on exhibition. The topographer,
with his plane-table, determines graphically
by intersecting lines, the position of all im-
portant points and objects, on a sheet of
stretched drawing-paper, on which his tri-
angulation points are duly projected to a scale
of l-10,000th the natural scale. Around the
points thus determined, the topographer
works in by the eye and auxiliary instru-
ments the details of the ground, and runs
horizontal contour curves, or the curves of
intersection with the ground surface, cut out
by a series of horizontal planes taken twenty
feet apart.

At this point the hydrography begins. The
sounding party is furnished with a large sheet
of paper, on which a careful projection, or set
of parallels and meridians, is drawn, and the
several points oi triangulation falling wuhin
the contemplated field of soundings, aïe ac-
curately plotted. Plane-table points, and th«
plane-table shore line, are also furnished lathe
same manner, when, practicable, sof that
the hydrographer'starts- im a >secufy aiid-

th..,'abor-saving foundation. The requisKjÁomts
' '".," Barked—SB the ground

and the sounding-boat or vessel ate№
run on ranges, sounding as it goes.
ranges are at once referred to
both in direction and position, or — : _ , ,
observations are made at the extrenu1»
of each range, on three or more of the *«
nais, which give the means of plotting i*8" '

I the ends of the range. In off-shore s°un "
ings, signal vessels are sometimes reg
their position being observed from the
and the soundings being referred first
signal vessels. Still further out at sea, * v
run of the vessel combined with lati')10

and longitudes,, gives the location of sounduyí
Thus, all the soundings are correctlyloc e>
and plotted on the large hydrographie sheet '
the scale of 1-20,000 being generally ешр!°Уе

Two sextants, of the kind in commonия '
are exhibited at the Fair, one being of Fren
and one of English make. Contiguous !
of soundings, accurately determined,
plotted with reference to points,
positions relative to each other are
known, can be combined without ï
in reducing them to the scales requu

fur publication ; an advantage
attainable on an extended coast,
other method of surveying than such
tematic triangulation. This gives a u
correlation of parts to the most extensfrftj
veys, as the peculiarities of the earth's,
are all taken into strict account in the
putations, and the distances being all def'T^<
from the standard bases, by accurate ад** ^ '•
stantly verifying methods, there is nodif6cuW
in combining the whole scheme of poi»1*tu

our entire coasts.
The extensive operations in soundingre"

quire to be systematically accompanied by °°'
servations on the local tides and currents, **
these are of the highest importance to ee&"
farers, and their thorough study is essenti3

to accuracy and safe navigation. At the Fai
is a self-registering tide-gauge of the k)n

now in use, which was made by Mr. SA*T°N'
the accomplished head of the Instrument
Department of the Coast Survey Office- A

. clock-work gives regular, uniform jaoti°D

to a paper fillet one foot wide, and the
time is recorded by a series of points,
which prick through this paper as it Pro'

! gresses. A float is so connected with the
ï recording pencil, that in its rise and fau
! with the tide, the pencil traverses the

width of the paper. These two motions—one
• proportionate to the time, and one to the rise

or ieli of tide, give a. resultant reooiil (*unre
on the fillet, in which the tide movements artf"'
all clearly seen and eaeily measured by a
scale. Six of these gauges have been seat
to the Pacific coast, under Lieut. TROWBBIDOÏ
U. S. corps of Engineers, to record the tidal !
movements at three permanent and numerous
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stations along our entire Western
<2?'margin—where the existence of some
i. e Peculiar tidal anomalies gives particular
Lf0rtance to a careful series of reliable re-
iíir i ^e mav remark that Prof. BACHB has
L J^2ed the tidal phenomena of our coast,
L..a 8Wll and success in all points equal,
W ,!n 8<>ше superior, to the very best tide
•H. s ever made elsewhere. The observa-

and study of sea-temperature and cur-
st. "?cluding the Gulf Stream, have been
n, 'У pursued, and with good success. Nu-
if

 Г011» specimens of sea-bottoms have been
°B6ht up with the Ste$Iwagen lead—pre-

ti ^d in small phials, and examined under
p

e. Microscope by Prof. B..ILEV, of West
lnti and others, who have discovered nu-

er°us species of shells and forms of ani-
«cular life—each locality and depth having a

a a*acteristic combination of species. A
e*lwagen lead, and some of the ocean-bot-
01 epecimens brought up by it, are exhibit-

0 at the Crystal Palace.
Having now presented a general, and, as

e know, an imperfect view of the organiza-
°ni methods, instruments and results of the

t d Work of the Coast Survey, we will defer
a future number what we have to say about

a , Qffice organization, operations, processes
Q Products. This division into Fiddand Oßce.

. * is a natural one, and will enable us'tp
ià^^Éia^d

iH^liâíÍSíLS2.í!ie mmu-

at ív6 *ariou8 Coast Survey Charts exhibited
the Crystal Palace.
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How much this vast work has con-
tributed to the progress of science
and scientific culture iu America, can
only be known by a careful study of its
history. It has already made its mark
ou our foreign reputation ; it has helped
to give a vigorous start to various im-
portant branches of study in our owu
land. It is thus rightly ranked among
those agencies which arc establishing
our national reputation on a sure and
noble basis, while it is one of those
means by which the highest types of
mind will be called into original action.
Boscovich, Delambre, Arago, Bessel,
Schumacher and Struve, are but in-
stances in which national surveys have
called forth eminent genius, and given it
a sphere of activity and renown other-
wise unattainable. Companionship in
this distinction is not loss the right
and possibility of our own Coast Sur-
vey. /

Among the readers of our Magazine,
there are, doubtless, very few to whom
the nature and character of this great
enterprise is wholly unknown. Yet we
are confident it will bo no unwelcome
service, if we here present a brief ac-
count of its history, objects, organization,
methods, and results.

All accurate geography and hydro-
graphy is of modern, and indeed of quite
recent origin. The fabulous histories
of Herodotus aro even outdone in gro-
tesqueuess by lus geography. Ptolemy,
Hanno and Strabo, at least, fully prove
that scientific geography was a thing
unknown to Greece and Koine. The
revival of letters was marked by little
advance in knowledge of the oarth, until,

by the improvements in astronomy and
navigation which followed the advent
of Copernicus, Galileo and Columbus,
clearer ideas of the earth as a whole, and
of the relations of its parts, began to
grow into the mass of common know-
ledge. Navigation, stimulated by the
hope of gain and by ambition to dis-
cover and take possession of colonial
empires, became bold, and fearlessly
ventured into unknown regions. Island
after island, coast after coast, was ex-
plored. Littlo by little, the grotesque
fancy of the early mapmakers was
chastised into a rude approach to con-
formity with fact. Hornans, Tardieu,
D'Anville,Cassini, AiTOvvsmith, Jeffreys,
with other compeers and successors, be-
stowed care on the style and accuracy
of their maps and charts. The Spanish
charts embodied the results of the
explorations which distinguished the
palmy days of Spain, while the ruttier
or sailing directions absorbed the know-
ledge which the charts did not convey.
The nautical treasure-house reared by
Hakluyt has drawn much of the early
geographic lore into its rich repository.
Half fact, half fancy, now an error and
now a real discovery ; its strange dialect
lures the reader on to roam the Indies
and to traverse the shore of our then half-
fabulous land. A vast deal of 'true geo-
graphy grew up in those heroic days,
but it was mixed with still more of error.
Our Pacific coast was then, indeed, terra
incognita. On many maps still extant
California is represented as an island,
bounded on the North by tho *Fretum
Aniani, and in some it is jumbled with
Jesso or Japan. Wo have seen a map
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by Louis de Hennepin in which Cali-
fornia appears as a peninsula, separated
from Jesso by the straits of Anien, with
Jesso separated from Asia and Japon
by the strait of Vries.

Prom such crudities the various
surveys of Des Barres, de Brahm,
Gauld and other British officers had
done much to extricate our Atlantic
coast prior to the Revolution. The
Atlantic Neptune published by the Brit-
ish government brought together much
of what was then known of our coast,
and the imprint of Jeffreys is borne by
some maps of localities along it, which
have even yet been replaced by nothing
better. The surveys of Des Barres
have done him enduring honor where the
work was actually performed under his
eye, but in some charts, bearing his
name, gross errors prevail. So, too,
Gauld's Key West and Tortugas chart,
whose accuracy was all the times could
afford, is still quite tolerable as a navi-
gator's guide. But as for our coast at
large the charts were absolutely bad, and
full of danger to those who trusted
them. With few local exceptions no
trustworthy charts had been made,
adapted to the wants of our increasing
navigation. The defect was in the in-
sufficiency of the surveys, forming their
basis, which had been rude, disconnect-
ed, and hasty. Our navigators had not
yet begun to receive that assistance, in
comprehending the peculiarities of our
coast, which has since been so admirably
rendered by the Coast Pilot and charts
of the Messrs. Blunt (father and sons) of
New York.

Meantime Europe had been alive with
great geodetic undertakings, having for
their direct object, the formation of ac-
curate maps of states and charts of
their coasts, and for their indirect result,
the determination of those elements of
the earth's figure which are so essenti-
al both to geography and astronomy.
France had measured its arc of a meri-
dian, on which to base its decimal sys-
tem of weights and measures. England
had begun its magnificent Ordnance
survey, and throughout Europe, geo-
desy was fast assuming a scientific
and practical form. The British Admi-
ralty had fully entered on that sagacious
policy of surveying the coasts and har-
bors, not only of British dependencies,
but of whatever foreign realms invited
commercial enterprise ; a policy which
has done much to establish English mari-

time supremacy, and to which the world
now owes over 2000 Admiralty charts,
including a large portion of the known
hydrography of the entire world.

Moved by this impulse and by a full
consciousness of our great deficiency in
good coast and harbor charts, the late
Prof. Patterson, of Philadelphia, in 1806,
brought forward a project for a com-
plete survey of the U. S. coast. This
project, favored and fostered by Secre-
tary Gallatin, led to the passage of a
law in 1807, authorizing a survey. For-
tunately the plan adopted was that pro-
posed by Mr. P. E. Hassler, whoso high
scientific attainments and experience
in the Berne triangulation, in Switzer-
land, eminently qualified him to propose
the best plan then practicable. Nothing
was done till 1811, when Mr. Hassler
was sent to Europe to provide the ne-
cessary installments, which were to be
made from new designs by him. Then
came the war with England, and soon
after the restoration of peace Mr. Hass-
ler was removed from his post, before
fairly entering on its duties. The work
was at the same time transferred from
the Treasury Department to the Navy
Department. A period of inaction
followed, which was first interrupted in
1827 by that enlightened Secretary of
the Navy, Mr. Southard, who recom-
mended о return to tho former organi-
zation. In 1832, this recommenda-
tion was adopted and an appropriation
made. It is from this date that the real
and effective operation of the coast sur-
vey begins.

Mr. Hassler was appointed Superin-
tendent and continued in that position
till his death in 1843. A man of rare
mental qualities; truly original and
learned in the most advanced astronomi-
cal and geodetic science of his day ; as
a mathematician respectable and as a
physicist meritorious ; he was distin-
guished by some singularities which
were unfortunate in their influence on
the popularity of tho work over which
he presided. A single amusing illus-
tration may indicate how little court
he paid to the arts of popularity. It is
told that, when he was once urging
an increase of his salary upon the Sec-
retary of the Treasury, the Secretary
remarked that Mr. Hassler's salary was
about equal to his (the Secretary's), to
which Mr. H. rejoined: "Oh yes, but
Secretaries can be got any day, while
there is but one Mr. Hassler." This
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peculiarity of temperament engendered
hostilities, which led to a Congressional
mve'stigation, with its usual controversial
concomitants. Incapable of compre-
hending the true character of our people
and institutions, and using a dialect
peculiar to himself, Mr. Hassler was in
no condition to compel justice to his
real merits. It is, hence, the more in-
cumbent on us to bear witness to the
great fertility of his mind within its
proper sphere. Ho did good service
in giving a right start to the work which
he directed, and his researches on our
weights and measures and their com-
parison with the standards were highly
meritorious and extensive. His elabo-
rate paper (in the Am. Phil. Trans.),
on the coast survey instruments and
methods, won special praise from the
late lamented Bessel, and remains his
chief monument.

In 1843, a law directed the formation
of a Board to reorganize the work. This
Board retained and extended the scien-
tific features of the work, defined its
organization and established in detail
the methods and order of operations,
essentially as they now exist. This
plan of reorganization was approved, and
the general Treasury Department regu-
lations, based thereon, were adopted in
1844. Since that date they have been
in constant and most successful opera-
tion.

In November, 1843, Prof. Alexander
Dallas Bache was appointed to the places
of Superintendent of the Coast Survey
and of Weights and Measures, made
vacant by Mr. Hassler's death. His ac-
cession gave a new impulse to the opera-
tions both in the field and office, and a
progressive improvement has marked
each succeeding year of his adminis-
tration to the present time. Prof. Bache
graduated at the U. S. Military Acade-
my, as head of the class of 1825, and
was a Lieutenant of Engineers till 1829.
Then, in turn, he became Professor
of Natural Philosophy and Chemistry
in the University of Pa., President of
the Girard College, and Principal of the
Philadelphia High School, until 1843.
His qualifications for the position he
uow holds cannot be better stated than
in the words of the illustrious Hum-
boldt, who thus writes to Prof. Schu-
macher :

" You know botter tlian I do, in how high
an estimation the direction of the work for me
survey of the coast stands, not only among

us, but among all the most illustrions men.
who, in Prance and England, aro interested in
the study of geography and nautical astrono-
my. To the most solid knowledge of astrono-
my and mathematics, Mr. Bache unites, in a
very eminent degree, that activity of mind and
extent of views which render a work of prac-
tical utility profitable to the science of the
physics of the globe. In a region of the globe
where the direction of oceanic currents, the dif-
ferences of temperature produced by these cur-
rents, and by the upheaval of tho bottom, and
the direction of the magnetic curves, oifer eo
important phenomena to the navigator, such
a work could not be placed in better hands
than those of Mr. Bache. The government of
tho United States has acquired a new right to
our gratitude by protecting nobly that which
has arrested the attention of the hydrocraphcra
and astronomers of Europe. I shoul<f be glad
to think that in a country where I am honored
with so much good feeling, my feeble testi-
mony might contribute to enliven the interest
which is due to tho excellent labors' of Mr.
Bache."

The first and most important object
of tho survey, that, indeed, for which
it was began, and toward which all
its operations tend, is the execution of
a systematic, continuous, and accurate
sounding out and delineation of the
marine bottom along our entire coast
line. All the hydrographie elements of
a perfect chart are embraced under this
ruling head, and all the various pro-
cesses and means by which the charts
themselves are to bo prepared and circu-
lated for nautical use. The plan is no-
thing less than this : to obtain and pub-
lish accurate maps of the shore line, in
all its ins and outs, from Maine to Texas,
from San Diego to Frazer's River,
omitting no island, tidal river, harbor,
bay, branch, or lagoon ; to make fre-
quent soundings along and abreast of
all this coast lino, in such a manner
and with such a record as that each
sounding can be plotted in its true posi-
tion, relative to tho shore line, thereby
developing all shoals, rocks, holes,
channels, bottom changes, character-
istics and configuration ; to define the
local and general peculiarities of tho
tides and currents ; and, in fine, to
gather the materials for an accu-
rate picture of the ocean and ocean
bottom along our coast and its in-
dentations, which shall embrace every
feature of importance to general, coast-
ing and harbor navigation. The un-
veiling of the mysteries of the great
deep is to be extended so far seaward
as to furnish every practicable aid to the
navigator, for identifying his position
by the deep-sea lead : a distance which,
in the great submarine plateau, be-
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tween Long Island and the New Jersey
coast, extends to nearly three hundred
miles. The grand old Gulf Stream has
been, and is to bo questioned, as to its
movements, temperature, distribution,
configuration, limits, causation and de-
tails of formation. Whatever of fact
can bo gleaned by careful exploration
of the shoal sea-belt, lining our shore,
is to be duly noted, and, if possible,
brought before the sailor's eye in the
clearest language of chartography.
The result will be a series of harbor
charts on large scales, embracing each
of the harbors and river entrances, for
harbor navigation ; a second series, on
a smaller scale, of the sounds, bays, and
outer coasts, for coasting navigation;
and a third series of general coast
charts, of still smaller scale, and adapted
to general navigation along the coast,
or in approaching it.

The vast magnitude of this hydro-
graphic work can scarcely be realized.
France, England, Prussia, Sweden, and
the East India Company, in Hindustan,
and some other nations, have undertaken
systematic surveys of their coasts, but
none of these compares in extent of
shore line with our own. That gnarled
oak, the Chesapeake, the intersected and
island-girt coast of Maine, that gigan-
tic Venice of the Northwest, Puget's
Sound, give a development of shore line
quite astonishing and scnrely paralleled,
unless it bo iu tho Norwegian labyrinth
of islands, or in that St. Lawrence archi-
pelago where Capt. Bayfield's survey
has now penetrated. Wo doubt if any
piece of hydrography has yet boon un-
dertaken of so laborious and difficult a
character as thut of tho Florida reefs.
Our coast hydrography is, indeed, an
immense labor, and its completion de-
mands a patient application of tho paint-
er's motto, nulla dies sine linen. Year
by year it progresses. From Nantuckot
to Albemarlo Sounds it is now almost
complete, not to mention various de-
tached masses of work accomplished.
A worthy perseverance will soon bring
the day, when, from the St. John's to
the Bio Grande, from San Diego Bay
(or Cape St. Lucas ?) to 54° 40', vessels
may coast our entire sea-board in safety,
guided by that Ariadne's clue, a conti-
nuous and trustworthy chart. This
consummation is the great practical ob-
ject of the Coast Survey. It serves, in
addition, to bring to light many invalu-
able commercial facilities ; a statement

which will bo best illustrated when wo
come to enumerate the results of tho
survey.

The second object of the Coast Survey
is, its topographical rendering of the pe-
culiarities of the narrow sea-board belt,
along which the interests of commerce
and our national defense are chiefly con-
centrated. The delineation of the shore
line itself is strictly a topographical
operation, and it is, in fact, furnished by
the topographers, for tho hydrographie
parties. It is indispensable to a good
chart, that it should contain correct
indications of the positions of the
hills, towns, streams, fields, marshes,
roads, etc., which border the included
shore Uno, and which, in fact, con-
stitute the coast proper. The na-
vigator needs all these aids in identi-
fying his position along shore, and
few charts are so rude as not to attempt
tho presentation of their coasts, how-
ever unscientific and incorrect their to-
pography may bo. Thus it is true that,
even for navigation, tho topography of
the coast belt is a primary requisite.

This coast topography is also inva-
luable for studying the various prob-
lems of defense, river and harbor im-
provements, light-houses, and whatever
national and local objects are specially
concerned with tho features of ground
within this sea margin. It is always an
advantage to a place to bo accurately
mapped, and the great national inter-
ests specified find, in these narrow sea
coast and lake coast belts, almost their
entire arena, and are daily experienc-
ing the value of tho accurate topogra-
phical sheets of tho survey. Simply
as local maps, tho various published
sheets possess value and importance,
not unappreciated by our citizens.

The geodetic object of tho Coast Sur-
vey is that in which science is chiefly
interested. Geodesy has for its ofiBco
to develop, with tho utmo'st accuracy,
both the general figure and dimensions
of tho earth, and to refer the various lo-
calities on its surface, by their coordi-
nates of latitude and longitude, to tho
standard circles, thereby defining their
positions relative to each other.

Astronomy takes its starting point
in geodesy, and all tho celestial dis-
tances are determined in terms of tho
terrestial. Hence the eager striving for
extreme accuracy in these foundation
distances. When Norwood, by pacing,
thought he had determined the length of
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a degree " within a scantling of the
truth," his scantling became the beam
m Newton's eye, which, for a long time,
caused him to doubt the correctness of
bis gravitation theory. These scant-
lings are the stuff from which science
is now raising her grandest fabrics.
When we reflect on the host of disco-
veries which an increased accuracy of
measurement has brought out from the
waste residuals of less exacting investi-
gators, almost any zeal for the utmost
quantitative precision seems strictly rea-.
sonable. We cannot now stop, to de-
fine the great deeds and triumphs of
geodesy, and its invaluable services to
astronomy and navigation : this would
be to recount a large part of the history
of science. Nearly every civilized na-
tion has contributed a share in the noble
pursuit, and many of the greatest minds
have spent their strength in this gene-
rous competition. Tho claim of Ame-
rica to have done her part, must rest
mainly on the geodetic results, of the
coast survey, not yet complete. Ma-
son and Dixon's line was a provincial
measurement. for which wo contributed
only the ground. Yet even this, im-
perfect as it was, has entered into all
general discussions of the earth's figure.
Borden and Paine's Massachusetts arc
is good, but limited. It is surely not
too much to say, that ono object of the
Coast Survey is to contribute American
geodetic data of a higher order than
Mason and Dixon's, and more extensive
than those of Massachusetts.

Fortunately for science, all the ob-
servations and computations demanded
by the highest geodesy are essential
and integral parts in the discussion of
the latitudes and longitudes of the Sur-
vey, and those are the very pith and
marrow of accurate charts. There is,
then, this grand scientific result in pros-
pect, with no works of supererogation
in its attainment. The discussion of
irregularities or "local errors" is devel-
oping singular and interesting earth phe-
nomena, which must bo duly analyzed
and explained before the latitudes and
longitudes of even the 3,840 stations in
tho lists of the Survey already published
can bo finally adjusted. The Czar Ni-
colas caused an immense triangulation
to be executed for its geodetic results
alone, and the illustrious Struvo-has for
many years been conducting this giant
work, now near its close. Our Coast
Survey will incidentally bear geodetic

fruit scarcely inferior in value to that
from the great Russian 'and Norwegian'
arc. France, England, Ireland, Scot-
land, Switzerland, .Germany, Prussia,'
Italy, .Norway, and Sweden, part of
Russia, part of Spain, Algeria, Cape of ^
Good Hope, Hindustan, part of Peru,
and some .smaller localities have been
trigonometrically surveyed with such
precision as to contribute geodetic re-
sults of value. If we do not relish,
falling behind the land of the Hottentot,.,
it is incumbent on us to go on faithfully
to the end of our great geodetic work.

The organization of the Coast Sur-
vey, however slight may be its popular-
interest, is a subject of primary import-
ance to the current prosperity and.
ulterior success of its operations. Es-
sential as good organization is to all
extensive works, it is probably true that,
this Survey demands a rarer union of
qualifications for its direction than any
other enterprise now progressing anlong-
us. Not only must a thorough mas--
tery of all the resources of geodesy,,
topography, hydrography, and cjlartp-
graphic art actuate and coordinate all
the parts, but great administrative skill
and a thorough acquaintance with the
modes of public business are needful,,
for tho judicious application of the per-
sonal and fiscal resources available, and.
for tho preservation of harmony in the-
external-relations of the Survey.

All appropriations, as well as the or-
ganic laws for this work, are specifically
made by Congress, with executive con-
currence. Existing laws place the-
Coast Survey under tho .charge"of the
Treasury Department, to "which it or-
ganically belongs, and its regulations,
projects of operations, details of officers,-
communications of information, and.the
like, are acted on by thé Secretary of
the Treasury, who is also the medium
of official correspondence with other
Departments and with Congress. One
groat advantage of this arrangement
is, that three essential classes of offi-
cers, namely, army officers, navy offi-
cers, and civil assistants, of proper-
qualifications, can be brought into Har-
monious cooperation under a neutral,
direction; a concurrence which would,

-bo impracticable, were the work under-
the Navy or War Department.. In.
point of fact, the triangulation, topogra-
phy and office duties are nowrpérfòrmed
by officers of the Army, detailed for
that purpose, and by' civil assistants^
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sub-assistants, aids, hired artists, clerks,
and laborers. The hydrography is ap-
propriately executed, in the vessels of
the survey, by navy officers detailed
for this duty, with such enlisted men
and hired assistance as are required.
The most appropriate talent is also
drawn at will from civil life, for field
observations, computations, drawing,
and engraving. Thus all the chief ele-
ments of success are blended in one
system. Experience has proved this
organization to be excellent in its work-
ings. It has also shown that the work
would not thrive under the Navy De-
partment.

The Superintendent is the immediate
head of the Survey in all its branches,
.and all its parts receive their general
•direction from him. Each field party
.acts under special instructions from him,
•and all office operations are directed and
reviewed by him in a general way. Each
chief of a topographical or hydrogra-
phie party has his definite field of work,
in which he proceeds under the general
regulations and his special instructions.
The assistant in charge of the office
.has the direction of the daily details of
office duty, under the established regu-
lations and routine, receiving special
.instructions from the Superintendent on
new questions. Thus all the parties
work together on one general plan, and
the office work is so directed as to main-
tain the most advantageous relations
•with the field work. Disbursements are
made by chiefs of parties and the as-
.sistant in charge of the office, whose
•accounts are revised by the Superin-
tendent and rendered through the dis-
bursing agent of the Survey, who keeps
-the accounts of the entire work. The
.annual appropriation is rigorously dis-
.tributed to the various operations of the
year, and each officer knows what he
has to do and what funds are available
for the purpose. Each one has his de-
.fined sphere of responsibility, and all
these responsibilities are centralized

.and revised by the single executive

.head.
Space will not permit us to treat in

•detail the methods of the Survey. It
must suifice briefly to present the suc-
.cession of operations which precedes-
•the final issue of any particular chart,
•Our Atlantic, Gulf and Pacific coasts
are distributed into eleven distinct sec-
tions. (The Lakes and their shores aro
being surveyed by the Topographical

Engineers, entirely distinct from the
Coast Survey.) Operations are already
progressing in each of these sections,
and ave conducted in each indepen-
dently of the others, or as if it were a
separate survey.

First of all comes the reconnaissance,
or general inspection of the section
from point to point, to ascertain its
main features and to fix on the best
scheme for triangulating its surface.
In this operation, a good eye, a clear
judgment, and sterling common sense
are required. Each section has its
own peculiarities to which the triangu-
lation must confirm, and a certain coup
d'œil is requisite for the selection of
stations, so as to make well-conditioned
and well-located triangles. Reconnais-
sance in detail usually precedes the oc-
cupation of stations, only by one or two
years, and in some cases is even con-
ducted by the same party which makes
the station observations.

The reconnaissance having led to the
selection of the main base line for a
section, the next operation, and one,
too, of the greatest delicacy, is the mea-
surement of the base. This line is

\ usually from five to ten miles long, per-
fectly straight, and nearly level. The
only actual measurement of length in a
section is that of the base line, and
from this all the other distances are de-
duced by • angular measurements and
computations. Hence this line requires
to be measured with the utmost attain-
able accuracy. For this purpose, a
special base apparatus, devised by
Prof. Bache, so as to maintain a con-
stant length under all working changes
of temperature, has been employed
since 1846. Tho principle of compen-
sation is applied, somewhat as in the
gridiron pendulum, and the brass and
iron bars have their cross sections so
adjusted as to change their temperatures
at equal rates. The apparatus consists
of two tubes, about twenty feet long,
enclosing similar compensating bar sys-
tems ; besides six trestles and various
other adjuncts. The constant length
of tho bar systems is critically com-
pared with a standard bar before and
during measurements, and every pre-
caution is employed to insure the final
length of base being obtained in stand-
ard units. The base ends are marked
by permanent monuments, and are the
first stations occupied f or triangulation.

The triangulation consists in the sue-
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cessive occupation of a series of sta-
tions for the measurement, at each sta-
tion, of the horizontal angles between
such other stations as are thence visi-
ble. From, the base line stations, seve-
ral other stations are observed upon,
and from these, others more remote are
observed, and so on to the extremes of
the section. It thus comes to pass, that
from this modest base line, thousands
of lines in a section have their lengths
determined with extreme precision, by
angle observations and computations
onlj'. The primary triangulation is
made continuously through an entire
section with as few stations as practi-
cable, and its lines generally increase
in length from the base, so that some
lines are about ninety miles long. The
secondary triangulation starts from the
primary lines and works down to shorter
ones. The tertiary triangulation works
down in like manner from the secondary.
Thus a section, in which the network of
primary, secondary and tertiary trian-
gles is complete, embraces a great num-
ber of points whose relative positions
and distances areaccurately determined.

To locate these points properly on
the earth's surface, it is essential to
observe at certain stations for latitudes,
longitudes, and azimuths. For this
purpose a considerable number of pri-
mary stations havo been occupied, and
their latitudes and longitudes astrono-
mically determined, by the zenith sec-
tor or telescope, and by the transit
instrument ; while the azimuths, or hori-
zontal angular distances between the
triangulation lines and the meridian, are
measured on the large theodolite used
in the triangulation. These observations
are. of such precision as to bring to light
the irregularities of attraction on differ-
ent points of the earth's crust, even
where no mountains, or other external
disturbing cause appears ; and these ir-
regularities, or " station errors," when
determined in two or mora ways, are
verified even as to their amount. Thus
geodesy shakes hands with geology,
and is sounding the earth's crust in a
manner truly remarkable.

A great number of points being thus
determined, the topographer follows,
with his piano table, to work in gra-
phically on his field sheets, around
those pointa, the positions of houses,
fences, boundaries, marshes, forests,
and roads ; but most important of all is
the shore line. Hills receive his special

attention, for he not only fixes their lo-
cation, in a general way, but deter-
mines the contours or curves of section,
by a series of horizontal planes at twenty
feet, vertical distance, apart. It is his
business to record, on his field sheets,
all important objects and accidents of
ground, in their true positions, relative
to the trigonometrical points falling
within their limits.

The topographer having completed
his map of the shore line for a given
locality, this is furnished to the hydro-
grapher, whose business it is correctly
to locate his hydrographie observations
relative to this shore line, and the
plotted triangulation and plane table
points. Ho proceeds to make sound-
ings in detail on determined ranges,
using the sextant, and the requisite sig-
nals on shore and afloat. Thus, every
sounding is recorded, with the means of
plotting it as accurately as required.
Observations on the tides and currents
accompany the hydrographer's pro-
gress. All his soundings are finally,
reduced to mean low-water, and then
plotted. Characteristic bottoms are
duly noted, and their signs aro plotted in
place. The tidal and current observa-
tions are discussed, both in a local and
a general way. Little by little, the
various incidents in the progress of the
great tide wave are eliminated. The
peculiarities are made out with such
distinctness as to enable the navigator
to understand and use their action.
Thus the hydrographer, basing his work
on all which has gone before, proceeds
minutely to define the local peculiarities
of his field. The greater portion of the
cost of the whole work lies in this slow
sounding out of the deeps. It is the
hydrographer's prerogative to reap that
harvest of discovery, in preparing
which all his predecessors have labored.
The shore is everywhere too well known
for noteworthy discoveries to be made
thereon, but who can tell what unknown
shoal, rock, channel or harbor the ex-
plorer of the ocean depths may unveil?

The operations now instanced all be-
long to the field-work. Their results
are a series of astronomical, trigono-
metrical, and hydrographie note-books,
a series of topographical sheets, and a
scries of hydrographie sheets. These
records of field operations constitute the
material from which charts are to be
made in the office. All field records
are deposited and systematically ar-
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ranged in a fire-proof depository, called
the archives, where they are available
for reference at any time. The office
divisions bave .for their duty, to pre-
pare these materials for publication, and
to execute all the operations for the
final issue of charts. Given certain raw
materials, the most perfect charts pos-
sible are required to be manufactured.

First of all, the computing division
reduces and discusses the astronomical
and trigonometrical observations, so as
to furnish the correct latitudes, longi-
tudes and distances, for use in plotting
the stations. The discussion of the
geodetic elements, also, devolves on this
division, and from this source must
emanate the reduced grand arc and
parallel measurements. The tidal re-
ductions and discussions are conducted
by a special division. The draw-
ing division has for its part, accu-
rately to plot the data furnished by
the computing division, to reduce and
combine, by means of the pantograph,
or camera lúcida, or by squares, the ori-
ginal topographical and hydrographie
sheets, on the scales, and in the styles
required for final publication. Kicety
of execution is combined with the
utmost accuracy, to make a single sheet
convey the greatest amount of informa-
tion. The resources of topographical
expression, and the utmost power of
the best graphic skill are expended
inthe various coast reductions, prepared
for the engravers. The engraving di-
vision takes the reductions of the drafts-
men, and, by the cunning of dry point
and graver, effects a faithful trimsfw,
and even a finer finish of these embryo
charts. Day by day, the engraver
ploughs his level copper field with deli-
cate Unes, until at last a perfect re-
versed chart greets the oyc, and tells, by
proofs, that the work nears its close.
Sailing directions, explanatory notes,
tide and current tables, soundings and
bottoms, fill out the spaces not given
to coast 'topography. The letter en-
gravers who execute them are restricted
to lettering only, as the topographical
engravers are to topography. Next
comes the electrotyping. A finely en-
graved copper-plate only gives from
1200 to 2000 unimpaired impressions.
Hence it is of vital importance to mul-
tiply copies of a plato without the great
cost of reungraving. Thanks to one of
the beautiful arts of electro-metallurgy,
p. perfect reproduction of the finest cop-

per-plates is now regularly and cer-
tainly effected. An alto or relief cast
in copper is thrown down by electro-
lytic action, molecule- by molecule, .on
the immersed engraved face, until it at-
tains the needed thickness. This is sepa-
rated from the original plate, and anew
electro-deposit is made on the alto.
This second deposit or basso is then
cleaved off from the alto, and is a per-
fect duplicate of the original plate.
Any required number of bassos can thus
be taken from one alto. Thus, by а
comparatively inexpensive process, the
number of good impressions obtainable
from the finest copper plate becomes
absolutely indefinite. Last of all comes
the printing, which is effected in the
usual mannerof plate-printing, by work-
ing the ink into the engraved lines, wip-
ing with cloths, and the palms of the
hands, and by running the plate and sheet
through a cylinder and bed-press, lift-
ing the ink out of the engraved lines,
and on to the paper. Thus any demand
can be met, and agents, in the prin-
cipal cities, soil to navigators and others
these unequnled charts at rates but little
exceeding the cost of paper and printing.

This brief enumeration of the succes-
sive operations which must precede the
final issue of a Coast Survey chart, can
afford but an inadequate conception of
the great labor with which this consum-
mation is attained. In a work of this
nature, where many distinct operations
and arts aro leagued to accomplish а
single result, it is self-evident that
everything must be done in strict sub-
ordination to one central direction,
under penalty of n general chaos, if
aberration or failure befall any branch.
Field parties and the office, astronomi-
cal aud triangulation parties, the topo-
graphers and the hydrographers, must
all work together in unity of purpose
and plan ; a result which can only
spring from a judicious general direc-
tion, and a true fidelity to the work, as a
whole, among all subordinates. The
signal success which has crowned this
survey, when compared with any other,
in respect to accuracy, style, and
amount of work done, is convincing
proof that these essential elements have
not hitherto been wanting.

To enumerate all the results of the
Coast Survey, would alone require а
long article ; we can only allude to a
few of them. Among the most valua-
ble are the discoveries and develop-
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ments of new channels, harbors, rocks,
shoals, and other commercial facilities
and dangers. Boston Harhor has been
benefited by the discovery or develop-
ment of Stellwagen's Bonk, Davis'
Bank, various rocks, and the sounding
out of Broad Sound channel. The dis-
covery of fourteen shoals on Nantucket
Shoals, some too, quite dangerous, has
been of immense advantage to our coast-
ing and Liverpool commerce. New
York has received a boon of priceless
value, in the discovery of Gedney's
channel, and it is of the greatest pro-
spective importance that the laws gov-
erning the growth of Sandy Hook, in its
threatening invasion of the main ship
channel, should be illustrated by a series
of accurate surveys. Delaware Bay has
received, from the discovery of Blake's
channel and Blunt's channel, a valu-
able enlargement of resources for navi-
gation, especially in the winter. Chesa-
peake Bay and the Virginia Coast
have contributed largely to the list of
shoals discovered, besides several use-
ful channels or inlets. Capo Hatteras
has lost some of its terrors, by reason
of a now channel across the shoals.
Charleston has gained a treasure in the
discovery of Maffitt's channel, which
may soon be the one chiefly used.
Florida reef has received a general
clearing up, and Legare Harbor, and
the channel leading to it, Isaac Shoal,
and Rodgers' Key West channel are
among the trophies. Mobile was sur-
prised by the revelation of two feet more
water in its main channel than had been
supposed. The western coast, when
California gold began to lure our
vessels amid the perils of the Golden
Gate, had no charts or maps of even
tolerable accuracy. The Coast Survey,
by McArthur's and Alden's reconnais-
asnces, and by the series of harbor
charts, which it has so quickly pro-
duced, has supplied the needed guides
for a comparatively safe navigation
along the whole coast.

We ought not to omit a reference to
the fine series of observations on the
Gulf Stream, its temperature, distribu-
tion, depth, velocity, limits and config-
uration. This grand oceanic current,
the theme of so much idle speculation,
had never before been studied with that
thoroughness which must precedo any
tenable explanation of its phenomena.
In Hakluyt are various allusions to it,
showing, on the part of the Spanish na-

vigators, some knowledge of its effects.
Franklin was the first to appreciate the
character of this mighty current; and
Col. Jonathan. E. Williams was the
earliest good observer. To Rennel, an
Englishman, who, many years since;
gathered from the British navy, and
elsewhere, avast store of observations,
we owe the best analysis of this pheno-
menon which has yet been published,
and if we except the coast survey ob-
servations, but little knowledge has been
added, in the long period since Rennel
wrote. The discovery of the cold wall,
the hot and cold bands, the law of dis-
tribution of temperature with depth, the
effect of the form of the bottom on the
configuration of the current, are suffi-
cient vouchers to the fitness ofthat here-
ditary transmission of a great research,
which has made not only lineal but sci-
entific descendants from Franklin, of the
three brothers Bache. The thorough
analysis of the Gulf Stream is well
begun, and year by year is progressing ;
so may it be, till all the truth is fufly
established.

Great progress has been made in
studying the tides and currents of our
coast. The single day tides of the
Gulf, and the great diurnal inequalities
on our Pacific coast, are almost entirely
analyzed and reduced to the general
tidal theory. Natural history has been
benefited by the study of infusorise,
brought up from the ocean bottom to
ascertain the laws of their distribution,
and by that study of the Florida coral
reefs which Agassiz made under the
auspices of the survey. In the deter-
mination of latitudes and longitudes, the
methods have been much improved.
The introduction of Taloott's zenith
telescope method, and its improvement,
have much facilitated good latitude de-
terminations ; nor are its results inferior
to those with Airy's zenith sector. The
method of telegraphic determination of
longitude differences has grown up in
the survey, under the inspiration of
Walker's genius. Nothing compares
with it, when practicable : , not' even
lunar culminations, with all'of Peirce's
study, _ and the American ephemeris
to assist. The telegraphic method
known as "the American method,"
is little by little traveling over Europe,
and that, too, with no improvement,
but rather rétrogradation, in-the hands
of Airy, Leverrier, and Quatolet. Some
English and French journals seem quite
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unaware that this method is American.
Such provincialism is best punished by
being left to itself, like any other in-
curable ignorance.

The list of localities now published,
where coast survey observations on the
magnetic elements have beenmade,num-
bers 136 stations. The methods of geo-
detic computation have been systema-
tized and improved. The camera lúcida
has been introduced, and fitted for re-
ducing maps. There are 416 original
topographical and 373 hydrographie
sheets in the office. No less than 15,902
miles of shore line have been surveyed.
There are 52 fine original chart plates,
125 electrotype copies, and many sketch
plates. Over 112,000 sheets of charts
have been printed. The annual re-
ports have put on record a great amount
of valuable research, and bear ample
witness to the aids furnished by the Sur-
vey, in locating light-houses, beacons,
buoys, and the like. The art of elec-
trotyping has been very much im-

proved by Mr. Mathiot in the Coast Sur-
vey office, and probably the best electro-
type plates in the world are made there.

Even the brief synopsis now present-
ed, can scarcely fail to make apparent
the broad general fact, that the Coast
Survey is indeed a work most fruitful,
most promising, most honorable to the
nation. It is a potent instrument in
vindicating our scientific independence,
and this in turn is to prove one of the
most potent elements of the national
progress. Tt is a spécifie organization,
using specific means for a truly noble
end. That end is being steadily accom-
plished, and its importance seems to be
yearly more felt. Nothing is now
needed but a continuance of the favor
and liberality which have of late been
freely accorded to it, and there seems
to be no reason for doubting that this
great national enterprise will still con-
tinue to prosper through the twelve
remaining years which its achievement
will probably demand.
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S P E C I A L R E P O R T
ON THE

COMPAEATIVE PROGRESS AND EXPENDITURE OF
THE COAST SURVEY, IN DIFFERENT YEARS, &o.

In the autumn of 1807 the Treasury Department called for
a special report, showing " the moneys expended yearly by
' the Coast Survey, and the work executed in each year, and
' also the weights and measures furnished the different States
' and custom-houses, and the cost of the same," from the com-
mencement of these works respectively. Materials for this re-
port were at once collected, and it was written as soon as the
annual report was finished, and presented to the Secretary of
the Treasury in December, 1857. A list of the papers which
accompanied it will be found in Appendix No. —.

The results arrived at from the discussion of the several
questions which presented themselves in the course of this re-
port, were summed up in eighteen propositions, the proofs of
which were given as briefly as possible in the body of the re- -
port, and the full discussion of which, with the data upon which
it was founded, was given in the papers of the appendix to the
report.

I propose now to review this discussion in the present report,
by presenting the several propositions in their order, and by
abridging the remarks made in demonstration of them.

1. The survey has been extended into every seaboard State
and Territory of the United States.

It is now in progress, either in field or office work, in all the
States on the Atlantic and Gulf of Mexico, and in California
and the Territories of the Pacific.
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Texas was annexed in 1845, California was added to our
Union in 1849, and the survey was at once commenced in both,
and within two years and a half a reconnaissance of California,
and Oregon and Washington Territories, was made and pub-
lished.

The coast being divided into sections, the survey can go on
as rapidly as is deemed desirable. Section II was nearly com-
pleted in 1844. Sections I and III were in progress in 1844.
Sections IV and VIII were commenced in 1845. Sections V
and IX in 1847. Sections VI and X in 1849. Section XI in
1851, and Section VII in 1852. Each section being put under
survey as rapidly as the extension of the appropriation would
permit.

2. Taking all the operations into consideration, the Atlantic
sections are more than half done, the Gulf sections are nearly
one-third done, and both can, at the present rate of appropria-
tion, be completed in from ten to twelve years, by close econ-
omy and thorough efficiency of arrangement. Nothing less
will do it.

This proposition is proved by a review of the past progress,
and an estimate of the future, in the several sections from Pas-
samaquoddy to the Rio Grande.

The discussion is given in brief in my report of last year, and
further examination has not altered the conclusion then ar-
rived at.

It should be recollected that the rate of appropriation was
specially referred to, and wa,s that of 1857-'58, exceeding by

3,000 that of 1858-59.

3. The extension of the Coast Survey has been made the
subject of repeated report, and has met the favorable action of
the several Executives, and of different Congresses, for the last
fourteen years.

The advantages of a speedy completion of the work, the
economy of an enlarged scale, and the prosperity of the coun-
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try, have combined to make this extension desirable, in the
judgment of the executive and legislative authorities of the
country.

In regard to it, the Secretary of the Treasury thus spoke in
his report to the Senate, in 1851 :

" At the close of 1844 it became obvious to the Superintend-
* ent of the Survey that thirty years of progress, at the rate of
4 appropriation and plan of operating, would not take the sur-
* vey to the mouths of the Mississippi. He stated frankly in
* his report the necessity for greater expedition, and the plan
4 by which it could be obtained—the division of the coast into
4 sections, and the commencement of the survey in as many as
4 Congress would provide appropriations for."

" At this time Texas was not annexed, and the western coast
'was not in possession of the United States."

" This plan has received the sanction of Congress in succea-
4 sive yéars'from 1844 up to. the present, when every appro-
* priatipn asked for, except that of the Florida reef, which
4 is the same as last year, is less than was appropriated about
4 three months ago for the same service for the present fiscal
4 year."

" Nor is this increase like that of an appropriation for a
4 branch of service which must always have an existence, since
4 it decreases the time during which the survey will last."

Again, '4 While the appropriations asked for the Coast Sur-
4 vey were increased twofold, the amount of work executed
* was more than threefold. This economy results from the di-
4 vision of labor which an increased scale permits, and from the
4 vigorous pushing of the work at the south as well as at the
4 north, by which the best season for surveying is used by the
4 same persons in each region."

4. Compared with those of other nations, the surveys under-
taken by the United States have been on a moderate scale of
expenditure.

The trigonometrical survey of England alone had cost, up to
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1856, five millions of dollars. That of Ireland, five million
three hundred thousand dollars. That of Scotland, one million
four hundred thousand dollars. Making for the United King-
dom eleven and a half millions of dollars. This is for the land
work. Besides this, over ten millions of dollars were expended
in hydrography. The total cost of the field and office work of
the United States Coast Survey, from 1843 to the middle of
the year 1857, including the estimated facilities furnished by
the Navy Department, and deducting the estimated value of
public property then on hand, (omitting the original maps and
charts,) was less than four and a quarter millions of dollars.
The new map of France has already cost more than one million
of dollars, and since 1834 France has expended four million
three hundred thousand dollars in hydrography.

An interesting recapitulation of his notes of foreign surveys
is given by Professor Trowbridge. Appendix No. —.

5. In comparison with foreign surveys—and nearly every
civilized nation has deemed it essential to survey not only its
coast, but the interior of its territory—it will be seen that the
progress of the United States Coast Survey has been satisfac-
tory as regards time.

1. The great trigonometrical and hydrographie surveys of
Europe and India have been in progress since the beginning of
the present century. The survey of England, which is not
yet completed, was commenced in 1791. The surveys of
France have been in progress nearly one hundred years. The
work upon the new map commenced in 1816, and is now about
two-thirds completed. The survey of Russia has been in oper-
ation thirty years, and one-fourth of the empire is now com-
pleted. The surveys of Germany generally, including Prussia
and Austria, were commenced at the beginning of the present
century. The survey of India has been in hand nearly sixty
years.

2. As far as the United States has undertaken a similar
work in the survey of its coast, the progress made has been en-
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coast of the United States having been completed in less than
twenty-five years, and giving fair promise of completion of the
field work in twelve years more.

6. Compared with the cost of foreign surveys per square
mile, or acre, or per lineal foot of shore line, the cost of the
coast survey work has been economical.

In his report in 1849, the Secretary of the Treasury stated
as a general conclusion from the comparison with foreign sur-
veys, that the work of the coast survey cost considerably less,
and that in the case of the British survey, a dollar nearly re-
placed a pound sterling in expenditure.

Professor Trowbridge's conclusion, Appendix No. —, is to
the same effect, from a recent and independent examination of
the data of foreign surveys.

7. Compared in regard to the number of persons employed
during a given time in the work of the survey, the United
States Coast Survey has accomplished its results with fewer
persons.

The number of persons employed in the land parties of the
Coast Survey was six-tenths of the number employed in the
English survey in 1843, and four-tenths of those in the Irish
survey.

The number of men in the hydrographie parties in 1857,
was but three-tenths the number employed in foreign hydro-
graphic work by Great Britain between 1843 and 1847.

8. In regard to opinions at home and abroad, of the mode
in which the survey has been conducted, a reference to authori-
ties shows that—

1. Authorities connected with commerce and navigation have
certified the practical usefulness of the work ; have pronounced
its execution efficient, and its progress satisfactory.

-, 2. Authorities of high scientific character at home and
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abroad have pronounced that the work is well condncted, and
on a level with the science of the day ; indeed, tending to the
advance of various departments of applied science.

The reports, memorials, and resolutions of the insurance
companies and Marine Society of Boston, of the Chamber of
Commerce and underwriters of New York, of the Board of
Trade of Philadelphia, of the underwriters, ship-owners and
others of the city of Baltimore, of the Chamber of Commerce
of Charleston, are directly to the first point. Those of the
committee of the American Association for the Advancement
of Science, of the American Academy of Arts and Sciences of
Boston and Cambridge, of Çhe American Philosophical Society
of Philadelphia, of the Franklin Institute of Pennsylvania for
the Promotion of the Mechanic Arts, of the Faculties of St.
John's College, Maryland, and of the University of Virginia,
are to the second point.

The extracts from the report of the Secretary of the
Treasury (Hon. Thomas Corwin,) in 1851, giving the testimony
of Arago, Humboldt, Quetelet, and others, are to the same
point. More recent testimony by the President of the Geo-
graphical Society of "London, by Colonel James, and other
distinguished scientific men, is given in the paper of Professor
Trowbridge, Appendix No. —.

The President of the Geographical Society of London, in
1850, says : " I have studied the question closely, and do not
hesitate to pronounce the conviction, that though the Americans
were last in the field, they have (per aaltum) leaped into the
very first rank." In 1851 the President speaks of the work
as " one of the most perfect exemplifications of applied science
of modern times."

9. The space required to report the result of the several
years of the survey, text and plates used as a rough indication,
shows a great increase of work as compared with the increase
of appropriations.

In 1844, twenty-one octavo pages sufficed to give a state-
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ment of the work done for the yeas, and it was shown upon
three progress sketches.

In 1856, there were niaety-one pages quarto in the body of
the report, two hundred and sixty-seven in the appendix, and
sixty-seven plates. Turning the pages quarto into equivalent
octavo pages, the proportion of 1856 to 1844 is ' six-fold, and
including the appendix, twenty-fold; the plates, seventeen-
fold. The results of the work are promptly communicated to
the public through preliminary maps, charts and sketches, and
the more finished résulte, as directed by law, follow at a later
day.

10. These reports are in demand not only on the seaboard,
but in the interior States, both east and west.

The distribution list shows this clearly. Between one-seventh
and one-eighth of the office distribution is in the six States of
Ohio, Kentucky, Tennessee, Indiana, Illinois, and Missouri.

11. The records and results are promptly publishing under
act of Congress, so as to secure against loss, to prevent delay,
and to insure the full information from, and responsibility of,
those by whom the work is executed.

It has been the reproach of works of this kind, that while
the results are furnished, the data upon which they are made
up are not presented for scrutiny at all, or if at all, so late
that, for practical use, they have lost much of their value.
The American Philosophical Society recommended earnestly
the publication of the records of the Coast Survey, and on the
recommendation of the Department to Congress the publication
was authorized, and an appropriation made for the object in
1854-'55, and in the two subsequent years.

At the time of making the special report, this Work was in
full progress. It has since been unavoidably suspended for
want of the necessary appropriation to carry it forward. This,
it is hoped, as soon as the temporary exigency of the Govern-
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ment is relieved, will be renewed, so that the publication may
go forward.

12. The progress of the Coast Survey, as indicated by
geographical limits, shows a great increase in recent progress
Over that of the earlier years.

In 1844 there were two centres of work—Narragansett, and
Buzzard's Bays, and the coast of Long Island, Delaware Bay
entrance, and the upper part of the Chesapeake. A base of
verification was measured at each end of the work ; four sheets
were published, and six were in progress. In 1845, this work
was extended eastward, and a new centre in Albemarle Sound
was added. Eight general and harbor charts were published,
and the important survey of the Gulf Stream was begun.

In 1856, the work in Section I reached Mt. Desert, Maine;
the Kennebec and Casco bay were under survey ; work was
done north of Cape Ann and near Plymouth ; Massachusetts
bay was completed, and progress made on the outside of Cape
Cod, and further progress towards George's Bank in off-shore
work. The difficult shoals in Nantucket Sound were finished.
Six charts of this section were drawn, and seven in progress;
seven engraved, and five in progress of engraving, during the
year. In Section D, the re-survey of New York bay and
harbor for the State Commissioners was nearly completed, and
the Hudson river work was extended both northward and
southward. Several special surveys were made, and a large
number of drawings executed. The tidal observations were
numerous and systematic. One chart was engraved and two
more were in progress in this Section. In Section III, the
work on the rivers of Virginia was nearly completed, and that
on the sea coabt, and the approaches and interior of the
Chesapeake, advanced. Magnetic observations were made;
some charts of localities in this Section were in progress of
drawing ; two were engraved, and five in progress of engra-
ving. In Section IV, the connection of Cape Henry was
made, in a preliminary way, with the work of Section III.
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At the middle centre, the work advanced southward to within
twenty miles of the Cape Fear. The work from the Cape Fear
centre was pushed southward into the next section. Four
charts of this section were drawn> three were engraved, and
four in progress of engraving. In Section V> the northern
work was carried south to Lockwood's Folly, the middle work
to the Hunting Islands, and the southern centre work over
Sapelo, St. Simon's, and Turtle river, and part of Cumberland
Sound. The hydrography from Charleston to Tybee was also
"completed. Six charts were drawn ; five of them were en-
graved, and one was in progress. In Section VI, the St.
Mary's work was in progress, the triangulation of the keys
and reefs of Florida was advanced eastward and westward to
within one season of a junction, and the hydrography was
tarried eastward to Grecian shoal, and westward to Logger-
head key. Off-shore soundings were made from Tybee to
Cape Canaveral, and temperature observations continued in,
the Gulf Stream. Two charts were drawn, and three were in
progress, and three were engraved. In Section VII, the work
from the 'Cedar Keys centre was extended southward, St.
Mark's harbor was completed, Apalachicola and Pensacola be-
gun. Deep-sea soundings were made, and others for tempera-
tures. Two charts were drawn, and two engraved during the
year. In Section VIII, the work was extended westward from
Mississippi Sound, being completed to Pass Christian and
Pearl river. Macon and Montgomery were connected for lon-
gitude by telegraph ; the Chandeleur Sound work, and the off-
shore hydrography, were advanced, and Atchafalaya bay and
Cote Blanche bays were under survey. Five charts of the
work in this section were drawn during the year, and four were
in progress. In Section IX, the land work of Matagorda bay
was nearly completed, the hydrography outside made some
progress, and one chart was drawn and engraved.

In Sections X and XI, the work from the several centres
made good progress. San Francisco bay was nearly completed.
Anacapa, and part of Santa Cruz island, were completed, and
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other work of the Santa Barbara channel and islands execntedv
Cortez shoal was examined ; San Diego harbor re-surveyed j
tides and currents observed. Nine charts were completed
during the year, three were engraved, and five in course of
engraving. Sixty-seven maps, charts, and sketches, were pub-
lished, with the report of that year.

The increase of the appropriation ia simply the means of
working more economically, and of sooner accomplishing a de-
fiirable result. The great outlay for the survey ceases us soon
as fixed points are determined once, and the whole work ha»
once been gone over, by which any changes may be readily de-
termined, without going into* a general survey agaia, or elabo-
rate operations.

13. The comparison of progress and expenditure shows that
the work on the larger scale of the present system is more eco-
nomical than on the smaller scale of the former progress.

The statistical data, founded chiefly on the extent of shore
line, show that the progress in 1855, when the work had taken
its present proportion» of progress and expenditure in the three
principal operations of triangulation, topography, and hydrog-
raphy, ranged from nearly two and a half times the average
progress during the earlier years of my superintendence, viz ;
between 1844 and 18Í9. The progress of office work was in a
higher ratio. Making a liberal allowance for the progress on
the western coasty the proportionate progress on the Atlantic
and Gulf of Mexico coasts in 1555, is at least two and eight-
tenths times (2.8 to 1) the average between 1844 and 1849.
The expenditure for the same coasts was on the average $116-
000 during the first five years named, and $260,000 in 1855,
(calendar year,) or less than two and three-tenths (2.3 toi) of
the former. The economy was five-tenths in two and eight-
tenths, or eighteen per cent., and this leaves out many things
which would give a much higher ratio, as will be seen from the
statement of Professor Trowbridge,, to which ï shall now
refer.
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Revised Statistics of Field and Office Work of the United
States Goast Survey.

Character of work.

RECONNAISSANCE.

Previous
id 1644.

FrctniS44
10 1857.

Area in square miles 9,642 43,171

BASE LIKES MEASURED.

Primary, No. of. 1 9
Secondary, No. of 2 41
Length of, in miles 19% 134-

TRIA-NGDLAT10N.

Area in square miles 9,076 31,949
Extent of general coast, in miles 570 2'907
Extent of shore line, in miles, including bays, sounds,

islands, &c ... 1,588 14,602
Geographical positions determined 1,183 5,789

ASTRONOMICAL OPERATIONS.

Stations occupied for azimuth 9 68
Do. forlatitude 9 109
Do. „ for longitude 1 74

MAGNETIC STATIONS.

Magnetic stations occupied 0 183

TOPOGRAPHY.

Length of general coast, in miles 414 2,498
Length of shore line, in miles, including rivers, creeks,

&c 7,667 25,203

HYDROGRAPHY.

Soundings, No. of. 808,147 4,080,738
Soundings in gulf stream 0 3,439
Tidal stations, permanent 20 275

Do. temporary „ 107 492
Current stations occupied 0 783
Specimens of bottom preserved 1,029 5,972

RECORDS OF OBSERVATIONS.

Total number of volumes. 566 8,485

MAPS AND CHARTS.

Topographical maps, originals 168 507
Hydrographie charts, do 142 457
Total number of manuscript maps and charts 325 1,325
Number of sketches made in field and office 311 1,189

ENGRAVING AND PRINTING.

Engraved plates, finished charts 5 61
Preliminary charts, sketches, and diagrams, for Coast

Survey reports 0 335
Electrotype plates 0 400
Finished charts published 0 64
Preliminary charts and hydrographie sketches published 0 277
Printed sheets of maps and charts distributed 0 66,576
Printed sheets in hands of sale agents 0 42,948
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Reconnaissance , 1 to 4
Baselines 1 to 17.6
Triangulation 1 to 5.6
Astronomical-observations 1 to 9.2
Topography 1 to 4.6
Hydrography 1 to 5.0
Records of observations 1 to 15.0

Mean 1 to 8.7

This leaves out the following :
Magnetic stations 0 to 183
Gulf-stream soundings 0 to 3.429
Tidal stations, permanent 1 to 13.7

Do. temporary 1 to 4.6
Current stations 0 to 783
Specimens of bottom 1 to 5.9

The proportion of field work would be much greater for the last twelve
years, if the above were included.
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In passing to Professor Trowbridge's comparisons, which
take in the period before my superintendence, I would observe
that the proportion of one of the operations to the other parts
of the work, has been diminished" purposely, the topography
not being carried so far inland, partly in consequence of the
objections urged in the discussions in Congress to this extent
of topographical detail, and partly from the different character
of the southern coast, where the larger proportion of the recent
work has been carried on.

The paper by Professor Trowbridge (Appendix No. —) shows
that, considering all the expenditures of the survey from 1832
to 1844, and from 1844 to 1856, twelve years in each, " The
' expenditures for the last twelve years * * * amounted
' to about four times the expenditures of the preceding twelve
1 years, and it is shown that the field work during the last pe-
' riod was about 7.3 times greater than for the preceding pe-
' riod, the office work being more than ten times greater.
' Taking the field work for the comparison, which is the Ipast
' favorable, we have the following result :

' From 1832 to 1844, expenditure 1, work done, 1.
« 1844 to 1856--7, " 4, « 7.3.

' This comparison for an interval of twelve years, supposing
'the increase in expenditure and results to be gradual, gives an
' annual increase of expenditure of thirty-three, (33) per cent.,
' and for the annual increase of work done, sixty (60) per cent.,
1 showing a gain in economy of twenty-seven (27) per cent."

" It is thus seen that while a gradual increase in the Coast
' Survey expenditures has been found necessary in order to ex-
' tend the benefit of the work to all parts of the coast, at the
' same time a vast gain in time and money has been effected."

Professor Trowbridge further shows that if the western coast
expenditures and results be deducted, which is necessary to a
fair view of the case, since the prices on.that coast are so much
higher than those on this, the economy shows still more
strongly.
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With that deduction, " The comparison between the cost
'and results will be as follows for the Atlantic coast:

< From 1832 to 1844, expenditure 1, work 1.
" 1844 to 1856-ЧГ,' " 2.7, " 6.5.

4 Which shows an increase of twenty-two per cent, per annum
' in the expenditures, and of fifty-four per cent, in the results—
'a gain of thirty-two per cent, in economy."

For further details, see Professor Trowbridge's paper, Ap-
pendix No. —.

In these comparisons the enhanced prices of all supplies is not
considered ; nor is the fact that in the southern sections the
wages and supplies are more costly than in the northern ones,
to which the work was chiefly confined in the earlier periods ;
but the comparison is from the figures as they stand upon the
record, the statistics being used to show the progress, and the
appropriations to show the cost of the work.

14. The present scale of conducting the survey is just up to
the wants of commerce and navigation. To diminish the scale
would be to fall below those wants, to make the survey take
more time and cost more money.

When the survey was upon its former small scale, there was
a constant complaint in Congress and in the country generally
of its slow progress. The Executive and Congress felt this,
and the subject being fully and fairly considered by the Presi-
dent and Treasury Department, and by Congress, the scale was
enlarged to its present extent.

The various accredited bodies connected with commerce and
navigation throughout the country have approved of the present
scale of the work as at once effective and economical.

In eyery question of advancement of commerce and naviga-
tion, in the questions of military and naval defence, in the
questions of lighting, beacons and buoys, throughout the whole
coast, Atlantic, Gulf, and Pacific, the data of the survey are
called for to give the necessary basis for investigation and cal-
culation.
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The constant calls for information from the archives, reach-
ing eighty-one in 1857, show the demand for such data.

To specify some of the questions in regard to commerce and
navigation : The question, can the Great Eastern, now built in
Great Britain, enter our harbors ï has been determined by refer-
ence to coast survey maps. Portland has been selected as the
place of touching. It has been shown that New York is ac-
cessible to her from the Sound side, so that she can lie nearer
to the city than Sandy Hook ; that she can enter the Chesa-
peake and reach a proper anchorage.

The discovery of Stellwagen's Bank, off the entrance to:

Massachusetts Bay, has led to a vast improvement in the safety
of the navigation of that bay.

The development of the Nantucket Shoals, by which the light
boat has been placed, and navigation rendered comparatively
safe, has been of vast importance to the commerce of the United
States, and was not made one hour too soon, since one of our
national vessels might have been lost with a precious freight,
but for the knowledge of a Coast Survey pilot, acquired in the
survey of these shoals, and his presence at the right point of
time, and at that place.

The whole question of the growth of Sandy Hook into the
main ship channel of New York harbor, has been settled by
our surveys.

The question of the draught of the Cunard steamers has been
settled by the Coast Survey discovery of Gedney's Channel at
New York.

The question of the proper port of entrance for a great south-
ern line of steam vessels, has been solved by the -Coast Survey,
and in fact the survey of the splendid harbor of York river,
Virginia, was not made a month too soon.

The question of the improvement of the Cape Fear and of
Charleston harbor, turns upon our surveys.

The question of a Southern naval depot was decided upon
the merits of the harbors brought out by our maps, as is shown
by the discussions in regard to Port Royal, S. C., and Bruns*
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wick, Ga., in the Senate of the United States. The important
communication across the peninsula of Florida by the air-line
railroad, the question of its harbors on the Atlantic at St.
Mary's, and at Cedar Keys and Tampa on the Gulf, and of its
communications coastwise from the north and east to the south
and west, and with California, are determined, for the most
part, from Coast Survey data, acquired not a year too soon.

The question of the improvement of Apalachicola harbor will
turn upon our data.

The discovery of a new channel at the eastern end of Dog
island, leading to a safe and commodious anchorage in St.
George's Sound, will bear an important part in deciding the
future of this part of the coast.

The questions of the use of Mobile bay, and of Ship and
Cat island harbors, for the entrance of the British packet
steamers, were decided by these data, within a few months after
the surveys of these important localities were made, and con-
cerned all the Gulf States, and the interior connected with
them through the rivers.

The question of the growth of the delta of the Mississippi
will be determined in the progress of the survey.

The question of the great communication across the conti-
nent from Galveston, and of the improvement of the coast of
Texas, rests upon these surveys, which are in fact two years
behind the demands of that question.

The whole commerce of the western coast of the United
States has, in the view of her merchants and navigators, re-
ceived the highest benefit from the recconnaissance maps of
that coast and the surveys of the harbors. The discovery of
red sand, as a mark for the bar of San Francisco, is of the
highest importance.

In regard to the defences, the Chief Engineer speaks in
terms not to be misunderstood. The modification of the de-
fensive works at New York, and of those at Mobile entrance,
and the defences of San Francisco, may be cited among many
instances of the value of these surveys.
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The improved light-house system has availed itself of the
Coast Survey data, in regulating the positions and number of
lights, and in determining their necessity ; also, in placing bea-
cons and buoys. The Florida reef has been rendered com-
paratively safe by the beacons, places for which were pointed
out by the survey ; by the anchorages found, and the charts
presented to navigators. The loss of one large vessel on this
reef, avoided by our chart, according to the testimony of her
Captain, would have covered most of the cost of the Coast
Survey for one whole year.

15. The list of developments and discoveries made by the
Coast Survey parties in their soundings and examinations,
shows, in a striking form, the utility of the Survey to com-,
merce and navigation.

This list, Appendix No. —, includes at present no less than
a hundred and fifty items, and shows how very necessary it was,
to the mariner to be made acquainted with the dangers and
facilities to navigation thus developed. The list contains de-,
velopments on every part of the coast which has 'yet been
under survey.

16. The enormous losses by marine disaster, as well of life
as*of property, should be diminished by every proper means ;
and one of the most effective of these is—by providing accurate
charts of the coast.

In 1855, about four hundred and thirty lives were lost upon
our coast, and property to the value of $11,850,000. The in-
crease of tonnage yearly is about ten per cent.. Interesting
statistics of wrecks, obtained by Professor, Trowbridge from, the
underwriters at New York, are stated at the 'end of this paper,
Appendix No. —. That the tendency is to diminish the risks
of navigation, is well known to the underwriters. The case of
the Florida reefs is directly in poinjfc. By the erection of bea-
cons, resulting from the surveys, the publication of sketch mapa
as the survey was going on, and other circumstances not neces-
sary to state, the number has been diminished, and the char-
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acter of the wrecks has been changed. In three years, from
1844 to 1846, there were, on the average, thirty-seven wrecks
upon the Florida reefs ; while in three years afterwards, (1854--
'56) notwithstanding the increase of tonnage, there were but
thirty-five wrecks on the average. The increase of tonnage
would have made the proportional number forty-nine. The
proportional losses, too, were much diminished.

17. In determining the scale and mode of executing the
Coast Survey, it should be considered that the work is a tem-
porary one, having a limited object, the surveying of a definite
extent of coast.

The survey of the coast having been once determined upon,
there is a definite amount of work to be done, and the problem
is to execute that with the greatest economy and dispatch con-
sistent with the resources of the Government. > The increase
of the appropriations provides for the more rapid completion
of the work) and terminates, therefore, all expenditure at an
earlier date. It is not like the increase of a government ex-
penditure for a permanent department, where an enlargement
of expenses remains, and year by year must be constantly pro-
vided for, but this provides for its own completion, at a day so
much earlier as the means are more abundantly furnished, and
in fact, as experience shows, in a greater proportion than this.

18. While other compensations under the Government have
been considerably increased, those of the officers of the Coast
Survey have, on the average, been diminished; indicating a
close economy in this branch of the public service, where the
salaries are fixed by the Treasury Department itself.

This is notwithstanding the enhancement in price of every
thing in the country, which has occurred during the period
referred to.
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THOUGH the annual reports of the United States Coast Sur-
vey have been frequently noticed in this Journal, no general
or connected view of the progress of our greatest national sci-
entific work has yet been given. The voluminous reports them-
selves, appearing as they do each year, filled with elaborate de-
tails and copiously illustrated by diagrams and charts, convey
no adequate idea of the real magnitude and importance of the
Survey. We are apt in the attentive and well repaying study
of the details to lose sight of the unity of the whole. So many
sciences are here pressed into service, and so many special results
of absorbing interest are obtained, that the materials almost
make us forget the size and the beauty of the edifice.

An organized being, said Kant, is that of which all the parts
are mutually ends and means. We are forcibly reminded of the
definition in studying the operations and results of the Coast
Survey. All the results, in geography, in physics, in geology,
in short in every branch of science, are at once means and ends:
means, as they form necessary and integral parts of a great and
symmetrical whole ; ends, as they all possess a fixed and definite
value in the sciences to which they belong. This remark, if true
as applied to the Survey considered simply from,a scientific point
of view, is far more forcibly illustrated by the practical bearings

1
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of the work, every one of whose details has an immediate prac-
tical value, while the enduring, far-reaching utility of the whole
is second to that of no other human undertaking.

It is our purpose in the following pages to offer a concise view
of the operations and results of the Coast Survey, regretting
only that the necessary limits of a scientific review will scarcely
permit us to give more than an outline sketch.

The survey of a coast so extensive as that of the United States
is even in its general features a work of immense extent. That
coast stretches from New Brunswick to Mexico, and from the
Straits of Fuca to Old California; upon the Atlantic and Gulf
from the 24th to the 44th parallel ; upon the Pacific from the
4:2d to the 50th. Within that range of more than 5000 miles it
embraces every geographical peculiarity. Innumerable islands,
bays, capes and headlands, line the long reach of shore. Sand-
banks hundreds of miles in length, enclosing shallow half-inland
sounds, and bays stretching far into the interior like Norwegian
fiords, are among its most striking features. The Coast Survey
must accurately locate every prominent point, map out the bot-
tom of every bay and harbor, fix the bearings of every reef and
shoal, trace the course of every current, deduce from long con-
tinued observations the laws of the tides, and in short, observe
and measure every peculiarity in the physical geography of the
coast which the most refined science, the most delicate methods
of observation and the most perfect instrumental means can
measure or detect.

After a preliminary reconnoissance, the Survey begins with
the measurement of a base, that is to say, with the accurate de-
termination of the length of a line upon the earth's surface, the
two extremities of which shall serve as starting points. Setting
out from these two initial points, the survey proceeds by great
steps of thirty or forty miles till the whole coast is covered with
a network of large triangles, constituting what is termed the
primary triangulation. The angles only of these triangles are
measured, the sides being successively calculated by the aid of
the angles and base. The accurate measurement of this line in-
volves the most delicate instrumental methods. The expansions,
inclinations, and flexures of the measuring bars, and the con-
tacts of their extremities must be observed with exquisite nicety.
Here at the very first step in the work, the science of physics
is called upon for its indispensable aid, and the reflecting pyro-
meter measures the expansions of the bars with an accuracy
which is almost without limit. Delicate levels give the correc-
tioes for the inclinations and flexures, while the contact level de-
termines the contacts of the successive bars. To such a degree
of perfection have the measurements been brought that the
probable error in determining the length of a base five miles ш
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length does not under favorable circumstances exceed a few.
tenths of an inch. The base line being measured, the triangula-
tion begins. Signals at distances of ten to twenty miles from
either end of the base are observed in succession, and their an.
gular distances determined with all the precision which modern
mechanism has given the theodolite. The sides of the great
triangles thus obtained being calculated, the signals form them-
selves fixed points for new angular measurements, and so
the triangulation stretches from hill to hill till the prominent
points of the entire coast are determined. The signals them-
selves are of no small interest. Bright tin cones mounted upon
poles are often used, and reflect to a distance a brilliant line
of solar light. But of all signals, the heliotrope—a mova-
ble mirror placed so as to be directed by a telescope—is the
most perfect. With, this instrument, the sun's rays have been
reflected so as to be distinctly seen with a telescope at the dis-
tance of more than one hundred thousand yards. It is easy to
see that, as the triangulation extends, the small errors inseparable
from every physical measurement may accumulate so that the
positions of the stations most remote from the base line may be
incorrectly determined. Two methods are adopted to guard
against errors of this kind. A subsidiary base line may be
measured near the terminal signals of the primary triangulation,
and from the extremities of this we may work backwards, so as
to check the results of the first series of observations and calcu-
lations of distances. The geographical positions of the principal
stations may themselves be determined by accurate astronomical
observations, assigning their exact latitudes and longitudes, to
check the calculated positions. Both these melhods have been
brought almost to perfection, but the latter has been especially
fertile in new and beautiful results.

It is easy to see that while the bases and triangles give dis-
tances, the observations of latitude and the azimuths give differ-
ences of longitude by the aid of spheroidal formulas, a central
longitude having been once determined. The differences of lon-
gitude are in their turn checked by the telegraph operations to
which we shall presently allude.

The base which serves as the commencement of the primary
triangulation for the eastern and middle states lies within the
state of Massachusetts, a little to the north of Ehode Island.
Its length is over ten miles and its direction nearly northeast
and southwest: it was measured in 1845. Surveys for a verifi-
cation base have been made in the northeastern part of the state
of Maine, on Epping Plains. Since the commencement of the
survey not less than nine primary and thirtv-five secondary
bases have been measured, making a total length of about 135
miles.
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As the different stations of the primary triangulation are at
different heights, it is necessary to measure vertical as well as
horizontal angles, and finally, in consequence of the spheroidal
figure of the earth, to reduce the plane triangles, which are the
direct results of the measurements, to spheroidal triangles, at the
level of the sea. In this manner after immense labor, both of
observation and of calculation, the positions of the primary sta-
tions are at length fixed, and these now serve as starting points
for the secondary triangulation which determines the general
outline of the coast in detail, and the positions of rocks, reefs,
and islands. The triangles observed are now smaller but very
much more numerous, and the labor of observation and reduc-
tion even greater than before. Then comes the topography of
the coast, the work at every successive step running more and
more into detail. The coast line is now traced and laid down iu
charts of elaborate minuteness and finish. Harbors are surveyed
and mapped out by innumerable soundings; the exact character
and value of each being determined. The nature of the bottom
with reference to anchorage, the depth and direction of channels,
currents, tides and prevalent winds, the proper position of light-
houses, buoys and fog-bells, all form subjects of special and mi-
nute attention. In this manner the entire coast from Mt. Desert
island to Cape Fear has been almost completely surveyed, and
that portion of the sea-coast may be regarded as nearly finished.
But beside the bays, harbors, and sounds of the coast, the rivers
receive their share of attention, small triangulations being car-
ried up to the head of tide waters, based upon one of the sides
of the larger work. In this manner the river shores are accu-
rately mapped, while careful soundings determine the bars and
channels. The mouths of the larger rivers offer special subjects
of examination of the highest interest and importance. We
refer to the changes in the depth and position of the channels
produced by the effects of currents. The characteristics of the
delta of the Mississippi, and the enormous quantities of matter
annually brought down by the current are too familiar to require
notice in this place, but the changes in the entrance to the har-
bor of New York have not until very recently attracted attention
to the same degree.

The extension of docks and piers into the North and East
rivers, and the amount of new made land, excited such serious
alarm in the mercantile community that a Board of Harbor
Commissioners was appointed in the year 1855 to consider the
whole subject and devise means for averting the impending
danger. To the action of that Board the assistance of the
Coast Survey was cheerfully and gratuitously rendered, and the
results of the survey and of a careful and accurate examination
of the effects of wharves and piers upon harbor currents, have
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been of the greatest importance to the commercial prosperity of
the city. Another very important observation has been made
of the existence of a slowly moving northwardly current on,
both sides of Sandy Hook, tending by deposits of sand to nar-
row the main ship channel. For the action of this current the
Survey provides a remedy which can be applied as soon as it
shall become necessary.

We have already stated that the assistance of astronomical
observations is needed in the operations of the primary trian-
gulation. The special objects of the Survey and the peculiar
character of the work done by it, have in their turn exercised a
remarkable influence upon astronomy itself, considered at least
as a science of observation. New methods for the determination
of latitudes and longitude have had their origin in the necessi-
ties of the Coast Survey alone, while the methods already
known and practised have been developed and perfected. Spe-
cial series of observations have been undertaken at the two
observatories of Cambridge, Mass., and at numerous minor
stations, to obtain the astronomical data requisite for the deter-
mination of differences of longitude, while the genius of the
most eminent mathematician whom our country has produced,
has been devoted to the perfecting of the methods of reduction
and calculation. •

The determination of differences of longitude by means of the
electric telegraph—a method which doubtless suggested itself to
thousands, when the telegraph passed from an idea to a reality—
was first carried out properly by the Coast Survey. This method
has not merely yielded results of great value to the survey
itself, but the particular mode of applying it has been general-
ized into the American method of recording astronomical obser-
vations, and of measuring minute intervals of time. This
method has been adopted in several European observatories :—
in all but one with an honorable acknowledgment of its origin.

The experiments of Mr. Wheatstone made in 1834 with
apparatus devised and executed by Mr. Saxton, gave the first
determination of the velocity of electricity in a metallic con-
ductor. This velocity was estimated at about 288,000 miles per
second, and until within a recent period, in spite of all analogy
and even of experience, Wheatstone's determination was sup-
posed to hold good, at least approximately, for galvanic currents
as well as for electricity of high tension, and for bad as well as
good conductors. The telegraph operations of the Coast Survey
demonstrated at the very outset the inaccuracy of received ideas
upon this subject: they shewed that the galvanic current moves
very much less rapidly than electricity of tension, varying ac-
cording to Dr. Gould's discussiojí of the observations, from
12,000 to 18,000 miles per second, and though not yet fully re-
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duced, they have rendered it, to say the least, probable that the
velocity also diminishes as the resistance to conduction in-
creases. Special investigations directed to all these points have
been undertaken, and a volume of records and results is now
preparing.

To determine the difference of longitude between Cambridge,
Mass., and Liverpool, four distinct Chronometrie expeditions
have been sent out, namely : in 1849, 1850, 1851, and 1855. In
the last expedition the number of voyages made was six, and
the number of chronometers sent out fifty-two. The first
three Chronometrie expeditions gave results which could not
be considered as satisfactory, in consequence of the remark-
able influence exerted upon the chronometers by differences of
temperature, though the instruments were compensated in the
•usual manner. In the expedition of 1855 an uncompensated
chronometer was employed with the others. Great care was
taken to observe the temperatures of the chronometers them-
selves during the voyage by means of thermometers, and the
results of the compensated instruments were carefully compared
with those of the single one without compensation. The chro-
nometers employed were moreover carefully investigated before
the expedition, by exposing them to different degrees of heat
and noting the effect upon the rate. The observations of this
last expedition, after careful discussion, have given a difference of
longitude between Cambridge and Greenwich of 4^ 44™ 31"'89,
with a probable error of about 0'2 of a second. The successful
laying of the telegraph wire between Europe and America is
anxiously looked forward to as presenting an opportunity for
determinations of longitude by the most perfect method which
human ingenuity has yet devised. The importance of this sin-
gle determination can scarcely be over-estimated, since it fixes
the geographical relations of the old and new worlds.

In connection with its astronomical and geodetical observa-
tions, the Coast Survey has been enabled at a trifling expense to
carry out an extensive series of determinations of the three
magnetic elements at very numerous stations. These elements
it will be remembered are the declination, inclination, and hori-
zontal intensity. So great has been the amount of material ac-
cumulated, that the report for 1856, now in process of publica-
tion, contains for the first time, magnetic charts of the North
American continent sufficiently complete to enable us to compare
upon the large scale for our own country, the results of observa-
tion and of theory. In these charts the lines of equal variation,
dip and intensity are traced, and a comparison of the two former
•with those deduced from the general theory of Gauss exhibits a
satisfactory agreement in fortn. Further observations, especially
in the interior, are wanting to enable us to make this comparison
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quantitatively, as well as qualitatively. The determinations of
the declination and variation at points actually upon the coast,
are of great service in navigation. The report of 1856 contains
also very valuable and elaborate discussions of the secular varia-
tions of magnetic declination and inclination, both upon the
eastern and western coasts, reference being had to the earliest
recorded observations. Empirical formulas are also given for a
number of stations, which enable us to determine with a satis-
factory approximation, the two angular magnetic elements at
any required epoch.

In the progress of the hydrography of the Coast Survey, very
numerous observations of the tides have been made for the pur-
pose of correcting soundings, and of determining the establish-
ments of the different ports. The necessity of both these classes
of observations is sufficiently obvious, but the superintendent has
connected with them observations of a more permanent charac-
ter, in order to ascertain the laws of the tides in particular local-
ities, and to trace the progress of the tide wave along the coast
severally, as well as in bays and rivers. Eor these observations
two species of gauge have been used ; the self-registering and
the common staff gauge. The former possesses the advantage
of requiring little or no attention, and of furnishing a permanent
and reliable record in the form of a curve of which the abcissas
represent the times and the ordinates the corresponding heights
of water. The number of principal stations for tidal observa-
tions was 73, of which number 45 were on the Atlantic Coast,
18 on the Gulf, and 10 on the Pacific.

Since the commencement of the survey there have been in all
618 tidal stations, of which however л comparatively small num-
ber have been furnished with self-registering gauges. The results
obtained have been of great practical importance, giving as they
do for the first time accurate information with respect to the
tides of the Gulf and of the Pacific coasts, and leading to the
construction of accurate and reliable tide tables.

It is not saying too much to assert that no single series of
tidal observations yet made possesses so high a scientific value as
those of the Coast Survey. Not only is the range of coast
studied greater, but the character of the tides themselves is in a
great measure sufficiently free from the efíects of local causes to
enable us to obtain from them results of definite value for the
general theory. On the other hand the Gulf of Mexico and
particular portions of the Atlantic Coast exhibit peculiarities of
much interest, as yet imperfectly investigated, but seeming to
show the importance of a careful study. While the tidal obser-
vations hitherto discussed have been for the most part isolated,
made at different points upon the earth's surface by individuals,
during a period of about 200 years, those of the Coast Survey
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have been made systematically, at numerous carefully selected
stations, upon the coasts of a continent lying between two great
oceans, and under the direction of a single person.

An elaborate discussion of these observations has led to the
construction of maps of the cotidal lines of the Atlantic, Gulf
and Pacific coasts, which are of especial interest not merely from
their connection with our own shores, but from the fact that they
are the only series of cotidal lines yet deduced from an exten-
sive and connected series of observations. The term " cotidal
line" it will be remembered was first introduced by Mr. Whewell
to denote a line passing through all those points which have
high water at the same hour of the day. It is convenient to
assume twenty-four such lines, and they may obviously be re-
garded as forming the crests of successive advancing tide waves.
Their shape, velocity, and direction of motion, will depend upon
the configuration of the coast, the depth of the ocean and the
various local causes which disturb the uniformity of their pro-
gress and cause divisions and interferences of divided waves.
Were no disturbing causes present, the cotidal lines would cor-
respond with the meridians, each line at a certain distance be-
hind the meridian of the moon at its culmination. It is easy to
see too that the cotidal lines must differ upon the eastern and
western shores of a continent like that of North America, since
the tide wave moves from east to west and is therefore upon the
eastern coast an incident and upon the western a receding wave,
the character of which is determined by the flow of water and
its pressure from north, south and west. The cotidal lines of the
Atlantic coast follow the general outline of the coast itself in a
remarkable manner, the velocities measured in a direction per-
pendicular to the front of the waves varying from 24 to 40 miles
per half hour. The tides on the Atlantic coast are of the regu-
lar semi-diurnal class ; the diurnal inequality is not large and
generally difficult to trace, though easily recognized at particular
periods. On the Gulf coast, on the contrary, the tides are small,
the semi-diurnal being masked by the diurnal waves. The tides
of the Pacific coast are remarkably regular, both in the diurnal
and semi-diurnal waves, and moreover rise to such heights as to
render observation easy. Throughout the extent of coast exam-
ined, the cotidal lines for the Pacific are either sensibly parallel
to or make but a small angle with the coast.

Tide tables for the principal sea ports of the United States
have been published by the Superintendent of the Coast Survey
by authority of the treasury department ; they are based exclu-
sively upon the observations of the survey, and will be extended
and corrected as the survey advances. Meantime their value to
navigators places them among the important results of the Coast
Survey.
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The tidal observations of the Pacific coast have casually led'
to a determination of great scientific interest, that of the average
depth of the Pacific Ocean between the coast» of Japan and
California. On the 28d of December 1854, an earthquake oc-
curred in Japan by which the town of Sirnoda in the island of
Niphon was destroyed. From the imperfect accounts whieli
have reached us it appears that at 9 A. M. ou that day the severe
shock of an earthquake was felt on board the Russian frigate
Diana, then lying in the harbor of Simoda. Half an hour later
the sea came into the bay in an immense wave thirty feet in
height, overwhelming the town and then receding. This advance'
and recession occurred five times, and Ъу 2'30 P. M. all was again,
quiet. The depth of the sea during these changes varied from
less than eight to more than forty feet. Upon the same day
an extraordinary rise and fall of water was observed at Peel s
Island, one of the Bonin Islands, and the tide continued to rise
and fall during the day at intervals of 15 minutes, gradually
lessening until evening.

The self-registering gauges at San Diego and San Francisco,
exhibited on the 23d and 2oth of December, remarkable irreg-
ularities of the tidal curves. Each gauge exhibits three sets of
waves at short intervals, and there can be no doubt that these
waves were produced by the same cause which determined the
rise and fall of the ocean at Japan and the Bonin Islands. No
record of the occurrence of an earthquake in Japan on the 25th
of December has yet reached us, but the waters rose on the
evening of that day at Peel's Island to the height of 12 feet.
The distance of Simoda from San Francisco is 4,527 nautical
miles, and from the same port to San Diego 4,917 miles. From
these data and the times at which the disturbances occurred
upon the two coasts, the waves from Simoda to California would
move at about the rate of 360 miles per hour or 6 miles per
minute, and would have a length of about 200 miles. This
would give for the average depth of the Pacific about 2,200
fathoms or rather more than two miles. The publication of the
official report of* Admiral Pontiatine who commanded the Diana
will probably permit more accurate determinations and explain
the origin of the disturbance upon the 25th of December.

The publication of maps and charts constitutes, as may be
supposed, one of the main objects of the survey.^ Upon the
preparation of these nn immense amount of labor is bestowed,
the value of the work consisting chiefly in the accuracy of the
details. In fact the whole subject may be fairly considered as
constituting a special branch of science, with a system of signs
and a mode of expression peculiar to itself. The most advan-
tageous methods of presenting to the eye an easily intelligible
view of the topography and hydrography of the coast have of

2
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course occupied a very large share of attention. The general
treatment of the subject, the arbitrary signs and other details
being once settled, and the triangulation and plane-table work
being finished, the maps are drawn and the work of the engraver
begins. In order to render the results of the survey useful and
accessible as soon as possible, and at the same time to exhibit
the progress of the work, three classes of charts are engraved.
These are termed sketches, preliminary charts, and finished
charts. The sketches are of two kinds £ progress sketches show-
ing from year to year the advance of the work, and sketches of
parts of the coast whether connected or detached. These are
generally engraved by apprentices in the office of the survey
and serve as subjects for practice. They are added to, year by
year, and lithographic transfers published in the annual reports.
In this manner it rarely happens that a year elapses between a
survey and its publication in some useful shape. The prelim-
inary charts serve nearly the same purpose as the sketches, but
are larger and more finished.

The finished charts are divided into three classes. The first
are called inshore or coast charts, and are drawn to a scale of
тт.гттг- They embrace the shore line, the interior as far as the
nearest main road, and the hydrography for about fourteen miles
from the shore. The second class embraces what are termed off-
shore or general const charts, drawn to a scale of утгт'^точ giving
the shore line and the general topography of the coast, so that it
may be recognized by the navigator, but'omitting minute details
and giving the soundings to the depth of at least 120 fathoms.
The third class is composed of minutely detailed charts of har-
bors, anchorage, &c., exhibiting the sounding, tides and currents,
the outline of the shore, the topography of the adjacent country,
in short, presenting the complete results of the survey. These
charts are drawn on scales varying from уД,- to Tir,{nnr-

The finished charts require 'the work of first class engravers.
These are so difficult to procure that in spite of the urgent neces-
sity of the case and the unceasing efforts of the superintendent,
there were but four first class engravers in the office at the be-
ginning of the year 1856. Even these were only obtained by a
special agent sent to Europe for the express purpose. With a
wise liberality the charts are sold at the lowest possible rates,
while the gratuitous distribution of the annual reports of the
Coast Survey gives a still wider circulation to its graphical
results.

As the greater number of maps and charts are engraved upon
copper, and as the softness of this metal renders it impossible to
obtain more than a limited number of impressions from a single
pinte, a method of reproducing the plates themselves becomes
indispensable. Such a method is found in the electrotype pro-
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cess, which is now applied in the office of the survey upon a
very large scale, and which has there received a development
and a perfection which leaves little to be desired. We believe
that we hazard little in asserting that as regards the thickness
and quality of the metal precipitated, the size of the plates, .the
prevention of adhesion between the original plate and that de-
posited, and the absolute command of the whole process, the
electrotype operations of the Coast Survey are unequalled in any
country.

It has very recently been found possible to print from thin
electrotypes merely folded over the edges of a stout plate of
metal which serves as a support or back. In this manner plates
of the first quality can be furnished for about one-third of the
cost of those deposited of the usual thickness. Processes are
also employed by which small plates can be pieced out in any
direction and to any desirable size, no line of junction being
visible between the original and the addition.

The particular apparatus and arrangements employed in the
electrotype department have nearly all originated in the depart-
ment itself, and have been fully described in the annual reports
of the survey and in this Journal. It cannot be doubted that
they have exerted a positive influence upon the progress of this
branch of art.

It was just that an elaborate and complete survey of the phe-
nomena of the Gulf Stream should be executed by a descendant
of Franklin, and it may well be conceived that the peculiarities
of that magnificent current, alike interesting from the practical
and the scientific point of view, have engaged a special share of
attention. In accordance with the direction of Congress that a
map exhibiting the state of our knowledge of the Gulf Stream
should accompany the report of 1853, the work of investigation
was pushed forward during that year and results of great inter-
est obtained, and illustrated in two charts appended to there-
port. These results show that the Gulf Stream is not, as gen-
erally supposed, a single broad current of warm water flowing
in a northeasterly direction, but that it is in reality an aggre-
gate of separate currents alternately cold and warm, and exhib-
iting a certain degree of parallelism. The method of exam-
ination employed was the very obvious and natural one of
running numerous sections across the Stream and observing
the depth of the water and the temperature at different depths.
The number of positions observed in each section was made to
depend upon the more or less rapid changes of temperature, and
the temperatures were observed at the surface and at depths of
five, ten, twenty, thirty, fifty, seventy, one hundred, one hundred
tmd fifty, two hundred, three, four, five and six hundred fath-
oms, so аз to reach into the cold polar currents lying beneath.
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In this manner ten sections were surveyed, the temperatures
being determined for moderate depths with Six's self-registering
thermometers, and for greater depths with Saxton's metallic ther-
mometers. If we employ the term Gulf Stream in its broadest
sense and understand by it the aggregate of all the warm cur-
rents lowing from the Gulf of Mexico into the north Atlantic,
a glance at the Coast Survey map shows us at once the existence
of at least four distinct warm currents separated from each other
by cold bands, a fourth cold band separating the first or inner
warm band from the shore. Each warm band is narrowest and
warmest in its most southerly section—that of Cape Canaveral—•
and becomes broader and cooler in its progress northward and
eastward, while its boundaries become less and less clearly de-
fined. The most cursory observation shows that these bands are
parallel to the outline of the coast, and that as we recode from
the shore upon any section they become broader, cooler, and less
sharply separated from the intervening cold masses. -The Gulf
Stream proper forms the second warm current in order from the
shore. As might naturally be expected from its greater density
the colder water tends to occupy the lowest position, but instead
of forming a level plateau it follows the irregularities of the
bottom. This again determines the vertical distribution of the
warm currents, and we find accordingly that in each section, as
far as examined, the curves which represent the depths corres-
ponding to equal temperatures are sensibly parallel to the con-
tour of the bottom. This fact is well illustrated on the Charles-
ton section, where the bottom of the ocean exhibits remarkable
irregularities. Thus the depth on this section gradually increases
to a distance of fifty-three miles, when it suddenly descends to
upward of six hundred fathoms. Ninety-six miles from the
coast we find a range of hills, having a height of eighteen hun-
dred feet and a base of about eleven miles on the seaward side.
One hundred and thirty-six miles from the coast occurs another
range of. hills fifteen hundred feet high and twenty-eight miles
base toward the shore, and six hundred feet high with a base of
about seventeen miles on the outer side. Beyond this there is a
more gradual rise. Now the forms of the curves of equal tem-
perature resulting from multiplied observations at different depths
along the section correspond exactly to the outline of the bottom.

Perhaps the most remarkable peculiarity of the Gulf Stream
is what has been appropriately termed the "cold wall," a mass
of cold water lying between the warm water and the shore, and
sharply defining the inner boundary of the great current. ' The
change from the warm water of the stream to the cold body
of water inside of it toward the shore, is particularly sudden and
well marked in the northern sections, but may also be easily
distinguished south of Cape Hatteras. In the cold water in.-
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shore from the Gulf Stream a current setting southward has
been observed, as also in the cold band outside the axes. It is
not yet certain however that these are permanent currents.

Another remarkable,fact is observed in comparing the temper-
atures of the northern and southern portions of the Gulf Stream.
Taking the maximum temperatures at twelve or fifteen fath-
oms beneath the surface, there is, as a general rule, an increase of
temperature in passing southward. But in successive years we
find the highest temperature at twelve fathoms, on the Cape
Henry section, higher than at Hatteras, while the temperature in
the axis of the stream at Sandy Hook in July, 1846, was higher
by five and one half degrees than at Charleston in June, 1853.
The underlying polar currents are as distinctly marked in the
southern as in the northern latitudes. Thus in latitude 37° 20'
the temperature at a depth of four hundred fathoms below the
warmest water of the Gulf Stream in August, 1846, was 49°
Fahr., while in the same position in latitude 28° 2(j' it was 48J-0

Fahr. The fact that the side limits of the polar current recede
from the shore as the depth increases is clearly marked on all the
sections.

It is hardly necessary to observe that much remains to be done
to complete' the survey of the Gulf Stream. But it may be
justly asserted that the results obtained by the Coast Survey
have* placed the whole subject in an entirely new point of view
and have contributed greatly to the solution of one of the grand-
est problems in physical geography. It may be remarked in
this place that the most recent observations fully confirm the
theory of Franklin that the Gulf Stream makes a complete cir-
cuit in the Atlantic, returning again to its source. A branch" of
the main current is however thrown out toward the coasts of
Ireland and Norway, and is thence reflected toward the Arctic
ocean. This branch appears to offer the most feasible passage
to the open polar sea, to the discovery of which so much atten-
tion has been recently directed, and which appears to be in fact
only a forgotten reality.

We have adverted to the observations of latitude, azimuth
and longitude as requisite to determine the position on the earth's
surface of the stations, the relative situation of which as to dis-
tance and direction is ascertained bv triangulation. They serve
thus incidentally to determine: the_figure of that portion of the
earth over which the work extends. While in other countries
extensive operations have been executed for the special purpose
of measuring arcs of meridians and parallels, the Coast Survey
Tarnishes those important additions to one of the highest depart-
ments of physical knowledge, without any expenditure not ab-
solutely necessary for the perfect attainment of its most direct
tod practical objects. An individual arc of 3£ degrees from
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Nantucket to Mt. Blue in Maine—another of 2^ degrees from
the head to the capes of Chesapeake Bay, which may be ex-
tended 1-J- degrees farther to Cape Hatteras, and an arc of the
parallel extending 4° from Nantucket to New York are among
the results already obtained. They exhibit a general conformity
to the elements of the earth's figure deduced from all previous
measurements, while they show marked local variations which
have become the subject of special study.

These variations in the direction of the plumb-line are found
to be not only such as would result from want of uniformity in
the geological structure in the immediate vicinity of stations,
but to extend like undulations over considerable regions.

In order to obtain these "station errors" as free from residual
instrumental errors as possible, the capabilities of various instru-
ments and methods for 'determining latitude have been succes-
sively tried, large vertical circles, repeating circles, the prime
vertical transit, the zenith telescope (or equal altitude instru-
ment), and Airy's zenith sector. The latter instrument is the
most perfect of its kind, possessing many improvements on the
zenith sector of the British Ordnance Survey, the only other of
the kind in existence. The accuracy of its results, however, is
rivalled by those of the zenith télescope, the application of which
to observations of latitude by equal meridian altitudes of stars
to the north and south of the zenith is of American origin and
has been greatly perfected in the Coast Survey. Combining
portability and facility of use, with great accuracy, it has become
the favorite instrument, and no observer, who has ever used it,
is willing to return to others.

In order to bring out the various elements of error, observa-
tions have been, made at the same stations with different kinds
of instruments, with the same instrument by different observers,
and by the same observer with two different instruments of the
same class. By a consistent application of the method of least
squares, the observations have been severely scrutinized, and
their relative values determined without the admission of any-
thing like arbitrary preference.

Looking at the observations of azimuth we again find the
Coast Survey testing the relative value of known methods and
perfecting them or devising new ones, not only proving but im-
proving all. Abandoning the methods by observations of the
snn at low latitudes and by transits of stars over the verticals of
stations, as involving too largely the difficult element of time,
the .observations of azimuth have been made principally on
close circumpolar stars, especially the pole-star. The reduction
of observations made near the time of the star's greatest eastern
or western elongation, has been greatly facilitated by the use of
a simple formula. An elegant method has been introduced, of
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observing the star at corresponding equal times before and after
either culmination, by which arrangement the labor of compu-
tation is almost entirely saved, the mean of each pair of corres-
ponding observations giving at once the meridian. The observ-
ations of azimuth have shown irregularities to exist in the direc-
tion of the plumb-line similar in kind and amount to those in-
dicated by the latitude observations.

One of'the most important and striking features of the methods
of the Coast Survey is the total absence of eclecticism, which in
former times was an acknowledged principle with observers, and
to which there is even, now a strong leaning in some quarters.
The obse'rver may indeed choose circumstances favorable to his
purpose and may affix to the observations a statement of facts
affecting their quality, but here the influence of his judgment or
bias ceases. The observations are made to tell their own story,
and by the searching test of the method of least squares their
relative weight is ascertained, and rejections, if necessary, are
made according to Peirce's criterion. The step is taken or com-
bination made ; but the reasons for it are such as to be neces-
sarily arrived at by every one, according to the principles laid
down. All observations are liable to more or less uncertainty,
and there are probably classes of errors which no number of
observations or variety of methods can entirely eliminate ; it will
always be necessary to discriminate, and to apply small correc-
tions to the results in order to make them .fulfil the theoretical
relations existing between them. When this is done according
to fixed mathematical rules all uncertainty vanishes, and truth
must be the gainer, while OE the other hand when it is allowed
to be done according to personal judgment or bias, results must
vary with different computers, and the door is opened to falsifi-
cation and fraud.

The Coast Survey is at present under the general control of
the Treasury Department, which appoints its officers and regu-
lates their compensation. The Department furthermore author-
izes all expenditures, approves the plans and estimates of the
superintendent, and makes general regulations for the work un-
der the law. The immediate agent of the Treasury Department
is the superintendent, who arranges the plan of conducting the
work, attends to its business details, issues instructions for its
execution, and is responsible for the scientific accuracy of the
whole. All persons and parties employed report directly to the
Superintendent, who in turn presents an annual report to the
Department, offering a complete and detailed account of thé
work done during each year. The annual reports are amply
illustrated by maps and charts, and are extensively and gratuit-
ously distributed. The distribution is made by the assistant in
charge of the office who has all the reports in his possession and
who distributes them according to a prepared list.
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In addition to the laborious duties of the general direction of
the survey, and inspection' of the parties, the Superintendent
himself personally assists in the execution of the work, taking
the field and making observations as required. The different
parts of the work are entrusted to assistants who act as directed
by the Superintendent and are responsible to him, the office of
the survey being considered as a party with an assistant in
charge. Each field party consists of a chief, who may have one
or more assistants, and of several hands. In the office, comput-
ers, draughtsmen, engravers, printers, mechanics, clerks, &c., are
employed as occasion may require.

In the organization of the survey three classes of persons are
recognized by law. These are civilians, officers of the army,
and officers of the navy. The civilians form the permnnent nu-
cleus of the survey. Their salaries are under the control of the
Department, and they are promoted or lowered according to their
merit as measured by the results of their work. As they are
not, save only in exceptional cases, subject to frequent changes,
they form a constantly efficient and trained body and preserve
uniformity in the business and methods of the survey. Such a
nucleus is obviously indispensable as the whole work might
otherwise be disorganized by calls for the professional services
of officers of the army and navy. Thus on the breaking out of
the Mexican war all the officers of the line of the army and part
of those of the staff, serving on the Coast Survey, were detached
for active military service.

The officers of the army and navy are detailed by the heads
of their respective departments on the application of the super-
intendent through the Treasury Department. They receive no
extra emolument from the Coast Survey and are of course liable
to be frequently changed. Their employment is, however, very
advantageous both to the Survey nnd to themselves, since they
furnish to the former active, intelligent, and zealous assistants,
while they of course profit by the peculiar scientific training
offered in the service to which they are detailed.

In fact it is easy to see that there is no part of the hydrogra-
phy or of the topographical surveys which does not furnish
advantageous practice to an officer in either branch of the
service. The topographical engineer finds employment in his
own department. The survey of harbors and the study of tides,
currents, shoals, entrance channels, and all those peculiarities
•which distinguish the different seaports, are of the utmost import-
ance in determining the proper sites for fortifications and perma-
nent defenses. They furnish weapons of offense as well as de-
fense. In the recent European war the success of several im-
portant operations depended wholly upon the skill and prompt-
ness with, which surveys were executed by naval officers. But



Review of the Results of the U. S. Coast Survey. 17

even in time of peace the advantages of having on board of
every ship thoroughly trained hydrographers can hardly be
overestimated, for commercer and therefore civilization, profits
by every new harbor surveyed, every channel sounded, every
current whose course and velocity are traced. The law requires
that as many officers of the army and navy be employed as may
be compatible with the successful prosecution of the work.

The work of the Coast Survey is naturally divided into field
and office work. The field work consists in the actual sur-
veys and observations of various kinds and is either original or
of verification, The methods of conducting the work are laid
down in general instructions by the superintendent who also
directs what scientific processes and instruments are to be em-
ployed. The assistants make monthly reports in prepared forms
and keep daily journals which are placed on file in the office.
A general report is also made to the superintendent on taking
and leaving the field, and in the month of October of each year
for the annual report.

The office work consists of computing, drawing, engraving,
printing, &c., and is for the most part under the care of the as-
sistant having charge of the office. The publication and distri-
bution of maps and the care of the accounts and property are
placed in the charge of the general disbursing agent who gives
bond to the Treasury Department.

The minute attention required to secure accuracy in the com-
putations of the Coast Survey is well exhibited in the system of
checks employed. The field parties in the first place compute
their own work and a second computation is then made inde-
pendently by persons having no connection with the field work.
The assistant in charge of the office then examines and com-
pares the two computations and reports any discrepancies to the
superintendent for examination. The records of observations
and calculations are put in form for publication by the assistant
in charge of the office under the direction of the superintendent,
but the records and results now publishing as a separate work
are under the charge of a special officer. Drawings are first exe-
cuted by the field parties and reductions of these to the1 scale of
publication are then made by regular draughtsmen in the office,
and these drawings are finally revised and verified. It is almost
needless to mention that all the topographical signs, forms and
sizes of letters, &c. are prescribed by rule so as to be uniform.
This subject, as already mentioned, is one which required special
study. Thus the scale of shade is made to express the degree
of slope by the strength of the hachure lines and the distance
between them. The engraving of the maps and charts is under
the charge of aa assistant who verifies all engraved maps ; from

3



Z1IT
18 Review of lhe Results of the U. S. Coast Survey,-

\
him they pass to the assistant in charge of the office who finally
reports them to the superintendent.

The prices of the maps and charts are fixed by the Treasury
Department upon the general principle that the sale should pay
for the cost of paper and printing. The small maps are sold ff r
fifteen and the larger lor twenty to fifty cants. Besides the dis-
tribution by sale many copies are forwarded to literary, scientific,
and commercial institutions, as designated by the Treasury De-
partment.

In all cases the original records of observations and field work
are transmitted to the office after duplicates have been made by
the field parties. These are deposited in a Kre-proof building in
charge of the general disbursing agent. The instruments be-
longing to the Survey, properly marked and numbered, are also
deposited in u fire-proof building, the repairs being almost always
executed in the office.

The general estimates for the Survey are made by the super-
intendent who controls the expenditures for field and office work.
On receiving his instructions for work, which usually state tho
limit'of expenditure, the assistant makes an estimate for the
number of hands required and for the general expenses of his
party. This estimate, after the approval of the superintendent,
is the authority of the disbursing agent in settling the accounts.
The rules of the work require that a voucher in the form of a
receipt be presented for all sums exceeding one dollar.

The chief of each party keeps an account of the party dis-
bursements and transmits it to the general disbursing agent who
supplies funds, audits accounts, and is responsible to the Treas-
ury Department.

Beside the very numerous duties of supervision and of per-
sonal exertion which are discharged by the superintendent, there
are many special subjects which fire under his immediate direc-
tion and in charge of a special assistant. Such are the researches
upon the tides and the Gulf Stream ; the preparation of the recorda
and results for publication ; the longitude work both astronomi-
cal and telegraphic; experimental researches on various practical
subjects'bearing directly upon the survey; the expansion of
paper and the various modes of making and preparing it ; the
covering of copper plates -with surfaces o f i r id ium; improve-
ments in different kinds of engraving, and other matters too
numerous too mention.

The «amount of labor, skill, and oare required to maintain the
harmonious action of the different parts of an organization like
thnt of the Coast Survey may easily be imagined, and we may
not unreasonably ask how many scientific men in our own, or in
nny other country, possess the extent and variety of knowledge
combined with the tact and the executive capacity which such a
work demands, and which it has called forth*
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The Coast Survey is a national work of which we may well
be proud. No other geodetic operations have ever been con-
ducted upon so gigantic a scale, or have yielded such fruits of
usefulness and honor. The work is worthy of the national spirit
which originated it and which it illustrates. It is one of the
great ideas which we have carried out. Like every great work
it has a permanent value, and if national in conception and in
execution, is universal in its example and its utility. It is esti-
mated that if the annual appropriations are continued upon the
present scale, the survey can be completed in about twelve years.
May we not hope that it will continue to command the sympathy
and support of every patriot, and that it will be permitted glori-
ously to complete that which has been so worthily begun.
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INTRODUCTION EXPLANATORY.

AT the meeting of the "American Association for tbe Advancement of
Science," held in Montreal, in August, 1857, a resolution was adopted, upon
the recommendation of the Section on Physics, constituting the gentlemen
iirfmediately hereinafter named a committee to inquire and report on the
Coast Survey of the United States:

1. JUDGE J. K. KANE, President Amer. Phil. Society, Ferma.
2. GKN'L JOSEPH G. TOTTEN, Chief Engineer U. S. A.
3. PROF. BENJAMIN PEIRCE, Harvard College, Mass.
4. PROF. JOHN TURKEY, U. S. Assay Office, N. Y.
6. PROF. JOSEPH HENRY, Sec'y Smithsonian Institute, D. C.
6. PROF. J. F. FRAZER, University of Pennsylvania, Penna.
7. PROF. WM. CHAUYENET, U. S. Naval Academy, Md.
8. PRES'T F. A P. BARNARD, University of Mississippi, Miss.
9. PROF. JOHN LECONTE, College of South Carolina, S. C.

10. PROF. WM. M. GILLESPIE, Union College, N. Y.
11. PROF. F. H. SMITH, University of Virginia, Va.
í 2. PROF. W, H. C. BARTLETT, U. S. Military Academy, N. Y.
13. PROF. WOLCOTT GIBBS, Free Academy, N. Y.
14. PROF. STEPHEN ALEXANDER, College of New Jersey, N. J.
16. PROF. LEWIS R. GIBBES, Charleston College, S. C.
16. PROF. JOSEPH WINLOCK, Sup't. Am. Naut. Aim., Ky.
17. PROF. JAMES PHILLIPS, University of North Carolina, N. C.
18. PROF. WM. FERREL, Nashville, Tenn.
19. PROF. EDWARD .HITCHCOCK, Amherat College, Mass.
20. PROF. JAMES D. DANA, Yalo College, Conn.

Upon receiving notice of this action by the Association, the chairman
addressed a circulai1 to his associates of the committee, iu the following
form :

SIR,
I beg leave to transmit to you the copy of a Resolution adopted by the

AMERICAN ASSOCIATION at its last Meeting, and to invite your advice and guidance in the
preparation of an appropriate Report to that body.

I have supposed that the several topics, which such a Report should embrace, inay fitly
arrange themselves under the following heads :

1. The character and primary objects of a Geodetic and Hydrographien! Survey.
2. The action of other Governments in regard to such Surveys of their Territory and

Coast.
3. The former organization of tho Coast Survey of the United States—its progress and

results up to the year 1844.
4. The Modifications our Coast Survey has undergone since—its expansion—the novel

and improved methods and appliances of which the présent Superintendent has availed him-
self, and the collateral researches which these have favored.

6. Its results up to the present time, general and particular—Their bearing : First, On
navigation—facilitating the determination by tho navigator of his position, by reference to
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soundings, tides, currents and landmarks—indicating perils and positions of refuge—discover-
ing and defining channels, and noting the changes they have undergone—and fixing the
proper sites for light-houses and beacons : Second, On the protection of the coast—suggesting
the localities for forts, docks, magazines, etc. : Third, On the geodetic surveys which may be
proposed by the several States—facilitating them by furnishing a chain of base lines, and
determining the absolute position of points: Fourth, On great works of communication—in
the discussion of traces and gradients.

6. The judgments which have been expressed by scientific men in other countries, and
our own, as to the value of the work and the efficiency of those who have it in charge.

While soliciting from you, however, such contributions as your leisure may permit,
under any of these heads, I would not be understood as desiring to circumscribe the range of
your communications, nor indeed as defining the subjects wliich should enter into the Report.
It will be my object, unless otherwise instructed by the Committee, to*subniit to the Associa-
tion, and through it to the community, a popular view of the objects and course of the Survey,
and of the influence, it is exerting, and may continue to exert, on different interests of the
country ; but in regard to this, аз to all other points, I shall be happy to avail myself of your
suggestions. It will be for you to determine how far they shall be incorporated in the general
report, or whether they shall be recognized as proceeding from yourself

I may be excused for adding, in conclusion, that I shall esteem it a great personal favor, if
you will allow me to be assured of your cooperation at an early day.

I am, Sir, with very great respect,
Your obedient servant,

J. K. KANE.

To this circular the members of the committee replied very generally,
some of them at large ; and the chairman had already made some progress
in the analysis of their contributions, and in arranging these, and the other
materials gathered for his report, into an available shape, when his labors
were arrested by his lamented death— an event at once calamitous to his
country and to science, which, to the great grief of his associates, took place
on the twenty-first of February, 1858.

At the meeting of the Association, held in Baltimore, in April, 1858,
the papers of Judge Kane, relating to this subject, were exhibited to the
members of the committee then present. As chairman in his place, Pres-
ident F. A. P. Barnard, of the University of Mississippi, was appointed,
and it was agreed that the publication of the report ought to be made as
soon as possible after its completion.

The new chairman not being in attendance at Baltimore, there occurred
an unavoidable interval of some duration between the adjournment of the
Association and the transfer of the papers to him. Since obtaining posses-
sion of them, however, he has been as expeditious in turning them to
use as circumstances would allow, following in general the arrangement of
topics laid down in the letter of Judge Kane, cited above ; and now, in
concluding his labor, he feels constrained to express his unfeigned regret that
it had not been permitted to'the abler hands to which the task was orig-
inally assigned, to execute the work which they had so judiciously planned.

To those of his associates on the committee, whose contributions relat-
ing to subjects embraced in the report communicated to the former chair-
man have passed into his possession, he begs leave here to tender his thanks
for the valuable aid wliich they have afforded him.

UNIVERSITY OP MISSISSIPPI, OXFOED, ISTov. 2, 1858.
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PART I : OBJECTS, HISTORY, METHODS.

CHARACTER AND PRIMARY OBJECTS OF A GEODETIC AND HYDROGBAPHIC

SURVEY.

To AN industrious and enterprising people, zealously engaged in culti-
vating the arts of civilized life, and occupying a territory bordered to any
considerable extent by the ocean, a correct acquaintance with the physical
features which mark their marine boundary is a matter of such moment,
that we may properly regard it as a kind of economical necessity. To such
a people, the ocean is the great outlet of production, and the highway over
which are perpetually flowing back upon them the products of other lands.
Without an exchange of commodities constantly in this manner going for-
ward between different and distant nations, it is impossible that the industry
of any people should be stimulated to an efficiency in any degree commen-
surate with its capacities : it is impossible that its inventive genius should
"be awakened, or its artistic skill developed, or its dormant natural resources
evoked from their slumber, or, in a. word, its powers of production generally
brought into exercise in so effectual a manner as to promote most success-
fully and satisfactorily its advancement in the road to national wealth, or its
elevation in the scale of national greatness. An isolated nation, with no natural
channel for'the efflux of its surplus production, will have little incitement to
produce after the demand of its own consumption shall have been satisfied.
The arts, moreover, among such a people, unfostered by the encouragement
of a vigorous demand, will make but sluggish progress in the march of im-
provement, and will contribute but feebly to the multiplication of the com-
forts or the elegancies of life, to the growth of œsthetic culture, or to the
increase of the general wealth.
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It is true that in a territory wide of extent, and possessed of diversified
resources, industry may find a stimulus in the upspringing of a domestic
commerce. But it is not true that any activity in the exchange of produc-
tions at home can dimmish the importance of commerce with foreign nations,
or render it a matter of trivial moment to any people whether or not it
shall avail itself of the natural advantages it may possess to foster such a
commerce. It is accordingly matter of history, that every maritime people
that has ever, since the days of the Tyrians, made itself conspicuous among
the nations for its intelligence or enterprise, or has succeeded in securing to
itself a controlling position in the affairs of the human race, political or
social, has ever likewise found in foreign commerce one of the most prolific
sources of its prosperity, and has been accustomed to keep a vast amount of
its wealth constantly afloat upon the waters, and exposed to all the hazards
which brood in the bosom of the deep.

These hazards can never be totally annihilated. They will always be
the occasion of a greater or less amount of annual loss. And maritime
commerce, considered as one of the springs of national wealth, will always
be by so much the less productive as the dangers to which it is exposed,
and the losses to which it is consequently subject, are greater. Any expe-
dients, therefore, by which these dangers and these losses may be diminished,
any improvements, for example, in the construction of vessels, or in the art
of navigation ; or any additions to human knowledge in regard to the laws
which govern the winds or the waves in their seeming caprices, or in regard
•to the secret dangers which lurk invisibly in the ocean's depths, will inevi-
tably in due time be felt, in the increased returns with which they will
reward commercial enterprise, and in the stimulus which they will bring to
the growth of Commerce itself. For it is to be observed, that, in the dimi-
nution or annihilation of the hazards which attend any speculative adventure
of capital, a nation is profited not merely through the immunity from loss
of each individual adventurer, but, beyond that, through the encourage-
ment held out to other capital, unemployed or employed unprofitably, to
embark in a productive channel.

The dangers which attend the mariner are various. Some of them
accompany him everywhere, and are capable of being reduced or eliminated
only by perfecting the science of navigation itself, by improving the methods
of naval architecture, and by insuring to practical seamen the highest nauti-
cal skill, by providing for their thorough training to their duties. Others,
however, are local, and arise not out of the want of skill or science in the
navigator, or out of the fragility or ill-construction of his vessel, but simply
out of his unacquaintance with the natural features of the sea-bottom be-
neath him; with the currents of the surface on which he floats ; with the
degree of proximity or distance of reefs, or shoals, or dangerous shore-lines,
or with the courses which he should follow in order to escape so perilous a
neighborhood. Such local dangers are for the most part found in the
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vicinity of the land. Upon the high seas, indeed, the practised navigator
dismisses apprehension ; and though, as he leaves his port, he may lay his
course with a severely scrupulous accuracy, and trace his way by buoy or
beacon, or feel it out with an almost timid caution with the lead, yet no
sooner does he see the blue water rolling beneath him, than he experiences
a sense of security as complete as that which the landsman feels in the shel-
ter of his quiet home. As he approaches the port of his destination, his
anxieties return, and his vigilance is once more aroused. At this critical
period, ignorance or error may bring the most prosperous voyage to a sud-
den ancl fatal termination. The shores which mark the approaches to the
most frequented seaports of our continent, have been a hundred times
strown with wrecks of vessels dashed in pieces just as the ill-fated voyagers
whom they bore were congratulating themselves that all their dangers were
over. The wealth which has been engulfed, almost within sight of a single
American port, can only be told by millions ; and the lives which have been
swallowed up along with it present a melancholy total of many thousands.

Against the recurrence of disasters so calamitous, no absolute security
can ever be provided. But it is obvious that their liability to occur may
be very greatly reduced, by removing, so.far as human eifort can remove,
the principal cause of their occurrence, which is simply want of correct
knowledge of the natural features of the coast, as they appear exposed to
view, and as they lie concealed beneath the waters. Accordingly the gov-
ernments of all maritime nations have earnestly endeavored, especially in
modern times, almost without regard to the question of expense/to secure
a faithful and minute delineation and description of their entire ocean
boundary, both as to its visible-outline and as to the character of the sound-
ings which lead from it into deep water. For the purpose of obtaining this
information in the form most severely exact, systematic surveys, geodesic
and hydrographie, have been instituted and sustained for many years, by
the principal commercial powers of Europe ; the results of their operations
having been condensed, or being still in process of condensation, into the
form of elaborate hydrographie maps, or charts, for the guidance 'of the
navigator, and also for the assistance of the government itself, in selecting
proper sites for the lighthouses, buoys and beacons, which are to mark the
available channels, or to warn against hidden dangers. Such a survey of
our own coast, earned on under the authority of the Federal Government,
has been also for a number of years in progress ; and it is in regard to the
past history and present condition of this great public work that the present
committee has been appointed to inquire and report.

It is apparent, from what has been said, that the leading object directly
proposed in the conduct of the American survey, as in that of every other,
is to secure the safety of the wealth hazarded in commercial enterprises, by
reducing to a minimum the dangers of navigation. But it4may by no
means hence be justly inferred that the benefits of such a survey are lim-
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ited to particular localities, or confined to particular classes or portions of
the people ; that they accrue, for example, exclusively to the great marts
of commerce, or to the individuals directly and personally concerned in
foreign trade. To any one who attentively considers the causes which give
to property its value, it will be manifest that these benefits extend to every
citizen, no matter in what part of the country he may reside, provided that
he has anything whatever at stake in the prosperity of the commonwealth,
even though it be no more than the labor of his own hands. The cotton-
grower of Tennessee, and the tobacco-planter of Kentucky, whose agricul-
tural products seek a market in the old world, are no less positively inter-
ested in whatever may diminish the dangers of the seas than the merchant
who, without producing himself, makes it his business to convert their pro-
ductions for them into the equivalent values they require. This remark is
one of great importance. Nothing in these days is more common than to
hear the three great departments of human industry—agriculture, manufac-
tures and commerce—spoken of as if they were interests entirely independent
of each other, or even absolutely antagonistic. Yet, without the produc-
tions of agricultural and manufacturing industry, commerce would have no
material ; and without the constant, and convenient, and rapid exchanges
which commerce effects, agriculture and manufactures could have no life.
Whatever makes commerce easy, or diminishes the cost or the hazard of
its operations, encourages productive industry in every form, and renders its
rewards mpre certain and more abundant. For the sake of illustration, let
.for one moment, the effect, so often illustrated under the eyes of the present
generation, be considered, of opening up to public use a new line of commu-
nication, by means of a railroad or canal. There are thousands of farmers
in this country, who, immediately on the occurrence of such an event, have
seen the products of their labor practically doubled or tripled in value,
through the consequent reduction in cost, trouble and loss of time, experi-
enced in communicating with markets. There nre exhaustless deposits of
mineral wealth in every quarter of the country, which from being absolutely
valueless, because unavailable, have become sources of rich income to their
owners, simply in consequence of the creation of such artificial channels of
transportation. Now, as the aliment of commerce is the surplus production
of the country, it is self-evident that, if the ocean were to become suddenly
impassable, this surplus production would be to the nation precisely what
the unsalable produce of the isolated inland farm, and the slumbering
wealth of the inaccessible mineral deposits, are to their individual owners.
Since it could find no efflux, it could bring back no return. And though,
were such a state of tilings suddenly to supervene upon the arrangements of
business as they actually exist, the first ruin would fall, of course, upon the
commercial holders of this surplus production ; yet it requires no argument
to prove that the permanent suffering must fall • ultimately upon those who
created this surplus—must fall, in short, upon the whole body of producers.
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in the country ; and this, too, without any regard to the question whether
or not each has contributed his distinct share to the visible surplus, or
whether only his industry has been employed and rewarded by those who
have actually done so. And any conclusion at which we may legitimately
arrive, in regard to the effect upon the national welfare, of an entire extinction
of foreign commerce, arbitrarily supposed to occur, is measurably true also on
the supposition that the same commerce is obstructed by impediments which
embarrass its operations, but fall short of its total extinction.

Such impediments do actually exist in the natural dangers of the ocean
border. The sea-coast lies outstretched, a continuous, unbroken barrier, ob-
structing every avenue through which it is possible for the surplus production
of the country to find its efflux or receive its returns ; laying the whole in-
dustry of the nation, in every department, and throughout the. entire extent
of its territory—in the pioneer settlements of the West no less than in the
busiest of the commercial entrepôts of the Atlantic seaboard—under a .per-
petual and inexorable tax. To effect a reduction of this tax is the present
business, as it was the original design, of the Coast Survey; and the inter-
esta of the States which lie most deeply situated in the heart of the continent
are not less positively involved in the careful execution, and in the prosecu-
tion to completion of this great work, than those of any other.

To such as have never attentively reflected upon this important subject,
it may not readily occur in how great a variety of modes the knowledge
gathered in a properly executed survey of the coast is instrumental in pre-
serving the seaman from the disasters to which he is liable. There is no
difficulty, indeed, in understanding how, if the practicable channels are
traced out and marked by buoys, and if the natural landmarks visible at a
distance are accurately mapped down, with their bearings as observed
from point to point, and if artificial beacons are erected on the headlands,
or on the reefs or shoals, a navigator with the chart before him may be able,
in clear weather and by day, to pick his way in safety by the eye alone.
There is no difficulty in understanding how he may, even on clear nights,
be sufficiently secure in depending upon the guidance of the beacon-lights
of which the survey has fixed the most advantageous localities. • But it- is
not in the broad light of day, nor yet when the heavens are serene by night,
and the landmarks and beacons are easily discernible, that ocean disasters
occur most frequently, or take the navigator most usually by surprise. The
moments by far the most perilous are those in which the solitary voyager is,
as it were, walled out from the world by an impenetrable barrier of mist,
limiting the range of his vision, in every direction, to a distance often not
greater than his own vessel's length.

In such a situation of perplexity, helpless as it may appear, the charts of
a perfect coast survey furnish a guaranty of safety, which, though it exacts
of the mariner a more untiring vigilance, is yet no less to be rejied on than
the, guidance of visible beacons. The cast of the lead informs him of ..the
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r^k '^water beneath him, and of the nature of the materials which form the bot-
tom encountered by the plummet. A few successive casts indicate to him

the degree of inclination and the direction of the slope. With these ele-
ments to guide his judgment, he finds his place upon the chart without diffi-
culty, and traces the line of his progress step by step. And it is the descrip-

f tion of information here indicated which is most valuable of all to sailors,
I since this is the only species which is available when they are in their
/ . greatest peril. Yet it is obvious, without argument, that it is a kind of

information which can only be perfectly gathered by patient, persevering
and long-continued labor ; and which, in consequence of the changes con-
tinually going forward in the bed of the sea, can only be preserved in its
accuracy and its value, by frequent and careful revision.

/ Another mode in which a scrutinizing examination of the coast contrib-
/ utes to the safety of navigation is, by the discovery of sheltered bays or
/ inlets to which vessels may resort in stress of weather, and where they may
; lie in safety till the winds and waves recover their tranquility. Such
: harbors of refuge, as they have been not unaptly called, have been found to

exist in many parts of our extended coast, having been quite unknown even
to the sailors who frequent most the neighboring seas, until the searching
operations of the Coast Survey had brought them to light. Commerce
having .failed, for whatever causes, to appropriate these harbors to its uses,
whether on account of their inconvenient situation in reference to the inte-
rior of the country, or on account of the wildness or sterility of the sur-
rounding territory, or simply for the reason that their capabilities had been
overlooked ; all the benefits which have flowed from their discovery, all the
lives which they have rescued from destruction, and all the wealth which
they have snatched from the jaws of the deep, are undeniably to be passed,
wholly and entirely, to the credit of this great public enterprise. And were
it possible to strike a balance between the amount of outlay, on the one
hand, by which results of such value and importance have been accom-
plished, and the amount of material wealth, on the other, which they have
redeemed from the waves, it would unquestionably appear that the sum-
total of all the appropriations which have been made from the public treas-
ury for the prosecution of the work from the beginning, have been amply
more than overpaid by the benefits which have crowned some of these, its
subordinate and least conspicuous achievements.

But though the leading object contemplated in a.survey of the coast is
to provide for the security of navigation, and thus to subserve the interests of
commerce and of humanity, still there are other important ends incidentally
but at the same time necessarily promoted in the conduct of its operations,
which are .too important to • be disregarded, and which must be taken into
the account, if we would comprehend the full measure of the benefits which
euch a work is capable of conferring upon mankind. These will be more par-
ticularly exhibited in the detailed account which will presently bo given, of the
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results which have been already brought out, in the prosecution of our own
Coast Survey. It is sufficient here to state in brief, that they embrace the
accurate determination of favorable bases for the institution of trigonomet-
rical inland surveys, which may lead to the construction of scientifically
exact maps of the territory of the several States ; of observations ''on the
phenomena of terrestrial magnetism, and the laws which trovem their varia-
tions ; of investigations of the difficult problems connected with the irregu-
larities of the tides and of the winds; of the exploration of the Gulf
Stream and other ocean currents ; of the study of the distribution of sub-
marine deposits by these currents, and the formation of such deposits near
the points of discharge of the numerous rivers which intersect the coast ;
of the examination and settlement of questions relating to suspected or
probable changes of the relative level of land and sea, and other points of
the highest interest to geological science ; of the determination of the sites
most advantageous for the construction of national works of defence, and
many other matters of economical or scientific interest, less general in their
character.

METHODS OP PRACTICE EMPLOYED IN THE CONDUCT OF A GEODETIC AND

HYDROGRAPHIC SURVEY.

Such being the diversified and vajuable ends, for the attainment of
which so numerous and elaborate and extensive hydrographie surveys have
been set on foot in modern times, along the coast lines of our own and of
foreign countries, it is consistent with the design of this report to sketch in
outline the' methods of practice which have been employed in the actual
execution of works, so magnificent, so truly national in character, so in-
calculably useful, and so honorable to the governments which have under-
taken them, and of whose wisdom they are among the most splendid and
enduring monuments. The information here embodied would be unneces-
sary and out of place, were it to be addressed to geometers or physicists
only : but if the committee rightly interpret the purpose of the Association
in their appointment, it is a part of their duty to prepare such an account
of the great public work referred to them for review, as may be proper to
lay before the reading public at large.

GEODESY.—With the simple processes involved in ordinary field sur-
veys, every one ' may be presumed to be sufficiently familiar to enable him
on a slight .consideration to perceive their insufficiency to determine cor-
rectly any considerable portion of the earth's surface, or of any long line of
inland or sea-coast boundary. And whoever has reached this point will find
no great difficulty in understanding the general principles on which the
peculiar methods adapted to such extensive works are founded. In ал
ordinary survey, the surface of the earth is regarded as a plane, and every
field is considered to be a part of this plane, bounded by horizontal lines.
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Now as the earth is not plane upon its surface, but spherical, it is obvious
that there is error even in the smallest survey executed according to the
ordinary rules. And it is no less obvious that if two fields, side by side, be
independently surveyed, the two planes supposed to represent them will
not be mutually extensions of each other ; but will be slightly inclined to
each other, the angle of their inclination being equal to the amount of the
earth's curvature between their middle points. In the case we have just
supposed, indeed, this angle would be so very slight as to be altogether im-
perceptible : but should we compare two fields separated from each other by
the distance of a hundred miles, we should find their inclination to be so
great, that the plane of one of them extended in the direction of the other,
instead of coinciding with it, as it would do if the earth's general surface
•were itself a plane, would pass above it at a height of a mile and a quarter.

Again, in defining the boundaries of fields, it is necessary to refer them
to certain fixed lines of direction, certain cardinal points of the horizon, or,
as they are commonly called, points of the compass. Now if the earth
were a plane, all the lines which we call north and south would be parallel
to each other ; and so far as the limited space comprehended within a field
or a farm is concerned, such lines are actually sufficiently near to parallelism.
for every practical purpose. But since the earth is spherical, all such lines,
wherever drawn, must intersect each other at last if extended to the poles ;
and they must consequently be more or less convergent in every other
latitude. The extensive surveys of the public lands, therefore, executed by
the government surveyors according to the ordinary methods, exhibit but a
a loose approximation to correctness ; and they have only been preserved
from intolerable inaccuracy, by dividing the territory to be surveyed into
zones limited by parallels of latitude at moderate distances from each
other ; and resting each successive zone upon a new base. To illustrate, by
specification, the magnitude of the error involved in this mode of surveying,
when pursued over long Jines or extended surfaces, it may be observed that
such a survey carried from the shore of the Gulf of Mexico to the northern
boundary of the state of Mississippi, would be erroneous to the extent of
four miles in every hundred.

But in a survey designed to represent the features of a coast with such
exactness as to assure safety to the navigator who depends on the informa-
tion it affords him, there must be no question of miles or even of fractions
of miles of error ; the rigorous demand is, that there shall be no sensible
error at all. And therefore it is that the methods adopted must recognize,
in the first instance, the fact that the earth is a sphere. And all the lines -
and, surfaces involved in the various geometrical and trigonometrical opera-
tions, must be reduced to conform to this fundamental requisition.

But even. this does not represent the entire complication of the task.
The results which would be obtained by the strict application of the pro-
cesses of spherical geometry and trigonometry to the globe of the earth
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considered as perfect in figure, though immensely nearer to the truth than
any that could be reached by plane1 trigonometry alone, would still fail to ex-
hibit the points of the earth's surface as nature has presented them. For
the earth after all is not a perfect sphere ; but is larger in equatorial than in
polar diameter by about twenty-six miles. It is this deviation from the
truly globular shape which makes of the earth what is called an oblate
spheroid ; and this must still be allowed for, before a survey like that which
we are considering can possess the accuracy that either science requires, or
the safety of navigation demands.

To a survey of this kind is applied the tfirm, geodetic. Having indi-
cated the nature of the geometrical principles upon which its determina-
tions rest, it may be proper to give a brief account of the instrumental
methods which are employed in the field, in gathering the data for these
determinations. The first step, which is to serve as the basis of all subse-
quent operations is, to measure with extreme accuracy, in a convenient and
level spot, a base line of several miles in length. And when we speak of
accuracy, it is to be observed that the word as here used is to be received
in a much more severely rigorous sense than is the case in its ordinary ap-
plications. By the methods in practice in the American Coast Survey, á
line ten miles long may be measured with no greater error, than a fraction of
an inch.

After this first very delicate but mainly mechanical process •has been
completed, the next thing to be done is to fix upon some prominently con-
spicuous and conveniently distant point, visible from both extremities of the
base, and forming with them, by imaginary aerial lines, a triangle of large
dimensions. All the angles ofthis triangle are then very carefully measured
with instruments of the nicest accuracy ; and from the values thus obtained
and the known length of the measured base, the length of the unknown
aerial sides is determined by trigonometrical computation.

Each of these unknown sides having become now known, may in its
turn be made the base of a ne\v aerial triangle ; its extremities furnishing
two of the angular points, and some new station still more distant, and fa№-
ing conveniently in with the plan of the survey, supplying the/third. Thus,
by the continued repetition of the process here described,' a; chain of tri-
angles is constructed step by step, which follows generallyõtlíe windings
of the coast, but extends also as far inland as may be necössary to obtain
for the triangles the dimensions most favorable to accuracy. For it need
hardly be remarked that, if there be minute errors committed in the
instrumental parts of the work, as is doubtless unavoidable even when
instruments possess the extremest delicacy which art in its highest refine-
ments has been able to secure, these, though singly'imperceptible, may grow
by repetition and accumulation, until error actually sensible begins to
vitiate the results. On this account, therefore, it is desira*blc thai the
instrumental measurements should be as few as possible : and accordingly,
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ia thio principal chain of distances, the triangulation points are chosen ás far
from each other as the nature of the country will admit. It is a consequent
necessity that the network of triangulation, in order that it may fulfil every
important condition, should occupy a band of considerable breadth along
the coast. Indeed some of the liues which form the sides of these aerial
triangles, are not less than seventy miles in length : yet it is entirely de-
monstrable that the accumulated total of all the error with which they are
vitiated, does not exceed a single foot.

As a check upon errors of this description, and as a means of testing
the 'precision with which the instrumental and numerical processes have
been conducted along an extended line of triangulation, new bases, called
bases of verification, are occasionally measured, often some hundreds of
miles ^distant from the original base; and the length as trigonometrically
computed through the whole chain, is compared with that which is found
Ъу actual measurement. So close has, in many instances, been the agree-
ment between results obtained by methods so widely different, as almost to
exceed belief. A base of verification measured in France, in connection
with :.the triangulation carried on through that kingdom for the determina-
tion: of the length of a degree of the meridian, differed less than a foot
from the value found for the same base, by computation through a chain of
triangles, four hundred miles long. A similar base upwards'of seven miles
in length, measured on Salisbury Plain, in England, showed less than a
single inch of disagreement with the result deduced by calculation from an
original base at the distance of one hundred miles. The American Survey
furnishes an example no less remarkable. A base five and a half miles long
on an island in Chesapeake bay, as actually measured, and as determined
through a triangulation of more than three hundred miles, presents results
discordant to the extent of only four inches.

Next to the triangulation, in the logical order of proceeding, but practi-
cally simultaneously with it as far as convenience will allow, it becomes
necessary to determine, with mathematical precision, the latitude and longi-
tude of the principal points of the survey ; and the angles which the liues
composing the system form with the meridian. This is an essential pre-
requisite to the subsequent projection of the M'hole in its proper place on
the general map of the globular terrestrial surface, of which the several
partial maps form a suries of detached though successive portions.

TOPOGKAPHY.—The great primary triangulation having been estab-
lished, the members of the 'system are afterwards subdivided into smaller
triangles, called secondary; and these into others smaller still, called
tertiary. By means of these, all the prominent points along the coast,
and the principal features of its bays and harbors, are very accurately
fixed. These form again points of departure, and checks to secure the
accuracy of the final survey in detail, of the minute configuration of the
coast-line, and of the characteristics of the land, embraced within the limits
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of the work ; including its superficial irregularities, its lithological character,
the vegetable growth which covers it, and all natural objects or artificial con-
structions which are in any manner noteworthy, or which affect its visible
appearance. These operations are accomplished by a species of mathemati-
cal drawing conducted in the field, with the aid of an instrument called
the Plane Table; and constitute the topographical portion of the sur-
vey.

HYDROGRAPHY.—All the laborious processes thus far described are con-
fined to the laud. Without them, the examination of the subaqueous irregu-
larities, or the hyarographical survey, important as is this part of the work
to mariners, could not be carried out so as to be of any substantial value.
For it is the business of this branch of the survey to furnish an accurate
delineation of the surface which the water conceals ; and the .positions of
the remarkable points of this surface cannot be correctly placed on the
chart, nor can the chart enable the navigator to recognize them, when he
finds himself in their neighborhood, unless they are correctly determined in
distance and direction from the objects visible on shore or above the water.
The points, therefore, trigonometrieally determined on the land, are used to
fix the positions of sounding vessels, which are employed to ascertain the
depth of the water and the nature of the bottom—the positions selected
being so much the less distant from each other as the irregularities detected
are greater, the shoals more dangerous, the submarine deposits more varied,
and the seas under examination more frequented.

Observations upon the tides and currents, on the variation of the com-
pass, and on the effects of winds upon the level of the water, furnish the
remainder of the data necessary to complete the information which is to be
presented on the chart—necessary, in other words, to form a graphic repre-
sentation, which shall exhibit with minute accuracy the latitude and longi-
tude of every remarkable point of the shore-line, and of every promontory,
hill, mountain, or other object which, when the land is in view, can aid the
mariner in identifying his position: which shall show, also, the situations
and windings of channels ; indicate the localities of hidden rocks and shoals ;
give the depth of the water, and the character of the bottom, everywhere
within the limits which can he. reached in ordinary soundings ; and, finally,
furnish all the information in relation to tides and currents, light-houses,
beacons, fog-bells, buoys and sailing lines, which is necessary to render
navigation secure.

Such being the objects aimed at, and suoh the processes employed in
conducting the difficult work of a Coast Survey, it seems proper, before
proceeding to inquire how far these objects have been successfully pursued,
or these processes skilfully and faithfully applied in the prosecution of the
survey of our own coast, to review, in brief, the history of similar under-
takings in other countries. To this topic, therefore, the committee propose
to direct their next attention.
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ACTION OF OTHER*GOVERNMENTS IN BEGARD TO SUCH SURVEYS.

The national importance of works such as we are considering has for a
long time been fully recognized by the governments of Europe. The
•French, who were the first to apply, the principle of triangulation to the ad-
measurement of an arc of the meridian, with a view to determine the curva-
ture and figure of the earth, were the first also to frame a territorial map
upon the basis of geodetic surveys. The want of accuracy, however, in
some of the elemental proceedings upon which this well-known map was
founded, and the comparative meagreness of its details, gave riso to a scien-
tific organization, inaugurated some fifty years ago under the auspices of
La Place, for the purpose of its review and reconstruction. From that time
to the present, the new geodetic survey of the kingdom, republic and
empire has been steadily advancing ; and, at the date of this report, about
four-fifths of the work, embracing maps of some one hundred and seventy
thousand square miles, may be regarded as nearly completed. The hydrog-
raphy of the coast is finished. The cost of these magnificent contributions
to the political importance and domestic interests of France cannot be esti-
mated definitely ; for the departments to which they have been confided
have had other duties in charge ; but the annual expenditure has been esti-
mated at a little less than three hundred thousand dollars. The charts for
general use aïe on a scale of rather more than three-quarters of an inch to
the mile ; some of them, intended to direct in the construction of public
wprks, are on a scale four times larger.

The trigonometrical survey of England proper was begun in 1791, and
•will be finished in a few years more. A million of pounds sterling has been
expended in its prosecution. The surveys have been made on a scale of two
inches to the mile, with the exception of the six northern counties, where the
scale was increased to six inches to the mile. The published charts are on
a scale of one inch to the mile, and 108 sheets will cover the whole area of
England and Wales.

The surveys of Scotland and Ireland are independent of that of England.
They were begun later, and have advanced more rapidly ; but they have
been pursued into greater minuteness of detail, and have involved a greater
rate of expenditure. In one of the documents laid before Parliament a few
years ago (1851), the surveys of the three kingdoms were estimated to
require, for completion, the sum of four millions one hundred and thirty-
three thousand pounds sterling—a sum equal to more than twenty millions'
of dollars.

The Austrian Government has been, for some eighteen years, engaged
in a survey of its dominions, at an annual cost of half a million of dollars.
The Russian, the Prussian, the Swedish and Norwegian, the Sardinian, the
Belgian and the Spanish Governments—indeed, all the governments of
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Europe, -without a noticeable exception—have actively occupied themselves
with the topography of their respective territories. A summary view of
their labors, so far as definitely ascertainable at the latest dates, is exhibited
in the following tabular arrangement :

Territory surveyed.

England,
France,
Belgium,
Netherlands,
Hanover,
"West Prussia,
East Prussia,
Upper Prussia,
Hesse,
Wurtemberg,
Baden,
Switzerland,
Bavaria,
Tyrol,
Sardinia,
Parma and Roman States,
Illyria and Styria,
Austria,
Bohemia,
Saxony,
Silesia,
Gallicia,

Scale of Maps,
55

1: 63,310
1: 80,000
1: 20,000
1: 50,000
1:100,000
1: 60,000
1:100,000
1:160,000
1: 60,000
1: 60,000
1: 60,000
1:100,000
1: 60,000
1:144,000
1: 86,000
1: 86,000
1:144,000
1:144,001>
1:144,000
1: 67,000
1:144,000
1:160,000

Sheeu finished.

100
172

completed.
12
63
69

190
33
36
66
56
10
90
23
41
8

37
37
33
14

• 23
23

Sheets incomplete.

8
77

60
0
0

66
0
0
0
0
6
0
0
0
0
0
0

14
3

35
0*

Besides these, which, as the table shows, have produced more than
eleven hundred sheets of finished map-work, there are the completed survey
of Greece, and the surveys of Sweden, Denmark, Norway, Spain, and other
countries, yet in progress.

lu the course of these works, under the guidance of the ablest astrono-
mers of their time, — La Place, Arago, Struve, Bessel, Schumacher, Gaues,
Carlini, and their compeers,—the entire surface of Europe has beeu traversed,
and a series of great arcs has been measured, extending together over
nearly forty degrees. The chains of triangulation, which were constructed
in the geodesy of each country, have been connected into one harmonious
system ; and it is not too much to say, that, in a very few years, every town
and hamlet, and isolated villa—every mountain and hill, and lake and battle-
field—win have its place assigned it, with mathematical precision, upon the
general map of the European continent.

The hydrography of the coasts has been the object of equal care. Ad-
miral Beechy, in his address before the Royal Geographical Society, in 1856,
speaking of the hydrographie surveys of the north of Europe, which had
been conducted by Russia, Prussia, Sweden and Denmark, says: "Nofleet
ever left England so well supplied with charts as the Baltic fleet of the last
war."

The survey of the East India Company's possessions, under Colonel
2
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Lambton and Lieutenant-Colonel Everest, is distinguished among the geo-
detic achievements of the time, no less by its magnitude than by the skill and
energy with which it has been prosecuted. It has measured, by great tri-
angulations, a meridian arc of twenty degrees and twenty-one minutes, or
of about fifteen hundred miles in length. Up to the present time, it has
delineated fcrar hundred and forty-seven thousand square miles of territory,
being about one-third the whole area of India.

The hydrographie operations of the Company have embraced a part of
the eastern coast of Africa, the Red sea, the Persian gulf, the Arabian sea,
the Bay of Bengal, and the China sea. The charts, one hundred and forty-
five in number, include the trace of a series of reconnaissances of all the
shores, from the most eastern cape of Africa to China.

It would be out of place, in this very general review, to pursue into
greater detail the history of these numerous and extensive and interesting
foreign works ; or to enumerate specifically the various and important ben-
efits which they have been the means of bestowing upon mankind. If the
committee have succeeded in showing that the governments of the civilized
world have generally favored public works of the kind under consideration,
their object will have been attained. But they believe that they have done
more than this. They believe that enough has been said to make it mani-
fest that all enlightened governments have vied with each other in the
liberality, the zeal, and the perseverance with which they have prosecuted
their several surveys ; and have displayed, in the spirit which has sustained
them, a most laudable ambition to secure for their results the severest scien-
tific accuracy.

FIBST ORGANIZATION OF THE COAST SUKVEY OF THE UNITED STATES.

It is believed that the honor of first suggesting a geodetic survey of
the American coast, is due to the elder Professor Patterson, of Philadelphia ;
who, as early as the year 1806, availed himself of his intimacy with the
President, Mr. Jefferson, and the gentlemen who formed his cabinet, to
impress them with the feasibility and policy of the measure. The act of
Congress of 1807 was passed upon the executive recommendation. It
authorized the President to cause a survey to be made of the coasts of the
United States; in which were to be designated the islands, shoals and places
of anchorage within twenty leagues of the shore, with the courses and
distances of capes and headlands, and such other matter as might be deemed
proper for completing an accurate chart of every part of the coast. It also
authorized the survey of St. George's bank, and any other banks or shoals,
and the soundings and currents beyond the limits aforesaid to the Gulf-
etream.

A circular was accordingly issued by Mr. Gallatin, the able statesman
then at the head of the Treasury Department, setting forth a project of a
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survey, and inviting to it the attention of scientific men. In this project,
the proposed operations were distributed under three heads :

1. The ascertainment, by a series of astronomical operations, of the true
positions of a few remarkable points on the coast.

2. A trigonometrical survey of the coast between these points.
3. A nautical survey of the shoals and soxmdings of the coast, of which

the trigonometrical survey was to supply the basis.
Among the gentlemen who replied to the. Secretary's circular, was the

late Mr. F. R. HASSLER. This gentleman had, previously to this time, been
engaged in the triangulation of the Swiss canton of Berne ; and he proposed
to place at the service of our government the ability and experience which
he had acquired in the school of practice, for the execution of the American
survey.

Mr. Hassler was accordingly appointed; and in the year 1811 he
visited Europe for the purpose of obtaining the instruments necessary for
his operations, all of which had to be specially constructed; but owing to
the disturbed state of the continent, and the subsequent war between
England and the United States, his efforts to obtain them were for a long
time baffled. He did not return to the United States until the year 1816 ;
and it was not until some time in the year following that a commencement
of the work was at length made in the bay and harbor of New York.
But the work had been hardly begun, before it was suspended in conse-
quence of the failure of Congress to provide funds for its continuance ; and
in 1818 the law under which the Superintendent had been appointed, was
repealed.

From 1819 till 1832 attempts were from time to time made to survey
portions of the coast under the direction of the Navy Department.
Detached surveys of rivers and harbors were made ; and hydrographie
reconnaissances of the coast of some of the States; but no general or
connected survey of the coast was attempted, nor did the detached surveys
yield fruit which, taken as a whole, could be considered creditable to the
navy or to the country. The Hon. S. L. Southard, Secretary of the Navy
in 1828, in a reply to resolutions of inquiry from the Committee on Naval
Affairs, in the House of Representatives, characterized the charts produced
by those surveys as expensive and unsafe, pointed out the inefficiency of
such a desultory plan of operations, and recommended a recurrence to the
law of 1807.

On the repeated representations of Mr. Southard, and others, the
project of a geodetic survey of the coast conciliated again the favor pf
Congress in 1832. A small appropriation was then made for carrying out
the law of 1807, and the President was authorized to employ in the conduct
of the workbench astronomers and other persons as he should judge proper,
in addition to officers in the land and naval service. From this time the
operations of the Coast Survey passed anew under the charge of Mr.
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Hassler 5 and he continued to direct them till his death, which occurred in
the year 1843.

In reviewing the history of this*early period, it is proper to remember
that " the first years were necessarily years of organization and instruction.
The Superintendent had to systematize methods, to train up assistants, to
cause the work to grow from a small beginning, until it comprehended
the various operations of a geodetic survey upon the land, and included
the hydrography of the adjacent waters. When the results accumulated,
it was necessary to provide for their computation and reduction ; and also
for the preparation of maps and charts upon a plan suited to our extended
coast, and for the engraving of the maps themselves. All these things
were new in this country. The amount of knowledge, skill and labor
required to overcome these and other difficulties was hardly appreciated.
The results show how large an amount of work had been done, and how
the work was extending beneficially at the time of Mr. Hassler's death."

The condition of the work as Mr. Hassler left it, will be made intelli-
gible by the following brief statement. A base line had been measured on
the south side of Long Island, in the vicinity of New York, the commercial
importance of which obviously indicated it as the proper point of beginning.
The triangulation had extended eastward to Rhode Island, and southward
to the head of Chesapeake bay ; the primary triangulation crossing the
neck of New Jersey and Delaware, while a secondary triangulation skirted
the coast of New Jersey, meeting and inosculating with another series
which extended down Delaware bay. The topography had kept pace with
the triangulation ; and the hydrography of New York bayand harbor, of
Long Island sound, of Delaware bay and river, and theoïï-shore work,
from Montauk Point to the capes of the Delaware, were nearly completed.

• A reference to the table of statistics in the second part of this report
will show that the triangulation covered an area of 9,000 square miles,
furnishing determinations of nearly 1,200 stations, for the delineation of
1,600 miles of shore-line ; that 168 topographical maps had been surveyed,
and 142 hydrographical charts. The work of publication had been
organized, and five large charts were engraved, very nearly ready for
publication.

The progress thus sketched, although really very considerable, and
highly creditable to the late Superintendent, was still felt to be inadequate
to the pressing demands of commerce, and clamors arose in Congress
against the administration of the Survey, ascribing the slow progress to an
unnecessary refinement in the processes employed, and claiming the results
to be inadequate to the expenditure. An investigation was accordingly
instituted in 1842, by a congressional'committee, which, after a severe and
unfriendly scrutiny, practically resulted in a complete endorsement of the
principles on which the Survey had been conducted by Mr. Hassler. A
proviso was attached to the Appropriation Bill in 1843, directing that the
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Survey be thereafter executed according to .a plan of reorganization to be
prepared by a board of officers, consisting of the (late) Superintendent, his
two principal assistants, the two naval officers in charge of the hydrographical
parties, and four officers of the corps of topographical engineers.

The plan adopted by this board in 1843, and invested with the force of
law by the preceding legislation, reaffirms the scientific methods proposed
by Mr. Hassler as the basis of the work, and provides for the organization
of its operations.

EXPANSION AND MODIFICATIONS OF THK COAST SURVEY UNDER THE
PRESENT SUPERINTENDENT.

In consequence of the death of Mr. Hassler, which occurred soon
afterwards, the responsibility of amplifying and carrying into effect the
provisions of the adopted plan devolved mainly upon his successor, the
present Superintendent, ALEXANDER DALLAS BACHE. The appointment of
this gentleman was a concession to the universally expressed scientific
judgment of the country. It is within the personal knowledge of some
members of this committee, that our colleges, learned societies, and men of
science, united in one strenuous call upon the executive, to withdraw
Professor Bache from the field of more limited usefulness in which he was
already distinguished, and to secure to the entire nation the benefit of his
great talents and his services. And it is matter of just pride to them, that
their elevated estimate of his merits has been so abundantly vindicated by
the brilliancy of his official career.

Up to this time, it will be observed, the Survey had been confined
entirely to the Atlantic coast, and to the limited portion of that coast
embraced between Narraganset bay and Cape Henlopen. No sooner had
the new Superintendent been able to form some just estimate of the
magnitude of the work in hand, and of the great length of time which it
must require for its completion, at its actual rate of progress, and with the
existing provision for its prosecution, than he urgently recommended the
adoption of a more comprehensive system, according to which the work
should be commenced, and carried on independently, in many places at
once ; each section employing its own base, and making its own geographical
determinations; but all designed to form, when completed, a single con-
tinuous and unbroken chain of triangulation extending from one end of the
coast to the other. At that time Texas had not been annexed, and the
western coast "was not in the possession of the United States. The proposi-
tion of Professor Bache, reduced to a specific form, was to divide the entire
coast of the Atlantic and the Gulf of Mexico, into eight distinct sections,*
embracing as nearly as could be estimated, the same ' length of shore-line in

* Since the acquisition of Texas and the extension of the work to the Pacific coast, the
number of sections has been increased to eleven.
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each ; and to commence the work in as many of these simultaneously, as
Congress could be induced to provide for.

This recommendation was made at the close of the year 1844, and was
immediately approved. Accordingly, in the course of the following year,
the Superintendent, besides extending the line of Mr. Hassler at both ends,
commenced active operations on the coast of Virginia and North Carolina
upon the Atlantic, and upon the coast of Alabama and Mississippi in the
Gulf of Mexico. Two years later the work had- been extended to the
States of South Carolina, Georgia, Louisiana and Texas ; and two years
later still the important survey of the reefs and keys of Florida was
commenced.

On the annexation of California, the Pacific coast was immediately
included in the plan of operations ; and such was the vigor with which the
work was pushed forward in every quarter, that Mr. CoKwm, then Secretary
of the Treasury, in a report communicated to the Senate in 1851, was
enabled to show, that a twofold increase of appropriations to the work had
produced an increase in the amount of performance, and in the aggregate
of the results obtained, more than threefold. And he traced this economy
to the division of labor which an increased scale permits, and to the
vigorous prosecution of the work at the south and at the north at the same
time, whereby the same persons can avail themselves of the best season for
operating in the field in each region. The Secretary, at the same time,
advised strongly against the reduction of the appropriations, in the
diminution of the force employed on the Survey ; maintaining that such
retrenchments could be made only at a large economical sacrifice.

With this brief statement of the general administrative principles,
according to which the present Superintendent has aimed to conduct the
operations of the important work confided to him, the committee proceed
to consider, in more specific detail, some of the particular methods pursued
in its execution, with special notice of those in which an advance has been
made upon methods heretofore used in this or similar works, passing after-
wards to a review of the results obtained up to the present time.

DETAILS OF COAST SÜßTET OPERATIONS UP TO 1858.

Under this head, the committee desire to acknowledge their obligations
to the obliging assistants in the office of the Coast Survey at Washington,
for information courteously rendered in regard to such matters of history
and methods of practice as are not fully embraced in the published reports,
and to which the personal knowledge of the members of the committee
could not be presumed to extend.

MEASUREMENTS OF BASES.—There, have been measured in all, up to the
date of the present report, nine principal base-lines, two of which are now
connected by a primary triangulation. These two are the Fire Island base, on
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the south side of Long bland, and the Kent Island base, in Chesapeake bay.
Both of these, and also a third one in Massachusetts, were measured with
the apparatus designed by Mr. Hassler, and fully described by him in the
Transactions of the American Philosophical Society, vol. IV. ; the measure-
ments being made with iron bars, and by optical contact. Four bars, each
two metres in length, were clamped together endwise, forming a combined
length of eight metres, and placed in a wooden box suitably stiffened, the
ends of the bars projecting a little beyond the box. A powerful microscope,
mounted on a suitable stand, was adjusted so as to bring its cross-wires to
point at the forward end of the bars, which was defined by the dividing
line formed by an abutting piece clamped against it. The box was then
carried forward and adjusted in position so as to bring the rear end under
the same microscope ; another was adjusted over the forward end, and the
measurement continued in this way. The temperature of the bars was
ascertained, as nearly as may be done by such means, by thermometers
placed in contact with the bars. It will be observed that the correction for
temperature is a very sensible quantity in a long line; supposing the
temperature at which the standard has its determinate length to be 32°
Fahr., as is the case with the metre, and the measurement to have been
made at an average temperature of 72°, the nominal length of a line of 10
miles would be 4.5 metres, or nearly. 15 feet less than the true length
expressed in the standard measure. It is highly important, therefore, that
the temperature of the bars during the measurement should be accurately
ascertained, or else, that the expansion should be compensated, as in the
case of a compensation-pendulum. A mercurial thermometer of ordinary
form will follow changes of temperature far more quickly than an iron bar
of some thickness, owing to the great specific heat of the latter ; while the
temperature is rising the thermometer will show a higher, and while it is
falling a lower temperature than the iron bar will have acquired at the same
time, and the measurement is liable to errors arising from this source, unless
the фгогв in both directions are accidentally balanced in the aggregate.

To obviate this source of error, Professor Bache designed an apparatus,
which was constructed in the offipe of the Coast Survey, under his direction,
and with which the subsequent sSerhave been measured. In this apparatus
the measuring bars are arranged upon the plan of compensation for the
effects of temperature, which was first used by Colonel Colby in Great
Britaio, and afterwards in this country by Mr. Borden, in the Trigono-
metrical Survey of the State of Massachusetts ; but the mode of obtaining
the compensation is entirely different. A principle is-also introduced,
which, though of sufficiently obvious importance when once suggested, had
not been previously recognized; or had not, at least, been previously
applied in practice. It is matter of observation that if a bar of brass and a
bar of iron of equal dimensions be exposed to the same source of heat, they
will not always undergo equal changes of temperature in equal times ; but
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that, after a short interval, a difference will be found to exist, the amount of
which will depend on the different conducting properties of the two metals,
their different specific heats, and the different powers of absorption possessed
by their surfaces. Accordingly, two such bars, if of equal cross-sections,
will not form a system compensating during progressive changes of tem-
perature, however perfectly the compensation may be ultimately effected,
when the temperature shall have become stationary, and uniform throughout
the system. In order therefore that a combination of such bars may answer
the purpese aimed at, their sections must be so proportioned to their con-
ducting power and specific heat, that their fluctuations of temperature
under different exposures may go on at precisely the same rates. As to the
absorbing power of their surfaces, that is easily made identical, by giving
to both bars the same external coating.

The lever of contact and level, first used in the adjustment of standard
measures by BESSEL, has been adapted to this apparatus, the contact
between two sets of bars being made by a blunt knife-edge against a plane,
both of agate. Those who desire to study this beautiful and delicate
arrangement are referred to the Coast Survey Report for 1854, where it is
described and figured. The mechanical arrangements by means of which
the bars are adjusted in line, height and inclination, are also worthy of
admiration ; and such is the rapidity with which the apparatus can be used,
that on favorable ground a mile has repeatedly been measured in a single
working day of ten hours. It is so arranged that the measurement may be
made at inclinations up to 3° with the same facility and accuracy as on
level ground.

The accuracy of its results has been practically tested by repeated
measurements of the same distance, from' which it appears that the probable
error in measuring a mile is about two hundreths of an inch. This base
apparatus was designed in 1845, and first used in 1847 on Dauphine Island,
on the coast of Alabama. Since then base-lines have been measured with it
in North and South Carolina, in Florida, and in Maine. All these measure-
ments have been conducted by the Superintendent in person, aided by
some of his assistants. The average length of the primary base-lines
measured thus far is about six

Many laborious and delicate experiments were requisite to perfect the
adjustments of the apparatus. Before and after the measurement of each
base-line, the length of both sets of bars, which is six metres or nearly
twenty feet, is carefully compared with a standard bar of iron. The rate
of expansion of this standard has been ascertained by experiment, and its
length at 32° Fahr, has been verified by means of six single metres abutting
endwise, each of which has been compared with an authentic standard
metre — one of those originally made by the French committee on weights
and measures. The possession of this valuable standard, which was brought
to this country by Mr. Hassler, and by him presented to the American
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Philosophical Society, was one of the chief reasons for using, the metre as
the unit of length in the Coast Survey, especially in the absence of any
legally established standard of the country. The length of the English
yard, which is our customary unit of length, has but recently been defini-
tively settled in Great Britain ; and the fact that the dimensions of the earth
have hitherto been best known in metres,* makes the latter measure one of
great convenience in geodetic operations. The distances in the Survey are,
of course, also given in yards, and miles, for common use.

The comparisons of length are made by means of Saxton's pyrometer,
an instrument of great simplicity, and affording the highest degree of
accuracy. A small mirror, movable about a vertical axis, reflects into the
field of a telescope, placed at a distance of 20 feet, the divisions of a long
curved scale fixed directly under the telescope; by means of a small
abutting piece attached to the mirror, any diiference in length to be
measured causes a corresponding rotation of the mirror, by which dif-
ferent scale-divisions appear on the wires in the telescope, and a greatly
magnified indication is thus obtained by an index equal in length to twice
the distance of the mirror from the scale. The quantity to be measured is
thus readily magnified 2,000 times, without any loss from inertia and
flexure, which would be unavoidable in obtaining a similar result by means
of mechanical levers.

The necessity for the greatest attainable accuracy in such operations is
apparent when we remember, that an error in the base-line will affect the
whole distance depending upon it by triangulation in the same ratio : thus,
if the base-Hue were in error by bul^ itá ten-thousandth part, a distance of
100 miles depending on it would bej^rror, from that source alone, by one
hundreth of a mile or 53 feet;

The Fire Island base, on the south side of Long Island, and the Kent
Island base in Chesapeake bay, are connected by a primary triangulation.
These are the bases alluded to in a former part of this report, where it is
•mentioned that the Kent Island base has served to verify the others. This
Kent Island base is five miles and four-tenths long, and the original Fire
Island base is eight miles and seven-tenths. The shortest distance between
them is two hundred and eight miles; but the distance through the triangu-
lation is three hundred and twenty. The number of intervening triangles
is thirty-two ; yet the computed and measured lengths of the Kent Island
base exhibit a discrepancy no greater than four inches.

On some portions of the coast, where the pressing wants of commerce
made it desirable to commence the work in advance of the regular primary
triangulation, local surveys have been executed based on preliminary base-
lines, which were measured with -wooden or iron bars, and some simple
auxiliary apparatus, generally devised by the assistants having immediate

* Or rather in terms of tho false, of which the metre is a certain aliquot part.
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charge of the work. Some of these contrivances have been described in the
annual reports of the Superintendent, and will be found тегу useful to
persona wishing to execute local surveys with some degree of accuracy.
See particularly C. S. Report, 1857. All such preliminary measurements
will in time be superseded by measurements with the compensating appa-
ratus above described.

MEASUREMENT OF ANGLES.—In measuring the angles of the primary
triangulation, theodolites of various sizes and construction are employed.
The largest instrument of this class belonging to the Coast Survey has a
circle of'30 inches in diameter, graduated «f five minutes, and reading to
single seconds of arc on three micrometer-microscopes ; it is provided with
a telescope of great power, which is partly supported by springs within the
upright columns, so as to relieve the bearings in a great degree from
friction. The weight of the whole upper or movable portion is in great part
supported by friction rollers and taken off from the vertical axis, in order to
secure the latter against wear and to obtain a very free motion about the
axis; This instrument was designed by Mr. Hassler, and constructed by
Troughton & Simms, of London. It is used by the Superintendent in the
execution of the primary triangulation of the north-eastern part of the
coast, where the country presents considerable natural elevations and
admits of long lines of sight, ranging from twenty to eighty miles in length.
The accuracy of pointing and reading attained'with this instrument is such,
that, notwithstanding the varying condition of the atmosphere, the probable
error of a single measure of an angje is about one second and a quarter,
which in the mean of thirty such measures, the usual number taken, is
reduced to about one-fourth of a second. The observations are made under
all conditions of visibility of signals, varying from a well-defined and steady
image, to a nearly obliterated, trembling blur. For each observation, the
appearance of the signal observed has been carefully noted ; and the means
have been thus obtained for a discussion of the results with reference to the
conditions of vision. The results arrived at justify the conclusion, that the
mean of observations taken in various states of the atmosphere, is probably
preferable to the mean of such as have been obtained under circumstances
apparently the most favorable ; there being in the former case less of correc-
tion required to fulfil the geometrical conditions of the work ; while a given
limit of probable error can generally be reached by that method, in much
less time than by the other. Thjs result may be readily accounted for,
by supposing that, under the conditions which appear most favorable to
accuracy of observation along a line of considerable extent, there may
regularly occur a slight lateral deflection, which, in the mean of observations
taken under different conditions of the atmosphere, is sensibly eliminated.

A theodolite nearly similar in construction with the one described, but
having only twenty-four inches diameter, is likewise used in the primary
triangulation. Besides these, repeating theodolites with circles varying
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from twelve to six inches are employed in. the different classes of triangula-
tion. On the Atlantic coast south of INew York, and on the shores of the
Gulf of Mexico, where the country presents no considerable emmenées, and
is in general densely wooded, the instruments frequently require to be
elevated on wooden structures, in order to overcome the curvature of the
earth, and to get above the most heated statum of air. These structures,
which range from twenty-five to fifty feet in height, have been constructed
on various plans by the assistants of Professor Bache, and have proved
amply steady for measurements,t,with the repeating instruments.

The ' signals generally employed to mark station-points are straight
poles, supported by a tripod, and surmounted by a cone or bell-shaped cap
of bright tin, on which the reflection of the sun shows a luminous spot to
the observer. On the long lines of the primary triangulation, however,
heliotropes are used in addition to the signal-poles. The heliotrope, invented
by Gauss, is an instrument in which a mirror of a few square inches surface
is so mounted in connexion with a telescope, that the reflection of the sun
may be thrown to any desired direction. It is very effective, and it is not
unusual to observe on heliotropes on the summit of mountains 80 or 90
miles distant, when the outlines of the mountains are invisible through the
hazy atmosphere.

The number of observations taken for the different classes of triangula-
tion is so apportioned to the quality of the instruments used, and to the
agreement of the individual observations among themselves, that the error
of the sum of the angles in a primary triangle will not exceed three seconds,
or nine seconds in a triangle of the second order. These limits of error,
however, are seldom reached in fact. The average correction required for
an observed angle in the eastern section, where the stations are natural
elevations and the sides average over forty miles in length, is about four-
tenths of a second. In the southern sections it is rather larger. '

OBSERVATIONS OF LATITUDE,—In order to fix the situation of the whole
network of triangles on the surface of the earth, it would suffice to deter-
mine the latitude and longitude of some one point, and the direction with
reference to the true meridian of one of its lines—its azimuth—if the
figure of the earth were precisely known. But owing to the irregularities
of the latter, it is found necessary to repeat those determinations very
frequently, by which means the work is checked, and any accumulation of
error avoided, while at the same time the figure of that portion of the earth
covered by the survey is accurately ascertained. Observations of latitude
are made at numerous stations of the primary triangulation. Different
methods and different instruments have been employed, and the results
have been carefully discussed in order to determine which are best and
most available. A two foot vertical circle, and several twelve-inch repeating
reflecting circles, by Troughton & Simms ; and also six-inch and ten-inch
repeating theodolites by Gambey, were tried successively, but the results
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were found to be liable to considerable instrumental errors, and the degree
of their accuracy proved to be insufficient to repay the labor which had
been bestowed upon them. Finding a larger class of instruments to be
indispensable, Mr. Bache had recourse to the prime vertical transit, the
zenith telescope or equal altitude instrument, and the zenith sector ; each
provided with a telescope of forty-five inches focal length.

The method of determining latitude by observations of transits of
stars over the prime vertical, first used by Bessel, is admirable in theory,
but in practice a great loss of time and labor is often occasioned by clouds,
which interfere with obtaining corresponding sets of eastern and western
transits; and for operations in the field this method is found to present less
advantages than others.

The zenith telescope, or equal altitude instrument, was first applied to the
determination of latitude by Capt. A. Talcott, late an officer in the United
States army, and has been remodeled and specially adapted to the purpose
in the Coast Survey, where it has become the favorite instrument on account
of the great number and accuracy of the results that can be obtained in a
given time, and the facility with which it is used. It is employed in deter-
mining latitudes by measuring, with an attached micrometer, the differences
of zenith distance of stars culminating within a short time of each other, at
nearly the same altitude, on opposite sides of the zenith. From the star
catalogue of the British Association may be selected any desirable number
of pairs of stars having the required relative positions. If, after pointing
the micrometer wire in the telescope to a star at its meridian passage south
of the zenith, and revolving the instrument about its vertical axis, the
telescope remaining at a fixed inclination, we find that a star culminating
north of the zenith passes precisely on the same wire, we infer that the
zenith is exactly midway between the two stars, and consequently that its
distance from, the celestial equator, or the latitude of the place, is equal to
the mean or half sum of the declinations of the two stars observed. If, fur-
thermore, the second star does not pass precisely on the wire, but still in the
field of the telescope, we are able to measure the difference of 'zenith dis-
tance by means of the micrometer, and correct by half that amount the half
sum of the declinations. By means of a delicate level attached to the instru-
ment we keep account of its deviation from the true vortical. The whole
observation thus consists of pointing and reading the micrometer, and not-
ing the level, in each position of the instrument.

This method possesses also the great advantage that the result is nearly
free from the effects of refraction, which enters only so far as the difference
of zenith distance is affected by it ; the correction for refraction never ex-
ceeds a quarter of a second.

The observations with the zenith telescope being considerably more accu-
rate than the positions of the stars in the British Association's catalogue, it
has been preferred rather to increase the number of pairs employed, than to



PART I: OBJECTS, HISTOKT, METHODS. 29

multiply observations on the same pairs. In practice, from twenty-five to
forty pairs of stars are observed, at a station ; with from four to six observa-
tions on each pair, on different nights. The probable error of a single ob-
servation with the zenith telescopes used in the Coast Survey is from three
to five-tenths of a second ; while the probable error of the catalogue planSf
considerably exceeds one second. The Greenwich observations, and other
recent catalogues, frequently supply better pla»£ than the larger catalogue
just referred to ; and thus contribute to improve the result.

Prof. Bache has at various times communicated to the American Associa-
tion notes on the use of the instrument in question, and at the Baltimore meet-
ing read a paper showing the remarkable result that when at a station the same
"stars are observed by the same observers with different zenith telescopes, and
by different observers with the same instrument, results almost identical were
obtained ; setting at rest the question of any residual personal or instru-
mental errors. It may safely be predicted that this simple and effective in-
strument is destined to supersede all others for the determination of latitudes
in the field, and it is proper here to state that the recent assertion of Mr.,
Porro, a French engineer, that the method used in America is merely Gauss'
method of equal altitudes, is founded on an entire misconception of the
method and instrument as used in this country.

The zenith sector of the Coast Survey is constructed on the plan designed
by Mr. Airy, the Astronomer Royal of England, and is similar to the one
recently used in the British Ordnance Survey, but possessing some improve-
ments in the details suggested by the use of the latter. It is an admirable
instrument, perfect in design, and in point of accuracy compares well with
a zenith telescope of equal power : but its ponderousness and the greater
labor attendant on its use make it less eligible for observation in the field.
Its capabilities, however, are much greater than those of the zenith telescope,
inasmuch as it measures absolute zenith distances. It has been used with
great success at six of the principal stations of the survey, and will be found
described and figured in one of the forthcoming volumes of the Coast Sur-
vey Records and Results.

IKEEGULAKITLES OP THE EAKTH'S FIGURE.—When the latitudes observed
at different stations are referred to one another, by means of geodetic differ-
ences of latittide, there are discovered certain discrepancies j much larger
than could result from the probable residual errors of observation—discrep-
ancies, therefore, which can only be ascribed to local irregularities in the fig-
ure and density of the earth, and which have been called station errors. They
are similar to those which are caused by the proximity of mountains ; but
they occur where the external configuration of the earth's crust would not
indicate the probability of their existence. Prof. Bache recognized this
source of error as early as the year 1844 ; and as a consequence, ho deter-
mined to carry a continuous series of astronomical stations through thß'pri-
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mary-triangulation, in order to arrive as nearly as possible at the true figure
of the portion of the earth's surface on which he was engaged.

The elements of the figure of the earth used in these comparisons are
those obtained by Bessel in his last discussion of the results often measures
cf arcs. It is an interesting fact, which it is here in place to mention, that
the observed difference of latitude of the extremities of the arc at present
comprehended under the connected triangulation of the American Coast
Survey, agrees very closely with the geodetic difference as computed from
Bessel's elements. This arc extends from Maine to Maryland, over about
five degrees of latitude and six and a half of longitude ; in intermediate
portions of its length, the deviation from the mean ellipsoid reaches three
seconds of arc and over. The laws which govern these irregularities are
still the subject of investigation. In the eastern portion of the survey,
where the earth's crust has been more disturbed, the average amount of sta-
tion error is between one and two seconds of arc ; but it amounts to only
about half a second in the sections south of the Delaware, where the diluvi-
um rests apparently undisturbed.

OBSEKVATIONS OF AZIMUTH.—Observations of azimuth are made at all
the latitude stations. The instruments used are the same as those employed
in the measurement of the angles in the primary triangulation. The meridian
is determined by observations made on the pole star or other close cireumpolar
stars, principally when the object is near its greatest elongations. The mo-
tion of the star S^ in azimuth, at these points of its revolution, being almost
imperceptible, the result will be practically independent of the time. More-
over, if observations be taken within forty-five minutes on either side of the
elongation, they can be reduced to that position by a most simple formula.
The pole-star, however, even at its culminations, moves so slowly in azimuth,
that the liability to error in pointing is found to be no greater at those
periods than at the elongations ; and Mr. Bache has finally pursued some-
times the plan of observing the star at equal intervals on both sides of the
meridian before and after the culmination. When this method is employed,
the reduction is simplified into a mere taking of means : and it may here be
•noticed, that in these as in all analogous processes, it has been the aim of the
Superintendent so to arrange the methods of observing, as to diminish as far
as practicable the labor and liability to error of the computations. The
azimuths are liable to irregularities similar to those which have been de-
scribed as affecting the latitudes : and a comparison of azimuths observed at
different stations, extreme and intermediate, has manifested the existence of
station errors among them, which can only, like the former, be referred to
local variations of level. (^,ч сЦ, -^«Л Ç > v - , o 6 **£•(<&& ЦТ*—Ьл/ttf)

OBSERVATIONS OF TIME AND LOXGITUDE.—Observations of local time
are made in connection with those of latitude and azimuth : the instruments
employed being generally portable transit instruments of from twenty-six'to
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forty-eight inches focal length, constructed by Simms of London and Wur-
demann of Washington. For time-keepers, chronometers by the- best
makers are used, except for telegraphic determinations of longitude, when
astronomical clocks are erhployed.

In the plan of reorganization of the survey, in 1843, it was " urged, and
deemed essentially necessary, that the difference of longitude between
some main points of the survey, and the meridian of any or all of the
European observations; be ascertained immediately." In order to carry
into effect this important injunction, Prof. Bâche bas availed himself of
every means science could afford. All the observations obtainable of eclipses,
occultations and moon culminations made in this country previously to 1844,
together with the simultaneous observations made abroad, so far as they
could be found, have beeu collected and reduced : and similar observations
have since been continued at Cambridge, Philadelphia, Washington, Charles-
ton and Cincinnati. All these stations being connected by the electric tele-
graph, their differences of longitude have been determined with great accu-
racy ; and all the results arc referred to Cambridge as a common station of
reference.

The difference of longitude between Cambridge and Liverpool has also
been determined by means of large numbers of chronometers carried re-
peatedly between the two stations on the Cunard steamships. These chro-
nometric expeditions, in the words of Mr. W. C. Bond, director of the Har-
vard University Observatory, " for the magnitude and completeness of their
equipments, have not been equalled by any of the similar undertakings of
European governments. Even the ' Expedition chronometrique ' of Struve
was on a scale much less extensive." The voyages were continued through
a number of successive years. The first great special expedition took place
in 1849, and the most recent hi 1855. In the latter the effect of tempera-
ture on the rate of the chronometers formed a subject of special investiga-
tion. For each instrument the effect of temperature on its rate was ascer-
tained by experiment, and the average temperature during each trip was kept
account of by means of a thermometric chronometer, constructed like the
others, but with undivided balance, so that its daily rate was affected by six
seconds for a change in temperature of 1° Fahr. Fifty-two chronometers, we.re
employed in this expedition, and were transported six tiines between Cam-
bridge and Liverpool ; giving nearly 300 individual longitude determina-
tions, with a probable error of the mean result of two-tenths of a second of
time. Yet this result differs by more than a second of time from that of the
expedition of preceding years, giving 41144"1 ЗГ.8 for the longitude between
Greenwich and Cambridge, while the former expeditions had given ЗО'.б.
The results by the astronomical methods also differ, eclipses and occultations
giving 29'.5, and moon-culminations 28'.5. The results by the latter method
are doubtless liable to large constant errors. Indeed, each method appears
to be affected by sources of constant error which no accumulation of results
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eliminate, and a greater approach to the truth must be sought Ъу
multiplying methods as far as practicable.

It is to be hoped that a submarine telegraph will ere long afford another,
and perhaps very accurate method of verifying those results, and determin-
ing the longitude wjthin the narrowest limits of error.

The differences of longitude between Cambridge and the principal sta-
tions of the survey in other sections are determined by the aid of the elec-
tric telegraph, wherever this has been established. In this method, which is
by far the most accurate for determining difference of longitude, the Coast
Survey has taken the lead, and has brought it to a great state of perfection,
which subsequent operations of a similar nature executed in Europe have
not yet reached. The idea of comparing the local time of different places
by means of the electric telegraph is sufficiently obvious, and dates from the
conception of the telegraph itself; but the refined methods by which the
intervention of human senses and operations, and the consequent liabilities
to error, are, in the greatest possible degree, avoided, and by which the
time of transmission is measured and eliminated from the longitude, have
been the result of careful study and long experience. The method of re-
cording observations of time on a Chronographie register, by means of a gal-
vanic circuit, known in Europe as the American method, originated in the
Coast Survey with the first attempts to determine longitude by means of the
electro-magnetic telegraph. The ctvronograpliic record is made on a cylin-
der, revolving -with nearly uniform velocity, covered with a sheet of paper,
upon which a pen traces a line, interrupted or deflected for an instant,
through the agency of an electro-magnet, every time the pendulum of
the clock passes the vertical, and, in doing so, interrupts -a galvanic cir-
cuit. Either cylinde r or pen are at the same time slowly moving length-
wise ; so that the line formed is a long spiral, which is thus graduated into
spaces corresponding to seconds of time, and described with uniform veloc-
ity. When any instant of time is to be recorded, the observer strikes a
finger key, which also breaks the galvanic circuit, and causes a similar mark
to be made on the record ; the position of which, in reference to the adja-
cent seconds marks, can be read off with great precision. In the chrono-
graphs employed in the Coast Survey, a second is generally represented by
from one-half to three-quarters of- an inch, the cylinder being regulated so
as to make one revolution in half a minute. By an ingenious arrangement
in the clock, the break for every sixty seconds or minute is omitted, and
every five minutes two breaks are omitted. By this means, a whole sheet
may be read off without any other note than the time of beginning and
ending.

The method of determining longitudes by means of the electric telegraph
is substantially, and in brief, as follows : — A transit instrument, astronomical
clock, and chronograph, is mounted at each station. After suitable observa-
tions for instrumental corrections at each station, which are recorded only at
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the place of observation, the clock at the eastern station is first put in con-
nection with the circuit, so as to write on the chronographs at both stations.
A number of stars, culminating near the zenith of the two stations, are se-
lected by the observers. As they appear first upon the eastern meridian^
their transit is recorded by the observer striking the finger key upon the
Chronographie registers at both stations. After an interval of time equiva-
lent to thetuiferenoe of longitude between the 'two places, which is meas-
ured by the clock, the same stars appear on the western meridian, and the
observer at that station records this transit precisely as the other had done ;
and the difference of the two records of time is the measure of the differ-
ence of longitude.

It will be observed that these records have been obtained at both sta-
tions ; and a little reflection will show that if there be any sensible interval
of time consumed in the transmission of the signals, the difference of longi-
tude obtained from the record at the eastern station will be too great by
that interval, and that at the western station will be too small by the same-
amount. The mean result will give the longitude free from this error, and
the difference measure the time of transmission of the signals through the-
whole circuit.

Ten stars are generally exchanged with the eastern clock in the circuit,,
and, after the first five, the transit instrument is reversed, so as to eliminate
any residual error in the correction for collimation. The western clock is
next put on, and the same operation repeated with ten other zenith stars;.
Not only is the result improved by the accumulation of individual results,,
but th^ advantage is gained, that the interval is measured by another clock,
and the time of transmission eliminated in the inverse order of effects. The
transits of the stars are generally recorded over fifteen wires. After the
exchange of signals by the second clock is completed, local observations for
instrumental corrections are again made, which conclude the night's work..
These operations are repeated on at least three different nights ; after which
the observers and instruments exchange places, so as to eliminate the possi-
ble errors arising from causes connected with their individual peculiarities.

By the perfect and admirable method just sketched, we are able to meas-
ure arcs of longitude with the same degree of accuracy with which arcs of
latitude have heretofore been ascertained ; and a new element has thus been
introduced into Geodesy. Since the general introduction of the electric
telegraph and the development of the American method of longitudes, it
has been applied to many of the older European geodetic surveys ; and in
general a very full acknowledgment has been made of their indebtedness to-
American science by the eminent geomefejes having charge of such
works, with the single exception of Mr. Le Verrier, who has made
use of the earlier methods of the Coast Survey, sincç abandoned
for others more perfect, without any mention of their origin, in his
report to the Academy of Sciences. It was one of the earliest discoveries

3
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resulting from the telegraphic deter-minations of longitude, that the time of
transmission of signals between stations several hundred miles apart is quite
sensible, and that it appears in a great degree to depend on the distance.
On the telegraph lines used in this country, where large iron wire is em-
ployed, and the circuit is completed through the earth, the rate of transmis-
sion has been found to be from 11,000 to 20,000 miles per second. Whether
this actually was the velocity of the galvanic current, or whether it rather
measures the time during which the current must be established in order to
produce the effects that we observe, is, for the present, an unsolved question.

The telegraphic, determinations of longitude have been extended from
"Washington northward to Philadelphia, New York, Cambridge, Bangor,
and Halifax, and southward to Petersburg, "Wilmington, Charleston, Savan-
nah, Mobile, and New Orleans.

Great credit is due to the public spirit of the telegraph companies, who
have extended every facility to the operations of the Coast Survey, and
have given" the use of the line, after the working hours, free of charge.

In sections of the coast to which the telegraph has not yet penetrated,
such as Florida, Texas, and the Pacific Coast, the longitudes of cardinal
points are determined, by observations of moon culminations, and by chro-
nometers. Corresponding observations of moon culminations are made at
several American obssrvatories, at the expense of the Coast Survey ; and
most valuable aid is derived from the series of meridian observations of the
moon made at Greenwich, which are always most promptly obtained through
the kindness of the Astronomer Royal. The manner in which the reduc-
tions are made to keep pace with the observations at the latter observatory
is admirable, and worthy of general imitation.

The Chronometrie determination of longitude between Savannah, and
Fernandina, in Florida, the details of which have been communicated to
the American Association at the Montreal meeting, may serve in plan of
execution and mode of discussion as a model for operations of a similar
character.

OBSERVATIONS ON'THE MAGNETIC ELEMEÎTTS.—Observations of magnetic
declination, dip, and intensity are made at all points where it is desirable for
purposes of navigation that the declination should be known ; and also atr
many stations of the primary triangulation, generally those where astronom-
ical observations are likewise made.

The instruments employed are similar to those used in the British
magnetic surveys ; being declinometers and horizontal force magnetometers
on the plans of Gauss and "Weber, Lloyd and Lamont, by Jones, of London ;
and dip circles by Barrow and Gambey, provided with Lloyd needles for
total intensity. In this manner are obtained not only the variations of the
compass required for the charts, but important contributions also to our
knowledge of the earth's magnetism, which have already borne fruit in the
construction of a magnetic chart for the United States. This subject, one
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of great scientific importance, will be found referred to more at length in
tne second part of this report.

DETERMINATIONS OF LEVEL.—The heights of the trigonometrical sta-
tions above the level of the sea are determined, generally, by observations
of reciprocal zenith distances, which observations are frequently checked by
direct levellings from the ocean. Interesting comparisons are in progress
between the results obtained, and those which are furnished by barometric
and thermometric measurements.

PLANE-TABLE TOPOGRAPHY.—The topographical survey is executed
with the plane-table. The outlines of the shore, the irregularities of the
surface, the forms and dimensions of hills, forests, streams, rocks, meadows,
towns, and villages, are all represented by certain conventional modes of
drawing. The topographical maps are generally surveyed on a scale of
TTTF7Õ of the natural dimensions. In localities where a great amount of
detail is to be represented, such as large cities and their vicinity, a scale of
SoVff is employed, while on flat and thinly settled ranges of the coast a
scale of jo^-õ-õ i8 used. The extent of ground represented upon a single
topographical sheet depends upon the scale; on a scale of TÕTTÕ-, or about
6 inches to the mile, a square foot of the drawing represents about 4 square
miles of the surface of the earth. The size of the sheets is generally
30 inches by 48.

On the sheets drawn in the field, the irregularities of the surface,—the
hills and depressions,—are indicated by curves, or contour-lines, representing
the intersections, with the natural surface, of a system of horizontal planes,
one above another, at equal distances apart, measured vertically. In the
reduced drawings for the engraved charts, the spaces between these hori-
zontal lines are filled up with hachures, the darkness of the shade being
made proportional to the steepness of the slope, according to a system
somewhat modified from that of Lehmann. Scales of shades have been
printed, showing the distance between the hachures and the strength of
stroke adapted to different scales of the maps. The absence, in general, of
very abrupt slopes, and the frequency of gentle ones, rendered necessary
the modification of the Lehmann system. The topographical survey is
carried as far inland as is required for purposes of navigation, and for the
defence of the coast.

THE HYDROGKAPHIC SURVEY.—Next in order, and based upon the
positions furnished by the triangulation and topographical survey, comes the
hydrography. This department of the survey supplies the results which
are of most universal interest to the public, and of which the practical
utility is most easy, to be understood. By a thorough system of hydrographie
survey, the configuration of the bottom of the ocean is mapped out, new
channels are discovered, hidden dangers are detected, the situations of rocks
and shoals which were but imperfectly known are determinediwith accuracy,
the peculiarities of the tides and of the direction and velocity of tidal
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currents are made apparent, and the most suitable positions are deter-
mined for the planting of buoys and the erection of beacons and light-
houses.

Soundings are taken with such frequency as to exhibit accurately the
variations of depth of water ; the number of casts of the lead depending
on the degree of irregularity of the bottom, or its greater or less declivity.
The casts are determined in position relatively to the trigonometrical
stations, generally by means of angles measured with the sextant at the
place of sounding, and sometimes by the use of two theodolites on shore.
In soundings off the coast, and in cases where extreme accuracy of position
is necessary, as in the determination of sunken rocks, the latter is the
method preferred. The position of the sounding vessel is not, in practice;
;determined at every sounding, but at every sixth or tenth, according to
frequency; and the intermediate soundings, being taken at equal intervals
of time, are laid down at equal intervals between the positions determined
by angles.

The soundings extend from the shore, and from the head of tide-water
generally, as far seaward as the exigencies of navigation require. One of
their principal uses being to assist the mariner in determining his position,
it is desirable that the record should exhibit not merely the depth, but the
character also of the bottom. The souuding leads are, accordingly, provided
with an apparatus designed to bring up along with it a portion of the
sedimentary material which it encounters ; and specimens of the varieties of
this material from different localities are preserved among the collections of
the Coast Survey, and the respective characteristics of the bottom are
indicated on the charts.

Microscopic examinations of many of these specimens have shown them
to be crowded with organisms, of which the number and the genera vary
with the depth ; and hence it is not impossible that science may discover,
in the laws governing the distribution of microscopic forms in the bottom of
the ocean, an additional means of assisting the mariner to determine his
position at sea.

Various improvements in the apparatus for bringing up these specimens
of the bottom have been introduced in the course of the Survey, invented
by naval officers while prosecuting these researches : among them may be
.mentioned Stellwagen's attachment to the lead,—a metallic cup, with a circu-
lar leather valve, closed by the pressure of the water in being drawn up,—
à contrivance in common use, and answering very well the purpose intend-
ed, in moderate depths. For greater depths, Craven's specimen-box,
with a metallic hinged valve or lid, and Sand's specimen-box, with a sliding
valve closed by the action of a spiral spring, are used with success.
For soundings exceeding 100 fathoms in depth, Massey's self-registering
sounding machine is used in connection with the lead and line, with several
improvements suggested by its use.
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The hydrographie sheets are drawn on scales varying from j^W to
пе more usual scales being those, oi—^ and ?т£тпг-

OBSERVATIONS ON THE TIDES.—In order to reduce all the soundings to
the depth at mean low-water, the level of which is assumed for the^faareõf
reference, observations of the tides of sufficiently long duration for this pur-
pose are made by the hydrographie parties as part of the programme of
their work. These are in connection with the system of more long-con-
tinued observations made at selected points of the coast, where tidal regis-
ters have been kept up with great attention and perseverance, for the pur-
pose of ascertaining, upon the basis of extensive observation, the complicated
laws governing the tides in the different seas which wash our shores. The
observations have been made half-hourly, at a number of stations, for vari-
ous periods of from one to three years. At intermediate stations, half-hourly
observations during two lunations are found to be sufficient to determine
the constants.

A self-registering tide-gauge is much used, by which a continuous curve
representing the successive changes in the height of water is traced on paper
moved by clock-work, by a pencil actuated by the rising and falling of a
float in a vertical box, to which the tide has free access. The superinten-
dent engages personally in the discussion of this most interesting subject ;
and he has made several communications to the Association to whom this
committee owe their appointment, on the nature of these researches, and
the results attained, which are to be found among the published transac- "
tions.

This subject is the more important from the fact that the tides of the
Atlantic, the Pacific, and the Mexican Gulf coasts of the United States pre-
sent three distinct types. The diurnal tide, which is moderately large on
the Atlantic coast, and produces a diurnal inequality in height and time
which is perceptible without being excessive, is very great on the Pacific ;
and in the Gulf of Mexico its predominance is so decided that the semi-diur-
nal tide is almost obliterated.

In addition to these investigations, which relate to the general phenom-
ena of the tides, careful observations are made upon the direction and
velocity of the currents which the tides produce. The information thus
obtained is of no less importance to the mariner, than a knowledge of the
amount of rise and fall of the water. It is accordingly embodied in the
charts, along with those other -matters of varied imfonnation which have
been enumerated as essential to the safety of navigation ; and thus consti-
tutes the final contribution to that fund of positive knowledge of the sea
and its bed, of its changes and the laws that govern them, on which the
commerce of the country so largely depends for its safety.

EXPLORATION OF THE GULF STREAM.—A hydrographie survey of .our
coast would be incomplete, if it did not embrace the investigation of the
remarkable ocean current which divides the waters adjacent to our Atlantic
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coast from the wide ocean beyond. The importance of its explanation is
recognized in the original law of 1807, by extending the scope of the survey
so as to embrace it. On assuming charge of the work, Prof. Bache at once
organized a system of observations for the purpose of determining its limits
and principal characteristics.

Previous to that time, casual observations had been made by private
and public vessels of England and America, the results of which were col-
lected by Major James Rennell, F. R. S., and published in his work on the
currents of the Atlantic ocean. These observations were confined to the
surface, and gave only vague results.

The method of exploration adopted by Professor Bache was, to deter-
mine the limits of the stream by the temperature of its waters at all depths,
by means of deep sea thermometers, along lines perpendicular to its several
directions. This work was commenced in 1845, and has been continued up
to the present time. Sixteen sections have been run across the stream at
different points of the. coast, along which the temperature of the water at
various depths has been determined, and also sections of the bottom,
wherever it has been found possible to obtain soundings.

For these explorations thermometers are required specially adapted to
the purpose. Ordinary thermometers would indeed suffice for observing the
temperature of the surface, but in order to obtain that prevailing at some
depth'it is necessary that they should be self-registering, and able to with-
stand the crushing pressure of the water. They must be of simple con-
struction, not liable to derangement by ordinary shocks, nor afiected in their
indications by the enormous pressure to which they are exposed ; they must
readily acquire the temperature of the water, which should have free access
to all parts, and they must therefore be made of materials not liable to cor-
rosion by salt water. After many experiments on a variety of instruments,
as Rutherford's, Sixe's, Breguet's, and Jurgensen's, the metallic self-register-
ing thermometers invented by Saxton, the assistant of Prof. Bache in the
office of weights and measures, was found best to fulfil the above condi-
tions, and it has superseded all others hi use. The statistical table shows
that over 3400 caste have been made and registered for depth and tempera-
ture of the Gulf-stream. The results arrived at from the discussion of these
observations will find mention in the second part of this report.

The work is stUl in active progress ; and it is much to be desired that
the exploration eastward from the American side of the northern part of
the stream, should be met by a corresponding exploration from the shores of
Great Britain westward, which would complete our knowledge of the Gulf-
stream, throughout its whole extent from the shores of Florida to those of
Ireland.

OHFICE-WORK AND PUBLICATION OF СнАвтз. — The results of the
field-work are prepared for publication at the office of the Coast Survey, in
"Washington City. The reductions of geodetic and astronomical observa-
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tions are, in the first instance, made by the observers themselves; but a
second computation is independently made in the computing division of the
office by persons having no connection with the field-work. Strict scrutiny
of the observations, and perfect security against errors of computation, are
thus insured ; the two computations being examined and compared by an
experienced person, who refers whatever discrepancies may appear to exist
to the Superintendent.

Of the formulasand methods employed in the computation, not even, a
sketch.can be given in a general review like the present. It will be suffi-
cient to state that in this, the purely mathematical part of the operations, as
marked improvements have been made as in any other branch of the work.
The processes are highly systematized, and partake of the highest refine-
ments of modern science, as is evidenced by the systematic application of the
method of least squares in the discussion arid adjustment of results.

The construction of the maps and charts for publication commences in
the drawing division of the Coast Survey ofiice.

The projections of the meridians and parallels ave made according to
the system of polyconio development of the earth's surface, of which special
accounts, with accompanying tables, may be found in the C. S. reports for
1853 and '56. On these projections, the positions of the triangulation points
are laid down according to their latitudes and longitudes, obtained by the
geodetic operations. On the sheets covered by the topographical and hydro-
graphic surveys, the triangulation points are likewise laid down, with refer-
ence to similar projection lines, and the reductions to the scales of publica-
tion are thus made with extreme accuracy by indefinitely projecting the
controlling points of the survey, and drawing in the details by means of
small squares, or by the pantograph. The camera lúcida has sometimes
been employed, but is found too trying to the eyes of draughtsmen. It may
be mentioned here that experiments are in progress having in view the ap-
plication of photography to the reduction of the maps, and that there is

good reason to hope for successful results.
The maps and charts emanating from the Coast Survey are divided into

two general classes—viz. : preliminary or provisional charts and sketches,
issued with as much expedition, after the individual surveys, as is consistent
with accuracy of gerieral portraiture, and designed to supply the more im-
mediate and pressing demands of commerce ; and thcßnished charts proper,
which must embody all the information furnished by the survey, even of the
minutest detail, and which ought at the same time to be executed in the
style of the highest existing artistic excellence.

The charts are various in character, according to the immediate objects
which they are designed to subserve. Thus, one description of chart has for its.
use to convey to the navigator a just notion of an extended coast linej and of
the relative positions of objects most conspicuous at л distance, во as to enable-
him to identify his position as he approaches from the open sea. Another



40 REPORT ON TILE COAST SURVEY.

gives him the minuter information which he needs when the purposes of his
• voyage bring him- for any reason closer in-shore. They are, therefore, clas-
sified under the three heads of general coast charts, coast charts, and charts
of harbors, anchorages, <ec.

The general coast (or off-shore) charts, on the scale of то-т'отгт) repre-
sent the shore-line of the coast and its general topographical features, so as
to he readily recognized by the navigator approaching it. Omitting minute
details, they show at a glance the contour of the shore, the location of the
islands, shoals, and rocks which the navigator may encounter in approaching
the main land ; the soundings off-shore, selected in-shore soundings, and
finally the principal natural and artificial landmarks.

The coast (or in-shore) charts, on the scale of т^етт» an(l the harbor
charts, on various scales, from ^Vy *° ГУТТ^Г) present with minute accuracy
every natural feature or other object above or beneath the water which can
be introduced without producing confusion or indistinctness. In these charts,
the hydrography is so elaborately displayed as to indicate, by the shades of
depth, the fathom lines and the poundings, the safe route for a vessel of any
given draught, and, as a necessary consequence, to exhibit, at sight, the prin-
cipal channels by which every important place may be. approached. The
lines of range of natural landmarks, or of lights and beacons, the appear-
ances of different light-houses and the characters of their lights, with all
other indications by which channels are signalized to the mariner, are also
everywhere given in the fullest manner. They further contain sailing direc-
tions designed to furnish information in entering harbors, graphic views of
important landmarks, and sketches of the position and characteristics of
light-houses, beacons, and buoys—such as may serve to assure the navigator
of his true position, whenever any of these objects are in sight. The topog-
raphy of the shore and of the land for some distance from the shore is fur-
thermore minutely given, for various reasons, some of which have been
hinted at, and of which others will be alluded to hereafter.

Of the general coast charts (j-g-s-è-rs), it is estimated that the Atlantic
and Gulf coasts will'be covered by sixteen sheets.

The scheme of coast charts (-щ^-у), planned for these portions of the
coast, embraces one hundred and thirteen sheets.

The Pacific coast is as yet too little known in its minute features to
afford a basis for a definite estimate.

Besides these finished charts, which, from their nature, require a length-
ened period for the collection of the data from which they are compiled, and
are also slow of execution,—their elaborate details requiring the highest
skill in drawing and .engraving,—there is issued a series of preliminary charts
and hydrographie sketches. These, embodying information which it is de-
sirable« to make accessible at the earliest available opportunity, are pre-
pared and published as soon as possible after the completion of the work in
the field. For the principal charts of this latter class, the scale of ïïTyWî- has
been adopted ; they are less elaborately finished than'those before described,
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and are designed to meet the wants of the public, until the more perfect
maps can be made ready for issue. They also enable the office •department
of the survey to keep up with the operations in the field and afloat, each sea-
son's work as it is turned into the office being drawn and engraved on the
plate, and, when required, a new plate is made by the electrotype process,
large enough to retain the old and receive the new work; Of the ftrelimi-
nary sea-coast charts, it is estimated that the Atlantic and Gulf coasts will
require thirty-three sheets.

When the charts are drawn and verified, they pass into the engraving
division of the office, where they are executed ou copper by a corps of ei>
gravers, among whom there are some artists of distinguished merit. Here,
as in every other department of the work, the division of labor is productive
of economy in time, combined with superior excellence of results. The en-
graving of outlines, of hill-topography, of the dotted shading of the sea-
bottom, of the figures denoting the soundings, and, finally, of the lettering,
are so many different branches of the art, executed by different persons,
who have, by talent or practice, acquired superior skill. When the plates
are completed, copies are taken of them by the electrotype process, which
are used for printing the charts, while, the original plates are preserved
among the archives. (

The electrotyping establishment of the Coast Survey is very extensive,
and one of the most successful in the world. It was in practical operation
several years before the process came into general use, and considerable ad-
vances were made in the art at this establishment. The method of iodizing the
matrix, which effectually prevents adhesion without interfering in the least
degree with the perfect sharpness of the cast, was then discovered, and, by an
admirable system of experiments, the best size and arrangement of batteries,
the proper temperature of the solutions, and all other conditions necessary
to produce the best, most uniform, and cheapest results, were developed.
The practical use of the process is not confined to the production of copies
for printing. The division of labor in engraving the charts is often very
much facilitated, and great despatch in their production is attained, by
dividing, and executing them in two, or even four separate pieces, which are
afterwards joined on a common electrotype plate.

The ch.irts are finally printed at the Coast Survey office, and distribut-
ed to sale agents in the principal seaports. The prices are fixed at very low
rates, varying from fifteen to seveuty-five cents per sheet, so as to place a
complete set of sheets within the reach of every navigator. Copies are also
freely distributed to seminaries of learning, public libraries, and other insti-
tutions of a similar character.

PUBLICATION OP OBSEHVATTOIÍS AND METHODS.—The importance of an
early publication of the observations made in the progress of the Coast Sur-
vey, and of the methods practised in the execution and computation of the
work, was repeatedly urged upon Congress by the Superintendent, and
means were appropriated towards that object in 1854-55, and in the two
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subsequent years. It has been the reproach of works of this kind, that the
results only» are furnished, while the data from which they are derived are
not presented for scrutiny at all, or if at all, so late that for practical use
they have lost much of their value. The publication of the archives, while
it secures the work against loss, by accident, and submits it to the criticism
of the world, has the further very great advantage, that it insures the full
information from, aud responsibility of, those by whom the work is executed.

Considerable progress has been made in this work, as appears from the
account given in the annual report of the Superintendent for 1856 and 1857,
where also the plan of publication is developed, of which a brief sketch
must suffice here. The order of arrangement for the geodetic work is at
first necessarily chronological, the volumes for each year comprising the rec-
ords and results of all the various classes of work ; while after the comple-
tion of the survey the volumes would most naturally arrange themselves ac-
cording to the different operations. With this end in view, the plan has
been carefully laid out so that the matter contained in the annual volumes
may ultimately be divided, and rearranged so as to form volumes relating
to separate subjects. The record .of the observations is given in full, and
being unchangeable, is kept separate from their reduction, of which the prin-
cipal steps are given, and which may be liable to change from accumulation
of data or from improvement of methods. As far as practicable the record
and reduction of the observations are arranged on opposite pages. The vol-

-umes thus in course of preparation embrace, beside other subjects, the
operations of Geodesy, Chronometrie Longitudes, Telegraphic Longitudes,
Explorations of .the Gulf-stream, and Sailing Directions. It will be remem-
bered, that, in addition to the great variety of interesting communications
on subjects connected with the Coast Survey made by Prof. Bache, it was
the exhibition of a volume of proof-sheets of the geodetic volume to the
members of the Association at the Montreal meeting which led to the ap-
pointment of the present Committee, who can only express their deep regret
on learning that the publication of the work has been unavoidably suspended
for want of the necessary appropriation to cany it forward, and their earnest
hope that, when the temporary embarrassment of the public treasury is re-
lieved, the means will be supplied for its speedy consummation. The pub-
lication of the observations and methods will be hailed with .great satisfac-
tion by the men of science at home and abroad, while the volumes relating
to the harbors and coast will have nearly the same interest for commercial
men and navigators.

ORGANIZATION AND ECONOMICAL MANAGEMENT OF THE COAST SuBVEY.

The whole work is under the administrative direction of the U. S. Treasury
Department. The Superintendent arranges the plan of conducting the
work, and issues instructions for its execution to his assistants ; he directs
and is responsible for the accuracy of all the scientific parts of the work, and
controls the expenditures, making an administrative examination of the ac-



PART I: OBJECTS, ШЗТОКТ, METHODS. 48

counts, which is a great source of economy. Besides performing these
duties of superintendence, he engages personally in observations. in the
field,- and in those able discussions of the results of which the pages of our
scientific journals contain ample evidence.

The corps of assistants is composed of three classes,—civilians, officers of
the army, and officers of the navy. The civilians, many of whom have been
trained in the Survey, entering as cadets, or az'cus, as they are designated,
and rising by merit to higher' grades, form a nucleus of a more permanent
kind. They preserve uniformity in the methods of the survey, and can be
called upon freely for duty of every kind. The officers of the Army and
Navy are detailed" by the heads of their respective Departments, on applica-
tion of the superintendent ; they are liable to be changed frequently, as the
exigencies of the military or naval service require. Receiving no extra emol-
ument for their services on the Coast Survey, their positions are only valu-
able to them under peculiar circumstances, which change frequently, and
there is a limit, therefore, to the calls upon them for service. Without the
nucleus of civilians the whole work might be disorganized by calls for the
services of the Army and Navy officers in their immediate professional line.
On the breaking out of the war with Mexico, all the officers of the line of
the Army, and part of those of the staff, serving on the Coast Survey, were
detached from it. The harmonious cooperation of these three classes of
persons which has been maintained during the past fourteen years is highly
advantageous to the country, and could not, it is obvious, be secured except
under the direction of a distinguished civilian ; since'questions of rank and
authority between officers of the different branches of the service would in-
evitably interfere disastrously, to the best interests of the work,-if its direc-
tion were confided to either the War or Navy Department ; and if the ope-
rations .on land and at sea were carried on under distinct organizations, then
would result a want of cooperation as to time, methods and objects, by
which the hydrographie survey would fail in a great measure to derive from
the land-work those elements of accuracy which are essential to its perfec-
tion.

The progress of the Coast Survey, from year to year, is communicated
to Congress in the annual reports of the Superintendent. Besides an ac-
count of the extension of the work in the different sections, accompanied
by sketch-maps illustrating the same, these reports contain, as an appendix,
the preliminary maps, charts and sketches produced during the year, and
valuable contributions to knowledge in the form of scientific discussions of
various subjects connected with the survey, such as tides and terrestrial mag-
netism, and of new methods of observation or computation developed by the
persons engaged in the work. The high character for interest and useful-
ness which these reports sustain is too well known and universally acknowl-
edged, to require commendation. With wise liberality Congress has printed
large editions of these for general diffusion, and the distribution list shows



ЗГУ
44 КЕНИИ1 ON ТЛЕ COAST StTEVEY.

that they are in great demand not only on the seaboard, but also in the in-
terior states, evincing the gratifying fact that large numbers of citizens
other than those immediately engaged in commerce and navigation feel an
appreciative interest in a work designed for the benefit of the whole nation.

It may not be inappropriate in the general sketch which we are taking
of the actual operations of the Coast Survey, to observe that the economy
which has marked the conduct of thjtf national work has been no less
remarkable than the comprehensiveness of its scope, the rapidity of its execu-
tion, the scientific exactness of its processes, or the substantial value of its
results. It may very safely be said that no other government has hitherto
succeeded hi securing, in this branch of its service, results so large and so
valuable in so little time, and at so little expense. This fact is no doubt in a
great measure due to the wisdom with which the work has been laid out, to
the administrative ability which has secured activity and efficiency in all its
departments, to the division of labor, and to the personal ability or skill, as
well of the subordinate members of the corps, as of the chief. But it is also,
and in no less measure, due to the system of disbursement and financial
control, and to the method of keeping the accounts, introduced by the
present Superintendent, which are judiciously devised so as to protect, in
the most effectual manner, the public interests.

A careful study of the question of relative progress and expenditure, and
comparison of the cost of our national survey with that of the surveys of
other nations, for which the data are given m a special report prepared by
the Superintendent in 1857, in compliance with a call from the Treasury
Department, have led the Committee to the conclusion expressed at the close
of th.is report hi regard to the economy of the present system. The details
are of a character which would extend this report to an undue length, but
the Committee may express their desire that the document referred to bo
made accessible to the public through its publication by government.
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P A R T I I : — R E S U L T S .

THEIR BEARINGS UPON THE NATIONAL WELFARE, AND UPON THE ADVANCE-
MENT OF SCIENCE.

IN passing to consider the results actually wrought out in the progress
of the survey of our coast, and the various important bearings of these, both
useful and scientific, the Committee are aware that it is difficult to avoid the
appearance of occasional repetition : since any sketch, however cursory, of
the history of the work, or any description, however imperfect, of the pro-
cesses employed in its execution, must, from the nature of the case, be in
itself, to some extent, an anticipation of results ; though these be mentioned
only by way of allusion, or introduced purely for the sake of explanation, or
of illustration. In so for, nevertheless, as may be practicable, care will be
taken not to retread ground already beaten. ,

The valuable results which the Coast Survey has been, and still con-
tinues to be, the means of securing, are distinguishable into two classes,
according as we restrict our view to the objects for the sake of which the
Survey was expressly instituted, or extend it to those more varied interests
which are incidentally, but no less positively, promoted by its operations.

For the sake of convenience, we will refer to these two classes of results
under the heads, direct and collateral.

DIRECT RESULTS :—BENHFIT3 TO NAVIGATION AND COMMERCE.

The direct results are the numerous and invaluable aids and benefits to
navigation and commerce, which, being the ends most immediately and
distinctly contemplated in the origination of the work, it is in the importance
which attaches to them that the main argument in favor of its prosecution
to completion must always be found.

We may indeed dwell with just and honorable pride upon the services
rendered to science, in its various branches, through the instrumentality of
á work which can only be prosecuted by the aid of recondite scientific
principles, applied in practice by accomplished and zealous scientific men.
As physicists, the members of this Association may even, perhaps, regard
with 'higher satisfaction the contributions furnished to our knowledge
of nature, the improvements originated for us in methods of observation,
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and the ingénions mechanical contrivances invented for promoting instru-
mental accuracy, which we owe to the men engaged in this great public
•work, and, through them, to the work itself, than our tastes may incline us
to feel in view of the more material and immediately tangible results which
flow from it ; but we must not forget that the majority of mankind look
upon all undertakings which involve expenditure to the public from a utili-
tarian point of view; and while, therefore, we may justly challenge the
admiration of all men, whether they be professedly scientific or not, for
results which we ourselves so greatly prize, yet we must not expect that all
men will so far enter into our enthusiasm as to undertake such works for the
sake of such result's only. In the present case, fortunately, the directly use-
ful results accomplished are so palpably great, that it will be sufficient to
name them, in order to satisfy the most exacting economist in regard to the
wisdom of the outlay by which they have been secured.

We therefore present now a summary view of the progress already made
towards the completion of the work, followed by a condensed table, com-
piled from data obtained from the Coast Survey office, showing, in two
parallel columns the work executed previous to 1844, under the superintend-
ence of Mr. Hassler, and that from 1844 to 1857, inclusive, under the super-
intendence of Professor Bache.

PROGRESS, OB PBOPOBTIOÎÏ OF THE WHOLE COAST SUBVEYED. The
1 survey has been extended into every seaboard State and Territory of the
TJnited States, on the Atlantic, Gulf of Mexico and Pacific coasts, and is
now in progress, either in field or office-work, iu all of them.

For the purpose of estimating its progress towards completion, we may
consider either the extent of general coast-line (omitting minute indenta-
tions), or the length of the shore, or water-line, including that of bays,
sounds, islands and rivers, to be covered by the triangulation.

The general coast-line of the Atlantic (including Delaware and Chesa-
peake, as well as^l open bays,) is estimated, from recent measurements,
made on the Proress«Sz&.8ketches, iu the office of the Survey, at 3,036 miles ;
that of the öulf of Mexico, at 2,162 miles; and that of the Pacific (including
the Straits of Fuca), at 1,866 miles: making, in all, 7,064 miles.

Of the foregoing, there have been already covered by triangulation,
on the Atlantic coast, 2,372 miles ; on the Gulf const, 780 miles ; ruid on the
Pacific coast, 325 miles : making, in all, as appears in the p>oouding%ablc of
statistics, 3,477 miles.

A measurement of the shore-line (including bays, sounds, islands and
rivers,) covered by the triangulation, made in a similar manner, gives for
that of the Atlantic coast, 14,723 miles ; of the Gulf of Mexico, 10,406
miles ; and of the Pacific coast, 4,252 miles : in all, 29,381 miles. Of this
shore-line, the triangulation has already extended over, on the Atlantic
coast, 10,787 miles; on the Gulf coast, 4,075 miles; and on the Pacific
coast, 1,288 miles: in all, as appears in the table of statistics, 16,150 miles.
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Each of these two modes of estimating the work already executed, and
that remaining to be done, affords us this conclusion : that the Atlantic sec-
tions are nearly three-fourths done, and the Gulf sections one-third done.

Our knowledge of the minuter features of the Pacific coast being as yet-
in a much less advanced state than that of the other two portions of the
coast, renders a precise estimate for it comparatively less practicable ; as
far, however, as we can venture to determine in this matter, the Pacific sec-
tion is not quite one-fourth executed.

With the limitation just specified, taking the whole coast of the United
States into consideration, the survey is carried forward about one-half to
completion. This estimate is based on the triangulation executed ; a sim-
ilar consideration of the topography will lead us very nearly to the same
conclusion.

The length of the general coast being taken, asv above stated, it. appears
that the topography is executed over 1,889 miles in the Atlantic section,
764 miles in the Gulf section, and 259 miles in the Pacific section : in all,
2,912 miles, out of 7064 miles, showing two-fifths of the whole. It is to be
borne in mind, in making this estimate, that the topography is, in general,
a whole season behind the triangulation, and that the hydrography there-
after follows in its turn.

Looking at these data of the field-work, and adding to" our view the
office-work consequent thereon, we are justified in considering that, at the
rate of appropriation for the three years from 1855 to '58, and with the
like efficient management, the survey of the Atlantic and Gulf coasts
may certainly be essentially completed in from twelve to fifteen years. This
agrees substantially with the latest estimates of the superintendent of the
work.

Estimates of time for completion were, in the early stages of the survey,
necessarily but conjectural, on account of the inaccuracy and looseness of
the geographical maps of the coast, then extant, the length of shore-line
shown on them being greatly in defect ; but, as data jfbr a more and more
close approximation to the true amount have become available by the ope-
rations of the survey itself, our information on this subject is now so much
more detailed and reliable, that we may look with a tolerable degree of con.
fixlence on the conclusion to which we have arrived.

-, ... ..Vl; .

- /

Extent of connected triangulation, and localities where the survey is yet
incomplete.—The triangulation is continuous from Mount Desert, in Maine, to
Shallotte inlet, south of Cape Pear, in North Carolina, stretching over more
than ten degrees of latitude, and as many of longitude, including the coast of
ten States,- and the greater part of the coast of two others. Then, with an in-
terval of about seventy miles, it extends along the coast of South Carolina and
Georgia, with two gaps, to the Ossabaw entrance. It covers, on the coast
of Georgia, Sapalo entrance, St. Simon's sound and Brunswick harbor, St.
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Mary's, Georgia,.and Fernandina harbor and St. John's river, Florida. It is
continuous from Cape Florida to the Marquesas, west of Key West, com-
pleting the connection of the outer keys and reefs of South Florida. On
the western coast of Florida, after a gap from Cape Sable to Crystal river,
it extends to beyond Cedar Keys ; over Ocilla river entrance ; St. Mark's
harbor ; from East Pass through St. George's and St. Vincent's sounds,
including Apalachicola harbor ; St. Andrew's bay and Pensacola harbor and
approaches. On the coast of Alabama and Mississippi, it spans Mobile bay
and its approaches ; extends along Mississippi sound and part of Lake Pon-
chartraiu, connecting Mobile and New Orleans. On the coast of Louisiana,
it covers Chandeleur sound to Isle au Breton sound ; part of the Delta of
the Mississippi; Isle Dernière and Caillou bay; Atchafalaya and part of
Côte Blanche bays. On the coast of Texas, it extends over Galveston
entrance, the shores of East and West bays, and the coast as far as
Mhtagorda bay, inclusive, and is commenced at the Rio Grande, and is
being prosecuted northward.

On the coast of California the main triangulation is complete from
north of Sonora mountain to south of Monterey bay, and the secondary
triangulation, connected with this along the coast-line, is nearly completed.
Secondary triangulation has been executed at San Diego, near San Pedro,
along the Santa Barbara coast, and on the Santa Barbara Islands ; in San
Francisco, San Pablo, Suisun, Ballenas, Drake's and Tomalas bays. The river
entrances of the coast of Oregon have been surveyed, and Columbia river
triangulated up as far as Astoria. On the coast of Washington Territory,
the triangulation has extended over Shoalwater bay, Washington sound,
Admiralty inlet and parts of Puget's sound, and Hood's Canal.

On all portions of the coast where the scheme of the main triangulation
did not afford the requisite facilities for immediate progress, preliminary
triangulations have been executed in advance, to serve as a basis for the
detailed work, and to be verified in turn.

Directly on the foregoing triangulation, the topography has followed
with, generally, but one season's interval, and, taking hold of the deter-
minations made by both these series of operations, the hydrography has
proceeded to take its part in the combined work.

It may be here 'remarked that the proportion of the amount of topog-
raphy to that of the other parts of the work has been, since 1844,
diminished purposely, it not being carried so far inland, partly in conse-
quence of the objections urged, in the discussions in Congress, to the
extent of topographical detail carried out in the earlier stages of the work,
and partly owing to the different character of the southern coast, where
the larger proportion of the recent work has been carried on.
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STATISTICS OF FIELD AND OFFICE-WORK OF THE UNITED STATES COAST SURVEY. '

Reconnaissance.
Area, in square miles,

Ваге Lines measured.
Primary, number of,
oeconaai} , numoer or,

triangulation.

Extent of general coast in miles,
Extent of shore-line, in miles, including bays, sounds,

Geographical positions determined,

Astronomical operations.
Stations occupied for azimuth, - . . .

do. do. latitude, - -
do. do. longitude, •

Magnetit stations.
Magnetic stations occupied, - - - - -

Topography.
Area surveyed, in square miles, - - - -

Length of shore-line, in miles, including rivers,
creeks and ponds,

Length of roads, in miles, - - - - -

Hydrography.
Soundings, number of, - - -
Specimens of bottom preserved,
Soundings in Gulf-stream for température,
Tidal stations, permanent, - - - - -

do. temporary,
Current stations occupied, . . . .

Records.
Total number of volumes of observations and com-

putations, - - - -_ -

Maps and Charts.
Topographical maps, originals, -
Hydrographie charts, originals, - - - -
Total number of manuscript maps and charts,
Number of sketches made in field and office,

Engraving and Printing.
Engraved plates of finished charts, number of,
Preliminary charts, sketches and diagrams, for Coast

Survey annual reports,
Electrotype plates made, number of, -
Finished charts published, number of, -
Preliminary charts and hydrographie sketches pub-

lished,
Printed sheets of maps and charts distributed from

office,
Printed sheets placed hi hands of sale agents,

Previous
to ISM.

9,642

1
2

19Д

9,076
570

1,588
1,183

9
9
1

0

6,039
414 •

7,667
13,239

808,147
1,029

0
20

107
0

666

168
142
825
311

5

0
0
0

0

0
0

From 1844
to 1857,

iuchisivc.

43,171

9
41

133J

31,949
2,907

14 562
5J789

69
100
73

183

8,507
3498

25,203
11,394

4,080,738
5,972
3,429

275
492
783

8,485

507
457

1,325
1,189

61

319
400

64

258

66,576
42,948

;
Total from com-

meiicomeut to
1857, iuclusivo..

52,813

10
43

1534

41,025
3,477

16,150
6,972

68
109

74

183

14,546
2 912

32,870
23,633

47888,885
7,001
3,429

295
599
783

'

9,051

675
Б99

1,650
1,500

66

319
400

64

258

66,576
42,948

Чл?
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CHARTS PUBLISHED.—The charts which have been described, in their
general character, in the first part of this report, exhibit such an exact
and clearly intelligible delineation of the coast-line in.its contour and topog-
raphy, and of the adjacent waters off-shore, and in bays and inlets, and, to
a certain extent, even in rivers, as to enable the mariner to choose his
course with confidence, avoiding hidden dangers, and following the secure
channels as easily as if the sea-bottom itself were exposed to his view. Or,
rather, they are a safer guide than the sight of the bottom could be; since
they enable him at a glance to take in a wide area on the chart, while a
direct inspection could extend, even under the most favorable circum-
stances, only to a limited space in the immediate vicinity of his vessel. The
number of such delineations, or charts, which the American Coast Survey
has produced, is already very great : various in character, according to the
immediate objects which they are designed to subserve. Of the finished
charts, there have been published forty-seven sheets of charts of harbors,
anchorages, and the like, to various scales, from -g-g-aa to TÕ^Õ¥ 5 eight
sheets of "in-shore" or coast-charts, to scale of Tï^ïï 5 and one sheet of
"off-shore" or general coast-chart, to scale of i^rVo-T- Of the preliminary
sea-coast and harbor charts, there have been published upwards of eighty
sheets, to various scales from 7-3-^77 to fõ^svã'- and of hydrographie
sketches, upwards of one hundred and twenty.

. As regards the finished maps, it may be said that, in point of execution,
' they do honor to the government under whose authority they have been
put forth. That they are characterized by the greatest precision, may of
course be said, since this is the first and essential condition which gives to
any map its value: but considered, also, as specimens of art, they are unsur-
passed in any particular, whether in the drawing, engraving, or printing, by'
any works of their class ever produced by public or private enterprise, at
home or abroad. There results from this the double advantage, that while
their elaborate execution carries with it a certificate of their refinement and
accuracy, and gives to the navigator who consults them assurance of their
truth, it at the same time reflects credit upon the country, and presents a
model for imitation which cannot fail to improve the standard of artistic
execution in every work, whether of a scientific or of a purely aesthetic
character, produced among our people.

Below is given a list of the finished charts already published, arranged
in geographical order, from Maine to Washington Territory ; also, a list,
arranged in like manner, of preliminary charts and hydrographie sketches
published, omitting such of these latter as represent reconnaissances and
preliminary surveys afterwards superseded by more detailed surveys.
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LET OF PUBLISHED COAST SURVEY FKÎI3HED MAPS AN'D CHARTS.'

Nnmo of Map or Chart.

Richmond's island harbor, - - - -
York river and Cape Neddick harbors, -
Newburyport harbor, . . . .
Lrloucester harbor,

Eoston harbor. •'
Wellfleet harbor,
Nantucket liarbor, ' - - - - -
Hyannis liarbor,

Harbors of Holmes' Hole and Tarpaulin Cove,
Harbor of New Bedford (edit, in 1840), -
General coast from Gay Head to Cape Henlopen, •
Fisher's island sound, -
Harbor of New London, . . . .
Mouth of Connecticut river, -
Harbor of New Haven (edit, in 1846), • -
Harbors of Black Rock and Bridgeport (edit.

in 1848), •
Harbors of Sheffield and Cawkins island (edit. -

in 1848),
Huntington bay, - . - . .
Oyster bay, or Syosset harbor,
Harbors of Captain's islands, east and west,
Hart und City islands, I -
Sachem's Head harbor, j - - - -
Hell Gate, , - - - - - -
Long Island sound, eastern part, (edit. 1848),

" " " middle " "
" " " western " - - -

New York bay and harbor and the environs
•(4 sheets), - -

New York bay and harbor and the environs
( 2 sheets), - - - - - - -

New York bay and harbor and the environs,
bouth coast of Long Island, eastern part.

middle " ' -
" " western " -

Little Egg harbor, - . . . .
Delaware bay and river, sheet No. 1, - -

" No. 2, -
" No. 8, -

Harbor of Annapolis and Severn river,
Mouth of Chester river, - - - - -
Pasquotauk river, -
Beaufort harbor (on steel), - -
Charleston liarbor (edit, in 1855),
Key West harbor and its approaches,
Mobile bay entrance,
Mobile bay, - - - - - - -
Cat and Ship island harbors,
Galveston bay entrance (edit. 1853),

Monterey harbor, - - - - - -
Humboldt bay,

Columbia liver entrance (Alden's survey), -

State.

Maine.
"

Mass.

u

» ï
"
"

.'.'
"

Conn.
"
"
"
4í

"
New York.

. »
«
i t
"
«

Conn., R. I. andN.Y.
Conn, and N. Y.
Conn, aad N. Y.

New York.

«
«
"
ч

"N. J.
N. J. and Del.
N. J. and Del.

N. J., Del. and Penn.
Md.
"

N. С.

"
S. С.
Fla.
Ala.

о
Miss.

Texas.
CaL

Oregon.

Scale.

1: 20,000
1: 20,000
1: 20,000
1: 20,000
1: 25,000
1: 40,000
1: 60,000
1: 20,000
1: 30,000
1: 20,000
1: 20,000
1: 40,000
1:400,000
1: 40,000
1: 20,000
1: 20,000
1: 30,000

1: 20,000

I: 20,000
1: 30,000

•1: 30,000
1: 20,000
1: 20,000
1: 10,000
1: 5,000
1: 80,000
1: 80,000
1: 80,000

ï
1: 30,000

1: 30,000
1: 80,000
1: 80,000
1: 80,000
1: 80,000
1: 30,000
1: 80,000
1: 80,000
1: 80,000
1: CO, 000
1: 40,000
1: 60,000
1: 20,000
1: 30,000
1: 50,000
1: 40,000
1: 80,000
1: 40,000
1: 40,000
1: 40,000
1: 40,000
1: 30,000
1: 20,000
1: 40,000

Year of
publica-

tion.

3851
1864
1855
1855
1855
1857
1853
1848
1850
1848
1847
1850
1862
184Ï
1848
1853
1852

1852

1862
1849
1847
1849

1851

1851
1855
1865
1855

1844

1845
1845
Í 857
1861
1861
1846
3848
1848
1848
184C
1849
I860
1857
1856
1805
1851
1856
1850
1856
1857
1852
1852
1851
1864



52 BEPOllT ON ТЛЕ COAST SUttVEY.

LIST OF PUBLISHED COAST SURVEY PRELIMINARY CHARTS AKD HYDROGRAPHIC SKETCHES.

Namo of Chart or Sketch.

Kennebec river entrance, prelim, chart, •
Portland harbor, prelim, chart, -

" " (for Iiarbor commissioners), -
Portemouth harbor, prelim, chart,
Ipswich and Annisquam harbors, prelim, chart,
Gloucester harbor, prelim, chart,
Stellwagen's bank, prelim, chart,
Sea-coast of Maine, N. Hampshire, and part of

Massachusetts, prelim, chart, -
Current-chart of Boston harbor,
Minot's ledge,
Plymouth harbor, prelim, chart,
Provincetown harbor, prelim, chart, -
Davis' South shoal, - -
Nantucket shoals, prelim, chart, -
Tidal currents of Nantueket shoals,
Monomoy shoals, prelim, chart, -
Muskeget channel, prelim, chart, -
Bass river harbor, prelim, chart,
Harbor of Wood's Hole, prelim, chart. -
Sow and Pigs reef,
Sea-coast of Massachusetts, southern part, pre-

lim, chart,
Tidal currents of Long Island sound and

approaches, . . . . . .
Buttermilk channel, New York harbor,
Borner and Flynn's shoals, - . . .
Changes in Sandy Hook since 1179, -
New York bay and harbor, prelim, chart,
Hudson river, lower sheet, prelim, chart, -

" " comparative chart, showing tho
change since 1852, -

Sea-coast of Del., Md. and part of Va., prelim.
chart,

Delaware imd Chesapeake bays and sea-coast,
prelim, chart, - - - - - -

Chincoteague inlet and shoals in vicinity,
Wachapreague, Machipongo and Metomkin in-

lets,
Skip and Sand Shoal inlets, prelim, chart, -
Chesapeake bay, upper part, 3 sheets, prelim.

chart,
Patapsco river and harbor of Baltimore, prelim.

chart,
Eappahannock river, 4 sheets, prelim, chart.

" " 2 sheets, from entrance
to Oecupacia creek, prelim, charts, -

York river entrance, Va., prelim, chart, -
James river (upper sheet) from Richmond to

City point, prelim, chart,
Hampton roads and Elizabeth river, prelim, chart,
Norfolk harbor, prelim, chart,
Sea-coaet of Va, 2 sheets, prelim, chart,
Part of sea-coast of Va. and entrance to Ches-

apeake bay, prelim, chart,
Gulf-stream explorations, sketch of limits,
Albemarle sound, prelim, chart, -
Wimble shoals,

State.

Maine.
"

"
New Hamp.

Mass.
"

"
(t

"
11

"
к

"
"'

'
''

'
ц

New York.
"

""

"

Va.
11

"

Md.
Va.

"
"

"
и

"

к

N. С.

"

Scale.

1: 30,000
1: 20,000
1: 10,000
1: 20,000
1: 20,000
1: 20,000
1: 400,000

1: 200,000
1: 100,000
1: 10,000
Í: 20,000
1: 50,000
1: 200,000
1: 200,000
1: 300,000
1: 40,000
1: 60,000
1: 40,000
1: 20,000
1: 240

1: 200,000

1: 800,000
1: 5,000
1: 40,000
1: 10,000
1: 80,000
1: 60,000

1: 20,000

1: 200,000

1: 400,000
1: 40,000

1: 40.000
1: 40JOOO

1: 80,000

1: 60,000
1: 20,000

1: 60,000
1: 60,000

1: 40,000
1: 40,000
1: 10,000
1: 200,000

1: 200,000
1:5000,000
1: 200,000
1: 80,000

Year ol'publica-
tiou.

1857
Í854
1855
1854
1855, '57
1854
1854, '55

1857
1851
1853
1857
1857
1846-'53
1854
1854
1854, '56
1854, '55
1854, '57
1857
1853

1856, '57

1854
1849
1853
1851, '53, '55
1857 1
1855 «

1856

1852

1855
1852, '53

1853
1854

1857

1856
1856

1857
1857

1855
1857
1857
1853, '54

1855
1853-'55
1855
1854
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LET OF PUBLISHED COAST SURVEY PRELIMINARY CHARTS AND HYDROGRAPHIC. SKETCHES.

Name of Chart or Sketch.

lattoras inlet (harbor of refuge),

Sea-coast of N'. C., from Hatteras to Ocracoko,
prelim, chart,

Sea-coast of N. C., from Cape Lookout to Bogue
inlet, prelim, chart. - - - - -

Beaufort harbor, N. C., prelim, chart, -
" " " comparative chart,

iïew river a n d bar, - - - - -
Заре Fear river and New inlet entrances,

Cape Fear river (lower part) from Federal point
to Wilmington, N. C., prelim, chart,

Entrances to Cape Fear river, (lower part).
prelim, chart,

Entrances to Cape Fear river, comparative
chart, (1851-'öü),

Winyali bay and Cape Roman shoals, prelim.
chart, •- -

Winyah bay and Georgetown harbor, prelim.
chart,

Roman inlet, (harbor of refuge),
Bulls' bay, (harbor of refuge.), -
Charleston harbor, Maffitt's channel, compara-

tive chart, - - - - - -
Changes in Charleston bay from 1850 to 1855,
North Edisto river, prelim, chart,
St. Helena sound, prelim, chart,
Port Royal entrance and Beaufort harbor, -
Sea-coast of S. C., from Cape Roman to Savannah

river, prelim, chait,
Savannah river entrance, - - - -
Savannah oity approaches, - -
Savannah river, prelim, chart,
Romerly marshes, . . . . .
Doboy bar.aud inlet,
St. Simon's sound and Brunswick harbor,

prelim, chart,
St. Andrew's shoals,
St. Mary's bar and Fernandina harbor, prelim.

chart, - - - -
St. Mary's bar and Fernandina harbor, com-

parative chart, (1843 and 1856),
St. John's river entrance, prelim, chart,

" " " comparative chart,
St. John's river, 2 sheets, prelim, chart, -
Mosquito inlet,
Capo Canaveral shoals, - - - - -
Florida reels, from Key Biscayno southward,

prelim, chart,
Positions and plan of beacons on Florida reefs,
Legiiré ancliora.se, prelim, chart,
Turtle harbor, Florida reef;
Coffin's Patches, Florida reef,
Key West Imrbor and approaches, prelim, chart,

Waccasassa bay, prelim, chart, -

State.

N. C.
"

"

"
"

"

u

"

"

"

S. C.

"
"
"

"
"
"
•'
1:

"
On.
"
l:

Fla.

"
"
"
"
"
"

"
"
"
"
"
"

"

Scale.

1: 120,000
1: 20,000

'

1: 200,000

1: 200,000
1: 20,000
1: 10,000
1: 15,000

1: 40,000

1: 30,000

1: 30,000

1: 20,000

1: 100,000

1: 40,000
1: 40,000
1: 40,000

1: 5,000
1: 10,000
1: 50,000
1: 40,000
1: 60,000

1: 200,000
1: 30,000
1: 20,000
1: 40,000
1: 10,000
1: 40,000

1: 40,000
1: 60,000

1: 20,000

1: 20,000
1: 25,000
1: 10,000
1: 25,000
1: 40,000
1: 00,000

1: 200,000
1: 400,000
1: 20,000
1: 40,000
1: 20,000
1: 100,000

1: 60^000

Year of publica-
tion.

I860, '51
1849-'52, '51
1852 '57

1856, '57

1857
1854
1857
1852

1853

185G

1855, '57

1857

1854

1855
1857
1849, '51, '57

1854-'56
1855
1851, '53, '56
1857
1855

1856, '67
1851
1851
1855
1855
1855

1856, '57
1850

1856, '57

1856
1853
1857
1856
1851
1850

1855,' '51
1855
1855, '57
1854
1854
1851, '52
1855
185G
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ЫЗТ OF PUBLISHED COAST SURVEY PRELIMINARY CHARIS AND HYDROGRAPHIC SKETCHES.

Nnmo of Chart or Sketch.

Channel No. 4, Cedar keys, - - -
Cedar keys and approaches, prelim, chart,
Ocilla river, - -
St. Mark's bar and channel, - ...

" river, prelim, chart, -
St. George's sound entrances, -
Apalachicola entrance, prelim, chart, -
St. Andrew's bay, prelim, chart,
Pensaeola entrance and approaches, prelim.

chart, ,
Sea-const of part of Ala. and Miss., prelim.

chart, . . . . . . .
Pascagoula river entrance, - - - -
Horn island channel,

" " pass,
Biloxi bay, prelim, chart, - . . .
Mississippi city harbor, 'prelim, chart,
Pass Christian harbor, -
St. Louis bay and Shieldsboro' harbor, prelim.

chart,
Grand island pass and Pearl river entrance,

prelim, chart,
Delta of Mississippi, showing changes since

1839,
Lines of deep sea soundings in Gulf of Mexico,

with profiles of bottom, -
Barataria bay entrance,
Pass Fourchon, - - - - - -
Timballier bay entrance, (Grand pass), -
Ship island slioal, near Isle Dernière, prelim.

chart,
Yermillion bay and Calcasieu river entrances,
Sabine pass,
Galvestou bay, prelim, chart,
Sea-coast of Texas, from Galveston southward.

prelim, chart, - - - - - -
San Louis pass, prelim, chart,
Matagorda bay entrance, prelim, chart, -
Aransas pass,
Rio Grande entrance, -
Reconnaissance of Western coast, from Mon-

terey to moutli of Columbia river, 1 sheet,
Reconnaissance of Western coast, from Mon-

terey to mouth of Columbia river, 3 sheets,
Reconnaissance of Western coast, lower sheet,

San Diego to Snn Francisco,
Reconnaissance of Western coast, middle sheet,

San Francisco to Umpquah river,
Reconnaissance of Western coast, upper sheet,

Umpquah river to boundary,
Cortez bank, oft" coast of California,

" " " " prelim, chart,
San Clemente island, harbor of refuge at south-

east end, - -
Catalina harbor, -
San Pedro anchorage and vicinity of Santa

Barbara,
Anacapa island,

State. j

Fla.
"
"
ч

"
"ti

"

"

Miss.
"
"

"
""

"

"

Louis.

"
u

"

"

Texas.

í
1

1

'

Cal. and Or.

"

Gal.

Cal. and Or.

Or. and Wash. T.

Gal.
"

u
"

Scale.

1: 30,000
1: 50,000
1: 20,000
1: 40.000
1: 30,000
1: 80,000
1: 20,000
1: 40,000

1: 30,000

1: 200,000
1: 20,000
1: 100.000
1: 40.000
1: 40JOOO
1: 40,000
1: 40,000

1: 30,000

1: 40,000

1: 60,000

1:2400,000
1: 30,000
1: 10,000
1: 20,000

1: 80,000
1: 40,000
1: 40.000
1: 200,000

1: 200,000
1: 20,000
1: 40,000
1: 20,000
1: 20,000

1:7000,000

1:1000,000

1:1200,000

1:1200,000

1:1200,000
1: 10,000
1: 80,000

1: 20,000
1: 15,000

1: 20,000
1: • 20,000

Year of publica-
tion.

1852
1854, '55
1855
1S52
1850
1853
1857
1855

1857

185G, '57
1853
184G
1852, '53
1855
1857
1851

1857

1857 .

1851, '52

1855, '5G
1853
1854
1853

1853
1855
1853
1851, '52, '55

1856, '57
1853
1857
1 853
1854

1850

1850, '51

1852, '53

1854

1855
1853
185C

1856
1853

1856
1854
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UST OF PUBLISHED COAST SURVEY PREUfflN'ARY CHARTS AVD НП>ШХЗКАРШС SKETCHES.

Nome of Chart or Sketch.

Лпаеара and oast end of Santa Cruz islnnd,
Prisoner's, Cuyler's and San Clemente harbor,

Santa Barbara mission and vicinity,
" " channel, eastern entrance, prelim.

Santa Cruz, San Simeon, Coxo, and San Louis
Obispo harbors,

Point Conception, -
Point Pinos, Monterey bay, - - - -
Monterey bay, prelim, chart,
Santa Cruz and Ano Nuevo harbors,
San Pedro harbor,
San Francisco bay,
Entrance to San Francisco bay, prelim, chart,
San Francisco city and vicinity,
South Farallon island, . . . .

Mare island straits, prelim, chart,
San Antonio creek, prelim, chart, -
Point Keyes and Drake's bay, -
Shelter cove, Mendocino city, and Crescent city

harbor, and Port Orford or Kwing harbor, -
Humboldt bay,
Trinidad bay,
Umpquah river entrance, . . . .
Mouth of Columbia river. -

i f t ( " ' . - - _ _
Cape Hancock, (or Disappointment),
Slioal water bay,
Reconnaissance from Gray's harbor to Admi-

ralty inlet,
Grenvillo harbor, . . . . .
Cape Flattery and Nee-ah harbor, -
False Dungeness harbor, -
New Duugeiiess havbor, - ' -
Canal de Haro, Rosário strait, and approaches,
Port Townshend, - - - - - -
Dmvamish bay and Seattle harbor,
Smith's or Blunt's island, -
Port Ludlow,
Port Gamble,
Olympia harbor, . . . . .
Steilacoom harbor, -
Bellingham Bay,
Blakely harbor, - - - - - -

State.

Cal.
"
"

u
"

"
"
"
1

1

1

'

"

Gil. and Or.

Or.
"
n

Wasli. Ter.и

"

""
"
"

"
11

"
"

""

Scale.

1: 30,000
1: 20,000
1: 20,000

!• 80 000

1: 20,000
1: 40,000
1: 20,000
1: 60,000
1: 40,000
1: 30,000
1: 400,000
1: 50',000
1: 10,000
1: 5,000
1: 50,000
1: 30,000
1: 20,000
1: 40,000

1: 20,000
1: 30,000
I: 20,000
1: 20,000
1: 200,000
].- 40,000
1: 20,000
1: 80,000

1: 600,000
1: 20,000
1: 40,000
1: 30,000
1: 40,000
1: 200,000
1: 40,000
1: 400,000
1: 50,000
1: 20,000
1: 20,000
1: 20,000
I: 30,000
1: 40,000
1: 10,000

Year of publica-
tion.

1857
1852
1803

1857

1852
1851
1851
1857
1854
1852
1851
185(i
18.5У
1855
185G
1851, '57
1857
1855

1854
1851
1851
1854
1850
1851
1851
1853, '55

1853
1854
1853
1803
1851)
Г854
1854
1854
1854
I860
I860
1856
1S5G
1856
1S5G
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DISCOVERIES AND DEVELOPMENTS OF THE COAST SUBVEY.—Were this
Committee to attempt to enumerate or to enter into a detailed specification
of all the important contributions to nautical knowledge which the Survey
has collected, or to point out all the 'seriously dangerous errors which it has
succeeded in correcting, this branch of their subject would overshadow all
the rest, and their report would degenerate into a mere catalogue of hydro-
graphic discovery. Yet, in order that the reader may have the opportunity
of informing himself, in some measure, in regard to matters which cannot
conveniently be fully presented in this place, we shall add a list of the more
important discoveries and developments, and if, in connection with this, we
compare the ancient charts with those which have been, in later years, wrought
out by the American Coast Survey, we may form some faint idea of its ines-
timable benefits to navigation. Let, for instance, the charts of the port of
New York be examined. By far the most serviceable avenue to this most
important of our harbors, the channel (Gedney's) made use of now by ves-
sels of the largest class, was entirely unknown until it was developed in the
systematic hydrography of the bay. Had the true depth of this channel
been known in 1778, (then probably existing, as seen by comparing old nnd
new charts,) the French fleet under Count d'Estaing might have passed
into the bay, and taken the assembled British vessels. The gradual increase
of Sandy Hook to the northward, narrowing the main ship-channel entrance,
has been well established by the successive observations of the survey ; its
cause has been investigated, and the result gives encouragement in reference
to the power to control this growth of the Hook, should it become necessary.
Take, again, the approach to Philadelphia: until the Coast Survey corrected
the error, the two Hght-bouses which define the entrance to the Delaware
were variously represented on the charts as from four and a half to seven
miles more distant from each other than they arc in fact. The great regu-
lating landmark of our pilots, at Bombay Hook, was five miles out of place.
The deepest and most sheltered channel in the widest part of the bay, was
supposed to be almost a shoal. Take, again, the island of Nautucket, fringed
round with a labyrinth of shoals, which seemed to defy all attempts at com-
prehension :—see it now all pictured out upon these beautiful charts in every
minutest detail, like a great citadel with its outworks systematically disposed
all around it. Look at the numerous isolated rocks, ledges, reefs, and shoals,
on all parts of our far-extending coast-line, located with the utmost degree
of precision.

Some of these individual facts—many or most of them, probably—have
already been the means of saving many ships from wreck and total loss.
There is no extravagance in the presumption, at least if we strike an average,
that a single such service may fiiirly be ascribable, within the past year, to
every one of-these additions, to the amount of knowledge previously existing
in regard to the hidden dangers or the treacherous currents of the ocean.
Let this estimate,-for. a moment, be adopted ; and let the value of ships and
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tbeir cargoes, small and great, richly and poorly laden, be put at so low an
average as twenty thousand dollars ; it will appear that we may fairly credit
to the services of the Coast Survey an annual saving to the country of nearly
three millions of dollars. If in this conclusion there is error, there can be
little doubt that it is because the amount is put too low.

The recorded disasters to our marine commerce in 1855, reached still a
total, in spite of all the increased security which the charts as far as com-
pleted have o-iven to navigation, of almost twelve millions of dollars.

In view, therefore, of all these considerations, the Committee cannot but
conclude, that, in so far as the direct objects are concerned for which the
survey was instituted, the wisdom of the policy in which it originated is
abundantly vindicated, and the largest expectations of benefit from its exe-
cution which its projectors professed to entertain, bave been more than real-
ized in the results already achieved.

List of the more remarkable discoveries and developments by the U~nîtea~
States Coast /Survey to the year 1858, arranged in geographical orJer.

Casco bay, Maine : determination of the position of a sunken rock, on
which the steamer Daniel Webster struck, on October 13, 1856;

Gloucester harbor, Massachusetts; a rock (not on any chart) in the
inner harbor, discovered in 1853.

J3oston harbor : Broad sound channel thoroughly surveyed, 1848 ;
several rocks in the fair channel way, 1854.

Massachusetts bay : Stellwagen's bank, an important mark for ap-
proaching the entrance, 1854; a dangerous sunken ledge (Davis' ledge) to
the eastward of Minot's ledge, 1854 ; development of a reef between
Minot's and Scituate light, 1856 ; a sunken rock, with only six feet at low
water, off Marshfield, 1856; a dangerous rock, near Saquish Head, entrance
to Plymouth harbor, 1856 ; three rocks, partly bare at low water, off Mano-
met point, determined in position, 1856 ; a very dangerous rock off ludian
Hill, and four miles south of Mauomet point, with only six feet water, 1856.

Nantitcket shoals : Davis' New South shoals discovered, six miles
south of the old Nantucket South shoals, and in the track of all vessels be-
tween New York and Europe, or from the eastern to the southern states,
or to South America, 1846 ; two new shoals, 1847; six new shoals, the outer-
most fourteen and a half miles from land, and with only ten feet water,1848 ;
McBlair's shoals, 1849; Davis' bank, 1848; Fishing Rip, a large shoal, with
four ancl a half fathoms, surveyed in 1852 ; a ridge connecting Davis' New
South shoal and Davis' bank, 1853; a small bank or knoll, beyond the limits
of the series of shoals, with'ouly five fathoms on it, five miles east of Great
Rip; two shoal spots, near the northern extremity of Davis' bank, with
fourteen and eighteen feet water, 1856.

Nantucket sound: contraction of the inlet at the north end of Mo-'
nomoy island, and opening of new entrance to Chatham harbor, 1853 ; Ed-
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wards' shoal, south of Nantucket light-boat, 1855 ; two shoal spots, with
twelve and thirteen feet water, 1856 ; survey of Muskeget channel, 1848 and
1850.

Numerous rocks in Martha's Vineyard sound, Long Island sound, and
the various bays and harbors connected therewith.

The tides and tidal currents of Long Island sound, of Hudson river,
and of the great bay between Massachusetts, Rhode Island, Connecticut,
New York, and New Jersey, 1854 to 1857.

New York bay and harbor: Gedney's channel into New York bay,
having two feet water more than the old channels ; changes in New York
harbor, between 1845 and 1858 ; increase of deptli in Buttermilk channel,
1848; shoal in main ship channel, 1855.

Sa7idy Jlook : its remarkable increase traced from the surveys of the
topographical engineers and others, and by several successive special surveys
made between 1844 and 1857.

Delaware bay: Blake's channel at the entrance, discovered in 1844,
•open when the eastern channel is closed by ice ; Blunt's channel ; changes
near the Pea Patch.

Coast of Virginia: true extent and position of the dangerous shoals
near Chincoteague inlet, 1852 ; Metonkin inlet, shoaling from eleven to eight
feet in the channel, 1852; two channels into Wachapreague inlet, both with
seven feet water at low tide, 1852 ; Great Machipungo inlet, a fine wide
channel with eleven feet water on the bar at low ebb, and fourteen at high
tide, with good anchorage inside in from two to eight fathoms, forming the
l)est harbor between the Delaware and the Chesapeake, 1852.

Entrance to the Chesapeake: two shoals, one 4f nautical miles S. E.
Ъу E. from Srpith's island light-house, with seventeen feet water upon it ;
the other E. by S. nearly 7f miles from the same light, with nineteen and a
"half feet, 1853 ; finding of only three feet water upon the " Inner Middle,"
.the shoal part of the Middle Ground, west of the " North Channel," at the
Chesapeake entrance, 1852.

Chesapeake bay: determination of shoals and bars at mouths of
rGreat and Little Choptank, Rappahannock and Patapsco rivers, 1844 to
1855 ; New Point shoal, with only sixteen feet water, south-east from New
Point Comfort light-house, 1854 ; advantages of York river as a harbor,
1857.

• Gulf-stream : discovery of the cold well, alternate warm and cold
Tjands, and various other features ; discovery of cold water at the bottom of
the ocean below the Gulf-stream, along the coast of North and South Caro-
lina, Georgia, and Florida, 1853; submarine rangé of hills, beyond the Gnlf-
Btream, tracked from Cape Florida to Cape Lookout, 1855.

Various facts relative to the distribution of minute shells on the ocean
.bottom, of probable use to navigators for recognizing their positions.

Coast of North Carolina: dangerous nine feet shoal off Cape Hat-
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terás, 1850 ; a new channel, with fourteen feet water, into Hatteras inlet,
formed during 1852, which is better and straighter than the old channel ;
changes at Hatteras and Ocracoke inlets, 1857 ; general permanence in
depth on the bar of Beaufort harbor, with the change of position of the
channel, 1854; the well ascertained influence of prevailing'winds in the
movement of the bars at Cape Fear and New Inlet entrances ; the shoaling
of Cape Fear river bar thoroughly examined for purposes of improvement,
1852, and the changes in the bars and channels determined, 1855 and 1857 ;
Frying Pan shoals, off Cape Fear, extending twenty nautical miles from
Bald Head light-house, surveyed in 1851..

Coast of South Carolina : Maffit's new channel, Charleston harbor,
with the same depth of water as the ship channel, 1850 ; changes in the
channels of Charleston harbor, and in the entrances to North Edisto river

and Port Royal harbor, 1852 to 1857.
Florida reefs : a harbor of refuge (Turtle harbor) to the northward and

westward of Carysfort light-house, with a depth of water of twenty-six feet
at the entrance, 1854 ; a new passage, with three fathoms water, across the
reef, to Legaré harbor, under Triumph reef, (lat 25° 30' K, long. 80° 03' W.)
which, if properly buoyed, will be valuable as a harbor of refuge ; a safe rule
for crossing the Florida reef near Indian Key, 1854; a new channel into Key
West harbor, 1850 ; Isaac shoal, near Rebecca shoal, not laid down on any
chart, 1852.

Mobile bay : in 1832, only seventeen feet at low water could be carried
over the entrance bar ; in 1841, it had nineteen feet, and in 1847, twenty
feet and three quarters, as shown by successive surveys ; diminution, almost
closing, of the passage between Dauphine and Pelican islands, 1853.

Harbors on the coast of the Gulf of Mexico : determination of bars,
shoals, and passes, and of the effect of wind in disturbing the tides.

Pacific coast of the United States: various surveys and charts of
small harbors, and a continuous reconnaissance of the entire western coast
and islands adjacent, a great part of which was imperfectly known, 1849 to
1857.

Coast of California: development of a bar at the entrance of San
Diego bay, 1856 ; a shoal in San Diego bay, with only twelve and a half feet
water, not on any chart, 1852 ; determination of the position and soundings
on Cortez shoal, and of a point of rock thereon, 1853 and 1856 ; position of
a rock off Point San Pedro, on which the steamer " Uncle Sam" struck, 1855 ;
discovery of red sand in soundings, marking the entrance to the Golden
Gate, 1855.

Columbia river : south channel surveyed and made available to com-
merce, 1851 ; changes of channels, their southward tendency, and a new
three fathom channel from Cape Disappointment, due west, to open water,
1852 ; further changes, 1853 :

Coast of Washington Territory: shoals and dangerous rocks de-
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termined in position, in the Strait of Juan de Fuca, Canal de Haro and Ro-
sário straits, 1853 to 1857.

Additional List for 1858, of some of the more remarkable discoveries ana
developments.

Coast'of Maine: dangerous rocks off Boon island, Cape Neddick, àud
the mouth of York river, determined in position ; development of Fishing
ledge, Boon island ledge, and Duck island ledge ; a detected rock two-
thirds of a mile northward and eastward of York ledge.

Coast of New Hampshire : a very dangerous rock, with only six nnd
a half feet water, off the entrance to Portsmouth harbor, about four nautical
miles eastward from the Whale's Back light ; a rock, with twelve feet at
mean low water, about four miles and a third eastward of the Whale's Back.

Coast of Massachusetts : an extension of the sand spit to the south-
ward of Sunken ledge, Boston harbor, since the survey of 1847.

Coast of Connecticut: Luddington rocks, determined in position, about
ten yards apart, one mile and a half (nautical) S. W., by compass, from New
Haven light-house.

Coast of New York: Tidal currents in East river, and surface and sub-
currents investigated in New York harbor, the lower bay, and on the bar.

Charleston harbor: increase of depth developed in Maffit's chamie].
. Coast of Florida: a new and deeper channel discovered, leading

into St. George's sound (Apalachicola), at the eastern end of Dog island, and
anchorage connected with it ; shoals near the East and West passes of St.
George's sound, and a new channel found between St. George's and St.
Vincent's islands.

Coast of California: Whiting's rock, determined in position, near
"The Brothers," at the entrance of S. Pablo bay; a reef developed ofi"
the Contra Costa flats, San Francisco bay.

Washington Territory : a bank of three and a half fathoms, about a
mile off the S. W. point of Ducia island, northern outrance of Washington
sound,

AID AFFOKDED то THE LIGHT-HOUSE SYSTEM.—The survey of the coast
furnishes also, as part of its direct results, this further nnd most valuable
benefit to the navigator, in the indication of the most appropriate points
upon which to establish lights, beacons, buoys, fog-bells, nnd whatever other
constructions may be useful in giving assurance of safety, or indicating the
possibility of danger.

For the judicious selection of sites for light-houses, it is necessary to be
in possession not only of the hydrography along the coast, but also of the
topography of the shore, and of the points which become landmarks in con-
nection with the light-house. This information we have seen that the Coast
Survey furnishes, and hence the determination of light-house sites seems to
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Ъе a part of its appropriate functions. Such has been the view of the sub-
ject taken by the government;-and accordingly, in 1852, the construction
and general disposition of the light-houses of the coast having been confided
to a Board composed of officers of elevated rank in the .army and navy,
with two civilians selected for their high scientific attainments, the examina-
tion of suitable sites for these structures was assigned to the Superintendent
of the Coast Survey. In the six years that have since elapsed, preliminary
surveys or examinations have been made in more than one hundred local-
ities on the Atlantic, Gulf and Pacific coasts of the United States, and at
least half of the cases reported are based upon recommendations for aids to
navigation suggested by the Assistants while surveying in the respective
localities.

AlD AFFORDED TO THE PLANNING OF THE DEFENCE OF THE COAST.—The \

bearings of the Coast Survey on subjects connected with the defences of \
the coast, must be passed over by the Committee more briefly than their \
importance deserves. The eminent soldier at the head of the Engineer \
Corps of the Army, on whom the office of discussing them would have \
appropriately devolved, was on the eve of departure from the country ;
when the preparation of this report was originally taken in hand. A few {
paragraphs from his letter to the late chairman, written a short time before ?
his departure, must be accepted as the too succinct expression of his views : 1

" I cannot," he says, " refrain from urging you to insist emphatically
upon the very important aid that has been rendered by the Coast Survey to ;

the system of National Sea-coast Defences, and to the improvement and près- <
ervation of harbors. For many years the Engineer Department has had no •
other resource than the Coast Survey for the general information necessary J
for the determination of the sites of new fortifications. It has often been *
without other resources as to local topography and hydrography. It has j
been enabled, by this aid, greatly to expedite the construction of defensive í
works of the highest necessity : and I must noV omit to add, that the opera-
tions of the Const Survey have, on some occasions, by the kind consideration
of the Superintendent, been specially arranged in the order of time, and in
the manner, calculated soonest to supply our necessities. In relation to the
improvement and preservation of harbors, it may be said, generally, that
great as the function of exhibiting the coast in its present state may be,
a not less important one is the detection of its disturbances : for only on the
exact knowledge of these (already found by the labors of the Survey to be
great and various, and often threatening), can any judicious precautions and
remedies be founded. Under the feeling of these obligations to the Coast
Survey, I can hardly keep from warming up into specification and amplifica-
tion—for which, however, I have no time under the arrangements which
are pressing on me."

TESTIMONIALS FEOM THE MEHCANTILE COMMUNITY то THE VALUE or
THE COAST SUBVEY.—Should we aim at conceiving a definite estimate of the
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value of the contributions afforded by the Coast Survey to the development
of the commerce, and thereby to the general prosperity of our country,
we shall find the importance of these laboriously-gathered results so to
grow upon our minds, as we consider them, as to baffle all attempts at
computation.

The amount of wealth (and not less of human life) which they have
saved from being ingulphed in the waves can never be known. The
•degree to which marine commerce, relieved by them of many of its perils,
has been stimulated into higher activity through their influence, must
be equally matter of conjecture : so that, in fact, the difficulty .of foi-ming
any clear or adequate idea of these great benefits, grows mainly, at last, out
of their very magnitude.

When men, like ourselves, whose life is spent upon the land, and whose
occupations little familiarize them with the every-day operations of com-
merce, have their attention more particularly drawn to this subject, they
may begin to feel by degrees its practical importance, and in some measure
to realize the far-reaching consequences of the labors we are reviewing.
But it is far otherwise with the merchants and the sea-faring men of the
country. Truths which we recognize but occasionally, and by a special
effort of the attention, are their daily and familiar thoughts; and thus,
whenever an uttered opinion in regard to the operations of the Coast
Survey has been heard from such a source, it has invariably been an
emphatic testimony to their value.

Thus, the Insurance Companies of JSosion aver, that "being constantly
concerned in the security of the navigation of our own shores, and having
watched with interest the condition and progress of the Coast Survey,"
they " are satisfied that every year it is rendering very valuable service to
the commerce of the country by its accurate charts and by its important
discoveries;" and they express their conviction that "the present organiza-
tion of the Survey is better suited than any other to insure the prosperity
of this great national work, and to provide the best judgment in directing
its plans of operation, and the greatest skill and fidelity in their execution."

The Chamber of Commerce of New York exult in the "energy peculiar
to our country " with which the work has been prosecuted, " surpassing

-that of any other country at' any time;" and protest that its "continued
prosecution is due not only to the interests of our merchants, but as an
act of simple though tardy justice to the seafaring classes of the United
States."

The Board of Trade of Philadelphia refer to the rapidity and economy
with which the Survey has been conducted, and to the value of its publica-
tions to the merchant, mariner and underwriter, and declare that they
should view its " abandonment, or any limitation upon its present extent and
plan, as a public injury."

The underwriters, merchants and masters of vessels of Baltimore speak
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of the " various discoveries of new channels, new shoals^ and other impor-
tant data on which correct sailing directions are founded," as " of great
value in the navigation of our coast and harbors."

The Chamber of Commerce of Charleston " considers this worl> as of
more importance to Charleston than any work that the General Government
has ever undertaken for it."

The Savannah Chamber of Commerce, considering it " matter of great
interest to the people of Georgia that the work which lias been for some
time past going on in the survey of our coast should be prosecuted with
vigor," resolved that their senators and representatives be "respectfully
requested to aid the grant of the necessary appropriation."

A meeting of citizens of Mobile " cordially recommend to the favor-
able notice and action of Congress the continuation of an energetic and
active prosecution of the Coast Survey, as a work of the greatest utility to
the various interests of the Union, and calculated to reflect honor upon the
intelligence and patriotism of this country," and that their thanks be
" tendered to Professor Bache and the officers under his direction, for the.
zeal and success with which their duties have been performed in the bay
and harbor of Mobile."

Still more recently than the before quoted testimonial from New York,
appears a memorial signed by the most influential merchants, ship-owners
and underwriters of that port, who, "believing that the means of safety
are increased by the vigorous prosecution of the United States Coast Sur-
vey, from its continually developing new dangers, and locating them so that
they may be avoided, do respectfully ask that the Secretary of the Treasury
may urge upon Congress the necessity of increased appropriations for the
purpose of bringing the work to я more speedy completion." Also appears
a memorial addressed to the present Honorable Secretary of the Treasury,
and signed by underwriters, merchants, traders, manufacturers, mechanics
and business men of Philadelphia, who state that they "have for many
years witnessed the satisfactory progress of the survey of the coast of the
United States," and that " this great work has already proved of eminent
advantage to the commerce and navigation of the whole country, by adding
to the safety of life and property," and that, "believing that the benefits to
be derived from the active and extended prosecution of the Coast Survey
are of a character to reflect honor upon the administration which cherishes
and supports.it, and that we should fail as a people in our duty to the world
by neglecting to acquire the most accurate knowledge of the dangers that
lie upon our extended line of sea-coast and harbors," they " most respect-
fully ask the support of the Coast Survey in " the Secretary's " annual
report, and the recommendation of ample appropriations for its use."

SEA-COAST CHANGES.—A careful examination of the list of discoveries
above given will bring to view a fact which, to a person unfamiliar with this
subject, may occasion considerable surprise. More than one in ten of the dis-
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çoveries of the Coast Survey are discoveries of changes in the ocean's bed ; not
only among shoals at sea, but also within some of our most frequented har-
bors, and in the channels by which they are approached. Similar changes occa-
sionally occur, also, even in the configuration of the visible coast line itself.
This consideration is sufficient to show that the hydrographie part of this
great work cannot, like the geodesic, be, once for all, completed ; but that,
in order to maintain permanently in the charts the same degree of accuracy
which is originally given to them, the soundings must, from time to time, be
revised, and all the changes of depth discovered, carefully noted.

TIDES Am» CÜEEENTS.'—Another fact, which the attentive study of the
same catalogue discloses, is, that an acquaintance with the ocean currents,
and with the irregularities of the tides, is of almost as much importance to
the mariner as a knowledge of the depth of the water, or of the form and
character of the bottom. These things, and, in addition to them, the mag-
netic elements, are, in some cases, for the sake of greater clearness, given
in separate charts. The present Superintendent of the Coast Survey has
devoted earnest attention to all the subjects of this class ; and he is espe-
cially developing the complicated laws which govern the tides on our coast,
in a comprehensive and masterly manner. The preliminary chart of cotidal
lines on the Atlantic coast, and the tide-tables constructed from the obser-
vations of the survey, have been already incorporated into Blunt's " Coast
Pilot;" for, although the whole investigation is still in progress, and is
necessarily, by its nature, far from its completion, important practical results
have been developed which have been immediately put within the reach of
the navigator. Preliminary charts of tidal currents have also been pre-
pared for various localities at the office of the survey.

Practically valuable, however, as is the investigation of this difficult
subject, which, in the present able hands, is proceeding so successfully, it is
of the highest interest also in a purely scientific point of view. The problem
is one of th^e few that belong to the globe as я whole ; and to us, as pos-
sessing a territory which borders on the two great oceans, the solution of
the problem appears to be more especially committed than to any other civi-
lized nation.

The subjects here touched upon, sea-coast changes, tides and currents,
,-while, in their practical bearings, as they affect the interests of commerce,
they present no aspect which cannot be equally comprehended by every
jnind, have yet a higher significancy and stand in a broader relation to the
physical history of the globe than is likely to occur to any but those who
have made the operations of nature, as they are constantly proceeding on
the largest scale over the whole surface of our planet, the subject of long-
•continued and careful study. The opinions of such men, in regard to the
value of observations like those which have just been occupying us, are of
rnnch more than ordinary interest ; and, on this account, the following, from
a member of this Committee, whose life has been devoted to labors which
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make him a high authority upon all matters of this description, is given'in
his own words :

" The observations on the action of tidal and river agencies, in changing
the form, depths, and entrances of harbors, are of well-known importance.
These changes are so perpetually in progress, and in time become so dis-
astrous to navigation, that a corps charged with the duty of surveying the
coast, and mapping out the annual variations of sand-banks, headlands, and
channels, is part of the necessary organization of a well-ordered government.
But beyond this, the Coast Survey, as at present conducted by Prof. A. D.
Bache, is furnishing—in addition to the most exact determination of all the
features of harbors, and the special causes of change operating in each,
with the progressive variations in the action of these causes themselves—
that comprehensive survey of the whole continental coast, and the move-
ments of the bordering ocean, which is essential, in order to arrive at the
general principles governing tidal operations and coast changes. It is map-
ping out the whole grand subject of the Atlantic tides so completely, that
the special details of each bay and inlet are taking their true places in the
system ; and subordinate to these, also, the movements and counter-move-
ments in harbors, which occasion their changes in depth and outline. The
questions that must often come up respecting the improvements of harbors, or
their protection from encroaching silt or sand, are thus receiving thorough
solution by reference to the widest and most fundamental principles."

The Committee here perceive that they are approaching the limit at
which the practical becomes blended with the scientific ; and while those re-
sults of the survey which remain to be examined are by no means deficient
in value, nor often even in a value eminently practical, yet, since they can-
not properly be classed among the explicit objects in view of which the
work was originally instituted, their consideration appears most fittingly to*
fall under the head of Collateral JResults.

COLLATERAL RESULTS :— ADDITIONS TO THE AMOUNT OF SCIENTIFIC Offi
USEFUL KNOWLEDGE.

то GEOLOGICAL KNOWLEDGE. — All observation conspires
to instruct us that the surface of our earth, under the action of the elements,
is undergoing continual changes; and that the relation existing between
land and sea is in a state of incessant oscillation. What the Coast Survey
has disclosed to us, by its severely exact methods of scrutiny, of the mutual
and steadily progressive encroachments of the water and the land, along the
entire extent of our own ocean border ; that, also, successive generations of
men, observing without method, have, in the lapse of centuries, been com-
pelled to recognize, as a law of universal prevalence, wherever, throughout
the globe, these contending .elements come into contact; and that, too,
many facts of recorded history attest, in instances in which the tooth of

5
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.time has so completely obliterated all natural traces of the former state of
things, that, but for the existence of the record, not a suspicion of change
could ever have been entertained. That, also, many imposing monuments
.of ancient art, colossal mementoes of forgotten centuries, once towering sub-
limely above the pigmy dwellings of their builders, but now half-buried in
encroaching sand, avouch in solemn silence to the curious wanderer of the
desert: while other ruins, no less interesting, tottering on the margin of the
sea, reveal the same truth in the deep-worn evidences, which they bear far
,up among their crumbling sculptures, of former watery violence ; and in the
still more wasting ravages of the lithodomous molluscs which burrowed in
their substance when the waters, which vainly lash their foundations to-day,
.«nvèloped them, in some unknown period of the past, half-way up to their
.•elaborately wrought capitals. That, also, islands upheaved above the
ocean's surface within the period of authentic history, or cities, within the
-same period, submerged beneath its waves—extended lines of coast which
the paroxysmal throes of volcanic energy have suddenly elevated many feet
above their former level, or as suddenly depressed below,—or which the

.ßteady and long continued progress of secular change has lifted or sub-
merged more .slowly ; that, also, the growth or wasting of the shores under
•our own eyes, in numberless localities where no change of the general level
is perceptible ; that, also, the rounded and water-worn forms of the pebbles
•which lie imbedded, in countless multitude, in the superficial strata of every
••continent,—and the vast deposits of marine organisms which crown the very
.•mountain-tops with evidences of once swarming primeval life ; that, in short,
an almost endless series of unequivocal and most convincing indications pro-
claim, in modes as various as the mute witnesses themselves, but with a
barmony of testimony as irresistible as it is impressive.

Considerations like these invest the researches of the Coast Survey
with that species of fascinating interest which attaches to mystery, and im-
part to them a portion of the dignity which belongs to those grand opéra-
tions of nature, whose laws they assist us to unveil. This noble work is
gathering for us the statistics of secular progress ; and it is no idle imagining
to suppose that, out of its systematized results, and those of other equally
searching investigations already in progress, or hereafter to be instituted
in other lands, science may yet be able to unfold to us all the wonderful
history of those stupendous revolutions which have marked the past, and all
the inevitable transformations which still impend over the unknown future-
of our globe. Upon the point here presented, the Committee take the lib-
erty to quote once more the language of the eminent authority already
introduced.

" Geology is gathering much from the results of the Coast Survey.
The rocks of the globe have been formed, to a great extent, through tidal
and current action, many of them having been accumulated, just as sand
and mud deposits are now accumulating along and off the shore from New
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Jersey south, or as deltas are forming about the mouths of rivers. The
operations of the present day thus explain those of the earth's past history.
Science is hence deriving from the researches of the Coast Survey,.facts
elucidating the whole series of geological formations. The surveys of the
delta and mouths of the Mississippi, of the harbors of Mobile and Charles-
ton, of Delaware river and bay, of New York and other bays and harbors,
are all subjects for profound study with those who would understand this
great branch of geological dynamics ; and they look for other important
data from the future surveys, that shall exhibit the changes that are now in
progress, and the rate at which they are going forward.

" Besides investigating the origin of sea-shore deposits, and the causes
of their varying features, soundings off the coast and in the deeper waters
are making the sea-bottom a part of terra, cognita, disclosing the positions
of its valleys and plains and the character of its slopes, and marking out the
true limit between the continental areas and the great oceanic depressions.
The coast Survey is thus enabling the geologist to extend the area of
research, compare the causes and characters of submai-ine ridges with those
of the sub-aerial, and trace the directions of river channels over the sea-
bottom off their mouths.

" By its registers of depth, it is also preparing to detect evidences of
variation of level along the border of the continent ; or evidences of stabil-
ity, as the case may be: and this is becoming a subject of practical impor-
tance. Suspicions have been thrown out respecting a slowly-progressive
subsidence along the coast of New Jersey, which, if sustained by a thorough
examination of the facts, suggest a new topic for serious consideration to all
interested in New York commerce. Whether true or not, the 'point
requires examination for every part of the coast of the United States ; and
this examination it has begun to have, in the accurate system of soundings
and measurements of the Coast Survey.

" Along the coast of southern Florida, the subject of coral reefs comes
under the attention of the Survey ; and in investigating the fornis and
formation of coral-reéV harbors, like that of Key West, their rate of filling
up, or the influence of currents in keeping them open, geology is receiving
other important contributions from the facts which its operations are dis-
closing.

"It may finally be observed, thatpthe study of the material brought up
by the lead, in the prosecution of the deep-sea soundings, is making some
remarkable revelations with-regard to the distribution of animal life ; and
that thus zoology and the geography of life are deriving much from the
investigations in progress.

" All these scientific contributions are collateral results, incidental to
the great purpose of the survey—results attained, not through independent
researches needlessly introduced, but because they are of necessity involved
in the prosecution of the great purpose itself, and thus constitute a part of
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the evidence demonstrating the strict fidelity and profound ability with
which it is carried out. They flow from the work as its entirely legitimate
fruits, and take their place, of unquestionable right, alongside of those other
fruits whose legitimacy is universally recognized, and in which humanity, as
well as commerce, is so deeply concerned."

As somewhat more specifically illustrative of the nature of the interest-
ing inquiries connected with this subject, which the Coast Survey is solving,
or will yet be able to solve, the committee venture to quote, in addition to
the foregoing, the subjoined passage from a communication obligingly fur-
nished by another geologist, standing deservedly high among the scientific
men of the country :

" The Mississippi river," observes this gentleman, " presents, perhaps,
the most magnificent example in the world of a large river discharging
abundant sediment into an almost tideless sea. In the Gulf of Mexico,
therefore, we have the best opportunities of studying the phenomena of
river deposit. The distribution of the various kinds of sediment brought
down by the great river, the slope of the submarine bank, destined to be
gradually transformed into delta and added to our territory—these would
be problems worthy, in themselves alone, of the attention of an enlightened
government. And these important problems have not escaped the atten-
tion of the accomplished- superintendent ; as may be seen in the report for
1856, map ISTo. 40, where the distribution of sand, mud and coral-mud is
carefully laid down. But there are several points of interest which deserve
further attention: It will be seen, by reference to the map just mentioned,
that the lines of equal depth approach each other near the mouth of the
Mississippi, showing that the submarine bank formed by the deposit of this
river has a very rapid slope toward the south. Near the mouth of the river
runs the line of six fathoms ; about ten miles south, the line of fifty fathoms ;
and from this point the bottom slopes so rapidly that, at the distance of
three or four miles more, a line of two hundred and thirty-six fathoms
found no bottom, making a difference of nearly eleven hundred feet in this
.short distance. Thus we have a considerable inclihation of strata over
large areas, produced by the natural agency of water alone. ' It is possible,
however, that the steepness of the slope may be,.in part, due to the exist:

cnce of currents (e. g. Gulf-stream,) sweeping across*the mouth of this river
at some distance, and carrying away sediment which would otherwise be
deposited further out. It is important to ascertain how far this southward
slope is modified by the existence of any such current.

"The same map shows that, on the Gulf side of the peninsula of
Florida, the coral Bottom (probably coral mud) extends as far north as
Tampa bay. It would be extremely interesting to determine whether
there is any return current carrying coral mud from the southern point
and keys of Florida, northward, or whether, as is much more probable, we
have here additional evidence of the fact that the coral formation of the
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peninsula extends northward as far as Tampa. It will be recollected that^
according to Tuomey, the eocene may be traced as far south as this point.
It would be important to trace, in a similar manner, the coral deposit on
the east side of the peninsula as far as possible."

Were it thought indispensable in this report to .pursue a method severely
logical, it would be proper here to complete whatever remains to .be said in
regard to the aid which the survey of the coast is rendering to geological
science. Inasmuch, however, as the formation of submarine strata depends,
as we have seen, in great measure upon the distribution of sedimentary
matter through the agency of currents, and inasmuch as the greatest of all
the currents in our waters, or indeed in the waters of any known sea, has
been a subject of special study and elaborate exploration, under the direc-
tion of the superintendent of the Coast Survey, it has seemed convenient
to defer the consideration of the relations of that great stream to geology
until some account shall have been given of the character of the observa-
tions made upon the stream itself, and of the results which those observa-
tions have gathered.

EXPLORATION OF THE GULF-STBEAM.—The observations made in the
progress of the survey of-the coast, with regard to the currents of the
ocean, and particularly with regard to the Gulf-stream and Labrador cur-
rent, are in point of importance not inferior to those made on the tides.
The oceanic currents embrace completely the Avhole globe, and follow as
regularly an established system in their movements as the blood circulating
in a living being. This, therefore, in its most general aspects, is <jne of
those world-wide subjects which nations should undertake to investigate ;
but, in the actual discharge of the duty thus resting on them, it is fitting
that each nation should explore, with special attention, the seas that wash
its own shores. To ourselves, whatever relates to the Gulf-stream possesses
a paramount interest, since every vessel which approaches our Atlantic
coast from abroad is compelled to cross this great river in the sea. In -the
exploration of the stream which the Coast Survey has undertaken, the
velocity and direction of the current at all points are, of course, primarily
noted ; but especially is the temperature of the water made a subject of-very
careful study in all parts of the stream. The distribution of temperature in
the axis of the stream, at different depths, and in sections at right angles to
the axis, has been diligently investigated, and is exhibited, so far as it has
been hitherto ascertained, in preliminary charts. The investigation em-
braces, also, the position of the axis of the stream at different seasons of the
year, with the variations in its breadth, the changes in the distribution of
temperatures at different seasons, and the connection of the figure of the
bottom with this distribution ; also, the characteristics of the inner cold
current making in a direction opposite to that of the Gulf-stream ; all of
which points are materially interesting, not only to general science, but to
practical, navigation. With the aid of the perfected map of this stream,
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and ;of its attendant counter-currept, such as.the survey will eventually
bring forth from its accumulating materials, the navigator approaching our
coast will obtain most important indications of. his position. The color of
the water itself will be one of these ; but a more interesting one will be
found by merely consulting the temperature of the sea, extending the obser-
vations to .different depths below the surface, as well noting the superficial
temperature. Thus the remarkable and sudden change of temperature which
occurs along the inner edge of the current, the wann water of the Gulf-,
stream being confined as it were by a "cold wall" of water (a term hap-
pily applied to it by Lieut. G. M. Bache) is a valuable practical guide ; yet,
in order that it may be a safe one, the laws which govern the position of
the " cold wall " at different seasons, must yet be. carefully determined.
This, and various matters of interest still unsettled or obscure, can be pro-
perly developed only by a series of observations, extending over a number
of .years. The Coast Survey is, in fact, now supplying what Humboldt, so
long ago as the year 1804, clearly set forth as important desiderata in rela-
tion to the Gulf-stream—a subject to which he had devoted much careful
attention. [Personal Narrative, <fcc., chap, i.]

. We may, at this point, with propriety resume the subject, deferred in
the discussion of the topic last considered, of the relations of the Gulf-
stream to the subniarirîe deposits heretofore formed, or still in process of
formation, upon our shores and beneath the waters of the neighboring seas.
The formation pf shore deposits, whether in tideless or in tidal seas, has
been investigated to some extent elsewhere, particularly under the direction
of 'the English government, in the British seas and the German ocean ; but
of the deposits of Oceanic currents in deep seas, we know nothing but what
has been revealed by the Coast Survey.

One of the most important contributions by which American geology
has ever been enriched, is the discovery made by Agassiz, under the direc-
tion of the Survey, that the peninsula of Florida is of recent origin ; that it
has been formed, in fact, by the growth of successive coral reefs, one outside
of.the-other, from north to south ; and that this progressive growth is still
slowly proceeding. It is, however, the plausible suggestion of Prof. Joseph
Le. Conte, that, in order to furnish a foundation on which the corals might
build, it is necessary that some previously acting cause should he taken into
the account ; inasmuch'as probabilities favor the supposition that the water
in which the present reefs are fouad has been, at ,a former period, too deep
for the operations of these polyps. Such a cause he finds in the great stream
we are considering. The waters of this stream, emerging from the Gulf of
Mexico highly charged with sediment, and sweeping in a curve around the
point of Florida, must, in his view, according to the laws of current action,
have, deposited a portion of their suspended matter within the curve. And
thus, as he supposes, a submarine bank has been progressively formed,
extending slowly southward, upon which the distinct reefs pointed out by
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Agassiz have been successively built. Whether or not this theoretic view
is correct, is a point in regard to which geologists will look with interest to'
the investigations of the Coast Survey to determine.

Another interesting class of facts, associating itself naturally with the
explorations of the Survey, is that which relates to the agency of the Gulf-
stream in determining deposits in the open ocean. The velocity of this
powerful current, as it rushes through the straits of Florida, is not less than
five miles an hour ; and with this great velocity it emerges to the north-
ward into a wider sea. It is a property of currents, in such cases, to form
an eddy on either side : and if the stream bear sediment, a bank is the
necessary consequence. A notable instance of this is seen in the tidal cur-
rent which rushes through the British channel into the German ocean,;
forming eddies which have resulted in the production of submarine banks.
The Bahama banks lie east of Florida, separated from that peninsula by the
Gulf-stream, and just in the position in which the existence of the stream
would naturally lead us to look for such deposits. Upon these banks, also,
coral reefs and keys have been formed. It is highly desirable that they
should be further examined with reference to this point, and it is to be
hoped that the operations of the survey may be so extended as to cover
them.

The very remarkable configuration of the sea-bottom in and about the
Gulf-stream, which has been so beautifully brought out by means of sections
in the Coast Survey report of 1853 (maps No. 15 and 16) is a fact of great
importance in a geological point of view. Commencing from the coast, the
sea-bottom deepens very gradually, so that, at the distance of fifty miles,
only the depth of twenty f:ithoms is attained. From this point, the bottom
slopes rapidly down to very great depths. Thus the Gulf-stream runs like
a river which has overflowed its banks. Now this submarine river-bank
exists all along the coast side of the Gulf-stream. It is upon the margin
of this bank that the coral reefs of Florida have probably grown. The
bank may have been produced everywhere, by deposit from the Gulf-
stream; or it may be true that its formation has been the result of sedi-
ment from all the Atlantic rivers, deposited for a certain distance off shore,
and then, as it were, cut off and carried away by the current of the stream.
Both causes have, not improbably, been concerned in producing the
observed effect ; but the question is one which cannot be regarded as set'
tied, and one on which the Coast Survey will yet probably shed much
additional light.

The sections already spoken of, in addition to the lateral ,bank just
mentioned, reveal the existence of enormous ridges and correspondingly
profound hollows, running in the direction of the stream, and therefore
nearly parallel to the coast. The stream is, moreover, divided longitudi-
nally into several alternating bands of wann and cold water; the bands of
warm water corresponding to the hollows, and those of cold water to the
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ridges. These bands and corresponding hollows and ridges commence at
Cape Canaveral, and extend to a great distance ; becoming, however, more
indistinct as we go further northward. One of the cold bands runs along
the lateral bank, and is that which has been already mentioned under the
name of the " cold wall " of the Gulf-stream. In this, a slight return cur-
rent has been detected ; but whether or not the current is permanent, is a
-question yet to be definitely settled.

Now the origin or occasion of these cold bands is a question of the
highest, interest. It may be inquired, are they bands of Atlantic water,
alteraating with the water of the Gulf, or are they the cold water of a
return polar current, deep-seated generally, but rising somewhat nearer the
surface along these lines ? It is very important, in view of these questions,
that the direction of the current of the cold bands should be determined,
and, if the warm and cold waters tend in the same direction, that their
relative velocity should be ascertained.

It is, again, a question of no less interest than the foregoing, to what
cause we are to suppose the alternating ridges and hollows to be due.
Possibly they are- mountain ranges, with their -corresponding longitudinal
valleys ; constituting, thus, a submarine system parallel to the Appalachian
chain. Possibly they are only lines of sedimentary deposit, determined by
the existence of the cold bands of comparatively still water, or perhaps even
of return currents. If the latter supposition be correct, then the ridges
should decrease in height as we go north ; for the sedimentary matter must
sink, as it is borne further, to a lower and lower level. And even if the
former be the true supposition—that is to say, if these elevated ridges are
mountain chains of igneous origin—it is still possible that they may have
undergone great, modifications of form, from the subsidence upon them of
the matters held in suspension by the waters of the Gulf-stream.

The currents of the ocean suggest, by natural association, the move-
ments of the more subtle medium above it—movements no less important
to the navigator than those of the ocean itself, since the question of his
safety is often dependent upon the degree to which they may be favorable
•or adverse. On this subject the Coast Survey has already accumulated
much valuable information ; and in its further progress it will unquestion-
ably gather much more. It is, therefore, one which may appropriately
claim the next place in this review.

CONTKIBUTIONS TO METEOROLOGICAL KNOWLEDGE. It ÍS obviOUS that

a correct knowledge of the force and prevailing direction of the winds in
different seasons of the year, especially in the vicinity of harbors, must be
of the highest importance, not only to the safety of vessels and their cargoes,
but to the security of human lue. The physical causes which give rise to
the great general atmospheric currents may be considered as satisfactorily
established ; but the influence of local causes in modifying these currents is
yet very imperfectly understood. It is well known that the direction of
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mountain chains and river valleys frequently determines the course of the
prevailing winds. This is strikingly exhibited in various places on this con^
tinent, and especially in the valley of the Hudson and Mohawk. And the
analogous conditions which every line of coast presents, lead to the neces-
sary conclusion that such modifications of atmospheric currents must be
produced by them near the land, which must either be very serviceable or
very dangerous to the navigator, according to the state of his information.

Observations bearing on this question have been incidentallv made, in
connection with'the tidal observations of the Coast.Survey, under the judi-
cious guidance of the superintendent ; and these are sufficient to throw
some light on the laws which regulate the winds at certain points along our
coast. At Fort Morgan, at Mobile point, and at Cat island light-house,
near the entrance to Lake Borgne, the observations have given evidence of
local peculiarities, at once interesting to science and important to naviga-
tion, distinguishing the winds which prevail in this part of the-Gulf of
Mexico. The remarkable frequency of north winds at this point, and the
absence of west winds, so strikingly brought out in the graphic delineations
of the superintendent, are probably in a measure due to the influence of land.

The effect of the winds, according to their varying force and direction,
upon the level of the water in harbors and inlets, is another interesting
result incidentally developed by the Survey, in connection with the investi-
gation of the tides. The discussion of the observations made during the
hydrographical survey of Albemarle sound, clearly indicates the influence
of the wind on the height of the water, and has furnished the means of
tracing several anomalous effects up to their true causes. A similar discus-
sion of the influence of the wind on the tides in Cat island harbor yon the
Gulf coast, leads to the same general conclusions, with differences in the
numerical details, which are of high scientific interest. The observations
conducted for some years past at Key West, Fort Morgan, and Galveston,
and a careful investigation of the winds of the Gulf coast, made for purposes
of navigation, and as determining the working season of the Coast Survey,
have already led the superintendent to many valuable deductions ; and it is
highly desirable that similar observations should be made at every-point
commercially prominent along our ocean border. Such researches have an
obvious bearing on the safety of navigation ; and those whieh relate to thé
effects of winds on the waters of harbors and inlets are absolutely indis-
pensable, in order to secure the necessary accuracy in the hydrography of
the coast.

Other questions connected with atmospheric influences which the
Survey may yet clear up, can be but hinted at. Such are, for instance, the
effects of rain or drought upon the height of the water in these harbors,
inlets and bays which receive the waters of extensive hydrographie basins,
and the inquiry, how far the mean level of the ocean is affected at any given
place by the pressure of the atmosphere upon its surface.
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CONTRIBUTIONS то оив KNOWLEDGE OF TEBBÜSTBIAL MAGNETISM.—
Ever since the directive property of the magnetic needle became known,
that little instrument has been regarded as an indispensable part of the
outfit of every vessel navigating the seas. Its utility to the voyager is of
so universal notoriety, that no argument is necessary to prove the value of
any species of research whose result is either to add to the sensitiveness of
the instrument itself, or to perfect that knowledge of the earth's magnetic
influences which is essential in order that its indications may be practically
truthful or trustworthy. The use of the compass is to denote to the
manner the position of his meridian ; but the needle itself very rarely coïn-
cides in direction with the meridian. What, therefore, the mariner must
know, if he would not be misled by the very guide in whose infallibility he
often for days together implicitly trusts, is the exact amount, in angular
measurement, by which the visible indication of his instrument is fallacious.

Now, the magnetic meridian is, of course, laid down upon the charts.
But this meridian is not fixed. Its position on the chart is true only for the
time when the chart is constructed ; or rather, for the time when the obser-
vations upon which it rests are made. It is therefore an important problem
to determine, if possible, by what law of change the position of this merid-
ian is afieeted, at every point of the coast. But it is entirely evident that
this can be done only by comparing observations regularly made during a
long period. It can be done, in short, in no other way but by that species
of patient, and laborious, and protracted observation, carried on simultane-
ously at a large number of scattered stations, which, in the earlier part of this
report, has been described as the method which the superintendent of the
Coast Survey, with all that ability and knowledge of terrestrial magnetism
for which he is distinguished, is actually pursuing. These observations are
riot,, of necessity, confined to the immediate coast. It is, on the contrary,
desirable, and even requisite, that they should be extended into the interior
of the country, in order to develope the curves of equal declination
(isogonic lines), or those, in other words, upon which the variation of the
compass is the same. The determination of these curves by observation at
sea, with the precision requisite for the development of the laws of change,
is almost if not quite impossible ; but from the curves on land, extended
beyond the coast, all that can be desired will be • finally attained. What
has been thus far done is exhibited in valuable preliminary charts. It is
hardly, necessary to observe that the collateral investigation of the magnetic
inclination, or dip, and of the intensity of the magnetic force, constituting,
indeed, an essential rather than a collateral part of any investigation relating
to terrestrial magnetism, have been prosecuted pari passu with that of the
decimation.

The results thus gathered possess a double value ; for while, to the
mariner, they associate themselves with questions which involve his per-
sonal safety every day and every hour, to the philosopher \yho devotes
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himself to the study of nature in her mysteriously varied manifestations of
force, they possess a curious interest which grows with the aliment it .gathers,
and sustains his zeal in quest of clearer light, under all the oppressive labor
of observations multiplied without limit, and of reductions indescribably
tedious.

But there is another species of importance attaching to the results
elicited by the investigations we are considering, which recommends them
to the attention and favor of citizens of every class. It has already been
intimated that the direction of the magnetic needle is not only in general
not due north, but that it is widely diverse in different localities, and never-
constant in the same locality. Near our extreme north-eastern boundary,
for example, the deviation is at this time fifteen degrees »to the west of
north, while он the borders of the Pacific ocean it is no less than twenty-
one degrees to the east of north. Between these limits it has every inter-
mediate value. Now, were this state of things permanent, we might
accommodate ourselves to the diversity, wide as it is ; and when once the
actual variation had been ascertained for every locality, no further incon-
venience need be experienced. In the early history of this science, and
before the fact had been detected to what an extent the declination of the
needle is subject to change, it лгав regarded by the British Government as
a matter of so high importance to ascertain the true amount of the declina-
tion in every part of the world, that the celebrated Halley was sent out in
command of a government vessel, to circumnavigate the globe at the pub-
lic expense, in order that he might gather materials for the construction of
a magnetic map of the world. His mission was faithfully accomplished, and
the required work was executed in a manner worthy of all praise ; but
hardly had his map been given to the world before the steadily pro-
gressive natural changes of the earth's magnetic forces had vitiated all its
indications, and rendered it, for the purposes intended, practically useless.

Now the manner in which these changes affect landsmen will require
no explanation, when it is recalled to memory that all the boundaries of
landed property are run out by the help of the magnetic needle. But the
line which bore due north, by compass, or bore in any other specific direc-
tion, twenty years ago, or ten years, or even one, varies from that direction
at present very considerably. When, therefore, a not very well informed
surveyor (and there are a good many such in the country,) attempts to use
these former bearings to fix the line-fences of a farnij he runs out a new piece
of land, of precisely the same size and shape as the original tract, but with
no single one of its boundaries coinciding with the original lines ; so that
the new piece of ground thus laid out overlaps the neighboring farm on the
one side, and leaves a gore between it and the neighbor on the other side.
Then comes litigation in its most perplexing form. But these embarrass-
ments will be removed, for all .future time, from all places included within
the.range to which.the magnetic observations of the Coast Survey may
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extend. The Survey not only gives the actual variation at definite dates,
but, by a beautiful application of mathematical principles, involving most
abstruse considerations, it has deduced the law which governs the changes,
and made it possible accurately to predict their future, and to reveal their
past.

The Coast Survey reports for 1855 and 1856 contain tables of mag-
netic observations and charts of the magnetic declination, dip and intensity,
in which the information thus far collected is presented in very perspicuous
form. Discussions of the law of secular variation, with diagrams illustrative
of the same, are also given there.

The true bearings between the Coast Survey stations being known,
and published in the lists of Geographical positions (C. S. reports for
1851-53-55-57)., it is a very simple matter for a surveyor, living in the
vicinity of such stations, to ascertain the variation of his compass at any
time, by observing the compass bearing of a line between such stations. In
many instances the assistants in the Coast Survey have also planted merid-
ian marks, at the request of local authorities, to facilitate the ascertain-
ment of the variation of the needle.

BEARING ox GEODETIC SURVEYS OF THE STATES.—It has been seen that
the ordinary methods of surveying are unsuited to the work of delineating
the boundaries and territories of a state. In fact, that which is called a
state map in our country is rarely more than a forced combination of county
maps, these made up in turn from the surveys of townships, or else deter-
mined by arbitrary guess-work. It is obvious that the townships, however
accurately surveyed by compass and chain, can never be represented truly
on the composite map of a county ; and that the maps of counties so made
up cannot be brought together so as to exhibit a correct view of the state.
If the surveyor has assumed a southern angle as his point of departure, each
northern line will be too long; and if his survey has begun at the northern
extremity, all his southern lines will be too short. Errors similar in their
result will attend the running of eastern and western boundaries ; and at
last, with all these errors, both of latitude and longitude, the lines of the
survey must be cut down or extended, to bring them into some semblance
of relation with the equally erroneous lines of the divisions which are to
surround it on the map.

It is within the knowledge of almost every land-surveyor in the older
states, that the surveys under which titles were made from the first proprie-
tors almost invariably overlap each other, or leave vacant gores and quad-
rangles between them. Nor has this wholly resulted from the changing
variation of the compass, though we have seen that that cause may easily
produce the effect ; but from fundamental error in the principle on which
common field surveying rests—error which rapidly opens out, as the area
surveyed is enlarged. So notorious and general are, or have been, these
conflicts of title, that courts have long since held that wherever natural,
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or even artificial landmarks can be found, the angles and lines of the record
are to give, place to them. Let any one compare the modern trace of a rail-
road with a map of the state which it traverses, and he will find that
neither the bearings nor the distances agree. Let him undertake to meas-
ure the'favms which are contained within any one of the measured triangles
of the Coast Survey, or, if he prefer it, within 'the local map of his own
township, and he must not be surprised to find—for he assuredly will—that
the whole is either greater or less than the sum of the parts.

In older countries more than in our own, yet quite enough even among
us, this has been recognized as a serious evil, embarrassing titles, inviting
litigation, and, in so far as such causes are operative, discouraging and im-
peding agricultural progress. The result abroad has been, that the govern-
ment has assumed the burthen of ascertaining for every man the true
boundaries of his landed possessions. The geodetic map of France marks
down the lines of every farm as definitely as it does the site of a light-house,
or the course of a stream. The ordnance maps of England are some of them
on a minor scale ; but their tracings are almost • equally minute : while the
more recent surveys of Scotland and Ireland are expanded to the proportion*
of an inch to the acre, and note even the minor subdivisions of fields and
messuages—a scale not too large, where the revenues of government are
derived in part from a tax on lands.

"—Should it be determined hereafter, by any of the states of our Union,
to frame an accurate map of its territory, the Coast Survey will have furn-
ished many of the indispensable elements. It has determined for us the ab-
solute position ««he earth's surface of at least some of the most noted points
of our domain ; and of these several are in the interior of the country. Suoh
determinations, far from the ocean, may appear at first sight to have no nat-
ural connection with a coast survey. The necessity of longitude determina-
tions on the coast itself, is obvious enough to any one ; not only because
they are an essential element of the geodesy, but because they afford the
mariner convenient opportunities of verifying the sea-rates of his chronome-
ters, by comparing the weU-determined longitudes of these points with those
which the chronometers give when he visits them. Neither of these objects
seems to be subserved by longitude determinations in the heart of the coun-
try ; but when we recall the extent to which the telegraph has been of late
years called into use, in determining differences of longitude between distant
points in our country, it will -be seen that it is a question of secondary im-
portance precisely where those plaîctare situated whose longitudes from
Greenwich are first accurately settled, in order that they may be used аз
standards of comparison for the points on the coast with which they may be
in electric communication: and accordingly the points first and most natu-
rally selected will be those, no matter where, at which facilities already exist
for making accurate astronomical observation. Such points, for example,
are Hudson and Cincinnati, Ohio, both of which places are provided with
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pennanent observatories. Another relation, also, these interior longitude
'determinations have to the Coast Survey. With the march of the telegraph
they will be pushed forward to the west, and at no distant day they will
form a grand chain extending across the continent, serving in a most satis-
factory manner to verify the independently determined longitudes of the.
Pacific coast.

For the present, however, our interest in these determinations is found
in the assistance they will render to any triangulation which may be set on
foot, for the construction of an accurate state map. - The number, of them
which the Coast Survey has made is considerable, and will be greater as the
necessity or convenience of the survey may require ; but as every such deter-
mination is attended with some expense, they are not of course multiplied,
except on such considerations. The existence of the work, however, affords
our legislatures a very favorable opportunity, if they will avail themselves of
it, by the exercise of a moderate liberality, to secure the exact latitudes and
longitudes of all their capitals, and all their principal cities.

Another facility toward the institution of geodetic surveys of the
• states may be found in the numerous perfectly ascertained base lines which

the survey has measured, and which may be used as the foundation of a local
triangulation extending into the interior of each state from the ocean; till
at length the Atlantic and Pacific surveys may verify each other in the axis
of the continent.

But more than this, in the work as prosecuted along the coast, a system
• has been introduced and perfected; and in any future surveys, which may
be undertaken, no part of the processes will be tentative or doubtful. The

. work of state surveys could therefore be done with the highest expedition
and the least expense compatible with the nature of the undertaking.

And finally, under the auspices and the instruction of the present ener-
getic superintendent, there have been training up a body of highly educated,

• active, efficient and disciplined men, zealous in their profession, and familiar
with every detail of field-work, computation and record, that can enter into

• the geodesy of a state.
All this the survey has already done in the way of facilitating the execu-

• tion, by the action of the individual states themselves, of a work so greatly
• on many accounts to be desired, as a geodetic survey of the whole country.
But there is one work more which it seems almost indispensable that it should

•yet do, by way of securing the highest perfection of accuracy to its own
results ; and which would greatly increase the facilities we have been con-
sidering, while it would at the same time extend them into a number of the
interior states beyond the limits of its present operations. The work here
intended is a triangulation, in a direct line from Maine to Alabama, striding
along the Appalachian chain, the back-bone of the country, executed for

.the purpose of checking and verifying the seaboard triangulation. The
facilities for large triangles afforded by the elevated summits of this moun-
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tain system, would make it practicable to span the whole distance by a very
few steps, involving a far less liability to accumulated error than the trian-
gulation along our circuitous coast ; of which a large portion, Jow and
densely wooded, excludes the possibility of long lines of sight. This air
line triangulation, measuring the chord of the great arcli formed by our
Atlantic and Gutf coast, is, in the opinion of this Committee, so eminently
desirable, that they cannot but express the hope that it may receive the
sanction of Congress at a very early day. It would furnish, directly, base-
lines for the geodetic surveys of a great number of states, some of which
do not yet possess anything deserving the name of a map of their territory.

„This, is the case with all of the original states, Massachusetts excepted ;
•tjjgce:not having been, like the younger members of the confederacy,
%apped by the system of public land surveys. The maps constructed upon
.the data furnished by the latter, are, indeed, in a great degree illusory ;
and they must eventually be superseded by proper surveys : but the errors
and contradictions found in attempting to construct a map of one of the
older States from existing local surveys, are enormous, and admit of no
accommodation.

•It is indeed gravely to be regretted that the surveys of our public
lands are not conducted by the methods of geodesy. The system now in
use found its apology at first in the want of scientific familiarity with the
subject in this country. Its essential errors are only beginning to unfold
themselves in the experience of the settlers: but they are errors which,
from their very nature, must go on enlarging themselves in accumulating
ratio. A system of triangulation would have made the nominal limits aud
areas correspond with the actual ;, aud would, at the same time, have con-
structed a series of maps of the new states without cost, and absolutely
accurate.

The belief is held by some among us that it is not the office of the
Federal Government to institute a survey of the entire domain of the
nation. Such convictions the Committee can respect, though they canJby
no means unanimously partake them. But whatever variety of opinion
may be entertained on this point, surely no one wi!l regret that, in the
exercise of a power which is unquestioned in any quarter, the government
of the Union has stimulated the governments of the several states to under-
take such a work in the exercise of their own sovereignty. It is surely
Well that operations which, like those of the Coast Survey, are made imper-
ative by the exigencies of commerce and of a general system of defence
against foreign invasion, should also proffer benefits to those states which
do not share directly in the hazards of navigation, nor need fortresses to
protect them against the approach of an enemy.

BEARING ON WORKS OP INTERNAL IMPROVEMENT.—In the earlier part
of this report a brief description is given of the field operations by which
the topographical features of the land bordering the ocean are, ascertained
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and delineated. It was there stated that the lines of equal level are drawn
on the map at definite distances from each other, measured not from line to
line on the map itself, but vertically from one horizontal plane to another ; the
lowest of these planes, or the plane of reference, being the level of the sea.
To make the principle of this delineation, if necessary, still more clear, the
shore-line itself, or the line where the land and the water meet, may be
taken to represent, or may be regarded as being, the lowest, or zero contour
line. Let then the water be supposed to rise to a level twenty feet higher,
as it might actually do in some places, in the daily flow of the tide ; and a
new shore-line will thus be formed, running into the valleys and jutting out
at the points of the hills. This would be the second contour line of the
topographical map. Let another and another rise of equal amount take
place successively, and a series of contour lines will be formed, which, when
delineated on the map, will be near together where the natural slopes are
steep, and far apart where they are gentle. Such are the lines which the
survey determines. Drawn on the map, they show to an instructed eye the
form of the ground more precisely than the most perfect model could do ;
and by far more satisfactorily than an inspection of the ground itself, which
no eye or mind could grasp in one perfect whole ; or, if it could, could
estimate in regard to the relative level of points remote from each other
horizontally, with any sort of precision. For that the ground itself, if
it could possibly be seen all at once by the engineer, might be to him all
that the map is, in making up his judgments, it would need to have traced
on it those very contour lines which are actually traced on the map.

The great practical use of such maps is, that a line of road can be at
once, by their help, planned out in suc]} a manner as to have the easiest
grades and the gentlest curves, all obtained at the least cost that the work
admits. Often, too, they surprise and delight the engineer, by indicating
a line of gentle slopes and easy execution between important points already
connected by a road running over high hills and descending into>deep valleys.
These revelations are made by the survey incidentally no doubt, but neces-
sarily, just as the mapping of its systematic soundings (a process precisely
analogous) has already revealed important channels, before unknown, though
leading into some of our most frequented harbors.

The advantages of such maps, however, can be but imperfectly realized
by the Coast Survey, as its topography is restricted to a narrow belt along
the coast; but the advantage which might accrue to the commonwealth,
from complete topographical surveys of the interior, on the model of the
Coast Survey, cannot be over-estimated. Of similar maps of Great Britain,
a distinguished engineer, Mr. Vignoles, recently testified in the following
emphatic words : " I can lay out on the map the general line of a railroad
to within twenty or thirty yards, and say to my assistants ' That is the gene-
ral line: full in the details' ;—whereas, if I had not the advantage of that
map, I must go to much trouble and expense in doing that which I here find
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already arranged to my hand." The same engineer speaks of the value of
similar maps in the Grand Duchy of Baden ; and adds, " In Switzerland I
found some portions of the contours so accurate, that the line actually
levelled, after I had sketched it out, differed scarcely at all from the section
produced by plotting from the contours." These maps will' even supply an
approximate estimate of the cost of я proposed road ; and by their por-
traiture of the country which it is to lay open, will enable us to approach
very nearly to its probable revenue and profits.

BEABING ОУ THE ADVANCEMENT OF SCIENCE IN GENERAL.—The influ-
ence of the Coast Survey in promoting scientific tastes, and in stimulating
scientific activity in our country, has been unquestionably great. This influ-
ence has manifested itself not only in the z.-al and interest which it has
awakened in the study of abstract theory, but in the amount and refinement
of skill which it has introduced in the application of theory to practice ; not
only in the spirit which it has diffused with regard to the observation of
nature, but in the happy ingenuity which it has developed and set at work
for the perfection of methods of observation. It has been itself, in the first
place, a school of scientific practice, in which many of the younger officers
of our navy have been thoroughly trained in all the details of hydrographie
surveying, and in which officers of the military arm have been familiarized
with the delicate operations of geodesy. Many civilians, also, have received
similar scientific training in the same school, whose proficiency and enthu-
siasm in their profession have first directly profited the Government in con-
nection with this great public work, and have afterwards, in their retire-
ment from the service, carried into other spheres of action a species of
attainment of the rarest, and in our country at the present day, of the most
practically valuable kind.

The investigations undertaken by the Coast Survey, in special branches
of physical inquiry, have likewise added greatly to the interest of the meet-
ings of the Association, to which this Committee owes its appointment ;
having been constantly prolific of communications possessing the combined
merits of novelty, variety, and value. They have thus aided materially in
keeping alive, and in stimulating to higher efforts, the spirit of scientific re-
search among the members of our own body, and, through them, operating
upon the tone of public sentiment in all those widely separated parts of the
country from which they annually gather. Moreover, these investigations
bave not merely thus served as a stimulus to intellectual activity, but they
have presented models, worthy of all admiration, for the imitation of investi-
gators; and have thus not only kindled among us the zeal to be serviceable
to science, but have done very much to show us how we may be most so.

The scientific journals of our country are furthermore greatly indebted
to the contributions not only of the chief of the survey, whose labors in this
"way have been abundant, but also of those associated with him in his work,
and who, in their special departments, have brought to light new facts, or

6
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originated new inventions, or developed new theoretic views, which have
added to the variety of our periodical scientific literature, and have assisted
in advancing our scientific reputation abroad.

If any one particular branch of American "science is more indebted to
the operations of the Coast Survey for the life which has been instilled into
it through their instrumentality than any other, it is probably astronomy.
The astronomers of the country have been directly called on by the survey
for their active cooperation in settling, in an authoritative manner, questions
of latitude and longitude. They have responded to the call not only with
cheerfulness, but with zeal ; and they have found themselves, in consequence,
unconsciously incited or allured into the performance of other labors which
had not been demanded, and into the pursuit of new investigations, which
had not before suggested themselves. It is certainly true that within the
last fifteen or twenty years American astronomy has made great advances ;
but if this fact is recognized or admitted, it is impossible not to recognize
at the same time the important agency of the Coast Survey in promoting its
advancement.

It may finally be remarked, that the survey has recently even lent valu-
able aid to history by causing the preparation of a historical account of the
progress of discovery on the western coast, as connected with its hydrog-
raphy, and by collecting the maps, old and new, which illustrate this his-
tory. A work which, in so many ways, and with so abundant success, has
contributed to promote intellectual progress at home, and to secure for our
country an honorable reputation abroad, cannot certainly fail to command
the approving appreciation of every enlightened and patriotic citizen.

OPINIONS OF SCIENTIFIC AUTIIORITIKS ON THE COAST SURVEY.

When, some years ago, a proposition was introduced into the Senate of
the United States to transfer the Coast Survey to the Navy Department,
the principal scientific bodies throughout the country presented remon-
strances agaiust such a course. The American Academy of Arts and
Sciences, the American Philosophical Society, and the Franklin Institute, of
Pennsylvania, made elaborate reports, highly approving of the methods and
commending the progress of the Survey. The Faculty of St. John's
College, of Maryland, and the Professors of the University of Virginia,
addressed memorials to Congress in favor of the work as organized.

The American Academy of Arts and Sciences says :

" In conclusion, it is the deliberate opinion of the Committee that the present
Superintendent of the United States Coast Survey has, by his able and judicious, his
energetic and economical, administration of this great national work; raised it to the
highest order of successful activity and deserved popularity ; and that he has thereby
fulfilled the high expectations which were raised at his appointment"

The American Philosophical Society states :
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" That the survey of the coast is a work which, from its importance to our citizens,
recommends itself iu the strongest maunei- to the protection of the Government. That
the benefits of a scientific and practical character -which have already been derived and
are constantly, resulting from it, are such as to repay abundantly the labor and expense
which has been and may be hereafter devoted to it. That it Las heretofore been con-
ducted accurately,_efflciently, aud economically, and that there is every reason to 'believe
that it will best thrive by being left with its present organization. And that, as well
from the magnitude of the undertaking as from the skill and energy with which it has
been conducted, it will prove honorable to those who first conceived it, and to those who
have been engaged in its prosecution."

This Society urges the publication of the observations upon which the

maps and charts produced by the Survey have been founded ; and extends
tliis recommendation to the methods ussd for the computation and discussion

of the observations :—a subject to which the attention of the Government

had been repeatedly drawn by the Superintendent ; and which it is, in the

interests of science, sincerely to be hoped, will, at no distant day, be

favorably acted on. • :

The Franklin Institute conclude their report with the following :

" First. That the work is national in its character, and ought to be continued by the.
Federal Government upon a scale commensurate with its practical importance, and with
the extent and variety of the objects which are benefited by its results.

" Second. That the manner iu which it is at present organized is economical, efficient,'
and scientific—giving its results with sufficient rapidity, at moderate cost, and upon
scientific and practical principles. \.

" Third. That its labors ought to be (as they now are) divided among the civil,
military, and naval talent of the country, in order to secure to each of these departments
that knowledge of its processes and determinations which are equally required by
them all.

" Fourth. That the benefits which the nation has already obtained from it have
fully justified its cost, aud that those benefits ought now to be continued to the whole of
the States of the Union, upon as broad aud liberal a scale as the Government has hitherto
applied."

The American Association for the Advancement of Science, at their

meeting held in Cambridge in 1849, appointed a committee to consider

the subject of the Coast Survey, whose report, entirely favorable to the

administration of the work, was unanimously adopted by the scientific men

then and there present from the different parts of the United States. Their

opinions are expressed in the following resolution :

" Resolved, Asa sense of the American Association for the advancement of Science, /
that the manner in'which the Coast Survey of the United States has been conducted by /
Professor A. D. Bache, and those associated with him, is highly creditable to American /
science, that it promises great benefit to the commerce and navigation of the country, and
it is eminently entitled to the continued favor of Congress."

This Association have since testified their xmdiminished confidence iii

the Superintendent of this work by electing him their President, the highest'

position which can be occupied by a scientific man in our country.

When the rumor reached Europe that the present organization of the

Coast Survey was assailed, the venerable Humboldt, and his compeer of

the French Academy of Sciences, Arago, wrote to their friend and corres-
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pondent, Professor Schumacher, of Altona, expressing flattering opinions of
the manner in which the Survey was conducted, of the attainments of the
Superintendent, and of the honor which our country obtained abr.oad from
the successful prosecution of this great work.

No name stands before that of AKAGO in the science of the world,
and he speaks of the probable loss of Professor Bache's services as n
misfortune which he desires to imite with all that Europe has most
distinguished in science, to prevent."

Baron HUMBOLDT, addressing Professor Schumacher, says :

" You know, better than I do, in how high an estimation the director of the work
for the surrey of the coast stands, not only among us, but among all the most illustrious
men who in France and England are interested in the study of geography and nauticnl
astronomy. To the most solid knowledge of astronomy and mathematics, Air. Bache
unites in a very eminent degree that activity of mind and extent of views which render a
work of practical utility profitable to the science of the physics of the globe. In a region
of the globe where the direction of oceanic currents, the differences of temperature pro-
duced by these currents and by the upheaval of the bottom and the direction of the
magnetic curves, offer so important phenomena to the navigators, such a great work could
not be placed in better hands than those of Dr. Bache. The Government of the United
States has acquired a new right to our gratitude by protecting nobly that which has
arrested the attention of the hydrographers and astronomers of Europe. I should be
glad to think that in a country where I am honored with so much good feeling, my
feeble testimony might contribute to enliven the interest which is due to the excellent
labors of Mr. Bache."

Professor SCHUMACHER, the learned astronomer of Altona, transmitting
these letters, says :

" Ton will see, by the enclosed letters of our common friends, M. Arago and the
Baron von Humboldt, how anxious they are to know ir the great work yon have under-
taken will remain in the hands to which the whole scientific world would have entrusted
it. Let me hope that the fears they entertain are only founded upon vague rumors.
Your country must be proud to call you its own, and will repay you in gratitude what
you do for her scientific glory."

The Baron von Humboldt very recently expressed to a member of this
Committee,' in a personal interview, the highest appreciation of the Coast
Survey of our country; and the warmest admiration of the manner in
which it had been conducted, and of the peculiar qualifications of its chief.

Capt. (now Admiral) W. H. SMYTH, R. N"., President of the Geograph-
ical Society of London in 1850, in speaking, in his address of that year,
of the United States Coast Survey, says :

" The Coast Survey of the United States is a truly national undertaking, and has
been most creditably conducted through all its various departments of science. I have
studied the question closely, and do not hesitate to pronounce the conviction, that though
the Americans were last in the field, they have, per saltum, leaped into the very front of
the rank.

" Were I asked to give instances, I would say, look to their beautiful maps and
charts; see their practise of establishing longitudes by electricity, and tfie probable
extension of its wonderful Chronographie applications; mark their novel method of
taking and recording transits by a galvanic circuit ; and consider the excellence and
refinement of their astronomical observations for geodetic purposes, as proved by their
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being able to detect the alteration of gravity, caused by a difference in the density of the
earth's crust."

The President of the same Society, in his address in 1852, while noticing
with admiration the very efficient manner in which the Survey has been
conducted, and the rapidity with which the work has been carried on
along the western shores of the continent, classes it as " one of the most
perfect exemplifications of applied science, of modern times."

And, finally, we may call attention to the emphatic tribute to the value
of the Coast Survey, from Sir RODERICK MUECHISON, President of the
Royal Geographical Society of London, on presenting the Victoria Gold
Medal, adjudicated for the year 1858 to Professor Bache, in consideration of
" his successful labors in carrying out the great Coast Survey of the United
States of America."

" It would be impossible,1' he says, " to do justice to аи extensive work of this sort
on an occasion like the present ; but as the previous reports of this celebrated Coast
Survey, from 1844 to 1855 inclusive, are in our library, those of our associates, and of
the public generally, who wish to form an estimate of their value, can do so at their
leisure, and they will see how vastly our medallist has pushed on this great work. They
will assuredly then rise from the examination with the thorough conviction that, whether
we regard the science, skill, and zeal of the operators, the perfection of their instruments,
the able mannner in which the Superintendent has enlisted all modern improvements into
his service, the care taken to have the observations accurately registered, his modest and
unpretending demeanor, or the noble liberality of the Government, tempered with prudent
economy, all unprejudiced persons must. agree that the Trigonometrical Survey of the
United States of America stands without a superior."

C O N C L U S I O N .

With these voluntary and emphatic testimonies to the character of a
work as magnificent in its scientific aspects as it is valuable in those which
are purely utilitarian—testimonies, moreover, emanating from sources which
rank, in point of authority, among the highest known to the scientific
World—the committee might be justified in closing a report already pro-
tracted beyond their expectation. After the extended review, however,
which they have taken of the purposes in which this great undertaking
originated, of the history of its growth, and expansion of the processes
involved in its execution, and of the brilliant results which have already
crowned its diversified labors, it will probably be expected of them that they
should condense the final expression of their opinions into a form sufficiently
concise to be comprehended at a single view. As th» succinct recapitula-

ijj therefore, of the conclusions at which they have arrived, the committee,
entire unanimity, concur in stating the following propositions :
1. The American Coast Survey, in its inception, was a work iinpera-

tively demanded by a due regard to the industrial interests of the country,
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dependent, as they are, greatly upon the prosperity of commerce for their
free development.

2. The indecision which marked the early policy of the government in
regard to this Survey, and the consequent delay of its efficient operations,
and postponement of its beneficial results, were of manifest disadvantage
to the material welfare of our people, and cannot but be still subjects of
serious regret.

3. The economical value of such surveys is attested by the universal
voice of all commercial men, and by the concurrent practice of all com-
mercial nations, no less than by the melaucholy records of marine disaster
annually occurring upon every unexplored coast.

4. Their scientific value is witnessed, in the instance of the American
survey, by the spontaneous tributes of approval frequently and freely be-
stowed upon it—no less in regard to the ability, energy and skill displayed
in its management, than to the magnitude, variety, and oftentimes curious
interest of the results it has wrought out—by individuals and organized
bodies of men, whose high position as scientific authorities renders their
opinions upon subjects of this nature entirely conclusive.

5. This work has conferred many valuable benefits upon science, indi-
rectly and incidentally, in the invention or perfection of instruments, in the
improvement of methods of observation or of computation, in the develop-
ment which it has given to special subjects of interesting inquiry, and in the
stimulus which it has furnished to the scientific talent of the country,
especially in the field of astronomical observation and investigation.

6. A careful study of the progressiuade from year to year, especially
since the enlargement of the scale of operations under the present superin-
tendent, affords ample evidence that the work has been expcditiously prose-
cuted, and that the amount accomplished up to the present date is materially
greater than has ever been accomplished in any other country in the same
length of time, and with the same means.

7. Compared with similar surveys executed or in progress of execu-
tion by foreign governments, the American survey has been conducted with
remarkable economy.

8. Compared with such foreign surveys, the quality of the work done
in this will bear the test of any standard that has ever been anywhere set
up, and is such as to reflect honor on the scientific character of our country
in the eyes of the world.

9. Every consideration of economy, of humanity, and of regard for
the reputation of the country, demands that the work should be prosecuted
with undiminished activity, until every portion of our coast shall have been
as thoroughly explored and mapped as.those have been already in which its
operations commenced.

10. Conclusive reasons, involving other weighty public interests no
less than this, but connected also with the project of verifying in the hap-
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piest manner the geodesy of our extended and circuitous coast, conspire to
render the triangulation of the great Appalachian chain of mountains a most
desirable undertaking, and encourage the hope that our government will
very early direct that most important work to be executed.

11. The publication in full of all the observations upon which the pub-
lished results of the Coast Survey are founded, together with the methods
employed in the reduction and discussion of the observations, would be a
contribution to science, and especially to the science of geodesy, of inappre-
ciable value, besides being necessary to secure the records against loss ; and
the committee earnestly hope that the government may not fail to provide
the means for the adequate and rapid prosecution of this work.

12. The existing organization of the Survey, judged in the light of the
experience acquired by our own and by foreign governments in the manage-
ment of such works, is, in the deliberate opinion of the committee, prefer-
able to any other that has ever been suggested.

These propositions have not been hastily sketched, and they are not
lightly thrown out; but they are announced as the result of mature reflec-
tion and careful consideration. With their announcement, the duty of the
committee, under the resolution appointing them, is discharged. The com-
mittee cannot, however, forget that they have another duty, unprescribed
by any resolution, to fulfil ; which is, to render to that clear-sighted and
comprehensive perspicacity which early perceived and pointed out all the
benefits which were to flow from this great national work, the tribute of
their admiring appreciation ; and to express, on behalf of the Association
which has charged them with their present duty, and of the world of
science, which they may claim for the moment to represent, their deep
sense of the obligation which they feel to be due to the enlightened states-
men Avho, whether in the executive branch of the government, or in the
legislative halls of Congress, have sustained the work to the present hour by
their liberal recommendations or their able advocacy, and have labored to
conciliate to it the popular favor by their intelligent and manly expositions
of its objects and its value.

That largeness of view which can embrace at once the wide area of the
entire country, with a clearness of discernment which neither sectional prej-
udice can distort, nor local barriers obstruct; that broadness of philan-
thropy which would not have even governments wholly soulless, but would
insist that the reasonable claims of imperilled humanity, no less than the
importunate demands of sordid interest, should be listened to and regarded
in the halls of legislation ; that lofty patriotism, which can exult in its coun-
try's growth, not only in material wealth and power, but in that intellectual
greatness and grandeur which constitute, after all, the crowning glory of a
nation ; and that philosophic view of the principles of national economy,
which, distinguishing between the expenditure that gathers and the expen-
diture that wastes, comprehends without difficulty how both "individuals
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nnd peoples may save to their loss and bestow to their great gain—these
eminent and statesmanlike qualities, so often brilliantly manifested at the
seat of our Federal Government, in connection with the question of provid-
ing for the survey of the coast, are worthy of the admiration of all enlight-
ened men, and cannot fail to win for their possessors, from the voluntary
suffrage of an appreciating world and an impartial posterity, a fame by far
more enviable than could attend or follow any political honors that could be
heaped upon them.

Such high qualities still exist among the distinguished men who.hold in
their hands the destinies of the country; and though, in the future, as in the
past, the prosecution of this great and beneficial public .measure may
encounter opposition—as nothing entirely good in this world ever met, or is
ever likely to meet with unqualified 'favor or undivided support among
men—yet, in the fact of their existence, we may find a guaranty of its con-
tinned security ; and to their active exercise we may look, without disquie-
tude, for its triumphant defence. In the guardianship of men so enlightened
in their views of policy, and so liberal in their tone of sentiment, the future
of this great work cannot be doubtful. To them, therefore, in whatever
branch of the government they may be found, the committee, in conclusion,
most cordially commend it ; and as the authorized organs of the body which
they represent, and in the name of the associated science of the country,
they solicit for it the continuance of the Executive favor and Legislative
support which it has hitherto enjoyed.

F. A. P. BARNARD, Chairman.
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A POPULAR ACCOUNT

OF THE

U N I T E D STATES COAST SURVEY,

[From Appleton'e New American Cyclopedia, Vol. V.]

The 'coast survey of the United States isîtt national undertaking
of the highest character and importance. Having an extended
and dangerous seacoast, with a foreign commerce of $600,000,000;
in the pursuit of which nearly 20,000 vessels annually enter and
leave our ports, these vessels manned by over 200,000 seamen,
while half as many more vessels and men are engaged in our
coasting trade, and vast numbers of passengers and emigrant
strangers arrive at and leave our shores, "it is plainly our duty as
a nation to provide every means which science and practical skill
can afford for pointing out the dangers to which this commerce
is exposed, and to furnish every facility for its successful pro-,
secution. To accomplish these objects 'the coast survey was
founded.

It is designed to furnish accurate maps of the whole coast; to
point out the positions for lighthouses, beacons, and other signals;
to determine the character and course of the currents of the ocean
along our shores ; to develope and determine the laws of the tides;
to ascertain the prevailing courses of the winds, and the general
laws of atmospheric influence, the changes which take place at the
entrances of our harbors, the character- of the bottom of the sea
within the limits of soundings, and all other ' questions which
contribute to a thorough knowledge of our coast and its adjacent
waters. '

'It has also the further object of distributing this knowledge
throughout the world, so that all nations may partake of its
advantages.



4 THE COAST SUBVET.

For the accomplishment of these objects a wide range of applica-
tion of the practical sciences is required. Astronomy and geodesy
furnish the means of projecting maps. The highest forms of
mathematical science are required in the investigation of the laws
of the tides, and the figure of the earth. Geology explains the
changes which are constantly taking place in all our harbors and
rivers, and the general form of the coast. Natural history accounts
for the formation of those coral reefs in. the southern waters, so
long the terror of navigators, predicts their growth and extension,
and investigates the forms of "animal life at the bottom of the sea,
thus affording new and unexpected aids to navigation. Physical
science furnishes the electric telegraph, by which longitudes are
determined, and the electrotype and photograph, by means of
which engraved plates and charts are indefinitely multiplied. The
mechanic arts supply the most delicate instruments, and the indus-
trial arts of drawing, engraving, and printing, are all required, in
their greatest perfection.

For the expanded conception of this great institution, as it now
exists ; for the administrative skill which has perfected its organi-
zation ; for the solution of the most interesting questions of science
which it has involved, especially those of the tides, the gulf stream,
and the magnetic force ; for the 'genius which has brought to the
highest perfection the scientific methods employed ; for the untir-
ing labor which has, within the short period of fourteen years,
produced greater results than any other institution of the kind, the
world is greatly indebted to Prof. A. D. Bache, the present super-
intendent of the United States coast survey.

The first attempt to organize a national coast survey was made
in the year 1807. In that year President Jefferson, in his message
to congress, recommended the establishment of a national coast
survey, " for the purpose," according to the message, "of making
complete charts of our coast, with the adjacent shoals and sound-
ings." At that time the only charts of our extended and dangerous
sea-coast were those of the " Atlantic Neptune" of Col. Des Barres,
Eomaine, Gaulde, and compilations from those works by English
and American publishers. Congress accordingly passed an act
authorizing such a survey, and appropriated $50jOOO for the pur-
pose of carrying out the provisions of the law ; and the secretary
of the treasury, Mr. oallatm, addressed circulars to the principal
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scientific men of our country, requesting their opinions with regard
to the best methods of conducting the proposed work. The plan
proposed by Mr. F. E. Hassler was adopted : this plan was essen,
tially to establish the positions of certain prominent points of the
coast by astronomical observations, and to connect these points by
trigonometrical lines, so as to form a basis upon which the nautical
survey could be made. Mr. Hassler, a native of Switzerland, had
been engaged in the trigonometrical survey of that country, and
was eminently fitted by his scientific attainments for the execution
of the task to which he was now called.

On account of the threatening nature of our relations with
Great Britain, nothing was done, however, until 1811, when Mr.
Hassler was sent to Europe, for the purpose of procuring the neces-
sary instruments and standards of measure for commencing the
work, and the war which followed unfortunately caused him to be
detained abroad as an alien enemy until 1815. On his return, he
was formally appointed superintendent of the coast survey, and
commenced his first labors in the field in. 1817, in the vicinity of
New York. His first work was the measurement of a base line,
in the rear of the palisades of the Hudson, as a foundation for the
triangulation of New York harbor and the adjacent coast. Before
he could publish the results of his first year's labor, however, the
coast survey was effectively discontinued, and another long inter-
val of ten years elapsed, during which the additions made to a
knowledge of our Atlantic coast were through detached surveys
of a few of the more important harbors, made by the navy and the
topographical engineers of the army,and those of the Messrs. Blunt.

In 1828, the Hon. Samuel L. Southard, then secretary of the
navy, urged upon congress the importance of reestablishing the
coast survey on ite original plan ; and in 1832, four years after-
ward, Mr. Hassler was restored to his position, and enabled to
resume the work which he had before commenced.

A quarter of a century had now elapsed since Mr. Hassler first
urged his scheme of a thorough trigonometrical survey ; he contin-
ued to superintend its operations until his death, which occurred
in 1843, when ,the survey had been extended from New York
eastward to Point Judith, and southward to Cape Henlopen. He
was succeeded in his important office by Professor A. D. Bache,
the present superintendent.
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On.assuming charge, of the coast survey, Prof. Bache saw the
necessity of extending the plan, so as to embrace all the objects of
.which we have spoken. He urged upon congress the importance
of carrying on all thé principal operations at different points of the
coast at the same time, the different sections to be conducted. on
the same general principles, and to be ultimately connected, so as
.to form a complete, and continuous work. He saw. that the great
characteristic feature of the Atlantic, the, gulf stream, must be
investigated ; the laws of the tides developed, so that navigators
might be furnished with correct information regarding their ebb
and flow in the harbors and rivers ; the infinite maze of currents
.which are produced by the tides, the gulf stream and the winds
combined, threaded out and mapped ; the magnetic force of the
earth studied, and its laws along our coast determined ; the changes
of the weather at different seasons of the year, and the laws of
storms, investigated. All these conceptions were far beyond any
that had been entertained, and Prof. Bache at once organized those
systematic observations which have extended through the fourteen
.years of his administration, and which are now developing the
most important results to navigation and to science.

These general facts with regard to the history and progress of
.the United States coast survey being stated, we come to the scien-
tific and practical operations involved in its execution. An
explanation of these operations will embrace a variety of topics,
and a brief notice of each only can be given.

The first object of a work of this kind is an accurate determina-
tion of the shore line; this is done entirely by operations upon
land. The object of a map or chart is of course to give a minia-
ture representation of a portion of the earth's surface upon paper,
in such a manner that the different parts of the drawing shall have
the same relative positions and dimensions as are found in nature.
To determine these dimensions by lineal measurement for the
purpose of reducing them to the scale of the drawing would be
practically impossible, and hence the use of geodetic or trigono-
metrical surveying.

Geodesy.—To illustrate this mode of measuring distances, and
establishing the relative positions of points on the earth's surface,
let us suppose ourselves to be situated on a level plain, surrounded
in the distance by high mountains, and that we wish to determine
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the distances from our position to the tops of those mountains,
and the distances of the different mountain peaks from each other.
A line is measured on the plain of such a length that if two lines
be drawn from its extremities to one of the mountain tops, they
will intersect at a considerable angle, and form with the measured
line a triangle of proper dimensions : then, knowing the length of
one side of this triangle, we may compute the length of the other
two sides by a simple theorem of trigonometry, -without any fur-
ther labor than measuring the angles of the triangle. .. Taking
now either of the computed sides as a new base, we may establish
a second triangle upon this, and thus fix the position of another
point ; a third point may be established in the same manner,
gradually expanding the system until the whole region we wish
to embrace in the map is covered with a network of triangles, the
lengths of the lines having been computed by measuring the first
only, and then measuring the angles of the triangles. For the
purpose of a map or chart there are still two important elements
•wanting. We have yet no means of knowing the direction of any
one of these lines with reference to the meridian, nor the place
which the points occupy on the surface of the earth; the survey
thus far will give no means of knowing whether any two points
are situated in a north and south, or an east and west line, nor
whether it be located near the equator or near the poles, or to the
east or west of the first meridian. These wants are supplied by
astronomical observations, by which the latitude and longitude of
some point, and the directions of the lines with reference to the
meridian, are determined. The system of triangles which we have
described may be extended over large areas, or along a coast for
several hundred miles, depending upon one measured base line ;
and by determining the positions of the extremities of the base
line, and its direction, by astronomical observations, the positions
of all the other points of the system, and the direction of the lines,
may be computed after the angles are accurately measured ; but
accuracy requires that the computed positions should be frequently
verified by actual observation, and the computed lengths of the
lines occasionally verified also by the introduction of a measured
base of verification. The geodetic work thus involves the mea-
surement of the base line, the measurement of the angles of the
triangles, and the astronomical determination of the latitude and
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longitude of the different points, and of the directions of the lines
with reference to the meridian.

Reconnaissance is the first operation in order. An experienced
officer first travels over the country to Ue surveyed, and makes a
preliminary examination for the purpose of selecting the trigono-
metrical points which will best fulfil the required conditions.
Elevated positions are generally chosen, from which extended
views can be taken. A site for a base line is selected on some
level plain for convenience of measurement, and from which the
triangulation can easily be expanded. In the selection of geode-
tic points great judgment is required, as upon this depends, in a
great measure, the economy, accuracy, and success of the work.

Base line.—For the measurement of the base line a standard of
measure must be adopted. The English use the yard, which is
also the legal standard of length in the United States, but in the
coast survey measurements the French mètre is used, which is
more convenient on account of bearing a certain relation to the
magnitude of the earth, being equal to the ten millionth part of
the earth's quadrant. The metre bar used as a standard in the
coast survey is one of those originally made by the French com-
mittee of weights and measures. For the actual measurement of
base lines, rods of wood, metal, or glass have been used; but the
changes of length caused by changes of temperature in a simple
bar of any material have rendered it desirable to construct an ap-
paratus for the special purpose, upon a compensating principle,
which will retain the same length under all temperatures. The
base apparatus of the coast survey, devised by the present super-
intendent, is considered the best known. It has the same length
not only at all stationary temperatures, but preserves it also while
the temperature is changing. Bars of different metals, having the
same dimensions, and exposed to the same source of heat, will not
heat equally in equal times. The thickness and surface of the
bars are therefore so proportioned to their relative power of con-
ducting and absorbing heat that they will equally follow changes
of temperature. The principle of the level of contact has been
applied to this apparatus, and the exactness of its operations is so
great that lines of 7 or 8 miles in length may be measured with a
probable error of only a fraction of an inch. Two sets of com-
pensated bars are used, each 6 metres, nearly twenty feet, in length.
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Mounted on trestles provided with every mechanical movement
for adjusting the bars in height and direction, it is handled with
such facility that on favorable ground a mile may be measured in
an ordinary working day.

Triangulation.—For the measurement of the angles, theodolites
of the most accurate construction are used. In the primary work
on the eastern coast a large theodolite, with a circle 30 inches in
diameter, is employed. This is carried' to the summit of the hill
or mountain where the angles are to be measured, and established
carefully over the station point, where it is left standing until the
measurements at that point are completed. The party having this
work in charge live in tents near at hand, so as to take advantage
of the occurrence of favorable weather for the observation of dis-
tant signals. The instrument is furnished with a powerful teles-
cope, which will give a distinct view of such signals. The signals
are generally straight poles, supported by a tripod, erected at the
various points, but on the long lines an instrument for giving sig-
nals is used called a heliotrope. This is simply a round mirror,
about the size of a dollar, so mounted that an assistant at the dis-
tant station is able to reflect the rays of the sun in the direction of
the observer. It is not unusual to see the heliotropes on the sum-
mits of mountains 80 or 90 miles distant, when the outlines of the
mountains are not visible. The measurement of the angles at a
primary station occupies three or four weeks ; it is found to be impos-
sible to work duringijthe middle of the day, on account of the agi-
tation of the atmosphere caused by the heat of the sun, and hence
only about two hours in the morning and evening can be devoted
generally to this work. Each, angle is determined by about 30
measurements ; and as at each station there are always from 10 to
20 angles to be measured, only two or three primary stations can
be occupied in one season..

Depending upon the primary triangulation, and controlled by it,
a net work of secondary and tertiary triangles is formed along the
sea coast, and extending up the bays and rivers. The angles are
measured with theodolites, more portable than the one mentioned,
of inferior size, varying from 6 to 12 inches diameter, according
to the distances to be observed. These triangulations determine
the relative positions of prominent points at distances averaging
from 2 to 5 miles, and thus form a skeleton map, in which, the de-
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tails of configuration of shore line 'and surface remain to be sup-
plied by the topographical survey. In order to fix the situation
of the whole network of triangles on the surface of the earth, it
would suffice to determine the latitude and .longitude of some one
point, and the direction with reference to the true meridian of one
of its lines—its azimuth—if the figure of the earth were precisely
known. But owing to the irregularities of the latter, it is found
necessary to repeat those determinations very frequently, by which
means the work is checked, and any accumulation of error
avoided.

Latitude.—All the various known methods of determining lati-
tude have been used in the coast survey for the purpose of ascer-
taining their relative merits. Large vertical circles, or repeating
theodolites, were first used for observing double altitudes or zenith
distances, but made way for more perfect and larger instruments,
the zenith sector, the prime vertical transit, and the zenith telescope
or 'equal altitude instrument. The former, constructed according
to the plan of Prof. Airy, the astronomer royal of England, gives
very satisfactory' results, but is rather heavy for transportation,
and the observations are laborious. The method of determining
latitude by observations of transits of stars over the prime vertical,
first used by Bessel, is admirable in theory, but in practice a great
loss of time and labor is often caused by clouds. The zenith
telescope, or equal altitude instrument, was first applied to the de-
termination of latitude by Capt. A. Talcott,1'- late "an officer in the
"United States army, and has been remodeled and specially adapted
.to the purpose in the coast survey, where it has become the favor-
ite instrument on account of the great number and accuracy of the
results that can be obtained in a given time, and the facility with
which it is used. A large number of observations, from 150 to
200, are made at each station,.and the mean is taken as the result,
the uncertainty of which is thus reduced to a small fraction of a
second.

Longitude. For the purpose of determining the longitude of all
•points in the coast survey with reference to Greenwich and other
European observatories, it is only necessary to ascertain that of
some one point, the difference from which of all others is known
by the triangulation and by differences of longitude obtained by
means "of the electric telegraph. The observatory at Cambridge,
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Mass., has been used as such a point of reference ; its longitude
from Greenwich has been determined by astronomical observations
of eclipses and occultations of stars by the moon, and of moon
culminations, made not only there but at other observatories in
the United States, the longitude of which from Cambridge haa
been determined by electric telegraph. Beside the astronomical
methods, the Chronometrie method has also been used. A large
number of chronometers have been transported repeatedly, and in
different years, between Cambridge and Liverpool, for the purpose
of comparing the time of the observatories at these places. The
results of these expeditions, in which special regard was had to
the effect of temperature on the rate of the chronometers, show a
pretty close agreement in different years, but differ nevertheless
from those by astronomical observations by about two seconds of
time. It is to be hoped that a submarine telegraph will ere long
afford another, and perhaps very accurate method of verifying
those results, and determining the longitude within the narrowest
limits of error.

The telegraphic determinations of longitude have been ex-
tended from "Washington northward to Philadelphia, New York,
Cambridge, Bangor, and Halifax, and southward to Peters-
burg, Wilmington, Charleston, Savannah, Mobile, and New
Orleans. In this method, which is by far the most accurate for
determining difference of longitude, the coast survey has taken
the lead, and has brought it to a great state of perfection, which
subsequent operations of a similar nature executed in-Europe
have not yet reached. The idea of comparing the local time of
different places by means of the electric telegraph is sufficiently
obvious, and dates from the conception of the telegraph itself;
but the refined methods by which the intervention of human
senses and operations, and the consequent liabilities to error, are
in the greatest possible degree avoided, and by which the time of
transmission is measured and eliminated from the longitude, have
been the result of careful study and long experience. The first
experiments on the velocity of galvanic signals were made in
1848 ; they have since been frequently repeated, and the velocity
is found to vary from 10,000 to 20,000 miles per second, according
to the size and kind of wire employed. The manner in which
this experiment is made is essentially as follows : An astronomical
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clock is so connected with the telegraph wires as to graduate by
its beats, slips of paper, delivered with uniform velocity, into
spaces representing seconds of time, each about an inch in length,
both ,at the place where the clock is and at some distant station.
If now at the latter station arbitrary signals are made between
those given by the clock and transmitted to the clock station, the
corresponding marks on the register at that place will appear
later, or more distant from the preceding clock marks, than on the
register where they are made, the difference measuring the whole
time of transmission from the former to the latter station and back
again. On the Pacific coast, and at stations in the gulf of Mexico
to which telegraph lines do not yet extend, longitudes have been
determined by the astronomical methods.

Azimuth. The direction of the meridian is determined by ob-
servations on the pole star, or other close circumpolar stars, at the
time of their passing the meridian, or of their greatest eastern or
western elongation. The angle between the vertical plane passing
through the star and that passing through one of the triangle
sides is measured with a theodolite. The angle which the former
plane makes with the meridian can be computed from the time of
observation and the star's place, and thus the azimuth or true
bearing of the triangle side becomes known, as well as the bearing
of all other sides connected with it by triangulation.

Geographical positions. The geographical positions of coast
survey stations, as determined by the means above detailed, and
bearings and distances (expressed in metres, yards, and miles), are
published from time to time. In the coast survey reports for
1851, '3, '6, and '7, the positions of 5,500 trigonometrical stations
are given.

Topography. This is a representation on paper of the natural
features of the country. The outlines of the shore, the irregular-
ities of the surface, the forms and dimensions of hills, forests,
streams, rocks, meadows, towns, and villages, are all represented
by certain conventional modes of drawing, well understood by
those who make use of the maps. The drawing presents to us the
surface of the earth as it would appear to an observer from above
it. The surveyor uses a table or board, on which is fitted a sheet
of drawing paper ; on the latter several points of the triangulation
are already plotted. In order to map intermediate points, he
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places his table on the ground and determines its place on the
sheet by drawing lines on the paper in the directions of at least 3
of the trigonometrical points; the intersection of these lines on
the paper will give the position which his table ought to occupy
on the map. Having fixed this point, he directs his rule to any
prominent points in sight, and draws lines in their direction.
Then, going to a second point and fixing his position in the same
way, he sights to the same objects as before from his new positiol^
the lines so drawn will fix by their intersection the places of all
these points on the map. It is, in fact, a practical continuation of
the triangulation on a minute scale. Accidental details of ground
and slight irregularities of shore line may be drawn by the eye.
The topographical maps are generally surveyed on a scale of
7«so7 of tQe natural dimensions. In localities where a great
amount of detail is to be represented, such as large cities and their
vicinity, a scale of -g-jy-ç is employed, while on flat and thinly
settled ranges of the coast a scale of ъ о ъ ъ ъ ™ used. The extent of
ground represented upon a single topographical sheet depends
upon the scale; on a scale of TOT^^I or about 6 inches to the .mile,
a square foot of the drawing represents about 4 square miles of
the surface of the earth.

Hydrography. The survey of the land being completed by the
methods detailed, the hydrographer is prepared to refer his exam-
inations, and soundings to their true positions. Under the head of
hydrography are placed all those operations which are performed
at sea for the determination of the positions of rocks, shoals, the
depth of the water, and the investigations of tides, currents, &c.
The principal labor is that of sounding. With the outlines of the
shores furnished by the topographer, the hydrographer has only to
measure certain angles upon the shore signals every time he
throws his lead, and the position of every sounding is thus de-
termined with such accuracy that the navigator may even run his
course by the soundings given on his charts. The'angles are
measured by a sextant, and the position of the boat or vessel is by
means of them laid down on the chart. In practice the position
of the boat is not determined at every sounding, but at every 6th
or 10th, according to frequency ; and the intermediate soundings,
being taken at equal intervals of time, are laid down at equal
intervals between the positions determined by angles. The num
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Ъег of soundings is generally so great that the features of the
bottom of the sea within a wide belt adjacent to the coast are
almost as well determined as those of the land; and with the
further assistance of the specimens of the bottom, which are
always brought up with the sounding lead, the mariner may,
during foggy weather, determine his position with considerable
accuracy by sounding alone.

•Office work. The observations and charts made in the field are
at the close of each season's work sent to the coast survey office
in "Washington, where they are combined to form the charts.
The triangulation and astronomical observations are subjected to
a double computation, first by the observers and next by the
computers in the office, in order to insure perfect accuracy and
faithfulness. The topographical and hydrographical sheets are
combined, and reduced drawings are made on scales suitable for
publication. A connected series of charts of the whole, coast is
projected on a scale of joH-o- Beside these, local charts of
harbors and bays are published on larger scales, adapted to the
importance of the locality and amount of detail to be shown.
General coast charts are also published on a scale of 4 00^0-т-
When the reduced charts are drawn and verified, they pass into
the hands of the engraving division of the office, where they are
executed on copper in the highest style of art. When the plates
are completed, electrotype copies are taken of them, which serve
'for printing the charts, the original plates being preserved in the
archives of the coast survey. The electrotyping establishment of
the coast survey is very extensive, and one of the most successful
in the world. It was in practical operation several years before
the process came into general use, and considerable advances
were made in the art at this establishment. The charts are finally
printed at the coast survey office, and distributed to sale agents in
the principal seaports. The prices axe fixed at very low rates, so
as to place a complete set of charts within the reach of every
navigator. Provision has been made by congress for the publica-
tion of the observations made in the progress of the coast survey,
so as to place the data on which the correctness of the charts
depends beyond the possibility of loss, and to submit them to the
criticism of the world.

Organization. The operations of field work, which have been
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described, are carried on simultaneously at a great many points
on the coast. The Atlantic and Gulf coast are divided into 9,
and the Pacific coast into 2 sections, each having its triangulation,
astronomical, topographical, and hydrograpoical parties, all work-
ing independently, but upon the same system, so that in the end
the whole will form a connected survey from Maine to Texas,
and from San Diego to the 49th parallel on the Pacific. For con-
ducting these operations, there are employed in the coast survey,.,
exclusive of hands and seamen, about 36 civilians of different"
grades, 12 or 15 army officers, and 50 officers of the navy ; a great
number of the latter being required for the vessels engaged in the
hydrography, which are under naval discipline. This force does
not include computers, draughtsmen, engravers, and clerks em-
ployed in the office. The whole work is under the control of the
U". S. treasury department, while the superintendent directs all
the details of the work,, governs the movements of the parties, and
controls the expenditures. The expense is defrayed from annual
appropriations by congress, made upon estimates submitted by the
superintendent, which from 1853 to 1858 have averaged about
$200,000 yearly, for the Atlantic and Gulf coast, and about
$150,000 for the western coast. The progress of the work from
year to year is given to the public in the annual reports of the
superintendent. In these reports the results of the year's opera-
tions are not only given, but also the ways and means by which
these results are obtained. The liberality of congress in publish-
ing and largely distributing these reports has greatly tended to
increase the public interest in the work.

Figure of the earth. The geodetic system of surveying originat-
ed in the efforts of philosophers to determine the precise figure
and size of the earth. It is well known that the earth is not ex-
actly spherical, but is flattened slightly at the poles of the axis about
which it revolves, this axis being about 26 miles shorter than the
equatorial axis. The determination of the relative lengths of the
earth's axes has been one of the most important physical pro-
blems of all ages, the dimensions of the earth being essential
elements in the mathematical investigations connected with as-
tronomy, and in the computations of trigonometrical surveys.
The measurements of extended arcs of meridian and parallel
furnish the best means of determining these lengths, and the
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problem has been considered of so much importance, that expen-
sive expeditions have been fitted out, and surveys made in dif-
ferent parts of the world, for this object alone ; and although ap-
proximate determinations have been made, yet it cannot be said
that the dimensions of the earth are definitely settled. The
primary triangulation, while intended solely for the survey of the
coast, will furnish, incidentally, valuable contributions to science

.in this respect. One arc of 3i degrees or about 210 miles will be
measured from the island of Kantucket to Mount Blue in Maine,
another from the head of Chesapeake bay to Portsmouth, Va.,
and an arc of parallel along the gulf of Mexico. These mea-
surements will involve no additional labor or expense. An arc
of meridian 1,500 miles in length has been measured in India,
one of 1,800 miles through Eussia, extending from the. Black sea
to the Arctic ocean, and another of 900 miles in France, from
Dunkirk to the island of Formentera in the Mediterranean. Sev-
eral arcs have also been measured in Germany, and in fact there
is hardly a civilized nation that has not contributed its share to
our knowledge of this subject. It was in the first attempt to
measure the French arc that the science of geodesy originated.

Mariner's compass. It is well known that every navigator
determines his course and direction by means of an instrument
called the mariner's compass ; an instrument which depends solely
upon the direction which a small needle or bar of steel assumes,
when magnetized and left free to move in .any direction. This
direction is nearly north and south, and it was formerly supposed
that the north end of the needle pointed directly to the north pole
of the earth, to which it was attracted by some powerful agent in
the polar regions. Continued observation and study of the subject,
however, disclosed the fact that this was not true ; the real direc-
tion of the needle at any point between the equator and the poles
is inclined to the horizon, and also to the true meridian ; or in
other words, the needle has a dip and a variation or declination.
At Key West, for instance, the dip of the needle is 55°, at Cape,
Hatteras 68°, at New York 73°, at Halifax 76°; while the declina-
tion is 5° E. at Key West, and 6° W. at New York ; and between
these places there is a line where there is no variation from the
true meridian ; this line passes near Wilmington, N". C., Charlottes-
ville, Va., and Pittsburg, Pa. Going westward from this line, the
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declination of the north end of the needle to the east of tlie true
meridian increases rapidly until the Pacific coast is reached, where
it is from 15° to 20° E. It is found also that the direction at any
one place is not constant, but that it changes not only during each
day but from year to year. In surveyors' and mariners' compasses the
dip of the needle is overcome by suspending it from a point above
its centre of gravity, but the declination still exists and gives rise
to what is popularly called the " variation of the needle." Survey-
ors on land general!}7 have the means of ascertaining the variation
by astronomical observation, by which very great errors in their
maps may be avoided, put the common mariner has no such resource.
In sailing from the gulf of Mexico to Portland, Me., his compass
would pass through all points, from 5° E. to 12° W. How is he
to know this, unless it be put down on his chart ? And how will
a chart for one year answer for another, when the declination is con-
stantly changing ? It is plain that the laws which govern these
changes must be found out, by which the changes may be pre-
dicted. The determination of these laws, as also the actual direc-
tion of the needle at various points of the coast at particular times,
have occupied the attention of the superintendent of the coast sur-
vey. It is impossible to explain here the delicate and laborious nature
of the observations necessary for determining the direction and in-
tensity of the magnetic force. The results published by the coast
survey have been obtained by comparing the observations of many
years with the deductions of theory, and may be said to exceed in im-
portance and usefulness all that had previously beendone in this
country. This subject having been made a special study by Prof.
Bache before he assumed charge of the coast survey, he was pre-
pared to bring to the work the observations and experience of
many years' labor. The report of the coast survey for 1856 con-
tains the results of observations made by the survey at 177
stations along the Atlantic and Pacific coasts, between the years
1844 and 1856 ; to these are added observations obtained from
various sources in the interior of the continent, and from all these
a map is, constructed giving the lines across the continent along
which the dip is the same, and along which the declination is the
.same, and corresponding lines for the intensity. From such re-
sults the laws are obtained for predicting future changes. From
these facts the importance of a full investigation of a subject of

2
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•such vital interest to navigation may be appreciated. As it forms
a part of the duties of the coast survey to furnish the mariner
with all the information possible on this subject, it ought not to be
neglected, even in a brief account of the work.

Tides. One of the most difficult questions which has ever been
presented to men of science is the solution of the problem of the
tides. The importance to the mariner of knowing the exact rise
and fall, and the times of high and low water, may be appreciated
when we consider that the entrances to many of our rivers and
harbors on the Atlantic coasts are obstructed by sand bars, which
can only be crossed by vessels of more than ordinary draught at
the highest stage of the water. It becomes therefore an object of
great importance to commerce and navigation to determine the
laws which govern this rising and falling of the sea, and to
furnish to the mariner such rules as will enable him to predict
with certainty all the phenomena connected with this important
subject. There is indeed no subject which is so constantly in a
sailor's thoughts on approaching the entrance to harbors and
rivers, as the tides ; in many cases the safety of his ship and his
life depends on his precise knowledge of the time of high water,
or the ebb and flow of the current.

A question of such high importance has not escaped the most rig-
orous investigations of philosophers. Its solution theoretically was
one of the first results of Newton's theory of gravitation. The most
casual observer may notice the close dependence of the tidal phenom
ena upon the moon's motion ; the wave of high water following the
moon in her motion around the earth by a determinate interval of
time, and the height of the tide depending also upon the positions
of the sun and moon. As the elevation of the water is produced by
the joint attraction of the sun and moon, the height will be greatest
of course when those bodies are in conjunction, that is at new and
full moon, thus giving rise to what mariners call spring tides.
When the moon is 90° distant from the sun, or in quadratures,
their joint effect will be least, and the neap tides will be produced.
The discussion of this problem has engaged the attention of the
most profound mathematicians since the days of Newton, particu-
larly Laplace; and yet the mathematical theories, although cor-
rect, have failed until recently in giving results which have been
confirmed by observations. The cause of the discrepancies has
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existed, not in the mathematical deductions, but in a want of
knowledge of the physical geography of the globe, and of the
depth and form of the bottom of the sea ; and although very im-
portant advances in our knowledge of this subject have been re-
cently made by the investigations of Sir John W. Lubbock, Pro-
fessors Whevvell and Airy, and still more recently by the superin-
tendent of our coast survey, Prof. Bache, yet it may be said that
even with the vast accumulation of observations which have been
made, to aid in the investigation of this subject, it is still one of
the most perplexing questions in physical science. The investiga-
tions of Prof. Bache have given more satisfactory results, in some
instances, than any previous efforts.

On assuming charge of the coast survey, Prof. Bache organized a
system of tidal observations embracing the entire coast ; it is the most
extended system of observations that has yet been attempted, and
has already produced highly useful resulte. Observers are required
to note hourly the height of the water at each tidal station, by means
of a staff placed in the water, by which the precise times and height
of high and low water can be determined. A self-registering
machine is also much used, which, through the medium of clock-
work, traces a curve on paper representing the successive changes
in the height of the water. Over 800 tidal stations have been
established on the Atlantic coast, and on the western coast obser-
vations have been made at frequent intervals for about 1,300
miles. The observations at the principal stations are continued,
through several years. The investigation of so many observa-
tions of course involves very laborious computations, the great "ob-
ject . being to combine the results of the observations with theory,
in such a manner as to furnish rules for the prediction of future
results. The results of this branch of investigation in the survey
have been published in the annual reports of the superintendent
as the work has progressed, showing the success wbich has attend-
ed his labors. The report for 1856 contains tables of compari-
son of predicted tides of Boston harbor with the results of actual
observation, in which the predicted times of high water coincide
with the times observed within 4 minutes. Such accurate results
had never before been attained, and this contribution to know-
ledge may be regarded as one of the most important of the près
ent day, and one which will prove of inestimable advantage to
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the commerce and navigation of our coast. In the same manner
tables have been constructed for over 60 points on the Atlantic
coast, and 14 points on the Pacific const, by which navigators may
ascertain the time and height of high and low water at each place
for any day in advance, with a certainty heretofore unknown.

Gulf stream.—One great characteristic feature of our Atlantic
coast and navigation is the Gulf stream, which sweeps along the
shores of our continent from the tropics towards the Arctic regions.

The trade winds of the equatorial regions blowing constantly in
one direction, force the surface waters of the Atlantic through the
many openings into the Caribbean Sea and Gulf of Mexico, where
they are heaped up sufficiently to give rise to a current, with a
velocity of from two to four miles an hour, through the Straits of
Florida.

The current, thus established, follows the deep sea channels
along our coast, nearly parallel to the shore, to Cape Hatteras,
where an eastwardly direction is given to the stream, which passes
within two hundred miles of Sand}*- Hook, and, continuing its
course beyond Nantucket, ппа!1зг reaches the Azores and the west-
ern coast of Europe.

On assuming charge of the coast survey, Professor Bachc per-
ceived at once the importance of investigating such an important
feature in the navigation of our coast, and immediately organized,
with the authority of the Executive and of Congress, a system of
observations, for the purpose of determining its limits and princi-
pal characteristics.

Previous to that time, casual observations had been made by
private and public vessels of England and America, the results of
which were collected by Major tTames Rennell, F. E.S., and pub-
lished in his work on the currents of the Atlantic ocean. These
observations were confined to the surface, and gave only vague
results.

The method of exploration adopted by Professor Bache was, to
determine the limits of the stream by the temperature of its waters
at all depths, by means of deep sea thermometers, along lines per-
pendicular to its several directions. This work was commenced
in 1845, and has been continued up to the present time. Sixteen
»sections have been run across the stream at different points of the
coast, along which the temperature of the water at various depths
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has been determined, and also sections of the bottom, -wherever it
has been found possible to obtain soundings.

These explorations have developed many important and inter-
esting facts not before known. It has been found that the stream
divide's, after issuing from the Straits of Florida, into several
branches, which run on in slightly diverging directions without re-
uniting.

These branches are separated by comparatively cold water, so
that the whole stream is composed of alternate warm and cold
bands. The inner warm band, which may be regarded as the axis
of the stream, and where the swiftest current and highest tempera-
ture are found, is limited on the inshore side by an abrupt wall
of cold water ; on the outer limits of the stream the warm waters
thin out and finally mingle with those of the ocean.

The general feature, with regard to temperature, in going from
the shore outwards, may be described as follows : on leaving the
shore, and, generally, on soundings, the water is cool, and so con- •
tinues to the " cold wall." Here the temperature rises rapidly,
and a few miles farther out reaches summer heat, rising in some
instances 20° Fahrenheit in a few miles. The temperature then
falls, indicating a' band of cool water. Farther on it rises again,
and again falls, and so on, showing three principal warm and three
cold bands.

These phenomena exist at all depths as low as several hundred
fathoms, where the cold water of the bottom is reached : they are
invariable, as repeated explorations along the same lines prove.

In several of the southern sections, this division of the waters of
the stream is found to correspond to the ridges and channels of
the bottom of the sea, affording reason to conjecture that the same
may be true throughout its whole extent. •

Off Charleston, the axis,or first warm band is about seventy-five ; .*£ /.4'e*.
miles from shore, and here the stream, with all its branches, is about.'
one hundred and thirty miles wide, its mean velocity being between
two and three miles an hour ; at Cape Hatteras, lhe axis is found
less than fifty miles from shore, and close against the Hatteras
shoals. Here the total width us two hundred and fifty miles, and
the mean velocity two miles an hour. Abreast of Cape May, the
stream turns and runs directly eastward: the first band is met one
hundred and fifty miles from shore, and the total width is about
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three Hundred miles. Continuing to the eastward, the axis is
found about two hundred miles from New York and Nantucket,
and the mean velocity is reduced to about one mile per hour. Its
width off Nantucket is uncertain.

These are the general deductions as far as the observations now
extend : the work is still in progress, and investigations are also
being made on the currents close along the coast, and which are
the effect of the tides, winds and Gulf stream combined.

The investigations of the tides, the gulf stream, the magnetic
force of the earth, and the meteorological conditions of the atmos-
phere, have an equal bearing upon the interests of navigation and
commerce, and the sciences connected with the physical condition
of the globe, but there are other practical results of the coast
survey which have a more direct influence in protecting our com-
merce from the dangers by which it was formerly attended ; a
consideration of these results will exhibit the advantage of an in-
telligent application of true scientific principles in all works of this
character. Previous to the year 1844, 300 vessels were wrecked
annually on our coast, attended with a great loss of human life ;
of these vessels £ were destroyed on the Florida reefs. To
illustrate the causes which led to this great loss of life and proper-
ty, it will only be necessary to mention a few of the discoveries
made by the survey of the coast. The entrance to Delaware bay
between Cape May and Cape Henlopen was found to be 8 miles in
error. Six dangerous shoals were discovered in one year in the
vicinity of Nantucket, lying directly in the track of our European
commerce, and of the heavy coast trade between the eastern and
southern coasts. A new channel, with 2 feet more water than
any other, was discovered at the entrance to New York harbor.
Dangerous shoals have been discovered at the entrance to Chesa-
peake bay, and along the coast of Virginia and North Carolina.
Numerous others might be mentioned of no less importance, but
these are sufficient to show the inaccuracies of all our charts pre-
vious to the investigations of the coast survey. The means that
have been applied to correct these great evils have not been in-
commensurate with the end.

It may be said that advantage in economy is not the least of
the practical results of the scientific methods of the coast survey.
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Compared with foreign surveys, it is not only more accurate and
detailed, but its results have been produced with a rapidity and
economy altogether unprecedented. The English survey was
commenced in 1791, and is still unfinished, the land work being
unconnected, generally, with the hydrography; and the cost of
the English survey is more than 4 times the cost of ours. Dur-
ing the 10 years previous to 1844, Great Britain expended for hy-
drography alone $7,500,000. The total cost of the United.States
coast survey up to that time was only $800,000, including' land
work and hydrography. The duties alone on the goods of half a
dozen ships yearly, amounted to the whole annual appropriation,
for the coast survey, and at the present time the annual cost of the
survey is but little greater than the cost of a first class steamship.
With this small amount of expenditure the survey has been ex-
tended so as to embrace the whole of our Atlantic and Pacific
coasts; the Atlantic coast being divided into 9 sections, and the
Pacific into 2. During the year 1857, 20 triangulation parties,
3 astronomical parties, 12 hydrographie parties, 23 topographic
parties, and 2 magnetic parties were in the field, beside the com-
puters, draughtsmen, engravers, &c., employed in the office. The
triangulation at the close of 1857 covered an area of 41,000 sq.
m. ; 27,000 m. of shore line have been surveyed by the plane
table; 4,888,885 soundings have been made, 841 tidal and 783
current stations occupied, 7,000 specimens of the bottom pre^-
served; 675 original topographic, and 559 hydrographie sheets
have been surveyed, 376 reduced drawings of the same executed,
and 66,576 printed sheets of maps distributed, beside 43,000 now
in the hands of sale agents. It is estimated by the superintendent
that on the scale of progress of the last 3 or 4 years, the survey
of the whole Atlantic and gulf coast will be completed in 12 or
15 years.
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e, when it is considered that on the suc-
administration of the affairs of this

Institution depends the bestowment of
other Pagacies of a similar character, in-
tended i5f the good of men. If this Insti-
tution shobjd prove a failure, the loss would
not be conn\ed to the money bequeathed
by Smithson^ut would involve the loss
of confidence i\ the management by pub-
lic bodies of like\rusta committed to their
care.

(Orl

THE UNITED STATES NA%L OBSERVATOHY
AND HYDROGRAPHIÄAL OFFICE.

M. F. MAURY, LL. D., TrttS. N.,
Superintendent of the United States Naval ObWvatory, fcc.

\BY PROF. J. S. НиВВАКЮЛ

This Institution was founded by^Wt of
Congress, in 1842; the instrumentsViud
building were co.mpleted in 1844, wran
the charge of the new establishment w;
confided to the present Director, Lieut. ~
F. Maury.

The Observatory is situated in the inter-
section of the lines of D and Twenty-fourth
streets, on the public reservation formerly
known as Camp Hill. The main buildin ~
is surmounted by a revolving dome, an
has wings on the sides and in the rear, for
the reception of meridian and prime-verti-
cal instruments. The residence of the Di-
rector adjoins the east wing. There are
eight rooms in the main building, occupied
by the computers and others engaged in
hydrographical duty ; the larger astronom-
ical instruments being located in the wings
and dome.

Beginning with the west wing, we find
therein a large and excellent transit in-
strument, whose telescope is seven feet
long, resting upon the large granite piers
that rise through the floor to a height of
seven feet, and rest upon a massive found-
ation of masonry, deeply imbedded in the
ground. Around these piers, as well as
all others in the building, the floor is so
constructed as to be nowhere in contact
with them, thus preserving the complete
independence of the instrument from cas-
ual disturbances, settling of walls, and the
like. This instrument is used for deter-
^m.ing the time; that is to say, for ascer-
taining the error of a clock assumed as the
standard, and from which, when corrected,
the true time may at any moment be ob-
tained, as is done, for instance, every noon,
when a signal ball is dropped from the flag-
staff above the dome. The facility and
accuracy of this determination of time are
much enhanced by an ingeniously-con-
trived telegraphic registering apparatus,
located in the same room, and worked
partly by the observer and partly by the
clock, and giving results liable tono greater
error, than a. few hundredths of a second.

In the east wing is, first, a mural circle,
.consisting, as its name denotes, of a large
circle, and telescope, mounted upon the
face of an immense pier or wall of sand-
stone. This circle is five feet in diameter,
and is graduated into degrees and five-
minute spaces by marks beautifully cut in
a narrow band of gold, set in the edge of
the circle, the observer being enabled to

subdivide these spaces to seconds by six
microscopes attached to the pier at inter-
vals of 60° around the circle, and always
directed toward the graduated arc. This
instrument is used for determining the lat-
itude of the Observatory, as well as the
distances of the various celestial objects
from the north pole of the heavens.

In the same room is also a meridian cir-
i cle—a compound instrument, formed by
I attaching a graduated circle to the axis of
' a .transit" instrument like that in the west
wing, and thus enabling the observer to do
the work of both transit and mural at the
$ame time. The specimen before us, how-
ever, is of lesser power than the other two
iudtruments, and cannot therefore fairly
cope with them.

In an adjoining room, a large number
of chronometers are kept and rated for the
use of the Navy.

In the south wing is a peculiar instru-
ment, called the."prime-vertical transit,"
admirably adapted for delicate researches
in a limited portion of the heavens; and
further on is a splendid meridian circle,

mporarily mounted in the east and west
dictions, but intended for ultimate loca-
tioikin the meridian. For want of suffi-
ciemSßbserving force, both these instru-
mentsVre at present unemployed.

In that dome is situated the equatorial
instrument whose telescope is fourteen
feet in length, and object-glass nine and
a half iuchestin diameter. This is em-
ployed for miscellaneous observations,
chiefly of new prbnets and comets, and by
its help two new asteroids have been added
to the large numo^r discovered of late
years.

But this establishment is' not only an
Observatory, it is also V hydrographical
office, and it is from this latter department
that have emanated those T^ind and cur-
rent charts and sailing directions that have
already proved of such great aoyantage to
the commercial world. These charts are
founded upon a rigorous induction from
facts collected froà every available
Log-books innumerable have been ancare
still being overhauled ; the track of eateh
ship carefully traced upon a chart, and
direction and force of the daily wind dis-
tinctly noted. Whenever a sufficient num-
ber of these tracks has been obtained in
any given part of the ocean, the figures are
carefully studied, in order to learn for each
season the prevailing winds' and their av-
erage force. It it easy to see that upon
precisely such a foundation, and upon no
other, must rest tbe true theory of atmos-
pheric circulation. Moreover, the tracks
of the ships are grouped together in such
a manner as to foim time tables for all the
well-beaten paths of the sea. By the in-
genuity here displayed, mile-stones and
finger-boards have, been set up on the sea;
for, really, by ínéâns of these tables, every
ship can tell how:much she may happen,
during any day of her voyage, to be behind
time or ahead of time. They show the diffi-
cult parts of every route, and the way to
go. The great highways of the sea, like
those of the land, have their up-hills and
their downs, their good parts and their dif-
ficult; and this grouping shows it all.

In consequence of the knowledge al-
ready gained concerning the winds and

currents.of the,sea, the navigator on a long
voyage is taught how to go around diffi-
cult regions, to avoid calms and adverse
winds, and to find others that are fresh and
fair. By them, canvas and the winds have
driven steam and the propellers well nigh
out of the Australian route.

_ Early in the history of these investiga-
tions, it was felt that an extended co-ope-
ration on the part of all maritime nations
was necessary to secure a realization of the
grand plan then in view—a plan aiming
first at the establishment of a uniform sys-
tem of meteorological and other observa-
tions over the whole ocean; and, secondly,
at a uniform course of collation, reduction
and final discussion, of these observations.
From this felt necessity originated the call
whose answer was the celebrated maritime
conference held at Brussels in 1853 and
which was attended by delegates from Bel-
gium, Denmark, France, .Great Britain,
Netherlands, Norway, Portugal, Russia,
Sweden, and the United States. Their de-
liberations resulted in the adoption and rec-
ommendation to general use of a form of ab-
stract log, admirably adapted to convey in
a concise and convenient form the infor-
mation derived from every navigator. This
form has been generally adopted by all the
commercial nations, and by their assist-
ance materials are now being collected and
digested for new and more complete wind
and current charts. For, besides the di-
rect result of the conference, by it all the
nations represented were stimulated to
greater activity in the pursuit of the phys-
ical laws^of the sea and atmosphere, and a
new era in science was inaugurated.

Evidence of the estimation in which the*
labors of the Observatory, leading to such
a result, are held in Europe, is found in
the fact that the rulers of the States most
interested in commerce have made, or ex-
pressed their desire to make, an acknowl-
edgment to the Director, of the value placed
by them upon these labors. Titles of no-
bility have been offered or gold medals
bestowed by searly every'natibri of Europe.
. A still mcjre practical acknowledgment
has been given by the three nations most
interested in the seas—Holland, England,
Ana France-^each of-which has established
\bureau upon the plan of this office, espe-
ciWly to co-operate and assist in those ob-
servations a»d researches, of which the
example has been set by the Observatory.

SucBjare the encouragements and favor-
able auspices under which the hydrograph-
ical laborsSof the Observatory are now be-
ing prosecuted, and we cannot doubt of
the continueoWccess of those studies which
will render theWth of the navigator even
more sure and nw>re rapid as his knowl-
edge of the pbyaics\f the sea is multiplied.

Give thy heart's belt treasures !
From fair Nature Item,

Give thy love — and
Wait not, a return. \

And the more thou spende^
From thy little store, \

With a double bounty '\
God will give thee more. — Selected;

CHRIST OUR SAFETY. — Luther used to
say that there were three things on which
he could not bear to dwell without
Christ — his sins, death, and the day of
judgment.
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' THE UNITED STATES CÕlST SURVEY.

A. . D. BACHE, LL. Д., SUPEEINTBNDENT.

All civilized nations possessing a sea
coast and an ocean commerce have recog-
nised the importance and necessity of fa-
cilitating navigation and promoting the
safety of commerce by all proper means,
among which the .most.effective are accu-
rate charts, light-houses, and. sailing direc-
tions.' "When we consider the magnitude
and extent of our, foreign and coasting
trade, the value of which is told hy hun-
dreds of millions, the thousands of mari-
ners engaged in its pursuit, i and the vast
number of passengers .annually arriving at
and leaving our shores, we must perceive
that it is not only an economical necessity,
but our duty asa nation, to provide every
means which science and practical skill
can afford for pointing out the dangers to
-which this commerce is exposed, and for
furnishing every facility for its successful
prosecution. To accomplish/these objects,
the Coast Survey was instituted. It is de-
signed to furnish accurate charts of the
whole of the coast, showirigthe configura-
tion and character of the land as well as of
the sea-bottom within soundings, depth of
channels, rocks, shoals and other dan-
gers; to. point out the positions for light-
houses and beacons; to ascertain the char-
acter and course of the ocean currents along
our shores; to develop the law's . of the
tides, of that force which directs the mari-
ner's needle, and of the changes which take
place at the entrances of our harbors, and
to investigate all other questions the solu-
tion of which contributes to a thorough
knowledge of our coast and its adjacent
waters.

An attempt to organize a general sur-
vey of the coast 'for the purposes stated
was made as early, as. 18.07, .when, on the
recommendation of. President Jefferson,
Congress passed a law to that effect, which
still .remains the fundamental law of the

. Cu^S#№ejA.al;thp^
hostile relations with .-Gfréat, Britain, and
the subsequent financial difficulties of the
Government; it did not go .into effective
operation until long afterwards. Mr. F.
R. Hassler, who had,furnicbed a : compre-
hensive plan for the work) and who by his
scientific attainments and his previous ex-
perience in the trigonometrical survey of
Switzerland .was.eminently, fitted for the
task, was appointed Superintendent, and
in 1811 went to, Europe'to procure the
necessary instruments. and standards of
measure. After having been detained
abroad on account of .the subsequent war,
he at length was enabled to commence the
work in 1817, in the vicinity of New York.
His labors were, however, suspended after
the first year, owing to the want of appro-
priations, andforaperiod'of sixteen years no
progress was made, until the law of 1801
was a»ain put in force in 1832, since when
the work has been in progress without, in
terruption. Mr. Hassler was again ap
pointed Superintendent, ; and vigorous!}
prosecuted the work until his death, in
ЩЗ. In the preceediug year, owing to
the alleged slow progressif the work, an
investigation was had by a Congressiona
committee, which resulted in a renewec

.pproval çf the principles and methods ac-
cording to which the survey was carried
on, and in the establishment of regulations
amplifying the original law, by a board of
officer's ordered for that purpose.

At the time of Mr. Hassler's death, the
uoast Survey ' had extended from New
York Bay eastward to Point Judith, and
southward to Cape Henlopen. He was
succeeded by Prof. A. D. Bache, the pres-
ent Superintendent, to whose high scien-
tific attainments and administrative skill
he country is indebted for the highly im-
Dortant results to navigation and science
brought out, and the unparalleled progress
of the work during the fourteen years of
nie administration.

On assuming charge of the survey, Prof.
Bache saw the necessity of enlarging the
scale of its operations, so that the work
might be in progress simultaneously at
different points of the 'coast. Justice to
the different States of.the Union, and the
necessities of commercial intercourse, re-
quired it; and it was shown that much
would be gained in ultimate economy, as
the results have since abundantly proved.
His views were adopted, and appropriations
were gradually increases, until the most
advantageous working scale was reached.
"When, after the acquisition of California,
an extended commerce suddenly sprang
into existence along an almost unknown
sea coast, where the era of discovery had
scarcely passed, the survey was extended
to those shores with characteristic energy,
and charts of the most important harbors
and routes were given to the world in an
incredibly short time.

The present scale of annual appropria-
tions for the Coast Survey is as follows :

For the Atlantic and Gulf Coast $250,000
For the Western Coast - - 130,000
For the Florida Reefs and Keys 40,000
Besides some smaller items for repairs of
vessels anu other spec;fic purposes.

The survey has' bee ï extended into eve-
ry ^aboard/StateL ai;d Territory of the
United States. Takirg all the operations
into consideration, it is estimated that the
Atlantic coast is m.ore than half done, the
Gulf coast is" nearly one-third done, and
that at the present rate of expenditure both
can be . completed in from ten to twelve
years, by close, economy and thorough ef-
ficiency of management. . The compari-
son of progress and .expenditure shows
that the work, on the large scale of the
present system is more .economical than
on the smaller scale of former progress.

It is obvious, that when a large portion
of the earth's surface je to be delineated,
the ordinary methods! of surveying must
fail entirely in giving even an approxi-
mate /accuracy, for ia them the surface
is considered plane, fend two north-and-
so.uth lines are considered as parallel, and
everywhere eqmdistajit from each other,
while they actually cqnverge, so that two
meridian lines 100 mijes apart in Florida
would, if continued toi Maine, be only 78
miles distant from each, other. It is by
the geodetic method of surveying alone
which takes into account the figure and
dimensions of the earth, that accurate sur-
veys of extended regions can, be made.
Such is the practice of the Coast Survey,

of which but a.brief .outline can be given
here. • ' • l ' • ' • ' :!

After a careful recohnoissance of Hie
country to be surveyed, for the purpose of
determining the best plan of operations, a
straight line of from five to ten miles is meas-
ured with all possible accuracy, by means
of rods which are so combined of iron and
brass bars às to be compensating, or retain
the same length precisely at all tempera-
tures. This measured Hue is' the base line
of a triangle formed by its two extremi-
ties with a third point opposite, visible
from both ; the angles in this triangle are
next measured by means of a theodolite
with great precision, and we are able to
calculate by trigonometry the distances
from the ends of the base line to the points
opposite. Each of these distances be-
comes in its turn the base line of other tri-
angles, which are so disposed as to extend
along the coast, and cover it with a com-
plete net-work, in which the relative posi-
tions of the points are accurately, ascer-
tained. The lineal measurement of all
these distances would not only be very
difficult and less accurate than the angu-
lar measurement, but in many cases it
would be absolutely impossible, as in dis-
tances across the water. When the trian-
gulation has been carried on thus for a few
hundred miles, one of the triangle sides, in
a convenient locality, is again measured
with the rods, by which the whole series
is thoroughly verified. Thus a base line
was measured on the south side of Long
Island, and a triangulation executed on it
southward to Chesapeake. Bay, when on
Kent Island a base of verification was
measured, which differed only four inches
\и five and a half miles from the length
computed from the former base, through
a chain of triangles 320 miles in length.

In order to fix the position of this net-
work of triangulation on thesurface'ofthe
earth, it is further necessary to determine
the latitudes and longitudes of'some of the
principal points, and to ascertain the true
bearing or azimuth of the lines joining
"them, (the angle which they make with
the true meridian.) It will suffice here to
say, that the best astronomical methods
known are employed, and that in many
respects new and superior means have
been developed,. among which we will
only cite the Chronographie or electrical
method of recording time observationSr
aud the method of determining longitudes
by the electric telegraph. Depending upon
the principal or primary triangulation,
and checked by it, a network of seconda-
ry and tertiary triangles is formed along'
the sea coast, and extending up the bays
and rivers. In this way are determined
the" geographical.positions of a great num-
ber of prominent points, at distances vary-
ing from two to five miles, which thus form
a sort of skeleton map of the coast, an ac-
curate framework, into which the detailed
surveys are fitted, and which secures us
against that accumulation of error which
would be unavoidable in the employment
of the ordinary modes of surveying.

ÏTèxt in order comes the topography.
This is a representation on papei- of the
natural features of the country, the out-
lines of the shore, the irregularities of the
surface ; the forms and dimensions of hills,
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forests, stream's, rocks; meadows, towns,
and villages, are all represented by certain
conventional modes of drawing, well un-
derstood by those who make use of the
maps.. The drawing presents to us:. the
surface of the /earth, as it would' appear to
an observer from, above it; The topo-
.graphical maps are generally surveyed on
á scale of o'iie ten-thousandth of the natu-
ral dimensions. In localitiéswheré a great
•amount of detail is to be represented, such
•as large cities and their vicinity,, a scale of
1:5000 is employed, while on flat and
sparsely-settled ranges of coast a scale of
ï : 2.00ЧЮ is used. The extent of ground
represented, upon à single topographical
sheet.-depends upon the scale. Ona^scale
•of l-iO,'0007 or about six inches to the mile,
a square foot of the drawing represents
about four square miles of the surface of
the earth. • ' • • .

The topographical survey is carried in-
.land as far as is required for purposes of
navigation and for the defence of the
Coast. •

The foregoing operations complete the
laudwbrks, with the addition of observa-
tions on the direction and force of the mag-
netic needle, from which the laws that
govern it and its changes can be deduced,
and the Variation of the compass assigned
•in places where no observations caii be.had.

The Irydrography embraces all the ob-
servations that have reference to the sea.

.'The depth :of water and form of the bot-
tom are ascertained by numerous'sound-
ings, and specimens of thé bottom are fre-
quently brought tip; which are minutely
mapped. They exhibit channels, shoals,
And rocks, with such,accuracy that the nav-
igator, in approaching the shore, may as-
certain his position by the soundings laid
^down on -the' chart,' when he is unable to
•discern the land. The true positions of
•the soundings are: determined by angles

\ measured with the -sextant from the boat,
-or sounding vessel,/upon signals erected
At the'Shore statio'nla, fixed by.the triangu-
lation, upon which the correctnessГ of '.the
•work again depends. .The iTdes are ob-
'«erved at the same time, in orderte reduce
«,11 the soundings to the .common level .of
mean low wafer: The Tise aq.d fall of the
tides is carefully observed in many local-
ities, for the purpose of investigating the
•laws that govern them, :in ! order to make
predictions, or tide-tables, for the use of
mariners. ! In -theee'observations', a self-
registering tide-gauge is used; with great
/success and economy. The dire'ction and
force of tidal <eitrrents are observed and
•laid down,1 so'that allowance may be made
for them in entering a harbor. '

An important-branch of the hydrography
'is the exploration of the Gulf Stream, that
remarkable feature of our ocean boundary,
which, by its warm arid dark-colored Wa-
ters, declares-at'puce 'to the 'mariner' his
approach to our -shores, and the' rapid cur-
rent of which 'he must not fail to take into
account in his1 navigation. .The explora-
tions have reference to thé température, of
the stream at-difterent depths'from-the siir-
fude'-to the bottom, in different positions,
an4 to the velocity and direction of the cur-
'•reiit "The instruments aiid means em-
ployedibr the purpose are'of a very inter-
•estiiig nature, but cannot be described herei

OFFICE WORK.
•The observationfi aid-charts made in the

field are at the clofie of each season's work
sent to the Coast Survey Office, iin "Wash-
ington, where they are combined, to form
the charts. The Marigulation and astro-
nomical observations : are subjected to a
double computation, first by the observers,
and next by the computers in the office, in
order to secure perfect accuracy and faith-
fulness. The topographical and hydro-
graphical sheets'are combined, and reduced
drawings are made on scales suitable for
publication. 'A connected series of finished
charts of the whole coast is projected, on a
scale of 1-80,000; and preliminary charts,
giving at once the inòst impoi-tant informa-
tion, are published ás the work progresses,
on a scale of 1-200,000. Besides these, local
charts of harbors and bay s are published on
larger scales, adapted to the-importance of
the locality'and the amount of detail to be
shown. General coa'st charts are also pub-
lished, on a scale of 1-400,000. When the
reduced charts are drawn and verified; they
pass into the hands of the engraving divis-
ion of the office, where they are executed
on copper, in the highest style of art.
When thé plates are completed, electro-
type copies are taken of them, which serve
for printing the charts, the original plates
being preserved in the archives of the Coast
Survey. The electrotyping establishment
of the Coast Survey ie quite extensive, arid
one of the most successful in the world.
It was in successful operation, several years
before the proces,s came into general use,
and consiâerablé advances were made in
the art at this establishment. The charts
are finally printed at the Coast Survey Of-
fice; and distributed to sale agents in the
principal seaports. The prices are fixed
at very low Tates, so ás to place a complete
set of charts'withm the reach of every nav-
igator. Provision has 'been made by Con-
gress* for the publication of the observa-

tions made in the: progress of the Coast
Survey, so as to placé the data 'oh which
the correctness of+.he; charts depends ,ber
yond the :possibi»it y>of loss, and to submit
them to- the cririeit Sm:pf the1 world. :

The operations Of tee field-work, which
have been' described, are carried on simul-
taneously at many 'different points on the
coast, each division having its triangula-
tion, astronomical,'topographical, and hy-
drographical parties, all working independ-
ently, but upon 'ttte same system, so that
in the end the whole'will form a connected
survey of our entire coast.

•For conducting these operations, there
are-employedj exclusive of hands and sea-
men, 'thirty-seven' civilians, of different
grades, twelve or fifteen Army officers; and
fifty officers of the Navy, agreater number
of the latter being'requirea for the vessels
engaged .'in the hydrography. The first
class forms a permanent nucleus of persons
of sei eatific an d practical ability, trai u ëd to
the work, while-ttyb' officers :of the Army
and If avy0are detailed ibr the work, or with-
draw n, as. the 'exige'ncie.s of -their respect-
ive services may require. All act under
the immediate orders of the Supérintcnd-
'eiit, who directs 'all tïie details of the work',
governs tire'ifto'vém'énits of !tbe parties, and
controls their expenditure. ./Notwithstand-
ing his laborious administrative duties, the

Superintendent engages personally inact-
i v e f i e l d - w o r k . < ' • : ' • • • > :

The progress of the work from year to
year is detailed in the annual reports of the
Superintendent to the Treasury 'Depart-
ment, to which the survey is'attached, as
connected with the commercial interests
of the country. The liberality of Con-
gress in publishing and largely distributing
these reports has greatly tended to in-
crease the public interest in the work.

From a table given in the latest of these
reports, we gleau the following statistics:
An area of 41,000 square miles has been
triangulated, and 7?000 geographical posi-
tions of points have been determined; 675
original topographical sheets have been
surveyed), covering an area of 15,500. square
miles, and delineating 33,000 miles of wa-
ter line; 600 hydrographical sheets have
been surveyed, 4,900,000 soundings made,
and 7,000 specimens of bottom preserved;
64 finished charts, and 277 preliminary
charts and sketches, have been published,
and 67,000 copies of the same have been
distributed.

A list of discoveries a,nd developments
enumerates no less than 142 instances in
which channels, hidden dangers, harbors
of refuge, changes in bars, or other import-
ant information previously unknown, has
been brought out by the Coast Survey,
showing, in a striking form its utility to
commerce and navigation.

A very general acknowledgment of the
effective and thorough manner in which this
great work is conducted has not been want-
ing. Authorities connected with commerce
and navigation, as boards of trade, marine
societies, and insurance companies in all
our principal seaports, have repeatedly test-
ified to its great p'ractical usefulness ; and
scientific bodies and leading men of sci-
ence, at home and abroad, have acknowl-
edged that in point of scientific execution
the Coast Survey is in the foremost rank
among similar work, and has largely con-
tributed to the advancement of various
branches^of applied science. • ï - , .

EDUCATIONAL.

EDUCATION IN" THE DISTRICT OF COLUM-
BIA AND IN WASHINGTON CITY. ;

, '.' BY Z. RICHARDS,. A. M.,
Principal of tbo Union Acadvmy, -Washington, D. C.

Many commendable efforts bave- been
made, with some degree of success, in the
city of Washington, to establish a thorough'
system of public education. Great diffi-
culties generally arise in every place,'when
great and good enterprises are undertaken ;
but very few, if any cities, have-been obliged
to encounter so many and such discour-
aging difficulties; ill' providing suitable
means for the proper education^ of its
youth, as Washington. In' this,,our Na-
tional Metropolis, the friends of education
have felt that what they do in this 'enter-
prise should be so done as not only to pro-
vide the means-for educating all-its youth,
but to establish such:a system ofeducation
as would be an honor to the capital of our
country, and a Tnodeltfor other cities. We
will not here attempt to enumerate the dif-
ficulties in the way, for they are many;
and some of them are evident to every care-
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fui observer. Many of them, however,
have been overcome by the indefatigable
labors and perseverance of a few high-
roinded friends of the cause.

The first "free school " in this city wae
established in 1806, when the population
was not over 5,300, and when all the burdens
and difficulties incident to new cities were
pressing upon the people, in addition to
an unusual expense of fitting up a city of
magnificent distances, to become the most
magnificent capital of the world. It may
he well for our readers to remember that
the General Government, which possesses
undisputed control over the District, and
has always shaped and directed its affairs so
as to best accommodate itself without any
or with very little regard for the wishes of
the inhabitants, has never seemed to recog-
nise any obligation to provide for the in-
tellectual or moral wanta of its rapidly-
increasing population ; of a population in-
creasing almost entirely through the de-
mands of the Government, and not from
any commercial or other usual facilities in
other rapidly-growing cities.

From the enactment of the first school
law, in 1805, till the year 1844, only two
schools had been opened as free schools ;
and these, it was generally understood,
were designed for the poorer children, who
were unable to attend pay echools. Some
children of this class, of good capacity and
uncommon aptitude for learning, were edu-
cated in private schools and colleges at the
public expense. During this period, and
since, several excellent private schools and
academies have been sustained, and have
furnished the very best opportunities for
thorough instruction.

In 1844, the old law was supplanted by
a new one, substantially the same as it, is
now, which provides for a system, some-
what like that of Massachusetts and other
New England States. Though this new
law resulted in the establishing of several
new schools, which have increased school
privileges, yet the schools have never been
sufficient to .meet the wants ;of our city;
jfor thèlafgôst potíãoa of -t}ie~cfaiidren, who
are educated at all, are educated in private
echools. ' " " ' . ' . !

Public schols have not been generally/
popular; the more wealthy classes and
families, claiming to belong to the higßer
ranks of life, have not patronized tSenv
in fact, there has been no room foj» more
scholars in the public school8 siafie their
great improvement underlie ne^naw ; and
the means have not been sufficient to in-
crease materially their capacity aad their
efficiency. Within the laefcfew years, how-
ever, the public schoohf have increased
more rapidly in their popularity than in
their accommodation^ f

Among the instrumentalities which have
been at work to increase the efficiency and
popularity of th9''public schools, we think
may be placed/the " CbZto^èïan Association
of ТЪдалвг*, "-"which was .prganized about
ten years ago, at the instance of a few pri-
vate and public teachers, who have been
the efficient agents in attaining its meet-
ings regularly ever since.

The lectures and discussions before the
Association have furnished an excellent,
and, in fact, almost the only opportunity for
the teachers of the city to,piake themselves

acquainted with the most,approved meth-
ods of teaching and of managing'schools.
The most successful and efficient teachers
of our public as well as private schools
have been the moeti constant attendants
upon its meetings; and, in fact, it may be
said that the general influence of the As-
sociation, both upon the teachers and the
community, has materially benefited all
the schools, by elevating the standard of
instruction, and by awakening a deeper
interest in the cause of education among
the people. Through the agency of this
Association, about one year ago, a census
of all the children of school age was taken ;
the report of which shows that there were
then in the city 10,697 children between
the ages of 5 and 18 ; 8,228 of whom were
in private schools, 2,400 in the public
schools, and 5,069 in no school; and that
all the public schools w.ere full; and that
a large portion of children, not in school,
were not able to pay for their instruction
in private schools, and were consequently
shut out from any proper means of educa-
tion. The character of the public school
teachers is much better than the publié
•enerally suppose; and these teachers #re
eserving of higher appreciation ancTof

better school accommodations than/they
now have. Again, there are no better teach-
ers in pur country th^n some -pio have
charge of some of our private schools ; but a
high character cannot be claimed for all of
the more than eighty brivata^chools in our
city, for very many of the jéachers of these
schools have asenmed their positions, not
because they are qualified for them, nor
because such echoolfljare, demanded, but
because they wish to use them as a means
of living. It ЬааДеед generally supposed
that the city gg^ernment has done all it
could, with tbj' means at its disposal, to
increase the^ibumber of schools and im-
prove the^public-school buildings. We
may in justice say that the number and
character of the public schools, consider-
ing, th# amount expebded upon them, are
quitf^èqual to any reasonable expectations.

ТЗШГthere is property a ̂ dlnfluence enough
ijFthe city to maketh en\ what their most
ffirdent friends dwire,, "good.enough for
the best, and cheap «uaougb for the poor-
est." The public echools 'ought to be so
improved as to become the pride of our
cityjind the model for our conntry,.

We will close this ЛщвдЬу and imperfect
sketch by reiterating an oft-expressed opin-
ion, thai; the General Government, which
owns more than half of all the property of
the city, all of which is free from taxation,
now owes it to the city, as a duty to make
a liberal appropriation for an immediate
and thorough re-establishment of the pub-
lic free schools.

THE FUTURE.—It has been- beautifully
and appropriately said, that " the veil
which covers the face of Futurity is wo-
ven by the hand of Mercy.

LOVE AND PUATES..—He who loves lit-
tie, prays little; he who loves much,
prays much.—Austin.

WAY OF LIFE.—If the way to Heaven
be naiTow, it is not lo^g; and if the gate
be strait, it opens into, endless life.—Ъеу-
eridge. , ._ ; . ;.,..

THE COLUMBIAN COLLEGE, WASHINGTON,
DISTRICT OF COLUMBIA. '/'

REV. G. W. SAMSON, D. D. /'
» /'

The Columbian College is located on the
range of commanding heights jibrth of the
city of Washington, its landä, embracing
about 50 acres, lying betwejh Fourteenth
and Fifteenth streets and ̂ extending from
the Boundary street forvjflbout half a mile
along the Fourteenth jpeet road, the prin-
cipal drive of the cit

The College waa^föunded in 1819, and
in 1821 it went i$» operation with a full
Faculty and a Ш-ge number of students.
The importance of a University at the seat
of Government had been deeply felt from
the first, by" leading public men. Wash-
ington, ipfliis message to the First Con-
gress, convened Jan. 1—8,1790, presented
the subject for their earliest consideration ;
and when, seven years after, owing to the
pressure of other matters, nothing had
been done, in one of his last messages he
•fíius urged it again :

"Its desirableness has so constantly in-
creased with every new view that I have
taken of the subject, that I cannot omit
the opportunity of, once for all, recalling
your attention to it." The advantages of
such an institution he states thus : " The
assimilation of the principles, opinions,
and manners of our countrymen, by the
common education of a portion of our
youth from every quarter." "The more
homogeneous our citizens can be made in
these particulars, the greater will be the
prospect of permanent union." In hislast
will and testament he made the following
bequest : " I give the fifty shares which I
hold in the Potomac Company, towards
the endowment of a University, to be es-
tablished within the limits of the District
of Columbia, under the auspices of the
General Government, if that Government
should incline to extend a fostering hand
towards it." Even Mr. Jefferson, in his
message of December 2d, 1806, urges upon
Gongrutm "the pi-eflettt,consideration" of
this subject. Mr. Madison yet more
Strongly and repeatedly urged the estab-
lishment of such an institution. In his
message of December 5th, 1810, he asked
the attention of Congress ."To the ad van-
tages of superadding to thé means of ed-
ucation provided by the several States, a
seminary of learning, instituted by the
National Legislature, within the limits of
their exclusive jurisdiction, the expense of
which might be defrayed, or reimbursed,
out of .the vacant grounds which have ac-
crued to the nation within those limits."
In urging his yiews of the advantages to
be derived from such an institution, Mr.
Madison presents the same reasons which
influenced the mind of Washington :
" Such an institution, though local in its
legal character, would be universal in its
beneficial effects. By enlightening the
opinions, by expanding the patriotism, and
by assimilating the principles, the senti-
ments, and the manners, of those who might
resort to this temple of science, to Ы re-
distributed in due time through every part
of the community, sources of jealousy and
prejudice would be diminished, the fea-
tures of national character would be rçiulti-
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SOILS ГОК ANALYSIS.
E Y E. W. niLClAl i l l , STATK GEOLOGIST.

KfaJXibrtfTbJ—^. \

*• he importance, to the practical agricul-.;
tunst, of a correct knowledge of the proper-,
"es o! his soi l ia now eo w e l l recognized that, ,
111 t l le °1Ji'r States, it 1ms already become a j
common practice with land-owners to have j
t h e i r f o i l s c h e m i c a l l y analyzed. The ex-
pense thus i n c i i r r c - d by i n d i v i d u a l s i s s o i ;
great and so disproportionate to that which
is i n v o l v e d in a genera l a g r i c u l t u r a l survey I
'«ï f t w h o l e State, that the examina t ion of j
'soils for the benefit o! ' the agr icul tura l publ ic
genera l ly , has just ly come to be ranked
Mnong tha t class of i n t e r n a l improvements :
v.'hich must claim Stale aid. Mare desultory .
« n l n y s e a of soj|s col lected here and there, ;

without reference to any uniform system,
n i a y be m u l t i p l i e d i n to thousands and tens of
t h o u s a n d s , a n , I ye t f a i l to furnish that knowl-
L'(lt'e «Г the d i s l r i h u l i u n , extent and charac-
ter of the s e v e r a l k i n d s of s o i l w h i c h agri-
f u l t u r i s l s m i g h t to possess, in order to ena-
ble them to judge of the i n t r i n s i c v a l u e of
the lands they cul t ivate, or i n t e n d to pur-
phase ; w h i l e that object may be read i ly at-
tained by means of a few h n n d r e d analyses ,
when made in c o n n e c t i o n w i t h a sys tematic
field survey, the object of which is the col-
lec t ion, not o n l y of spec imens of soi ls, but
also of al l Uia e x p e r i e n c e heretofore had in

i reference lo thorn by agriculturists t i l l i n g
ï them. The points in regard to w h i c h the
ï several soils require to be invest igated ; their
, laults, as woll as their good qualities, so far
; as exper ience may have developed them, are
thus i n d i c a t e d to the invest igator , whose

: pi'ruorittl examinat ion on the spot and subse-
q u e n t analys is , w i l l then enable him to sug- i
gest the remedies . It is obvious, however . I
t int an analysis alone can be of l i t t l e ser- j
vice, and may even grossly mis lead, unless j
the specimen represents correctly the aver-
age so i l -o f the field or district where it it

i t a l ien . It is of ten by no means easy to ful-
*.;"̂ l this essential condit ion ; and fatal errors
,'iM th i s respect are so frequent when epeci-

l r>cns tro taken by inexperienced observers,
l''nt numerous d i sappo in tments and doubts as
to the pract ica l u t i l i t y of analysis of soils

' . arisen therefrom.

I frequently receive specimens of soils !
Irom i n d i v i d u a l s desiriirjr analysis ; more í
frequently still offers are made to send'
specimens of soil, and instruct ions aro asked
how to take them. Al though, as a general
thing, it is desirable that they should be col-
lected by the invest igator himself , yet, where
the effective force of so great a work con-
sista only of one person, such aid is too val-
uable to be declined ; and it is my desire, in
this c o m m u n i c a t i o n , to give such directions
to those who may desire on examination of
their soils as w i l l enable them to take speci-
mens in conformity with the general plan,

•'-•ï order that eue1 ' inv«etigoticii
usefuf part of a tystematic «'hole

For the present, as a rule, it is intended to ',
analyze un ly virgin soils and sub-soile (i. c. i
such as have not been cul t iva ted , but are in I
their original condit ion ) The State of Mis - j
ü i ss ipp i is so young that the history of almost í
every f ie ld can be gathered from its owner ;
hence, if we but know the oriyinal composi-
t i o n of the »oil , we shall readily be enabled j
to judge of the changes it may have under-]
gone in each par t i cu la r case since it was ;
t u k n n into cul t ivat ion. Exceptions to th is '
rule w i l l of course be made in particular,
cases, where impor tan t ytneral truths may j
be gleaned from the e x a m i n a t i o n of a c i i l t i - ''
vated-eoi l ; аз, for i n u t u u c e , w h e n t h e c u l t i - j
vat ion has brought about the r u s t i n g or b l i g h t - ;
ing, or sorr.e other .striking peculiarity in cot-
ion or other crops. SpecimensЪГвиспвиЬ, ï
lugetlïer w'tii the proper i!»'«, wrty- be езг-гл |
ci a l l y welcome. j

I t m i g h t seem s u p e r f l u o u s , in f ipeaking loi
a g r i c u l t u r i s t s , to g ive a d e f i n i t i o n of the turma
soil and sul-foit ; yet, these words are some-
t i m e s used in a m a n n e r s o m e w h a t i n d e f i n i t e ,
I h a v e f r e q u e n t l y been lold of the occurrence
of'soils" t w e n t y or more feet u n d e r g r o u n d ;
on the other lu ind, it is s o m e t i m e s said t h a t
l i iere is "no soil" in some t h i c k l y wooded,
or grassy region, s i m p l y because the surface
l a v e r mav not be suitable fur agr icul ture .
Properly speaking, iu its most genera l ac-
c e p t a t i o n , tho U-i'Lii ьО:1 i u l i i l i c o V . i C '»:'j t;.:\°
s t ratum o/ carlkly matéria', af farasHir roots
of plants reach, no matter whether it be sand
or potters c lay, or, as in most cases, a mix-
ture of the two.



° *"J 'Now, since the roots of d i f f e r e n t kii-.d* o f ' l a n d ' ae ia pr°ved bi the Went!ty .
plants penetrate to very various depths, at,,; i«a«r plants ar hcrbf'growing on Both, j;
since, moreover, in most cases a rapid change I CttSea nnalogous to this are very соП>Я\
in lhe chari icter of the mater ia l (ae to color, j on the sea-coast °F Mississippi and Ш ^
heav iness or l ightness) takes place as we southern river counties. In the last -"* '

| proceed from the sur face downwards, it is
í ev iden t that , according to the above defini-

t ion, the term soil may imply a great many
different av^rcyc materials, even on one and
lhe same spot; according to ike plant to whose
soil we rcftr. When we speak of the soil
w i t h reference to Bermuda grass-1, we do not
necessarily inc lude anything more than а
surface layer two aiul a h a l t ' t o three inches
in depth ; wherc-as, in a l l u d i n g to forest

1 trees, we necessari ly take into c o n s i d e r a t i o n

:a layer of several feet, from the surface down- | but not generally on the surface of the
! wards. Nay, in the latter case, it may hap- tracts.
ï pen that the '-soil" thus a l l u d e d to is qu i t e
: i ndependen t in its character of that which in

cul t ivat ion woeld form the arable soil of our
field, w h i c h may be entirely above the stra-

' turn in which the routs of trees is fixed.
This dis t inct ion is of the hig'ieirt practical

region the abundant growth of the pop!ar

the hillsides, and often on the tops als"'' Л
produced the impression that the soil i* г А
in lime, and w i l l not, therefore,be bene»1

by the appl ica t ion of that substance ; vv"s

as a n a l y s i s shows that the USUB! soil P r i > '[\
of that region has by no means nn over-u° (

of that substance, but may be еьякн' ! * ,
bencritted by the a p p l i c a t i o n of the c u l t 0 1 : '
ous marl which forms the body of thc '"' ï
and is found on the h i l l s ides and h igh rinji ' j .

These examples may suffice to show t"1,
before judging of the character of я soi l by
its foreot growth, we must make sure that Ч
is real ly the average arable soil in which their
roots are bur ied ; and we should also p"y
s p e c i a l a t t e n t i o n to the character of the

importance. accustomed s m a l l e r p l a n t - ? w h i c h may grow on i t ,
depth of root n j i p r o a i ' h t ' s more nearly to
that of our c u l t i v a t e d p l t i n t s .

1 I l ' t h e term л.ои. лк to i la pract ica l imp*"!,
i s d e p e n d e n t u p u i ; the k i n d of v e g e t a b l e Ш.
d?r c o M M . U ' s M t i u n , th* 1 s a m e is t rue no ' c i
w i t h r e l e r e i : ; e t i l t h ; .-subsoil, \ v h i c l i is Iicii <
s a r i l y d e p e n d e n t 0:1 the l i rx t . l í

In the common par lance of the ngricul

shallow tillage" preva i l ing at Present ; isl' »owcver , who ' considers them chi . .
w i t h reference to the p lan ts he cu l t iva ,
and his means of t i l l age , these terms assi |
a de f in i t e mean ing in tha t he designates1

soii, w h a t s o e v e r he u s u a l l y turns wi th ,
p low, and, as suli-soit, wha t lies benei ;

It is ev iden t that inasmuch as, in this со ;

try, the depth of t i l l a g e on the same k in i î
land varies from three to twelve inches, I
to use the term in that case would be to *n

with an idea absolutely shapeless anda
tangible, unless referred to the prac.tic
some particular individual . : '

In the large majority of cases we fin-,;

to judge of the qua l i t y of l ands by the natur-
al vegetation tfiey find upon it ; and they
rarely direct the i r a t tent ion to anything
mare than the forest trees. Yet, these are
for the most part indicat ive rather of the
character of what , in the agricultural sense,
.',; 'o.'ij.cd !.!.ü siJi-sü'il, tliufi u/ tiiut of the sur-
face stratum usually turned by the plow in
the
which rrniy bo of a totally different character.
As a genera l th ing , tho forest growth, when
considered not only with regard to t\\o f.ind
(species) but also to the/ornt and sue of the
trees, is ;i very safe guide in judging of the
quali ty of laud ; but it may not unf requent ly
load to grave mistakes, unless a proper ex-
amination of the character of the soil and
sub-soil bo made at the same time.

Thus, in the pine hil ls of.South Miasiasip-
pi land is f requently selected on the faith of

j6ome large black-jack« scattered among the
/in preferencie tö-adjbinU'g tracts', where

the tree is wanting ; yet, on cult ivation,often-j examin ing soils in their natural place, U
вепз/Ые change of character takes pintimes there is not the slightest difference per-

I c e p t i b l e i n the yield of the two kinds of a moderate depth-say from three to -w
1 land ; and where this is the сазе it w i l l gen- ! inche3 ' about the usual ra«2e of tlu^u*

crally be found that the soil which caused í If' therefore, as a rule, in speaking of .V
the black-jack togrow-afmc yellow loam-j 8oile' we ^signate as soil the surlac« ia?er
lies deeper than the three to five inch' down to the point where a perceptible chang,-

; tillage which the land receives—say at eight
I or ten inches—while the soil above it,
ï which the plow has turned, does not in any

manner differ from that of the. adjoining pine

takes place, and, as sub-soil, what lies be-
neath, we*hull in most ca»eafinil the«'! suW"
divisions to coincide very nearly with what,
in a proper system of tillage, become» the
sub-soil in the sense of the agriculturist.
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i ' In the soils of the prairie«, flat-woods, sea-
^^t-majshes, ae well a» in those of .eorne

:O*iOnr larger bottoms, frequently .no perc«p-
:'H°le:'change' occurs at a less depth than

iteetrtb thirty inches, and sometimes
In pases like these the sub-soil pro-

oftentimes of little importance to the
*fîricolturist'; it will be sufficient fol-him to

acquainted with 4he properties of
iTffper,*nd with : the .fact that It is

far as his plow reaches ; pr, in
°ther words, that hi* svb-soil (in the agricul-
tural «enes) M 'the same as Tiis -soil.. In euch

's, as a rule,. I take a specimen to. the
of iuje'ue.д'ясйе»,.arid mostly also a'

of the sub-soil proper1** whaieve*
may occur'. 'The latter specimen iej

ily irite'nded to Tie'analyzed ; air"
..,,,.,..,. of its physical properties may'

•important with reference to drainage, re-;
of land to dfowth, etc, i

.e other hand, when the surface layer
?.-°T;io greater thickness than a few inches,

be useless to examine that layer by
asmuch as few would be likely to

w!,-,-.;-'- themselves to such shallow culture,
'*."?;jtillage would .necessarily mingle with

l*fe(v inchei,at least,ofeubsoil. Presuming :

t'o a less depth than six inches •
, . . , . . . _.,, lay claim to being considered
HBi)al, I have adopted as a rule to take no

*'*liellower than the above; .save, perhaps,
*пг-!- particular cases, in which great and

dif f i ' rcncos between the two layers
knowledge of t h f l r pcculiaritioo

.
-*'г

1 thcee cases, ae well as in those
i'e -the change occurs below six inches,:

Pßcirnens of sub-soil have also been taken,
V'Z: from six inches, or more, below the
**г»св, down to 15 to 10 inche's, according to

»instances. These data— the depth's, it.
the soil and sub-soil, respectively,

taken — w i l l always be recorded with
? Mialysie ; each one may therefore judge

. í1 himself as to which of the layers analyzed,
'rresponds to t lie soils and sub-soils hie

•particular practice may have produced.
"In taking speciinepB * »'pot ought to be
eeltó^^hhíh »«бш^в^ fjorinal :*v,eraj»«;i?*
thé tract, or kind of Boil; having the usual
growth of timber; not trodden down bv cat-
tle, wished by the rains, or covered with
^stagnant water, etc. Dead leave«, or grass

sward, ought to be lightly scraped offcwiiii a
spade or hoe; but no part of what fuir ly be-
longs to'the soil. Asquare_plt may then be
dug with the spade, to the depth of eighteen
inches, or thereabouts ; the earth thus dug
out is not used. : One of the vertical side«
of the pit is then scraped off clean with the
edge of the spade, or a knife, so that the
line of divisiori'where the воД passes~ihto
Bub-Boihrnay be cjearly seen; the/ depth te
measured and noted/ One or two cakes are
then cut off wrth-ibè' spatfe to the proper
depth, as above defined ; these are
then broken up and thoroughly mixed on a
sheet' of paper, as many of the roots, etc.,
being picked out as may be convenient.
From two to three pints is the quantity usual-
ly taken, in order to allow of duplicating the
specimens. The sub-soil is similarly col-
lected. The two earths are then put in
paper packages or bags, and properly label-
led, giving the following'data: Locality, sec-
tion, township and range ; county ; upland,
bottom or hammockj on what creek or stream;
timber growing on or near the spot ; other
plants, if known ; change of soil to sub'Soll ;
eft vkatjepíbs tí wbtí feptbe taJeepj «bit

lies beneath the sub-soil if known ; general
character of ths neighborhood, hilly, level,
prairie, etc. ; is there much land of the char-
acter of the specimens ; w.hat has Ъееп your
experience in its cultivation? All other
peculiarities, not mentioned here, which .you
may think of.

It may not be. found necessary, in many
cases, to subject specimens fo soil thus sent
to a complete analysis. Soils of the same
character may be already on hand, under-
going examination, or the specimen may be
the same, or vary only very slightly from
others already examined. Otherwise the
soil wi l l in due1 course of progress be itself
subjected to analysis, The result, withjeuch
suggestions as may be prompted by the ex-
amination, will be communicated by letter,
free of charge. -

Inasmuch as each analysis of soil, to he
of any practical value, requires for its prati-
cai ralue.requiree for its performanceátieast
three dogs' time, on an average ; it is obvious
that judgment must be exercised in the choice
of analysis to be made, more especially .as at

present,a single person is charged with'the
Cold examination as well as with the analy-



eis of the soils of the whole State,. The
arialysii of euch specimens .as represent the
average soils of large districts will, of neces-
sity, be attenSed to by préférence'; and those
alone will amount to several hundreds. But
it is not in all cases that в. complete analysis,
as above referred to, is necessary in order to

^suggest the means of improvement; and I
therefore invite those interested in the pro-
gress of rational agriculture to transmit to me,
at the office of the Agricultural Survey, at
Oxford,, jjie characteristic soils and sub-soils
of their respective regions, collected in ac-
cordartce-with the above rules.
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UNITED STATES COAST SURVEY.

[From the North American Review for April, I860.]

ART. VII:—Reporto/ the Secretary of the Treasury, communicating,
in answer to a Resolution ' of the Senate, a Report showing the
Amount expended and the Progress made in the Coast Survey.
Senate, 35th Congress, 2d Session. Executive Document No. 6.

We have, on two previous occasions, introduced the subject of the
Coast Survey of the United States to our readers: first, with a view
to make it generally known, and afterward to aid in securing it
from a change of plan, .or of administration, which, if accom-
plished, would have lessened, if not destroyed, its usefulness.

On the first of the occasions referred to, we- gave the early
history of the undertaking, and described the difficulties,
dangers, and delays with -which it was attended; we explained
its merit and utility, and,*without enlarging upon the purely
scientific and technical parts of geodesy, we aimed to show
that the. geodetic is the only method Ъу which the survey of
an extended region of country can he safely conducted, and
thus that it was entitled to the cordial support of the govern-
ment and the country. The second notice of the Coast Survey to
which we here refer, was written for the purpose of protecting it
against attacks which threatened- its character, rather than its ex-
istence; and then, also, it was necessary to say something concern-
ing trigonometrical surveying, iu order to prove that there are no
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cheap and rapid expedients by which to produce those results that
are the rewards only of profound learning and patient labor.

Eighteen years have elapsed since the last of these papers was
written, and now we resume the subject, not to support the Coast
Survey, but to record its achievements; not to defend science, but
to show how fully science can vindicate itself, when it is allowed
full scope for its development.

Previously to 1844, owing to circumstances long.since buried in
the past, the Coast Survey, -though it was in active operation from
the year 1832, had not been free from embarrassment, having had
to struggle not only with the difficulties naturally attending the
setting on foot so great an enterprise,'of which the advantages were
not immediately apparent, but also with difficulties pertaining to
its internal organization, which affected its atmosphere somewhat
like a "continual dropping in a very rainy day." But sixteen
years of unremitting successful labor have wholly altered the aspect
of its affairs. The grateful task is before us of placing under the
observation of our readers some of the results which justify Sir
Eoderick Impey Murchison in saying, in his address before the
Royal Geographical Society, that "the very efficient manner in
which the Coast Survey of the United States is conducted by Pro-
fessor Bache could not fail to make it one of the most perfect ex-
emplifications of applied scienceof moaern times," and in speaking
of the Annual Eeports of the Superintendent as " encyclopaedias
of great value." This task we shall perform briefly.

The actual progress of this enterprise is, in a great measure,
told only by statistics; the number of sheets in its geographical
'register, both of topographical and Irydrographical drawings; the
extent of its triangulations, in square miles; the number of its
various astronomical, magnetic, tidal, and other observations; its
calculations and reductions; its written records in all its manifold
departments; its engraved plates, and printed and published maps;
all these, brought into comparison with the amount of money ex-
pended, and the number of persons employed, furnish the means
of testing its working capacity, and of forming an estimate of the
fidelity and industry of its agents. But views based upon statistics
merely, and presented in arithmetical and tabular forms, though.
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precise and determinate, are not very attractive to the general
reader. We propose, therefore, to take a more popular method of
exhibiting the gradual expansion of the Coast Survey to meet the
rapidly increasing demands upon its labors; and subsequently to
point out some of the most striking instances of the unforced co-
operation, resulting from the execution of its strict duties, that has
grown up between this institution and other branches of science,
as also of art,—which last Mr. Worcester, in his great dictionary,
bas justly defined to be "applied science," and not something
" opposed to science," as it is defined by other lexicographers.

The death of the former Superintendent of the Coast Survey,
Mr. Hassler, occurred in 1843; and during the same year, by di-

rection of Congress, a plan for the conduct of the Survey, and for
its organization, was prepared by a board of officers appointed for
the purpose, in which plan the scientific methods employed by Mr.
Itassler were fully recognised as the proper basis of the work,
while the details of its execution were carefully systematized and
improved Ъу the experience of the preceding ten years. The death
of the gentleman who alone' had controlled the operations of the
Survey up to this time, the reorganization, the accession of a new
Superintendent, and the rapid extension of our territorial limits,
ensuing almost immediately after Professor Bache's appointment,
all combined, gave rise to an entirely new state of things, and
created an epoch from which are dated the changes that have given
to the Coast Survey its present reputation of being one of the most
remarkable examples of modern applied, science. It was most
fortunate for the country that a man of Mr. Hassler's learning,
ability, and suitable preparatory education, was present to give a
right direction to the views of the government when the Coast
Survey was founded; and no notice of the work to which he re"-
ttiained faithful through thirty-five years of varied fortunes ought
to omit a passing tribute of respect to -his memory and services.
It was equally an advantage to the Survey that it found in hia
successor one not only fully qualified for the post by previous pur-
suits and by natural endowments, but one who was imbued with
that spirit of active, vigorous enterprise which was requisite to
meet the demands of Congress and the country.
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The earliest step towards a more comprehensive scheme of opera-
tions was to divide the whole of the Eastern sea-board, including
the Gulf of Mexico, into nine sections, comprising a nearly equal
extent of shore-line, with the intention of prosecuting the work
separately and simultaneously in as many of these sections as the
appropriations would permit.

Previously, the work, proceeding eastward and southward from
a single hase, measured on the south side of Long Island, had been
confined to a few of the Central and Eastern States, and had em-
braced no other inland waters than Long Island Sound and its
harbors, the waters connected with the city of New York, and
Delaware Bay and Kiver. It would seem to have been the original
purpose to continue the same lines, measuring occasional verifica-
tion-bases, and thus to proceed by regular and unbroken connec-
tions along the whole extent of the coast. "We say this without
censure; it was the method adopted in the great European trigo-
nometrical surveys. The ordnance survey of England was begun
sixty-nine years ago; the trigonometrical survey of Scotland has
already occupied more than fifty years; and it required twenty-two
years to complete the survey, even within the narrow limits of
Ireland. On the Continent, the application of this lente ас paula^-
tim principle is quite as conspicuous. The surveys of France have
been in progress nearly a century; those of Russia more than thirty
years; those of Prussia, Austria, and other States, from thirty to
seventy years; and they are all still incomplete, and in some cases
suspended. These facts must be borne in mind, in order to make
a right estimate of the effect of a change of plan, by which the
operations of the Survey could be carried on just as many times as
fast as the increased number of sections; that is, nine times as fast
before the acquisition of Texas and California, and eleven times as
fast subsequently to their accession. Nor does this statement com-
prise the whole of the new views contained in the first report of
the present Superintendent. By the division into sections, not
only were the fields of work multiplied, but the different processes
of the Survey, so far as not incompatible with one another, were
to be carried on simultaneously; and further, the preference was
to be given to those processes which circumstances might render
the most desirable.
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Each section being made the scene of operations which for a
time were to be independent, the preliminary step was to measure
oew'bases. As the triangulations extended, these bases became
bases.of verification for the adjoining sections. Thus the greatest
latitude was allowed for the selection of sites for bases, and for the
toost favorable disposition of the triangles; and at this present
time the combination of many sections -has united most parts of.
the Eastern* coast of the United States into one comprehensive
scheme of triangulation. • .

The adaptation -of this mode of enlarging the work to the South-
ern coast formed one of its chief recommendations. The inapti-
tude ofthat level region for triangles with large sides was appar-
ent without the trouble of a reconnoissance, and it was a question,
started early in the history of the Survey, how this obstacle was
to be overcome. The most obvious expedient was that employed
ia the northern section of the great meridional arc of India,
where it crosses the -flat territory of the Doab. Costly edifices of
luasonry, with walls five leet thick at the base, and two at the
summit, are erected at each of the principal stations, and their
height, about fifty feet, is sufficient .to command a view above the
vegetation.. Such expedients were in accordance with the former
progress of the Survey, which, advancing in two directions from a
central base, was necessarily slow. The value of permanent and
conspicuous structures of masonry to designate points of primary
triangulation is not underrated; but as a substitute for these, the
Coast Survey avails itself of light-houses, churches, and other
prominent and durable constructions. Fortifications have been
very serviceable, not only for this purpose, but for planes of refer-
ence. These objects are not necessarily occupied as stations, but
are observed upon, from surrounding, positions, so as to be em-
braced in the network of triangulation, and compose a part of it.
In general, temporary means of elevation have been employed,
such as the high tripods, with independent stands for the instru-
ments, first used in Delaware Bay by that distinguished surveyor
and hydrographer, Mr. Edmund Blunt, the senior assistant of the
Survey ior the last fifteen years.

The plan of carrying on the operations simultaneously in mi-
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merous distinct sections (making so many separate concurrent sur-
veys) involved the necessity for the greatest attainable accuracy,
without which the ultimate junction of the sections would have led
the assistants to whom were assigned the subordinate triangula-
tions, on coming to the end of their work, to exclaim, "What
profit hath he that hath labored for the wind?"

.The measurement of the base line, which is the starting line or
"first side of the network of great triangles composirTg the funda-
mental basis of the-Survey, is a labor requiring as much as any
other a philosophical regard to minute details, -and long previous
peparation. Upon its correctness depends the value of all that
follows. This measurement is obtained from the frequent repeti-
tion of small measures: the problem, therefore, is, as far as possi-
ble, to remove all errors from the small standards, and to ascer-
tain and allow for those errors which are unavoidable.

The principal source of error is change of temperature. The
lines measured by the same bar in winter and in summer might
differ very materially in nominal length. The difference in the
original base of the Coast Survey, thus measured, might be about
twenty feet, and, by a rough.estimate, an error of twenty feet in
this place would amount in one of the [largest triangles to about
one-tenth of a mile. 'Next to accuracy, expedition was to be re-
garded, simply because the number of measurements was so much
increased.

Leaving out of the account tho two preliminary bases measured
by Mr. Hassler in 1817, there have been nine principal base lines
measured since 1832, one of them by Mr. Hassler himself, and
three by Mr. Hassle'r's apparatus, consisting of an assemblage of
four, iron bars, each two metres in length. The successive con-
tacts of these bars in the process of measurement were optical, and
made under a powerful microscope; while thermometers laid along
the bar, and touching it, furnished the arguments for corrections
for temperature according to experiments previously conducted
and tabulated. Excellent results were obtained by this means;
but the process was inexpressibly tedious, and the corrections for
the expansion and contraction of the iron bars would now be re-
garded as approximations only. To secure despatch, and to re-
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uuce the multitudinous errors arising from variations in the state
°f the atmosphere in respect to heat, the present Superintendent
Applied the principle of compensation to an apparatus constructed
in the office of the Coast Survey, under his direction.

Measuring-bars upon the compensating system were first used
by Colonel Colby in Great Britain, and afterward by Mr. Borden
1Q the Trigonometrical Survey of this State. On the present oc-
casion, however, a principle not before applied was introduced in
refcrence to the dimensions of the bars. It may be thus stated:
•Bars of brass and iron of the same dimensions will not, owing to
Wieir different degrees of conducting power and specific heat, heat
equally in equal times; and, therefore, while changes of tempera-
ture are in actual progress, the system ceases to be compensating,
Although it finally becomes so when the changes cease, and the
temperature is uniform throughout the system. This Mr. Bache
corrected by giving to the bars a coating that made them absorb
equally, and by proportioning the sections to each other, so that
both would have the same temperature during variable tempera-
tures of the atmosphere. To do this satisfactorily, it was neces-
sary to make direct experiments upon the materials of the bars
themselves,, after having first arranged them approximately by
means of the numbers from the books.

The bars (tied in seis) are covered with a double conical case of
tin to keep the fluctuations of the temperature within moderate
limits, and the supports on which they rest are covered with'
several thicknesses of imperfectly conducting material, for the
'same purpose.

The-length of each apparatus (or sei) is compared before and
'after final measurement, with a standard ironbarthat had been tested
in the Coast Survey office by means of Mr. Saxton's reflecting py-
Tometer. By-this instrument, a change of the hundred-thousandth
part of an inch in the length of the standard bar is perceptible..
Finally, the contact between two sets of bars is made by a blunt
îcnife-ed^e and a plane of agate, and a lever of contact at the ends:
of the bars is corrected by a level so delicate that several of ita
divisions compose a quantity wholly insignificant.

To the preceding description it should be added, that the bars
2
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(regulated in size by the relative specific heat of the two metals)
were heated above the highest temperature to which they could be
exposed in actual use, in order to give them a set; a precaution at
first overlooked in the compensation base-apparatus of the British
Ordnance survey, but afterward resorted to from necessity. It will
be readily perceived that this application of the lever of contact
and level (first used by Bessel in the adjustment of standards of
measure) has not only increased the delicacy and simplicity of the
base apparatus, and diminished the work of manipulation, but
also removed several sources of error. By the dependence upon
optical contact, and the employment of a microscopic apparatus,
to determine the distance between the compensation points, two
different terms, each having its peculiar standard, are introduced
into the measures. Such was the case in the British and Indian
surveys, and Colonel Everest complained of the consequent liability
to error, and the burdensome accumulation of petty corrections.

To sum up the foregoing details, we will now inquire, first,
into the accuracy of the new base-measuring apparatus; and
secondly, into its convenience for handling, and its general adapt-
ability.

The remeasurement of a base of seven and -a half miles in India
differed 2.4 inches from the first measurement. In a base of seven
miles, Dr. Bache found that this difference might be about half an
inch, if all the errors were supposed to fall on the same side,

'which is highly improbable. The probable error in the actual
remeasurement of one hundred and twelve yards was less than five
thousandths of an inch, and the positive error in remeasuring one-
third of a mile was nothing.

Secondly. The mechanical arrangements by which the apparatus
is placed in position, raised and lowered, moved to the right and
left, and produced in line to bring it into effectual contact with its
follower and predecessor, are so complete, and such is the conve-
nience of handling for transportation, that a mile has often been
measured in a single day without fatigue; and, as an evidence of
its adaptability, it is sufficient to say that it passes over ground
varying three degrees in slope both ways, without the necessity for
any addition to its ordinary means of adjustment.

Seeing the Coast Survey thus provided with a plan of operations
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by which its work can be increased tenfold, or, in other words, by
which the time required for its completion can be diminished in
the same ratio; and also with a base-measuring apparatus, by
toeans of which this plan can be carried into immediate and safe
execution,—we will trace, in the most rapid manner, the progress
of the Survey, from a period a little subsequent to the date of our
last paper—that is, during the incumbency of the present Superin-
tendent. In doing this, however, it is to be remembered that there
is one element of work extraneous to the work itself; we mean,
of course, money. The appropriations of Congress have been
very liberal, though more might have been usefully expended
than has been supplied. The purely financial statement will
be included in the consideration of the economical "management of
its affairs.

The operations of the Coast Survey may be classified under the
general divisions, of field-work and office-work; and these two di-
visions are subdivided again into geodetics, topography, and hydro-
graphy, under the he.ad of field-work; and into computation,
drawing, engraving, map-printing, compilation of records and
results, clerical labor, and scientific investigations, under the head
of office-work. It is unnecessary to say, that each of these sub-
divisions receives a further partition in the assignment of duties to
assistants of different grades, and to the scientific gentlemen,
artists, and artisans attached to the Survey.

We have named the out-of-door work in the regular and pre-
scribed order of its execution: first, the primary triangulation,
Ulrich, in a hilly country, leaps- over the intervening plains with
great strides; beneath, perceiving with its delicate levels and
plumb-lines the very nature of the geological strata over which it
Is standing; and above, holding commerce with the skies in the
determination of its geographical positions, and of the varying
directions of its azimuth; and followed or accompanied by the re-
ticulations of the secondary and primary triangulations, which
descend to the lower surfaces, and fill up the large intervals which
the master workman leaves behind in his visual journeys through
the higher regions. Next comes the topography, which furnishes
a descriptive map of all places, and by means of its hachures •
(hatchings), and its accurately defined symbols, contains every
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minute detail concerning the nature of the soil, the elevations and
depressions, with their contours, the flora and productions, wjiether
uncultivated or cultivated, and the plots of towns and cities, with
their public institutions and open spaces. Kesting upon the pre-
ceding follows the hydrography, which, sometimes leaving the
land at a distance (as in the case of the Nantucket Shoals), depends
solely upon conspicuous points of the primary triangulation, and is
often compelled to continue that triangulation out of sight of land
by using floating objects, such as small vessels and light-boats;
and again, in harbors and rivers derives indispensable aid from,
the smallest objects, and the faintest features of topographical out-
line.

But this prescribed order has not been strictly followed. To
have adhered to it closely would have trammelled the work, and
retarded its usefulness. In July, 1848, instructions were issued
for commencing in the tenth section (the coast of Oregon); and
in 1850 the eleventh section (the coast of California) was embraced
in the Superintendent's scheme of active, work. Now, to have
proceeded by regular stages in these almost unknown regions would
have been utterly to neglect the urgent demands of commerce, and
to expose human life to unnecessary risk. Accordingly, the land
parties sent to Oregon and California were complete within them-

selves for all the operations of the Survey; and the water parties
were directed to visit in rapid succession those parts of this hitherto
little frequented coast which most needed attention, and to furnish
with despatch coast-line sketches, independent geographical de-
terminations, soundings, sailing directions, and, where requisite,
harbor and river surveys. To meet these and similar wants, on
both sides of the continent, as many as forty-three preliminary
bases have been measured; and all the information collected in the
course of the ordinary, or occasional and extraordinary pursuits
of the Survey, is communicated as soon as received, through
the newspapers, by preliminary sketches, and by pamphlets, sup-
plied to the chart-sellers, to the Boards of Trade and Chambers of
Commerce, for gratuitous distribution throughout the country.
The mention of this flexible accommodation of the Survey to such
necessities should never be forgotten, not only because it is a means
of increased usefulness precisely suited to our political condition,
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but because the apparent disproportion in the different parts of the
work oji the Western, as compared with the Eastern coast, might
otherwise require explanation.

In 1844, there were two centres of work, one including the
c°st of Long Island and Buzzard's Bay, the other the entrance

Delaware Bay and the upper part of the Chesapeake. In 1845
work was extended eastward and southward; a new centre in

•^•Ibemarle Sound having been added, eight general and harbor
charts were published, and the survey of the Gulf Stream was
hegun.

To avoid a tedious multiplicity of details, we pass next to the
state of the work in 1849 and 1850. In 1849 the operations in
the first section had reached the State of Maine; in the second
section, from Point Judith to Cape Henlopen, the field-work was
nearly completed, and the work of verification and publication was
io progress; in the third section, the Chesapeake was completed,
and the outside, or coast-line work, was begun: in the fourth
section, a base was measured on Bodie's Island, and the Albemarle
centre joined to it, and the outer coast on this parallel was begun;
the Charleston harbor centre was established in the fifth section,
and the Key West harbor centre iu the sixth section; the work in
Mississippi Sound was continued in the eighth section, and that in
Gralveston Bay in the ninth section. In 1850, there was added to
the preceding the preparation of parties and materials for the work
in the seventh section, the coast of Florida, and keys and reefs
Ш part; and the work in the tenth and eleventh sections, on the
Western coast, was satisfactorily inaugurated by a general hydro"
graphic reconnoissance from Columbia River to Monterey harbor.

During the years 1855 and 1856 every section was the scene of
active labor. In 1856 the work had reached Mount Desert in
Maine, and Matagorda, at the mouth of the Colorado, in Texas;
and had covered considerable portions of the coast of California,
and of Oregon and Washington Territories, from San Diego to
Puget's Sound and Hood's Canal.

A summary of the different steps of progress up to the year ISO1?,
and including that year, shows that the work is certainly more
than half done on the Atlantic and Gulf coasts, and the appro-
priations of every succeeding year secure a much more considerable
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rate of advance than the average of the past. A comparison of
the relative progress in the earlier stages of the enterprise has
proved that it is more economical to conduct it on a large than on
a small scale, principally on account of the division of labor, and
the facilities for -working on different parts of the coast during
different seasons of the year. It is obvious that the sooner the
entire results.ot the Survey can be presented to the growing com-
merce and navigation of the county, the better. The extent of the
coast being determined, economy and utility demand that all the
means should be furnished, which, in the hands of its well trained,
active, and intelligent officers, can hasten the time of its comple-
tion. A few years more will bring it to a close on the Atlantic
and Gulf coasts, if a steady progress at the present rate is secured
by the appropriations. We say this, however, without anxiety.
Congress has manifested a uniform, disposition, to sustain the Survey,
and to extend its advantages to the remote and border States.
What the Survey has actually accomplished, and its reputation at
home and abroad, have gained for it unlimited confidence and
respect.

Throughout the period we have had under consideration, the
publication of the charts has kept pace with the field-work; pre-
liminary charts being published for each year's work, in advance
of the elaborate and finished maps. As we have already said,
local surveys of dangerous regions have been made, and sketches
published in anticipation of the connected work; as, for example,
of the Nantucket and Monomoy Shoals, Hatteras Shoals, the.
Frying-Pan and Cape Fear Shoals, Cape Eoman Shoals, Canaveral
Shoals, and others. The same course has been pursued in places
affording special conveniences for commerce and navigation, and
nearly half the harbors and most important inlets of the Atlantic
coast have been surveyed, and made known in published charts.
Every season, as the hydrographie work-comes in, a preliminary
chart is drawn and engraved, and the engraved plate receives new
additions every year by the electrotype process, of which more here-
after. Charts of two hundred and thirty-five harbors, inlets, shoals,
sounds, bays, and portions of the coast and of rivers, have been
drawn, engraved, and published. The number of maps, charts, and
sketches drawn within the year 1857 (our final date), or now in.
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ProgresSj is ninety-five, and the пишЪег engraved, or yet in hand,
18 eighty-four. Of these, twenty-nine are first-class maps, twenty-
81x are preliminary charts, and twenty-nine are sketches and dia-
grams. The list of publications of the Coast Survey shows that one
hundred and forty-eight sheets of this description may be obtained
*гощ the general disbursing agent, and the local agents in the
Principal marts of commerce. The number of copies distributed in
°ue year, under the act of Congress and regulation of the Treasury
•Department, has been nineteen thousand seven hundred and ninety-
five.

A few facts touching the cost of the Coast Survey, comparing it
^ith itself at different periods, and with other similar works, may
"ë not uninteresting. We have before observed, that, setting
aside the desirableness of extending the Survey at once to all parts
°f the coast, a great saving both in time and money has been
effected by the gradual increase of expenditure ; and it may be
added, that greater accuracy has been at the same time attained.
To show the saving in money, we may compare the first twelve
years of active operations, from 1832 to 18443 with the twelve years
^mediately succeeding. During the first of these periods, the
amount appropriated and expended was seven hundred and sixty-
ßix thousand one hundred and thirty-four dollars ; and during the
second, three million nine hundred and fifty-eight thousand three
hundred and thirty-one dollars ; that is, the expenditure for the
last twelve years amounted to about four times that for the pre-
ceding twelve. Now, if we leave out of the calculation the im-
proved observations on the tides, the Gulf Stream explorations, the
Magnetic and the meteorological observations, (to which there is
nothing to correspond in the first of the periods under considera-
tion,) and the additional office-work, arising from the reduction
and investigation of all these observations, we shall find that the
field-work during the las* period was more than seven times as
great, and the office-work more than ten times as great, as in the
preceding period. Or it may be put thus : from 1832 to 1844, ex-
penditures, 1 ; field-work, 1 ; office-work, 1 ;—from 1844 to 1856-
5*7, expenditures, 4 ; field-work, 7.3 ; office-work, 10. Suppos-
ing the increase for an interval of twelve years to be gradual, both
iu expenditures and results, the annual increase in the former
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•would be thirty-three per cent., and the annual increase in the
latter sixty per cent., showing again an economy of twenty-seven
per cent. Thus it appears that the generous desire of Congress to
confer the benefits of the Survey upon all parts of the Atlantic and
Pacific borders, as soon as possible, has effected a vast gain in time
and money. And it is also perfectly apparent, from the above
comparison, that the limit of annual expenditures, beyond which
it would be neither safe nor economical to go, has by no means
been exceeded, and has not even been reached.

For a comparison with former surveys, we may turn to the costly
enterprises of Great Britain, France, Austria, and Kussia, and may
thus not only qualify ourselves to form a just estimate of the method
and economy with which our appropriations have been used, but
may also see what a largess the liberality of kings and emperors
bestows upon geodesy.

The whole amount expended upon the Coast Survey of the
United States, up to 1857, was three million seven hundred thou-
sand dollars, including land work and hydrography. At this date
the land work and hydrography of Great Britain had cost twenty
millions of dollars, and both were incomplete ; the land and hydro-
graphic survey of France had cost nearly ten millions of dollars ;
while duriug the preceding seventeen years the trigonometric
survey of Austria had cost eight millions and a half. The measure-
ment of the great arc from the mouth of the Danube to the northern
boundary of Sweden, accomplished under the direction of the illus-
trious Struve, the completion of which was announced to the Aca-
demy of Sciences of St. Petersburg in 1852, occupied thirty-six
years ; but we have no means of ascertaining its real cost.

The Secretary of the Treasury, in an official letter, dated Febru-
ary 7th, 1849, states the comparative cost of our own and other
geodetic work in the following language :

"I have taken some pains to inform myself in rcgaijl to the relative cost of this and
foreign -works of a similar kind. Of these, two of the most important works are those of
France and Great Britain.

"The tertiary triangulation and topography of France cost on an average one hun-
dred dollars per square mile, or fifteen cents and six mills per acre. This is exclusive of
the cost of the great geodetic work by Delambre, Mechain, Biot, Arago, and others.

"The estimates in 1847 for the secondary triangulation and topography of the trigo-
nometrical survey of Great Britain, commenced in 1791 by the Ordnance Corps, are at
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"W rate of one hundred and three dollars and eighty-one cents per square mile, .or six-
teen cents and two mills per acre. This is exclusive of the army pay of the ordnance
officers, but inclusive of the pay of three companies of sappers, numbering three hun-
ted and fifteen, employed upon the work. The near approximation of these sums to
^cb. other indicates that they are standards of comparison. They average fifteen cents
and nine mills per acre, which is between twice and three times the cost of an acre of
8econdary triangulation and of topography taken together in the Coast Survey, as shown
ЬУ the expenditures of 1847 and 1848.

"The surveys of Wurtemberg and Hesse-Darmstadt cost respectively twenty-five and
^enty cents per acre.

"Similar data for the cost of the hydrography in foreign countries are not before me;
out I may mention that the appropriations for hydrography alone, made annually by
Great Britain as a contribution to the navigation and commerce of the world, have.
amounted in ten years (from 183T to 184Ï) to more than four times the appropriation
*°r the survey of the coast of the United States, land work and hydrography both in-
clusive; and this is besides the. appropriation for the trigonometrical survey."

We have spoken of our Coast Survey with the praise it merits
not without the glow of satisfaction which the contemplation of
this noble work is suited to inspire, and, we may add, not without
a sentiment of peculiar pleasure in seeing the philosophical spirit
of Franklin reproduced in his great grandson. We have already
cited the approving judgment of Sir R. I. Murchison, to which
we might add the authority of the equally distinguished President
of the Bbyal Geographical Society, Admiral William Henry Smyth,
who said in his annual address of 1850: "The Coast Survey of the
United States is a truly national undertaking, and has been most
creditably conducted through all its various departments of science.
I have studied the question closely, and do not hesitate to pro-
nounce the conviction, that, though the Americans were last in the
field, they have (per saltum) leaped into the very front rank."
We might, if necessary, furnish similar attestations from Arago,
Schumacher, and Humboldt, who have given their unqualified
approval to the conduct of the work. At home, also, the learned
societies, as the American Academy of Arts and Sciences, the
American PhilosophicaJ Society, the Franklin Institute of Penn-
sylvania, the Faculties of St. John's College, Maryland, and of
the University of Virginia, as well as the Boards of Trade and
of underwriters, the Chambers of Commerce, and other bodies in-
terested, have been forward in pioneering the most flattering
testimonials.

1 But were we to stop here, we should leave our readers very ira-
3
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perfectly acquainted with the nature and whole extent of the valu-,
able services performed by the Coast Survey, some of which are
the direct, others the indirect, results of its regular operations.
Among the direct results, the most prominent, perhaps, are the
hydrographie discoveries and corrections which have signalized
the progress of the work; and it is a noticeable fact, to which we
call special attention, that these discoveries have been made, not
in places remote and little known, as might have been expected,
but in the very central seats and thronged highways of our com-
merce. A new channel, (G-edney's,) straighter and deeper than
the channels before known over the outer bars of New York har-
bor, is the boon conferred upon our commercial emporium. In the
beaten path of navigation to Europe from the Middle States, and
upon the border of our own coast, a hidden, unsuspected danger
has been discovered and marked out, "a very dangerous flat, and
fatal, where the carcasses of many a tall ship lie buried"—Davis's
New South Shoal. Massachusetts Bay, Buzzard's Bay, Long Island
Sound, Delaware Bay, Chesapeake Bay, and, not to continue a dry
list of names, almost all the harbors, rivers, and inlets upon the
Atlantic coast, have been improved in. their navigation, and that
chiefly by the actual discovery of useful channels or of previously
unknown perils. The list of the discoveries of this kind amounts
to between one hundred and forty and one hundred and fifty.
These benefits,, however, constitute the proper and expected fruits
of the work, but it is not a little remarkable that they should
most abound in the places supposed to be best known, such as
Ammen's Bock on Cashe's Ledge, Stellwagen's Bank in Massa-
chusetts Bay, Blake's Channel in Delaware Bay, and M.affit's Chan-
nel in the harbor of Charleston, South Carolina.

The exploration of the Gulf Stream comes under this head. It
affords the earliest indication of approach to our coast, along
which it runs at such a convenient distance as to mark the line of
transition from the waters of the ocean to those of the coast, and
to warn the searnaa to have his sounding apparatus in readiness,
and prepare his anchors. And to so good an account has this inr-
valuable warning been turned, taken in connection with the pecu-
liarities in the form of the bottom on different parts of the coast,
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that we are justified in saying that, of the frightful wrecks which
have frequently occurred on the coasts of Long Island and New
"ersey, few would have happened if the sailing directions of the
boast Survey for the port of New York and its approaches had
been earlier in hand and strictly followed. These directions have
been printed in a separate pamphlet for gratuitous distribution by'
che Life Saving Benevolent Association of New Yotfk.

The objects in view in the exploration of the Gulf Stream are
bot solely nautical, and for immediate utility; they are also scien-
tific, and of general interest. The observations of Lieutenant
Greorge M. Bache—"whose life fell a sacrifice to his zeal in the
Discharge of his duty^and whose loss science was called upon to,
^ourn, just as he was commencing, with his accustomed ardor,
'he investigation of one of the most interesting phenomena of our
globe"—have been published elsewhere, and are regarded as of
*be highest value.

The Coast Survey has met all other claims upon its service, such
as questions as' to harbor improvement, and lights, buoys, and
oeacons throughout the Atlantic, Gulf and Pacific coasts; local
surveys; data for every project for the advancement of commerce
aod navigation, and questions of naval and military defence.
Upon this last subject, the eminent soldier at the head of the En-
gineer Corps employs the following language:

"For many years the Engineer Department hag had no other'resource than the Coast
Survey, for the general information necessary for the determination of the sites of new
fortifications. It has often been without other resources as to local topography and
hydrography. It has been enabled, by this aid, greatly to expedite the construction of
Defensive works of the highest necessity; and I must not omit to add, that the opéra-
Wons of the Coast Survey have, on some occasions, by the kind consideration of the
Superintendent, been specially arranged in the order of time, and in the manner calcu-
l*ted soonest to supply our necessities. * * * .

'*In relation to the improvement and preservation of harbors, it may be said, gener-
a%, that, great as the function of exhibiting the coast in its present state may be, a not
the less important one is the detection of its disturbances; for only on the exact know-
ledge of these, (already found by the labors of the Survey to be great, various, and often
threatening,) can any judicious precautions and remedies be founded."

A commission, of which Professor Bache is a member, has re-
cently been appointed by the general government for the scientific
lamination of Boston harbor, and it will be indebted almost ex-
clusively to the Coast Survey for the information on which its con-
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elusions and recommendations will rest. Commissions, or coun-
cils, connected in a similar manner with this work, have heen
appointed for most of the important harbors and rivers, from Port-
land, Maine, to the St. John's and Apalachicola, inclusive.

We speak of the foregoing as the expected results, as the returns
due to the public; and we may observe, that the usefulness of the
exact measurements of the Coast Survey in relation to the frequent
changes of our alluvial sea borders was pointedly referred to, and
anticipated by us, in the last of the papers mentioned in the be-
ginning of this article.*

Perhaps we ought also to place in the same class of expected
results the contributions of the Coast Survey to those branches of
applied science which are intimately connected with, or included
in, the science of geodesy. We have already noticed the new base
apparatus, with which the first step is taken. In the second
step—the measurement of the angles of the primary triangula-
tion—a change in the mode of observing has been introduced and
steadily practised, which consists in keeping up the observations
in all states of the atmosphere, when the signals are visible, in-
stead of confining them, as before, to days when the signals pre-
sent a well-defined and steady image. The aim is, to ascertain by
trial (involving a discussion of the observations in connection with
the changes in the appearance of the signals) the number of ob-
servations of this last kind, so as to reduce the probable error to
what may be deemed the unavoidable errors of instrument and
observer. By applying this mathematical test of the least proba-
ble error to observations made under such conditions as are not
unfavorable and of frequent occurrence, the rapidity of the work
has been increased, and its value enhanced rather than dimin-
ished.

Owing to the irregularly elliptical form of«the earth, it is neces-
sary to multiply independent determinations of the latitude of the
points of main triangulation. For this purpose, the method of
measuring astronomically differences of latitude by the zenith tele-
scope, invented by Captain Talcott, late of the Engineers, has been
employed for the first time for geodetical purposes. A description
of this method, with examples from the Coast Survey, has been

«No. CXV, pp. 452, 453.
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Published in a handsome form (by order of the Topographical Bu-
reau of-the War Department) by Captain T. J. Lee, whose valua-
ble labors while attached to the Survey were chiefly devoted to as-
tronomical and magnetic observations. It appears from this pub-
lication, that the latitude is given by a single night of observation,
to à fraction of a second; and that in four or five nights it can be
determined with the minutest accuracy of which astronomical meas-
^rernent is susceptible. At the twelfth meeting of the Association.
f°r the Advancement of Science, Professor Bache made the remark-
a^le statement, that, in the observation of the same stars, the
same observers with different instruments, and different observers
^ith the same instruments, brought out the same results* A com-
parison of latitudes deduced geodetically from a central point, with
the nice determinations of the zenith telescope, has led to the dis-
covery of certain changes in the level, which could be attributed
only to variations in the form and density of the materials compo-
sing the earth's crust. These variations are similar to those caused
by the-proximity of mountains, but had hitherto escaped notice.
A similar discovery was afterwards made by Major G-eneral Colby,
and appears to have been anticipated by La Place in the opinion
given by him in the Chamber of Peers, in 1817, upon the topo-
graphical map of France: "If the latitudes of the extreme points
(of certain lines) are observed, and the length of the seconds pen-
dulum corresponding to these points measured, a great deal of
light will be thrown upon the figure of the earth, and upon the
irregularity of its degrees, and of gravity." To what extent this
astronomical divining-rod may be used by geologists in deducing
from differences of density or the want of homogeneousness of struc-
ture the nature of the underlying strata, is an inquiry which at
present admits of only a speculative answer.

As in the latitude, so in the longitude, the Coast Survey has en-
riched what it touched; Vith this difference, however, that in the
former it improved methods already known; -while in the lat-
ter it has invented a new method, which now takes precedence
of all others where it can be employed. To have ascertained thé
availableness of the electro-magnetic telegraph for the exact deter-
mination of differences of meridian, to have prescribed from expe-
rience the details of the process now known in Europe as the Ameri-
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can Method, and to have' invented the register for recording the ob-
servations, constitute a merit and a distinction which history will
assign to the Coast Survey. The observations and the mathemati-
cal investigations belonging to this important undertaking were
made under the direction of the Superintendent, by the late dis-
tinguished astronomer, Mr. Sears C. Walker. It has been shown
that under favorable circumstances, and with due care in the use
of the transit instrument, the astronomical difference of longitude
between any two stations of a trigonometrical survey may be de-
termined by telegraphic signals with a degree of precision of the
вате order as that with which the difference of latitude is deter-
mined, the inaccuracy depending upon the same causes that govern
the deviation of the plumb-line. The French are engaged in the
redetermination of the longitudes of their great trigonometrical
survey by this American method of the electric telegraph.

We purposely avoid detailed descriptions of instruments and
methods, in both cases, because we are dealing only with general
results; but since the accurate determination of latitude and longi-
tude lies at the foundation of all geography, and since most of the
States through which the Coast Survey passes will undoubtedly
avail themselves of the bases it is able to supply, to form correct
maps of their own territories, under circumstance very favorable
to economy and accuracy, it seems hardly possible to overestimate
the value of these additions to the common stock of astronomical
knowledge.

Leaving now the route we have thus far followed, we will turn
aside from the regular work of the Survey, to consider for a mo-
ment its indirect and collateral relations with general science, and
with applied science, or art. We shall and here some new and
surprising proofs of the mutual connection of the physical sciences.
We will present a curious instance of this connection, which re-
cently occurred in £he Coast Survey, and, after being communicated
to the American Association for the Advancement of Science, was
published by the Superintendent in the American Journal of Science
and Arts. In February, 1855, Professor W. P. Trowbridge (known
by his contributions to the meteorology of the Western coast) ob-
served that singular curves had been traced by the self-registering
tide-gauge at San Diego, on the 23d and 25th of December; and hav-
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lng satisfied himself by an inspection of the meteorological records,
and from, the length of the curves, that the irregularities could
bot Ъе produced Ъу disturbances from storms, he decided that "there
was every reason to presume that the effect was caused by a sub-
Marine earthquake." When the record sheet of the self-registering
tide-gauge at San Francisco was examined, similar irregularities in
*he curves for the same days were found upon it. Ahcut the 20th
°f June, accounts were received from Japan of a violent earthquake
'bat occurred on the 23d of December, in which the Bussian frigate
-Diana was much injured. There were several shocks; the sea rose
k^e or six times in a wave thirty feet above its ordinary height,
overflowing the town of Simoda in the island of Niphon, and car-
ping houses and temples before it in its retreat. Yeddo was in-
JUred; the fine city of Osaka was entirely destroyed; and the whole
°oast of Japan suffered more or less damage. Having taken every
Precaution to obtain the most exact dates and incidents within
teach, Professor Bache determined, first, from a comparison of the
titties, the rate of motion of the earthquake wave to be from 6 to
"•2 miles per minute, or between three hundred and sixty-three
and three hundred and seventy miles per hour; secondly, by com-
bining this rate of motion with the periods of oscillation, he de-
termined the length of the wave on the San Francisco path to be
between two hundred and ten and two hundred and seventeen
^Ües; and thirdly, by applying a rule laid down by Airy in his
Tides and Waves, he determined the mean average depth of the

sea on the San Francisco path to be two thousand three hundred
ar>d sixty-five fathoms, or 2.68 miles, and the corresponding depth
Oli the San Diego path two thousand one hundred fathoms, or
2.38 miles. Mr. Mallett, in the appendix to the fourth and last of
bis learned and able reports On the Facts and Theory of Earthquake •
Phenomena, to the British Association, copies largely from Dr.
Cache's paper, and says: "It is, up to the present time, almost
*he only record of scientific pretensions of the phenomena of earth-
lUake great sea-waves, and is a model for those engaged in tidal
°bservations upon British or European coasts, of what is needed to
^ake their results connect usefully with the requirements of those
°ccupied in seismical inquiry." These investigations have con-
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verted the self-registering tide-gauge into a new and valuable seis-
mometer. The connection between the Coast Survey of the United
States and the researches of Mr. Mallett of Deville, and M. Perrey
of Dijon, into the theory and facts of earthquake phenomena, is so
little apparent at the first glance, that it might seem incredible.
The approximate determination of the average depth of a portion
of the great North Pacific Ocean, seconding and co-operating with
the long-continued efforts of the most eminent hydrographers to
solve the same and similar problems, is another instance of the
intimate and helpful relations established between the labors ot
persons employed in distinct fields of physical science.

The connection of which we speak is presented in a still more
interesting and important light, when we view the depths of the
great oceans in their cosmical relation to the astronomical problem
of the tides. In the tides, the oscillation of the second kind, as it
is called, upon which depends the difference of two consecutive tides
in one day, is much less than it should be, according to the theory
of Newton; and La Place has shown that, if the depth of the sea
were the same throughout, the difference between two consecutive
tides would be-reduced to that caused by local circumstances.
From the want of harmony between theory and observation it is
inferred that the variations from a mean depth in the sea are not
great. "The mean depth of the Pacific Ocean is supposed to be
about four or five miles; that of the Atlantic only three or four,
which, however, is mere conjecture." "The density of the sea
being but one fiftieth, nearly, of the mean density of the earth,
that fluid must have little influence upon the variations of the de-
grees and of gravity, and upon the two lunar inequalities of which
I have just spoken. Its influence is still further diminished by
the smallness of its mean depth." After proving that the surface
of the terrestrialjspheroid would be nearly in equilibrium if it be-'
came fluid, La Place adds:

"From this, and from tlie fact that the sea leaves bare vast continents, we conclude
that it cannot be very deep, and that its mean depth is of the same order as the mean
height of the continents and islands above its level, a height which docs not exceed л
thousand metres (0.62 mile.) This depth, then, is but a small fraction of the excess of
the radius of the equator over that of the pole, an excess which exceeds twenty thousand
metres. But in the same manner as lofty mountains cover some parts of the continents,
so there may be great cavities in the basin of the sea. Yet it is natural to suppose that
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ett depth is less than the elevation of high mountains; because the deposits of rivers,
" the exuviae of marine animals, carried along by the currents, must in time fill these'

•La Place proceeds to speak of the importance of this result to
batural history and geology, and remarks:

' The sinking of one part of the basin of the sea exposes anotter part of it, of an ex-
eit so much the greater as the sea is the less deep. Thus vast continents may have

etnerged from the ocean, without great changes in uiefigure of the terrestrial spheroid."

This question of the probable mean depth of the sea, which we
have seen to be so important in its bearings, .is partially and to

''4at extent satisfactorily answered; and the Coast Survey, in the
Performance of one of its most simple practical duties,, has „lent
c°ufirmation to the results of the great Ffenchman's inquiry into

the invariability of the axis of rotation of the eaTth at the surface
°i the terrestrial spheroid, and the uniformity of this rotation,
^pou -which all astronomy reposes."

The floor of the great seas supplies us with another occasion for
exhibiting the mutual dependence of physical studies, and their
aPplications to the wants of daily life. By the inspection of a nau-
tical chart, it will be perceived that the two principal objects of
*he soundings marked upon it are to give the depth of water, and
.'he distinctive character of the bottom, whether hard or soft, sand
or mtfd or shells, or a mixture of two, together with the color of
the materials. For a long time, no further use was made of these
Materials brought up by the lead from the long Shelving banks of
lUartzose sand that front upon our Atlantic border. But having
been placed under the microscope, "they disclosed matters of in-
terest' to the geologist and naturalist.

The microscopic examination of the specimens of soundings was
'begun by the late Professor J. W. Bailey," of West Point, the re-
sult of whose labors was published in the Smithsonian Contribu-
tions to Knowledge, in the Coast Survey EeportSj and in Sillim'an's
Journal. Several new species of Foraminiferœ— «a family which con-

. Btitutes ehe greater part of the submarine fauna in the profounder
depths — an(l of Diatomacece, were described by him, and their' rela-
tive abundance at different depths pointed out. One of the most
'uteresting results of his researches was the discovery of the fossili-
zation of the Foraminiferœ in certain localities, and of the fact that^

4



26 UNITED STATES COAST SURVEY.

the substance called green-sand by geologists, which has given its
name to an important formation in the cretaceous series, is composed
of these fossilized mollusks, and that the process is going on now
at the bottom of the ocean, in some places near our coast.

A large number of specimens were also examined by Mr. Pour-
tales. He first pointed out the fact that the number of specimens
of Foraminiferœ found in the soundings increased very much with
the depth, so that on our'Atlantic and Gulf coast, at least, after
reaching a depth beyond one hundred fathoms, the sounding-lead
brings up Foraminiferœ almost entirely without admixture of other
materials. The soundings taken on the line'of the Atlantic tele-
graph have, since confirmed this fact, and extended the range in
depth of these minute organisms to nearly two thousand five hun-
dred fathoms. By designating with colors on a map the positions
in which the various species of Foraminiferœ were found more or
less abundantly, their distribution according to depth is rendered
very evident. Thus the hundred-fathoms line'appears to'form
nearly the limit towards the shore for the Globigerinœ, which form,
the greater bulk of those abundant deposits mentioned, above.
Other characteristic species are seen to inhabit the shallower parts,
some being confined to the region between, ten and fifty fathoms,
while some, beginning at twenty-five fathoms, extend to sixty or
seventy. The region in which the formation of green-sand is going
on appears to be*a band, nearly on the hundred-fathoms line, off the
coast of Georgia, Florida, and South Carolina. The Foraminiferœ
are rather rare near the shore on our Atlantic coast, but are ex-
tremely abundant in the calcareous sands of the Florida Keys. In
a zoological point of view, these investigations have been of much
interest. About one hundred and sixty different species of Fora-
mini/eras have been found on our coasts, a great many of which
are probably new to. science.

We have already spoken of the exploration of the Gulf Stream;
and we might enlarge upon the importance of an investigation
which has led to the knowledge of the " distribution of tempera-
ture at different depths," of the " distribution of temperature at
the same depth on different sections," of the " connection of the
figure of the bottom of the sea with the distribution of tempera-
ture," and " of the lateral.limits of the Stream."
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The researches of the Coast Survey into the tides and co-tidal
luies of both our Eastern and Western coasts demand separate
treatment, on account of their value to navigation, and their theo-
retical deductions.

The geological examination of Florida Eeef, Ъу Agassiz, made
Under the auspices of the Survey, has resulted, we have the high-
eßt authority for saying, in one " of the most important contribu-
ions Ъу which American geology has ever been enriched,"—that is.
*he discovery that ths peninsula of Florida is of recent origin ;
'bat it has been formed by the growth of successive coral reefs,
*гощ north to south; and that this growth is still slowly proceed-
iog.

Our knowledge of terrestrial magnetism—its periodical changes
>pending upon the hour of the day, the season of the year, and
the regular interval of years—and of magnetic storms, with their
Diurnal, annual, and decennial periods, as established by Major

Sabine, has not failed to receive its share of elucidation
a the labors of the Coast Survey.

But we dismiss these topics, that we may adduce one or two
Camples of the practical application by the Coast Survey of the

valuable results of experimental science. Here we would
speak of the electrotype, which has been developed into a
state of efficiency, and has conduced to the economy of time,
and money. It is used principally to perpetuate the publi-

cation of the charts and maps of the Coast Survey. All electro-
Metallurgical methods are founded upon the observed fact, that if
a body is immersed in the solution of a metal, and kept negatively
eXcited, it receives a gradual accretion of the metal in solution.
This principle admits of two forms of application, or leads to two
Distinct methods or processes of electrotyping—one called the sin-
9le-cell process, in which the object that receives the deposit is
'uade part of the electrical generator; the other, called the battery

Process, in which the electrical generator is distinct from the ob-
jects receiving the deposit and the vessels containing them. The
latter is the method used in the Coast Survey.

We omit all description of the electrical generator, or battery,
preparation for use, and the mode of attaching the galvanom-
, because they embrace details uninteresting, probably, to the
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general ieader. Assuming the battery to be in order, when #я
engraved plate is to be electrotyped, the two chief desiderata are
to put the silver plates in the most complete negative condition,
and to keep all the plates in perfect metallic connection with the
main conductors. For the first of these purposes, it wastheEuropean
practice to film over thesilver plate with a spongy depositof platinum;
but the efficacy of this method isof short duration. It has been discov-
ered in the Coast Survey office, that by occasionally immersing the
silver plates in the perchloride of iron—which has the property of
dissolving all the metal positive with regard to silver, and leav-
ing the silver untouched—they are maintained in their primitive
energy of action. Another peculiarity of the Coast Survey me-
thod is the manner of suspending the zinc and silver plates. The
latter are suspended by lead to avoid the disturbance of t'he elee-
trical relation of the plates consequent upon the use of a metal
soluble in sulphuric acid, or of a metal subject, as iron is, to rapid-
dissolution from the electrical efiect of the silver. But the zinc
plates are suspended by iron, because, unlike the lead, (which is
(liable to disintegration by mercury,) iron refuses to unite with
the mercury covering the zinc, is rendered negative by the zinc,
and is thus protected from destruction. A third peculiarity
of the Coast Survey method consists in the manner in which the
deposited copper is prevented from cohering with the engraved
plate, and forming an inseparable mass. After the plate has been
cleansed by alkalies, acids, and mechanical appliances, till it ïs
chemically dean, it is washed in a solution of cyanide of silver,
from which it takes a pearly hue, then in water, and then in al-
cohol. While it is still wet with alcohol, a solution of iodine in
diluted alcohol is poured over it, and about a minute afterward the
iodine solution is washed off with alcohol. Enough of iodine is
still left, however, to give the plate, when dry, a slightly irides-
cent appearance. This method of iodizing the matrix to prevent
cohesion has removed all risk of injury to the engraving, though
before its discovery some disastrous consequences resulted from the
early trials. The application of heat to vaporize the iodine, the
regulation of the current of electricity, so as to prevent the gran-
ular'deposit of the copper, and the length of time for which the
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engraved plate is allowed to remain in the vat, have been all de-
C1ded by actual experiment.

The first electrotype copy produced is an alto, which, being sub-
jected to the same processes as the engraved plate, furnishes a
perfect fac-simile of the latter; and .the copy only is used for
Printing the charts, the original engraved copper-plate being
kept in the fire-proof building belonging to the Coast Survey.

The cost of the electrotype copy is about three times that of the
"lank copper on which the original engraving is made. It will
afford a just idea of the value of these improvements and dis-
coveries in .the électro-métallurgie processes, to mention that it

forty days at the beginning to finish a plate which can now
made in two days. In several instances the electrotypes have

in the hands of the printer in less than twenty-four hours
after the requisition for them was signed.

The same views of economy and expedition have led to some
special experiments in photography, the aim of which is to employ
this art in furnishing the reduced drawings that are placed in the
bands of the engraver. The suggestion was a natural one. It
was met at the outset with this difficulty, that the faithful natural
copyist, without the power of selection, portrayed the distortions
which the field sheets of the Survey rarely fail to suffer from ex-
posure to the atmosphere; it was requisite, therefore, to discover
some method of making selections, and correcting errors.

The recent improvements in photography have been chiefly in
the optical arrangements. To have a clear conception of these, it
must be understood that there are two kinds of cameras employed
ia photography. One of them is constructed solely with reference

,to rapidity in producing the picture; and this is the sort used in
taking likenesses and pictures of moving objects, which are ob-
tained in a fraction of a second. The other form is favorable
to correct delineation, but proves to be very slow in its opera-
tion. Early in the introduction of the photographic art, the
celebrated mathematician, Professor Petzval, of Austria, applied
himself to the calculation of such forms for the optical part of the
portrait camera as would produce the most rapid action and clear-
ness of delineation combined. The making of these ''portrait
combinations" was intrusted to the optician, M. Voigtlander, and
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the cameras have received his name. The Voigtlander leases are
admirable instruments for photographic portraiture; but the image
they make is not a strictly true copy, only the central parts being
minutely delineated. The want of sharpness in the image, except
in the centre of the field, arises from the objects having a spheri-
cal form, while the picture is necessarily flat; and it is only when
the plane is normal to the' surface of the sphere that the best effect
is produced. This defect has been remedied by Professor Petzval's
orthoscopic (line-viewing) lens, between which and the portrait
lens the difference is, that in the latter the aim is to concentrate
the greatest amount of light upon the image, while in the former
the end in view is the refraction of the incident rays at the same
relative angles at which they fall upon the lens. By this means,
in the orthoscopic pictures, several objects preserve their relative
sizes and lateral distances.- Hence the fitness of this method for
producing reduced copies of drawings. The orthoscopic lens in
use in the Coast Survey will make a picture fifteen inches in
diameter, free from sensible error.

It is employed to furnish a reduced chart in the following man-
ner: The primary charts, being supposed to .be distorted by
shrinking, must first be corrected. For this purpose, a sheet of
transparent cloth, called tracing vellum, has the latitude and longi-
tude lines of the chart correctly laid down on it, which divide the
vellurn and the chart into corresponding squares. The vellum is
then laid on the chart, and such parts of the latter as are required
in the reduced copy are traced over, square by square, the vellum
being shifted so as to distribute the errors of each square, and thus
to make the whole error inappreciable. In tracing the work the
exact contour cannot be followed: many details must be omitted,
especially those which lose their significance in the reduced size.
The tracing on the vellum is presented to the camera reversed, in
order that the collodion positive may not be reversed, as it appears
in ordinary daguerreotypes and ambrotypes.

The ambrotype thus obtained from the tracing furnishes the ele-
mentary lines for the engraved chart. The ambrotype or collodion
positive having been obtained, the tracing is presented obversely,
or with its face outward, and another ambrotype is obtained as be-
fore; but this picture is reversed. It is carried through the chem-
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lcal process, which leaves the parts that were white in the tracing,
, and the parts corresponding to the black lines, transparent

Prom this negative a print on paper is made, by preparing the
paper with nitrate of silver, covering it with the negative, and
exposing it to the sun. The light, passing through the transpa-
reut lines of the negative, blackens the nitrate of silver beneath,
"he portion of nitrate of silver not blackened being removed by
°bemical process, the priât exhibits a fine reduced drawing of the
tracing. The photographer puts in the filling between the portions
°f the contours given on the positive, and it is then ready for the
e° graver.

In the economy both of time and money, the photograph prom-
l8es to confer advantages similar to those derived from the electro-
type. A numerical comparison with the time and cost of reducing'
"У hand cannot yet be fully made, because it would require that
several charts should be reduced by both methods. In one instance,
however, where the comparison was made, the time was as days to
Weeks; and the expense was in like proportion.

The President of the British Association, Eichard Owen, in the
last published address, gives an account of the " advances achieved
^ this most subtle application and combination of discoveries in
photicity, electricity, chemistry, and magnetism;" yet he makes
Qo mention of its being used in the way just described. As far as
We know, this application of heliography is original with the Coast
Survey.

A special appropriation has been made by Congress for the pub-
lication of the records and results of the Coast Survey; and the
work of the year 1849 has been selected to form the contents of the
first volume of Geodesy, as embracing details of every class, and
therefore suited to give a full view of all the operations.

It will contain detailed accounts of the measurement of a prin-
cipal base line, and of some preliminary bases; of observations of
angles for primary, secondary, and tertiary triangulations; of ob-
servations of latitude with the zenith sectoi and with the zenith

"telescope; and of observations of azimuth and of time. The de-
scription of instruments, and of methods of observation and reduc-
tion, will form a necessary and valuable portion of the first vol-
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ume. Another volume has been prepared, giving an account of
the Coast Survey Chronometrie Expeditions for ascertaining , the
Longitude between Cambridge and Liverpool, by Mr. George P-
Bond, Director of tbe Cambridge Observatory. A volume con-
taining the Explorations of iJie Gulf títrcam has been prepared by
the Superintendent, with the assistance of Professor A. G. Pen-
dleton of the Navy. A volume containing the results for tele-
graphic- longitude since 1852 is under the charge of Dr. B. A.
Gould. There is also ready^for publication avolume of Sailing
Directions for the Coast of the United States, embodying all the
hydrographie information brought out in the progress of the Coast
Survey, in reference to .harbors, dangers, ports of refuge, and sail-
ing marks and lines; in which last are included light-houses and
beacons, currents and tides, and the variation of the compass.

We early took a deep interest in the prosperity of the Coast
Survey, and having prophesied its usefulness, and vindicated its
character when assailed, we have allowed ourselves to enjoy its
success. If we shall appear to have reviewed it with too much
partiality, it will be remembered that we have furnished a war-
rant for our favor by citing the opinions of those "whose judg-
ments, .in such matters, cry in tue top of ours."

We have reserved for the last and most decisive proof of the jus-
tice of our criticism, the emphatic tribute paid to the Survey by
the Eoyal Geographical Society of London, in adjudging to Dr.
Bache the Victoria Gold Medal for the year 1S5S,, in consideration
'of "his successful labors in carrying out the great Coast Survey of
the United States of America."

"It would be impossible," said the President in bis p,ddccss on the presentation, "to
do justice to an extensive work of this sort, on an occasion like the present; but as the
previous Reports of the celebrated Coast Survey, from 1844 to 1855 inclusive, arc in our
library, those of our associates, and of the public generally, who, wish to form an cstlr
mate of their value, can do so at their leisure, and they will see how vastly our medal-
list hits pushed on this great work. They will assuredly then rise-from the examination
with the thorough conviction that, whether we regard the science, skill, and zeal' of the
operators, the perfection of their instruments, the able manner, :n> which the Superintend-
ent has enlisted all modcrg improvements into, his: service, the care taken to. have the
observations properly registered, his modest and unpretending demeanor, 01- the noble«
liberality of the government, tempered with prudent economy, all unprejudiced persons
must agree that the Trigonometrical Survey of the United' States of America stands.-
without a superior."
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WHAT

THE C O A S T S U R V E Y
HAS DONE FOE THE WAE.

I.
men are aware of the existence of a certain thing, if

they do not perceive its results, they not infrequently assume
that there are none.

There is probably nothing to which this observation is more
^applicable, than to the Coast Survey of the United States. Al-
though' it has been in operation for a number of years, and has
been prosecuted with zeal, fidelity, and success, unsurpassed in
the history of national enterprise, the knowledge of its merit has
been confined to a limited number of persons beyond those
employed in its labors. Yet, during that time, the country at
large nas been benefited, to an incalculable degree, by opera-
tions which embrace a range including the most scientific meth-
ods known to geodesy, as well as the infinite and infinitesimal
details that bring the practical results of the survey within the
comprehension of the least skilful navigator. Stated simply,
without reference to scientific investigation, the Coast Survey
has been the agency which has saved to the country millions of
dollars and thousands of lives. But it was not appreciated, be-
cause its results are intangible. Men seldom realize the worth
of that which benefits them indirectly.

The Eebellion came, and the Coast Survey, and, indeed, all
other public interests, dwindled into insignificance before the
vital one attached to the restoration of the integrity of the Ee-
public. There were comparatively few who were aware that
the Coast Survey could aid the Government in its efforts to
suppress the Eebellion. Yet it has never rendered to the
country more important service than that performed since
the commencement of the war. Independently of the vast
amount of information which it put into the possession of the
Army and Navy, when the country was forced to the arbitrament
of arms, it has never ceased to take an active part in connection
with actual hostilities.

It is not within the scope of these papers to give a history of
all the various means by which the Coast Survey has aided the
military authorities. This would require far more space than
the narrow limits within which they are necessarily confined,

possible to do otherwise, the account would prove a mass
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of dry details, as uninteresting, in comparison with active move-
ments, as the daily drill and camp routine of an army are to
the hostile shock upon the day of battle. For these reasons, it
is intended to descant only upon those services which are indis-
solubly linked with some grand operation of the war.

All of the military surveys executed, have been valuable to
the commanders of our land and naval forces ; but an account
of all, forms no legitimate part of a narrative intended for the
general reader. Had a battle or a bombardment happened
along every league of the coast which the Rebels attempted to
wrest from the United States, the labors of the Survey, in each
place, would not have failed to become manifest.

We cannot overestimate the value of the operations under-
taken with special reference to military and naval movements—
reconnoissance, sounding, buoying, piloting—that have aided our
armies and fleets. Some of these labors must, of course, forever
remain in comparative obscurity, for their full value could have
been brought to light only in the progress of military enterprise.
But, whenever movements have taken place upon land or sea,
the material aid derived from these labors has awakened the
admiration of both Army and Navy, and they have rivalled each
other in avowing their indebtedness, and in awarding unquali-
fied praise.

The public, also, will appreciate these services, which, how-
ever humble they may appear, when contrasted with the vast
operations to which they contributed, have proved largely con-
ducive to the brilliant achievements of our arms. The most
acceptable form which this account can take for them, will
be a recital of the general services rendered by the Coast Survey
in the field, but more particularly of those in which it enacted
a conspicuous part in the battles of the war.

At the beginning of the year 1861, all the usual arrangements
had been made for the continuation of the survey on the South-
ern sea-board of the Atlantic, and on the shores of the Gulf of
Mexico. The angry cloud which was so soon to darken the
land, had already commenced to gather, and to assume an
alarming significance; but the wisest were not without hope
that the danger portended, would pass harmlessly away. At
all events, it was not proper that the premature action of any
Department of the Government should lend countenance to the
Rebellion, even by so much as tacitly acknowledging it to be a
possibility. Accordingly, the parties of the Coast Survey re-
sumed work in the various fields suitable for their operations.

Although it was ascertained that they were well received,
events soon took such a course as to induce Professor A. D.
Bache, the Superintendent of the Coast Survey, to dispatch a
vessel for the purpose of conveying secret instructions to each
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party, in order to insure the safety of the Government property,
in the event of hostile demonstrations on the part of the South.
To this precaution the Survey is indebted for the exemption of
most of its property from capture by the enemy. The officers
were upon the alert, and except the seizure of three small ves-
sels, and a small amount of property stored in remote places,
nothing was lost. Two of the vessels were seized as they lay in
ordinary at Charleston, and the other was seized while engaged
in stationing tidal observers along the shores of the Gulf. The
Joss entailed by their capture was inconsiderable ; for two were
schooners, of which one had been long in service, and the
third was a steam-tender, so small that she was not considered
fit to make the voyage from Charleston to New York. This
vessel, when in possession of the Hebels at Savannah, was
burned by accident. One of the schooners, the Petrel, was the
first vessel which the Eebels sent out as a privateer. In the
mist and gloaming, she mistook the frigate St. Lawrence for a
merchantman, and fired a shot across her bows. In an instant,
the ports of the frigate flew open, and a well-aimed broadside
sent the schooner to the bottom.

The spring of 1861 saw almost all of the officers of the Coast
Survey engaged on duty in the Northern States, either in
continuing the regular surveys, or in aiding the Government
wherever their services were available within the sphere of mili-
tary operations. The new exigencies of the Government found
them conversant with duties which they were needed to per-
form. The Engineers, and the Topographical Engineers,* two
corps of the regular Army, had been created with reference to
the scale upon which the old Army was based. They were
now numerically insufficient for the performance of all the
duties of reconuoissance, surveying, &c., devolving upon the
immense forces in the field. Besides, they were needed more
especially for the duties of military engineering, and some were
withdrawn from these, by the attainment of high command.
Thus, they were soon absorbed by the demands of a service, to
which all that the Nation had previously experienced of war,
was like playing soldiers. It was under these circumstances
that the Coast Surve_y soon proved its usefulness.

In relation to the state of aifairs on that work, in the spring
of 1861, the Superintendent, in his Eeport for the year, said :—

" The call for the services of the officers of the Army and Navy being imperious,
the operations, generally, have been executed by civilians. The advantages of the
organization of the work, which have often been stated, were never so fully dis-
played as in this exigency. The regular work was carried on systematically,
though upon a 'reduced scale. The Navy found on its roll officers who had knowl-
edge of the harbors and coasts, from service on the Survey. To the Army list

* These two corps haye since been merged into one, called the Corps of Engineers.
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were returned officers skilled in reconnoissance, and in the other varions operations
of the Survey, and familiar with the coast and its shore-lines. The vessels of the
Survey, both steam and sail vessels, were ready in the emergency for the revenue
and naval services, and were freely yielded to their use.

" The material in the Coast Survey Office was rapidly put in the shape of hydro-
graphic notes, and, by lithographic and photographic processes, the unpublished
maps and charts, and memoirs of the coast, were placed at the disposal of the
Departments of the Government, and of the officers engaged in consultations in
regard to, or the execution of, operations along the coast."

In 1860, there had been twelve officers of the Army, and
eleven officers of the Navy, serving on the Coast Survey.
Of these, in 1861, eleven were detached from the work, and
eight resigned. Two officers of the Army, and two of the
Navy, remained temporarily. Of the civilians of the Survey,
only seven were recreant to duty. All the rest proved their
devotion to the Union.

One officer of the Survey accepted a colonelcy on the staff of
Major-General Halleck, which position he still occupies, having
accompanied General Halleck to the various military Depart-
ments in which he has been engaged since the beginning ol the
war. Another officer of the burvey, accepted the lieutenant-
colonelcy of the 24th Ohio Regiment, and afterwards became
colonel of the 44th Ohio Eegiment. It was he, who, when
commanding at Lexington, Ky., notified the disloyal convention
there assembled, that it might consider itself dissolved. An-
other officer became Assistant Quartermaster in the Army. He
was placed in charge of ocean transportation for the Army.

"Wnen the Rebellion broke out, one of the Assistants on the
Coast Survey happened to be in Virginia with his family. Cut
off from communication with the Office, he was not only with-
out his usual means of support, but, at the same time, exposed
out his usual means of support, but, at the same time, exposed
to solicitations to join the insurgents. Although in such a
strait, he repelled the offers which were made to him, and man-
aged to sustain himself and his family by keeping store in
Brentsville, Virginia, where he was found when our lines were
extended to that town. He immediately submitted proof of his
loyalty to the Government^ and delivered the maps which he
had secreted during the time that he was liable to be plundered
of them. Since that time, he has been constantly engaged, with
the rank of captain, in making surveys for the Corps of Engineers.

The only person on the Coast Survey who, upon the break-
ing out of hostilities, was so unfortunate as to fall into the
hands of the insurgents, was a tidal observer, stationed at Gal-
casieu Entrance, Louisiana. About the beginning of April, 1861,
he was questioned in regard to the nature of his occupation, and
having satisfied his interrogators as to its harmlessness, he was
allowed to continue his duties until the llth of July, at which
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time he was arrested, in consequence of an order dispatched
from New Orleans. At first, it was intended to try him as a
6Py, at Lake Charles City ; and he was confined there until the
15th of August, when a detachment of soldiers, sent from "New
Orleans, carried him to that city as a prisoner of war. He was
finally brought before the military commander, General Twiggs,
who silenced his explanations by personal abuse, remanded him
to prison, and ordered his trial as a spy. He was first sent to
the common " lock-up," and then, after an examination by a
recorder, he was placed in the parish prison, subject to the order
of the military commander. In that place of confinement he
spent three months, and at last obtained his release through the
interposition of the British Consul. He immediately left New
Orleans, and reported in person at "Washington, where he gave
an account, from which these statements are taken.

In May, 1861, a hydrographie reconnoissance of the Potomac,
between Blakistone Island and Georgetown, D. C., was exe-
cuted by the Coast Survey. The results of the reconnoissance
were immediately plotted, and furnished to the military and
uaval authorities.

In the first week of June, a topographical and hydrographi-
cal reconnoiesance was made at White House Point, Mathias
Point, and Lower Cedar Point. The results of the rcconnois-
ßance were immediately furnished to the Government.

By request of Lieutenant-General Scott, arrangements were
at the same time perfected, to make a detailed survey of the
ground occupied by Brigadier-General (now Major-General)
McDowell's army, and of the country to the north and west of
his pickets, in the direction of Fairfax Court-House, including
the Upper Potomac, as far as the point known as the Chain
Bridge.* As the survey progressed, tracings of it were fur-
nished to Generals McDowell and Tyler, and to Colonel (now
General) Heintzelman. The two Corps of Engineers were also
supplied with copies. Subsequently, the survey was photo-
graphed, and placed at the disposal of the officers for whose
purposes it had been ordered.

In the middle of August, at the request of Major-General
McClellan, the northwestern approaches of the City of Wash-
ington were surveyed. In October, the surveys were extended
towards the northward and westward, from Fall's Church and
the Chain Bridge.

Early in November, the topography of the Potomac was
executed from below Alexandria to Mount Vernon, and from
the southern shore of the Potomac, to within three miles of
Fairfax Court-House.

* That bridge has loDg since been superseded by another kind of structure.
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These surveys, in the aggregate, embraced two hundred and
twenty-three square miles.

After the month of August, the parties engaged in these
operations were under the general direction of Lieutenant-
Colonel Macomb, Topographical Engineer-in-Chief of the Army
of the Potomac.

In the Report of Major-General McClellan, where he refers
to the Peninsular Campaign, after enumerating certain officers
of the Topographical Engineers, he says :—

" This number, being the greatest available, was so small, that much of the duty
of the department devolved upon parties furnished by Professor Bache, Superin-
tendent of the Coast Survey, and other gentlemen from civil life."

Towards the last of August, two ships, the Express and
Orizimba, were seized in Maine, by a Coast Survey party on
board of the Arago. This vessel was engaged in hydrography
on the coast of Maine, and the seizure alluded to was executed
under the authority of the Collector of Customs at Eastport,
Maine. In September, the Arago, which, by request of the
same collector, was cruising in the Bay of Fuudy, captured
the ship Alice Ball, of New Orleans.

While recounoissances and surveys were in progress within
the theatre of active military operations, other reconuoissances
and surveys, for military purposes, were executed in places
more remote. The Delaware, opposite Philadelphia, was sur-
veyed, and also near Fort Mifflin and Fort Delaware. Mili-
tary surveys were executed in Accomac and Northampton
Counties, Virginia. In fact, wherever a prospective need of
defence called for information which the Coast Survey could
provide, or wherever a military movement demanded the aid
which it alone had the power to give, there the Coast Survey
was found.

To facilitate the operations of blockading squadrons, hy-
drographie notes were prepared for the use of the "War and
Navy Departments, and furnished to them, and to the com-
manders of expeditions. The first copies were referred to an
advisory Commission composed of Brigadier-General (now Ma-
jor-General) Barnard, Captain (now Rear-Admiral) Du Pont,
Commander (now Rear-Admiral) Davis, and the Superintend-
ent of the Coast Survey. In the Report of the Secretary of
the Navy for 1861, he referred to the importance of this Com-
mission. The estimation in which the material, submitted by
the Coast Survey, was held by the naval officers who composed
the Commission, is shown by the following letter:—

WASHINGTON, October 2, 1861.
" Sm :—On closing, for the present, the labors of the mixed conference, in which

I have presided, I cannot but express the high opinion I have been led to enter-
tain of the usefulness of the Coast Survey, to our knowledge of the sea-coasts,



440
WHAT THE COAST SUEVET HAS DONE. 7

sounds, and bays of the Atlantic and Gulf borders of the United States, -without
'Which the deliberations of the conference could not have been successfully con-
ducted. " Very truly, your friend and obedient servant,

S. P. Du PONT,
A. D. BACHE, LL. D., Flag-Officer, President.

' Superintendent United Coast Survey, " C. H. DAVIS,
" Washington, D. C. Commander, Secretary."

The name of Admiral Du Pont naturally brings us to the
consideration of the most important service which the Coast
Survey rendered to the Government in the course of the year
1861.

The reader will recollect that, for a long period after the bat-
tle of Bull Run, the war seemed to languish. The forces
opposing each other near the Potomac presented the strange
spectacle of two hostile armies, both of which were upon the
defensive, and neither of which seemed inclined to take the
initiative.

Although "Western Virginia continued to witness the unin-
terrupted triumph of our arms, and the expedition to Hatteras
Inlet, North Carolina, and the lodgment on Ship Island, Mis-
sissippi Sound, had been successful, yet the general result of
operations, since the commencement of the war, had been
manifestly in favor of the South. Since the battle of Bull Run,
no decisive conflict had taken place, but the Rebel armies, from
east to west, had closed around the line which had become a
frontier; while the Government of the United States, tram-
melled by the necessity of consulting political expediency as
well as military exigency, seemed almost paralyzed in confront-
ing a force precipitated with the volcanic energy characteristic
of rebellion.

The country was despondent. The cause of this feeling
originated less in the belief that the South had accomplished
much, than in the experience that the United States had given
little evidence of that great military power, which, despite the
most stubborn resistance, was eventually to overwhelm the
Rebellion. True, this dark hour was not like that when the
Army of the Potomac, baffled in its purpose, returned from
Richmond, joined the shattered ranks of General Pope, and
barely saved the Capital. But it was dark enough, for then
the JSTation was doubtful of its untried strength ; whereas, when
it welcomed back its army from the Peninsula, its sadness was
redeemed by the thought that it possessed a force of veterans
so tried, that, even in retreat, they had often snatched victory
from the enemy.

At this period, however, the people sorely needed some
military success to cheer their drooping spirits, and inspire them
with confidence in the administration of affairs. The victory
at Port Royal had that effect.
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A mysterious fleet, a mixed military and naval expedition,
assembled in Hampton Roads. . On the 29th of October, it
sailed towards the South. The naval part of the expedition
was commanded by Commodore Du Pont; the land-forces were
commanded by Brigadier-General T. "W. Sherman. Scarcely
had the fleet put to sea, when it encountered a violent gale,
which scattered the vessels in every direction. The public
mind was much excited lest the storm should prove fatal to the
success of the expedition, for it was known that the fleet com-
prised many craft that were entirely unfit to meet heavy
weather.

The crew of the transport Peerless were removed when she
was in a sinking condition. The marines on board of the
steamer Governor were with difficulty rescued. But the fleet,
although shattered, was not wrecked. As soon as the vessels
assembled, operations commenced.

In his Report to the Superintendent of the Coast Survey,
Assistant Boutelle, speaking of the preliminaries of the attack,
says :—

" The R. B. Forbes came to me to say that the Augusta and Dale, steam sloop
and gunboat, were outside. I reported the fact to the commodore, and he ex-
pressed so earnest a wish to get them in before the attack, that I determined to
bring them in at once, though night had already come on. * * * * *
The Augusta took the Dale in tow, and we passed in without trouble, having no
cast less than nineteen feet, and I had the satisfaction of reporting to the flag-
officer their arrival at half-past eleven P. ы. Running outside again, I anchored
the Vixen at the entrance, in readiness to bring in the Ericsson and the Baltic,
drawing twenty and twenty-two feet. * * *

" At sunrise we anchored a large spar-buoy at the entrance of the south chan-
nel. Mr. Platt and Mr. Jones, first and second officers of this vessel, were then
sent on board of the Baltic and Ericsson, respectively, and I led in with the Vixen
at half flood." * * *

" After anchoring the Baltic and Ericsson, I went on board of the Atlantic, with
General Sherman, and witnessed the fight." * * *

The attack was made on the morning of the 6th of Novem-
ber. The vessels steamed slowly around, describing in their
course the figure of an ellipse, and delivering their broadsides
as they passed within short range of Forts Beauregard and
Walker, which are on opposite sides of the harbor. The fire
of the vessels was so rapid and well-directed, that, as they
approached to make their third revolution, the flag of Fort
Beauregard was hauled down, and the enemy hastily abandoned
both works.

In the Report of Commodore Du Pont to the Navy Depart-
ment, he remarks : —

" The Department is aware that all the aids to navigation have been removed,
and the bar lies ten miles'seaward, with no features on the shore-line sufficient to
make any bearings reliable. But, by the skill of Commodore Davis, the Fleet-
Captain, and Mr. Boutelle, the able Assistant of the Coast Survey, in charge of the
sounds, and bays of the Atlantic and Gulf borders of the United States, without
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steamer Vixen, the channel was immediately sounded out and buoyed. On the
evening of Monday, Captain Davis and Mr. Boutelle reported water enough for the
Wabash to venture in." * * *

In the Report of General Sherman to the War Department,
he says :—

" It is my duty to report the valuable services of Mr. Boutelle, Assistant in the
Coast Survey, in assisting me with his accurate and extensive knowledge of this
country." * * *

On the Pacific coast, upon the breaking out of hostilities, the
Coast Survey steamer Active took measures in concert with
the military and naval authorities. The vessel was once an-
chored off Mare Island Navy Yard, for the purpose of protect-
ing the Government property there, which, there was reason to
believe, was endangered. This vessel performed other service,

'in transporting troops and supplies. The Pacific coast was
only temporarily involved in the general disorder which per-
vaded the country, and there will be no further occasion to
notice events in that section.

In the course of the year 1862, of forty-nine officers of various
grades on the Coast Survey, thirty-two, in addition to [their
usual duties, rendered service in military operations. One
narrowly escaped being killed before Yorktown. The instru-
ment with which he. was working was shivered into atoms by
a shell thrown by the enemy, and a soldier on picket near by
was killed, outright. The same shell mortally wounded Lieu-
tenant "Wagner, of the .Topographical Engineers, and a soldier
named Luther, of the 2d Rliode Island Regiment, who was
attached to the surveying party. Two Assistants on the
Coast Survey, while surveying on James Island, South Caro-
lina, were surprised by a party of the enemy, but instead of
being captured, took the Rebels prisoners. Another Assistant
was dangerously wounded, while on a reconnoisance up Pearl
River, the stream which, for some distance, forms the boundary
between Mississippi and Louisiana.

During the year, Major Palmer, who for a long time had
been Assistant in charge of the Coast Survey Office, died in
consequence of disease contracted from exposure during the
Peninsular campaign. He was succeeded in the office by J. E.
Hilgard, Esq., Assistant on the Coast Survey.

The reconnoissances and surveys for military purposes, exe-
cuted during the year 1862, were so numerous, that it will not
be possible -to give more than a synopsis of them. This will
be best afforded by the following transcript of portions of.
Appendix No. 1 of the Superintendent's Report for 1862 : —

" Reconnoissance for defensive purposes, and mapping of the environs and
southern approaches of the City of Portland, Mame."
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" Special hydrographie examination made in the vicinity of Pea-Patch Island,
Delaware River, and development of changes by comparison with previous sur-
veys."

" Triangulation and plane-table survey of the banks of the Potomac, completed,
from Blakistone Island to Washington."

" Detailed survey of the environs of Williamsport, Maryland, for military pur-
poses. Topography, for military use, of the ground north and west of Bladans-
burg, Maryland, along the line of the District of Columbia."

" Plane-table survey commenced of the site and approaches of Fort Lincoln, and
other defensive works, near Washington City."

" Extension of the Topographical survey, in Fairfax County, Virginia, from Fall's
Church towards Fort Marcy and Lowinsville."

" Topography of Manassas Junction, Virginia, and its vicinity, including, with
other surface details, the intrenchments erected in 1861."

" Plane-table survey on the north side of the Rappahannock Eiver, opposite
Fredericksburg, including Falmouth and its environs, and the roads leading to
Belle Plain and the upper part of Potomac Creek."

" Special topographical service in the Army of the Potomac, on the peninsula
between York and James Rivers, including local surveys and general reconnois-
sanee."

"Topographical survey of Drunimondtown and its vicinity, for military pur-
poses."

" Special plane-table surveys of redoubts, forts, and intrenched camps, on the
banks of Elizabeth River, Virginia, and in the neighborhood of Norfolk."

" Hydrography of the Potomac River, extending upwards from Blakistone Island
to the vicinity of Indian Head."

" Hydrographie survey of the Potomac from Alexandria to Georgetown, inclu-
ding the Eastern Branch to the vicinity of the Navy Tard."

" Special service with North Atlantic Blockading Squadron before Torktown,
Virginia ; in York River and its branches ; extended reconnoissance up the Matta-
pony Rivor, and guard duty at West Point."

"Hydrographie survey of Metomkin Inlet, Virginia, including also Metomkin
Bay, and development of changes in the shore-line of the entrance, for military
purposes. Buoys set to mark the channel into the inlet."

" Complete hydrographie resurvey of Hatteras Inlet, including its approaches
from seaward and the chancels leading into Pamlico Sound. Observations on the
tides and currents of Hatteras Inlet, North Carolina, with reference to their effect
in changing the shore-lines outside and inside of Pamlico Sound."*

" Special service at Hatteras Inlet, with North Atlantic Blockading Squadron.
Hydrography of Oregon Inlet, and hydrographie reconnoissauce in Neuse River,
N. C. Stakes set to mark the channels, and buoys placed on the Middle Ground."

"Shore-line survey to determine changes, and hydrographie resurvey of the
entrance, approaches, and harbor of Beaufort, N. C."

" Special and general service on the coast of South Carolina and Georgia, with
the South Atlantic Blockading Squadron."

" Shore-line survey, for military purposes, of Stono, Folly, and Kiawah Rivers,
and of John's, James, Cole's, Kiawah, and Folly Islands, including the iutrench.-
ments found on their banks."

" Shore-line survey, for military purposes, of Beaufort River, S. C., and of the
upper part of Broad River, &c."

" Hydrography of Stono, Folly, and Kiawah, Rivers, and supplementary sound-
ings in Broad and Beaui'ort Rivers, S. C., &c."

" Plane-table surveys, "for military purposes, of the ground commanded by the
defensive works erected at St. Louis, Mo., in 1861."

•of
The preceding list gives the merest outline of the amount
service which the Coast Survey rendered to the military

* This survey was made on account of the encroachment of the sea upon Fort
Hatteras.
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authorities during the year 1862. The occasion, during that
year, upon which it most signalized itself by its connection
with military operations, was at the forcing of the passage of
the Mississippi, an exploit which resulted in the rendition
of the City of New Orleans.

In April, 1862, Captain (now Yice-Admiral) Farragut
attacked Forts St. Philip and Jackson, situated near the mouth
of the Mississippi. Captain (now Rear-Admiral) D. D. Porter
commanded the bomb-flotilla, and to that was attached the
Sachem, in charge of Assistant Gerdes, of the Coast Survey.

During .the season immediately preceding the Rebellion, the
regular triangulation of the Survey had established the posi-
tions of certain points near the mouth of the Mississippi. It
"Was, therefore, easy to determine other points, from those whose
positions had been calculated. The use to which this process
could be applied was soon exemplified in the bombardment.

By the morning of the 18th of April, when the mortar-
vessels, twenty-one in number, took position, the exact distance
from each one of them to Fort Jackson had been correctly
determined. Some of the vessels lay along the shore of the
river, where it is covered with a sparse growth of timber.
These were concealed as much as possible from the observation
of the enemy, b~y dressing the masts with foliage, so as to
render them undistinguishable from the trees which they
overtopped.

The bombardment of Fort Jackson opened immediately
after each vessel had been placed in its allotted position ; and
during the following three days, whenever a vessel was obliged
to change its place, the distance from its new position to the
fort was re-determined by Coast Survey officers who remained
with the flotilla.

Some of the party were in the mean time engaged in making
maps of the Mississippi, in the vicinity of the defences. An
examination was made of the channels which commence near
Fort Jackson, and connect the Mississippi with the Gulf of
Mexico. The Sachem was also employed in transporting the
wounded of Commodore Farragut's fleet to the hospital at
Pilot Town.

On the 24th of April, Assistant Gerdes accompanied Major-
General Butler, and piloted his boats, in an attempt to turn
the forts from the direction of the waters to the northward of
Fort St. Philip.

In relation to these operations, Commodore Porter, writing
to the Superintendent of the Coast Survey, under date of
April 29th, says :—

11 Amid the exciting scenes here, and the many duties that are imposed on me, I
must steal a few moments to tell you something of the share the Coast Survey has
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had in our doings, and to thank you for the valuable assistance rendered me by
the party you sent here. * * * The results of our mortar-practice here have
exceeded any thing I ever dreamed of; and for my success, I am raaiuly indebted
to the accuracy of positions marked down, under Mr. Gerdea' directions, by Mr.
Harris and Mr. Oltmnnns. They made a minute and complete survey from the
'jump' to the forts, most of the time exposed to fire from shot and shell, and from
sharpshooters from the bushes. * * * The position that every vessel was to
occupy was marked by a white flag, and we knew to a yard the exact distance of
the hole in the mortar from the forts, and you will hear in the end how straight
the shells went to their mark. Mr. Oltmanna and Mr. Harris remained constantly
on board to put the vessels in position again when they had to haul off for repairs,
or on account of the severity of the enemy's fire. * * * I cannot speak too
highly of these gentlemen. I assure you that I shall never undertake a bom-
bardment, unless I have them at my side. Mr. Gerdes has been indefatigable in
superintending the work, laboring late at night in making charts and providing
the officers in command of ships with them, marking the positions of obstructions
in the channel, and making all familiar with the main •way."

On May 16th, Commodore Porter again wrote to the Super-
intendent of the Coast Survey, as follows :—

"I forward to you, by the Haltic, a plan of Port Jackson (or the remains of it),
faithfully drawn, under the direction of Mr. Gerdes, by Messrs. Harris and
Oltmanns, Assistants of the Coast Survey. It is a striking specimen of tlie effects
of mortar-practice, showing what can be done when distances are accurately deter-
mined, аз they -were in this case by the gentlemen belonging to the Coast
Survey."

During the years which preceded the war, the demand for
charts did not average ten thousand annually. In the year
1861, however, the Coast Survey issued twenty-one thousand
copies of charts, and in the following year forty-four thousand.

Of course, the general issue of all maps by which the enemy
could profit, if they fell into their possession, was suspended
from the commencement of hostilities. Issues of such maps
were made only to those who were clothed with the proper
authority.

Totally distinct from the charts, is another class of maps,
universally called war maps. These have been in great
request. The Superintendent, in his Report for 1862, says :
" Color printing has been introduced for maps of the seat of
war, and has proved very acceptable, the sale of the maps
more than reimbursing the cost of their production."

Let us for a moment revert to the postulate with which this
paper commences. To establish its truth, at least with refer-
ence to special application to the subject under considpra-
tion, it is only necessary for the reader to be informed, in
addition to what has already been learned, that as late as
February, 1863, after all the important services which have
been detailed, some newspapers in the United States urged
that the Coast Survey should be discontinued during the war.
This view was rendered still more singular, by the fact that
one of the principal reasons assigned for its discontinuance
was the prospective release of a comparatively small number
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of persons who could thenceforward take an active part in the
prosecution of the war. They might, perhaps, have formed a
company of soldiers. Fortunately, most of the influential news-
papers, as well as most of the influential men of the country,
took a very different view of the manner in which the Coast
Survey could be instrumental in aiding the Government, but
none knew what these few pages have imperfectly set forth.

п.
THE preceding paper consisted of a general history of the

operations by which the Coast Survey had contributed to the
prosecution of the war, from its commencement until the end
of the year 1862. The present one will resume the history
with the beginning of the year 1863, and conclude it with the
cessation of that agency, which continued to be actively and
beneficially exerted, until the occasion for its exercise closed
with the Rebellion.

In accordance with the view previously expressed and still
entertained, regarding the character of an account intended for
the general reader,—that it should not .enter into details unin-
teresting and often unintelligible to the popular mind,—it may be
well here to reiterate, that the present endeavor to provide in-
formation, professes to do no more than aflbrd a cursory view of
operations whose number alone would preclude detailed de-
scription within the limits assigned for their treatment, and to
dilate on them only when connected with well-known events.

The last grand operation described, was the capture of New
Orleans. Throughout the remainder of 1862, endured a long
season of hope deferred, through misfortune, which, if not al-
ways defeat, was often questionable success. This was the pe-
riod that witnessed the return of the Army of the Potomac from
the Peninsula, the enemy's advance on "Washington, and the
battle of Fredericksburg.*

The only great success which served to counterbalance many
grievous disasters, was the victory of Murfreesboro'. The battle
commenced on the 31st of December, 1862, and ended by
night, without decisive results. It was reserved for the 3d of
January to witness the flight of the Rebel army. Yet during

* The victories of South Mountain and Antietam occurred within that period, but
as they were fought to repel invasion, they were not calculated to inspire the
people with hope of the eventual defeat of the South.,
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this very conflict, which ended in a brilliant triumph, General
Sherman was obliged to raise the siege of Vicksburg.

The aspect of affairs, during the latter part of 1862, was far
from encouraging. Chancellorsville and Chickamauga were
shrouded in the future. But the Nation at last emerged into
the light of a better day—a glorious day, when Victory alighted
on the standard of the Union, and rested there. Ignorance, in-
difference, and jealousy had enjoyed their reign. The hour and
the men drew nigh.

The point of time at which it is proposed to introduce mat-
ters appertaining to the Coast Survey is now accurately desig-
nated. It will be necessary to revert to the close of 1862,
chiefly to give the dates at which some officers of the Survey
commenced operations which continued in 1863, and corre-
spondingly there will be a slight recurrence to the events of
that year.

At the commencement of 1863, all of the army officers con-
nected witli the Coast Survey had been detached ; and of the
navy officers only one remained.

On the coasts of the Atlantic and Gulf of Mexico, of nine
assistants, fourteen sub-assistants, and twenty-two aids, twelve
assistants, seven sub-assistants, and ten aids served with the
military and naval forces during the campaigns of the third
year of the Rebellion.

In December, 1862, three officers of the Coast Survey re-
ported to Major-General Banks, who, at the time, was prepar-
ing for the expedition to the upper country of Louisiana.

They made a survey on the right bank of the Mississippi,
opposite to Hew Orleans. In February, 1863, they made sev-
eral reconnoissances, and, in conjunction with Lieutenant Loring,
of Brigadier-General Emory's staff, they examined the bayous
which connect the Atehafalaya, Red River, and Mississippi.
Maps and tracings had been sent to the military authorities be-
fore the night of the 25th, when the gunboat J&nsman, which
had been employed in thé surveys, snagged and sank in deep
water.

During March, two of these officers reported at Baton Rouge,
where they engaged in reconnoissances, surveying, and construc-
tion of fortifications.

At the close of March, one of the officers was assigned to
duty with the staff of Brigadier-General (now Major-General)
Weitzel, and served as engineer and topographer. When the
greater part of the army had passed Berwick's Bay, he accom-
panied Lieutenant Harwood, on the gunboat Clifton, in order
to attend the troops under the command of Brigadier-General
Grover, who deemed his intimate knowledge of the country ly-
ing back of Bayou Toche to be of especial value to the expe-
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dition. After the engagement at Irish Bend, resulting in the
capture of the enemy's works, it was decided to make a naval
attack ггроп Fort Butte à la Kose, and thus open the Atchafa-
laya. Being well acquainted with the location of the fort, the
вате officer was attached, to the squadron. The Clifton having
been disabled in the attack, he went on board of the JSstrella, at
the request of her commander, Captain A. P. Cooke. A few
days afterwards, the Estrella passed through the Atchafalaya.
and opened communication with Admiral Farragnt.

While engaged in reconnoissance at the siege of Port Hud-
son, where he remained until the surrender, he joined the expe-
dition to Sabine Pass, and upon his return, reported to Major-
General Franklin, and served through the campaign in "Western
Louisiana.

The knowledge possessed by Admiral Porter in regard to the
usefulness of officers of the Coast Survey, when acting in con-
cert with naval movements,—an experience which he had ac-
quired at the bombardment of Forts Jackson and St. Philip,—
no doubt disposed him to accept with pleasure the services of
two, who were sent to the fleet operating in the Mississippi.

On the 27th of November, 1862, they reported at Cairo,
Illinois. One was sent on board of the flag-ship Slack Hawk,
and compiled maps of the Yazoo region.

On the 9th of December, the other officer was dispatched
from Cairo, on board of the gunboat Tyler, to sketch the shores
of the Yazoo. On the 23d, the gunboat steamed up that river.
Five miles from the mouth, she encountered a heavy fire of
musketry from both shores ; but she held on her course during
the day, and at night anchored in the stream. The next day,
the survey of the banks of the river was resumed, and mainly
completed for the purpose contemplated by General Sherman
and Admiral Porter. The map was immediately duplicated,
and afforded the preliminary information necessary for the de-
barkation effected by the army of General Sherman, on the
26th of December.

As already incidentally mentioned, the siege had to be aban-
doned.

More than thirty copies of the sketches delineating the ap-
proaches to Yicksburg were furnished in answer to the requi-
sition of the military and naval coinmanders. After the 20th
of January, 1863, the topography of the approaches was
steadily pushed forward, and even included a point within six
hundred yards of the enemy's batteries, and three miles beyond
the pickets of our forces.

Early in January, 1863, the Superintendent of the Coast
Survey received from Admiral Porter a communication con-
taining the following expressions :—
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" Mr. Strausz and Mr. Fendall have rendered themselves extremely useful to
me in compiling maps for the use of the Army and Navy, and making surveys of
the field of operations before Vicksburg. I sent Mr. Strausz down in a vessel, near
the front of the city, to make plans and take sketches of the batteries, which he
did to my satisfaction, giving us information that we have not possessed before,
and showing the impracticability of attacking Vicksburg by water alone. We
might otherwise have run our heads against a stone wall. During the ascent-of the
Yazoo River, and while engaged in taking up torpedoes, our passage was contested
at every step by two or three thousand riflemen, in pits and behind levées : so pro-
tected that our guns could not hurt them. The vessels were much cut up, the
rifle-balls going through and through the light upper works. Mr. Strausz accom-
panied the expedition, and while under the fire, produced a good chart of the
river and back country, with which we have made our advances. I could not have
got along very well without these maps."

The important capture of Arkansas Post, otherwise known
as Fort Hindman, took place on January llth, 1863, in the in-
terval between the two sieges of Vicksburg. Previously, both
of the officers mentioned by Admiral Porter had been engaged
on a map of Arkansas River, for the express purpose of facili-
tating the attack on Arkansas Post. After the capture of the
position, they executed a detailed survey of the fort and vicinity.

After the raising of the siege of Vicksburg, and the relin-
quishment of the attempt to turn the fortifications on Haines's
Bluff, by passing gunboats through Steele's Bayou and Deer
Creek, during which attempt, the officers of the Coast Survey
executed a map of the route pursued by the expedition, the plan
of running the batteries at Vicksburg was adopted by Major-
General (now Lieutenant-General) Grant, and successfully exe-
cuted, as the whole world knows.

This exploit was accomplished on the night of April 16th,
1863. Then came the memorable series of victories, when Gen-
eral Grant, delivering battle after battle, drove one army of the
enemy across Black Eiver, and the other into the lines of Vicks-
burg, which, with communications severed and works invested,

' was at last forced to surrender its garrison as prisoners of war.
Let us now glance at operations which, progressing during

the same interval of time, were so distant m space, that to ex-
amine them, we shall be obliged to mentally skip nearly half
way across the continent.

On the 30th of January, 1863, the Coast Survey steamer
JSilb anchored off Charleston Bar. On two successive nights
the boats of the steamer were lowered, and parties proceeded
with secrecy and dispatch to make a careful examination of the
channels. It will be recollected that early in the war, a num-
ber of hulks, commonly known as the Stone Fleet, were sunk
across the main ship-channel. Renewed soundings were there-
fore necessary before an attack, for the purpose of ascertaining
what modifications had occurred in the depth as given on the
Coast Survey chart of Charleston Harbor.



450
WHAT THE COAST SUBVEY HAS DONE. 17

The information acquired by the examination was used in the
passage of the iron-clads to the attack on Fort Suniter, on the
7th of April, 1863. On the 5th of April soundings were again
taken. The result confirmed the previous selection of " Pump-
kin Hill Channc'l " as best for the passage of the Bar.

In Admiral Du Font's official; order, giving dispositions for
the attack, he says :—

""The Bar will be buoyed by the КеоЫс, Commander Rhind, assisted by 0. 0.
Boutelle, Assistant United States Coast Survey, commanding the Bibb ; by Acting-
Ensign Platt, and the pilots of the squadron."

Admiral Du Pont wrote to the commander of the Bibb, in
relation to the first examination of the Баг :—

" Tour examination of the channels and water on the Charleston Bar seems to
have been conducted with great skill and boldness, and I beg you to receive my
thanks and commendation for the same, and for the important information obtained."

In the Report of the Superintendent of the Coast Survey,
1863, he says :•—

" Mr. Robert Platt, the executive officer of the БгЪЪ, was permitted to pilot the
"Weeltawken, * * * * and was temporarily disabled by the breaking of a

bolt under the concussion of a heavy shot from one of the Rebel batteries."

The attack on the 7th of April failed. Success would have
been astonishing. No mere naval attack could have reduced
Tort Sumter. The work was intact ; and a few guns afloat were
pitted against the converging fire of hundreds ashore.

At the commencement of 1863, several officers of the Coast
Survey were ordered to report to Major-General Foster, com-
manding the Department of North Carolina. They assisted in
the operations with which the public is familiarized in connec-
tion with the names Newbern and Little Washington.

On June the 1st, General Foster wrote to the Superintendent
of the Coast Survey :—

"Mr. Fairfield has just given me a copy of his triangulation on the Neuse River,
which puts me in mind to thank you for the assistance which you have rendered in
sending him, Mr. West, and Mr. Rockwell, here. Their labors have aided very
much in obtaining a correct knowledge of the country for military purposes."

Towards the last of May, rumors of an intended invasion of
the North prevailed. Many days had not elapsed, when antici-
pation was realized, for the movement began. General Lee
suddenly quitted his winter-quarters, and marched, no one, at
first, knew whither. The Army of the Potomac marched to
interpose between the enemy and any threatened quarter, but
the movement of the enemy was well masked, and, for a while,
there was fearful suspense in the North.

This was augmented, when, on the 28th of 'June, the Army
of the Potomac, then on a forced march to intercept the enemy,
was subjected to a change of commanders. On that day, Major-
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General Meade assumed chief command. On the 1st of July,
at Gettysburg, the enemy's advance was encountered by Major-
General Reynolds, and on the next day, General Lee found h'irn-
self in the presence of the Army of the Potomac.

On the 16th of June, the Superintendent of the Coast Survey,
in anticipation of danger to Philadelphia from the movement
then in progress, offered his services to the Mayor of Philadel-
phia. As soon as Major-General Dana assumed command in
the city, he telegraphed to the Superintendent : " We have no
engineer, and your aid would be invaluable, if you are still able
to renew your kind offer, and could come at once, with such of
your corps as you can bring."

On the 27th of June, the Superintendent arrived. From
every direction officers of the Coast Survey trooped to the city.
Officers of various City Departments, graduates of scientific in-
stitutions, employés of companies, and many others, eagerly
proffered their services, and were at once distributed through
the district surrounding the city.

The general result of the operations which ensued under the
direction of the Superintendent of the Coast Survey, as Chief
Engineer, is comprised in a reconnoissance covering an area of
eighty square miles, the construction of a number of small field-
works, and the selection of sites for others, to be constructed in
case of emergenc}'.*

It was never contemplated that these defences should resist a
combined attack from General Lee's army, as supposed by two
or three anonymous writers, who asserted that the sites were
badly selected, and the works wrongly constructed.

The works were constructed in apprehension of a coup de
inain executed by cavalry. They, for the most part, stood in
lieu of tètes de pont, and commanded not only the bridges, but
the points from which an enemy could have shelled the city.
As for the faultiness of sites and works, probability is strongly
adverse to the supposition, for the Chief Engineer is a graduate
of West Point, and his labors were subjected to daily inspection
by General Dana.

On the 19th of September, 1863, the battle of Chickamauga
commenced. The issue was not then decisive ; but on the next
day, the rout of the right wing of the Union forces would have
been fatal to the whole army, had not the tenacity of the left
wing, commanded by Major-General Thomas, deterred the ene-

* In the Coast Survey Report for 1863, are included full details in relation to
the reconnoissance and construction of defences at Philadelphia, with due mention
of the services of all engaged. The Report is on the eve of publication, some of
the advance sheets having been sent to me by J. E. Hilgard, Esq., Assistant in
charge of the Coast Survey Office, to whom I am indebted for much data available
in the preparation of these papers at the request of the Editor of the UNITED
STATES SEBVICE MAGAZINE.
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my from pursuit of the disorganized masses of troops that re-
treated in disorder towards Chattanooga. Under cover of night,
General Thomas fell back to Rossville, and, on the evening of
the 21st, withdrew his troops into the defences of Chattanooga.

The enemy immediately occupied Lookout Mountain and
Missionary Ridge, and stretched his Hne across Chattanooga
Valley. General Rosecrans's communication by the left bank
of the Tennessee with Bridgeport being thus cut, and his
other lines of supply jeopardized by a cavalry raid, his army
was completely isolated, and, for a time, in a precarious situa-
tion. Matters had arrived at a desperate pass, when General
Grant, arriving at Louisville, telegraphed to General Thomas,
who superseded General Rosecraus, to hold out to the last ex-
tremity.

Tiie preliminary operation undertaken was the opening of
the railroad communication on the left bank of the Tennessee
to Bridgeport. This was secured by a concerted movement,
consisting of a strong lodgment effected on the left bank of the
Tennessee, at Brown's Ferry, and by marching from Bridge-
port the re-enforcements from the Army of the Potomac, com-
posed of the llth and 12th Corps, under command of Major-
General Hooker.

Brigadier-General (now Major-General) "W. F. Smith, Chief
Engineer of the Arriiy of the. Cumberland, originated and exe-
cuted the former movement. On his staff was an officer of
the Coast Survey, who rendered important service in the recon-
noissance. In another reconnoissance, he examined the ground
between the North Chickamauga and Brown's Ferry, with the
view of ascertaining routes that would mask movements of
troops, and preparations for laying pontoons.

Previously to the enemy's occupation of Lookout Mountain
and Missionary Ridge, two officers of the Coast Survey had
almost completed a map of the ground. From the survey of
Lookout Mountain knowledge was acquired of the practicabili-
ty of the attack that carried it.

As the result of the battles which took place on the 24th and
25th of November, the Rebel airrny was partially routed, and
forced to retreat to Ringgold, and eventually to Dalton.*

In December, an officer of the Coast Survey was sent to Chat-
tanooga, by request of Brigadier-General W. L. Elliott, Chief
of Cavalry of the Army of the Cumberland. He made a sur-
vey comprising fifty square miles of the country south of Chat-
tanooga, inclusive of the battle-field of Chickamauga. He also
drew a map, showing the line of defences around Chattanooga,

*The combat of the 23d, although it resulted in securing the position, Indian
Hill (Orchard Knoll), was really a reconnoissance in force.
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and indicated range-marks for the purposes of the Chief of
Artillery.

At the request of Major-General Foster, two officers of the
Coast Survey joined his command in East Tennessee. Under
the direction of Captain O. M. Poe, Corps of Engineers, and
Chief Engineer of the Department of the Ohio, they made a
survey of all the approaches to Knoxville.

When the Head-Quarters of the Military Division of the
Army of the Mississippi were removed* to Nashville, two offi-
cers of the Coast Survey executed a map of the vicinity. One
of them also examined the numerous branches which empty
into Cumberland Hiver, from the south, between Nashville and
the South Fork. This was for the purpose of finding a shorter
route for the supply of the army at Knoxville.

The following extracts from a letter from General Thomas to
the Superintendent of the Coast Survey refer to a portion of
the service just mentioned, as having been rendered by officers
of the Coast Survey :—

"Permit me to thank you most cordially for your kindness in placing under the
direction of Brigadier-General W. F. Smith, Chief Engineer, Department of the
Cumberland, Messrs. P. C. F. West, Clarence Pendall, F. ~W. Dorr, and J. W.
Donn, officers of the Coast Survey Service. In the short time they have been on
duty at these Head-Quarters, they have rendered most valuable service in recon-
noitring, surveying, a n d mapping t h e country." * * * * *

" I shall desire to retain these officers, with Generaltëmith, as long as you can
spare their services."

Service with the Mississippi Squadron was not intermitted.
A large party of the Coast Survey was, for the third consecu-
tive season, placed at the disposal of Admiral Porter. During
the third season, which lasted from the beginning to the middle
of 1864, the party executed a reconnoissance map between
Rodney and Palmyra, comprising . about fifty miles of the
course of the Mississippi, delineating its main channels and
bars, with the cultivated ground and swamps on its banks, the
towns, landing-places, and roads leading towards the interior
of the country. They made a topographic and hydrographie
survey of Grand Gulf, Miss. The survey of Yicksburg was
also completed. On the Ohio, between Cairo and Mound City,
they made another topographic and hydrographie survey. One
of the party accompanied the Red River Expedition. The
light-draught steamer used to penetrate the shallow streams
was often waylaid and riddled with rifle-balls. Another vessel,
with surveyors on board, was once obliged to engage a battery
in position near Gaines's Landing, on the Arkansas shore of
the Mississippi. She was struck nine times with solid shot or
shell.

We have now fairly entered the year 186e, the last work
described having continued until June.
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In the East, before that time, came the last famous advance
on Richmond, when General Grant intended to fight it out on
that line, if it took all summer. Sooth to say, he did not fight it
out on that line, and it took not only summer, but autumn and
'winter. But with opening spring, and, as if by enchantment, the
promise of the year before blossomed, bloomed, and bore glo-
rious fruit.

During the direct advance against Richmond, Major-General
"W". F. Smith moved his command to the head of íork River.
Prom thence, with twenty men as an escort, the Coast Survey
officer who had served on his staff at Chattanooga, was dis-
patched to open communication with the army of General
Grant. This commission was successfully executed, and the
command 'participated in the battles at Cold Harbor.

During the summer campaign of 1864, in the East, an officer
of the Coast Survey accompanied the army of Major-General
Butler, in the movement on Bermuda Hundred. He made
several surveys, adding much to the military map of South-
eastern Virginia.

In June, an officer of the Coast Survey was detailed to join
the squadron of Admiral S. P. Lee, in James River. He took
advantage of a temporary abandonment of the Howlett House
Battery, and sounded the upper part of the river, usually swept
by the enemy's guns. The use of obstructions in the river
having been decided upon, the duty of determining the line
which they should occupy devolved on him. In the spring of
1864, just before the advance of General Sherman,—the grand
march which will be famous in history,—his Chief Engineer,
Captain O. M. Poe, Corps of Engineers, wrote as follows to J.
E. Hilgard, Esq., Assistaut in charge of the Coast Survey
Office :— »

"I have just received yours of the 26th of April, enclosing proof-sheet of map
of Northern Alabama and Georgia." * * *

" I am directed by General Sherman, commanding the Military Division, to per-
form the very pleasant duty of thanking the Coast Survey for the promptness with
•which the map was gotten up, and its une appearance. It will be tlie standard
during the campaign upon which we have just entered." * * *

In Shenandoah Yalley, during the campaign in the fall of
1864:, an officer of the Coast Survey was attached to the staff
of General Emory, and executed reconnoissauce, and often
superintended the construction of breast-works.

At the request of Quartermaster-General Meigs, a minute
topographical survey was made on the estate at Arlington, Va,,
with a view to the adoption of the ground as a National Cem-
etery.

During the winter of 1864-'65, an officer of the Coast Sur-
vey was actively engaged as Engineer to the Naval Dépôt Com-
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mission, at Louisville, Mound City, Cairo, St. Louis, Carondelet,
and Memphis. The Report made to Congress by the Commis-
sioners, Rear-Admiral Davis, Colonel Bowman, Corps of Engi-
neers, and G. W. Blunt, Esq., is accompanied, by the maps
executed by the Engineer to the Commission.

Tinder directions from Admiral S. P. Lee, the same officer,
with a party, has made a reconnoissance map of Tennessee
River, from Paducah to Clifton, one hundred and fifty-three
miles. It will be continued to Florence. This map is of the
greatest value, for the police of the river ; as, in addition to the
topography and hydrography, it comprises copious notes in
regard to the stages of water, and other information useful for
vessels patrolling the stream.

The Coast Survey steamer Bibb, with a schooner as tender,
continued to serve with the South Atlantic Blockading Squad-
ron. As soon as Savannah was captured by General Sherman,
the approaches to it by Ogeechee, Wilmington, and Savannah
Rivers, were examined, buoyed, and lighted. Torpedoes were
removed, and the Rebel fortifications were mapped. Subse-
quently, while sounding off Battery Bee, Charleston Harbor,
the Bibb narrowly escaped destruction from a torpedo.

On the occasion of the first attack upon Fort Fisher, Admi-
ral Porter, in his Report, thus speaks of an officer of the Coast
Survey, in connection with the attempt to damage the fort by
exploding the celebrated torpedo-boat:—

" On the 23d, I directed Commander Rhind to proceed and explode the vessel
right under the walla of Fort Fisher ; Mr. Bradford, of the Coast Survey, having
gone in at night, and ascertained that we could place a vessel of seven feet draught
right on the edge of tbe beach." * * *

" I enclose herewith the report of Commander Rhind, with the names of the gal-
lant fellows who volunteered for this desperate service. Allow me to mention the
паше of Mr. Bradford, of the Coast Survey, who went in and sounded the place
where the Louisiana was to go in, and has» always patiently performed every duty
he has been called on to carry out."

Two officers of the Coast Survey, with their Aids, accompa-
nied the march of General Sherman. The enemy made so lit-
tle opposition, that one of the officers, in reporting his arrival
at Goldsboro', wrote to the Coast Survey Office in Washington :
" Our march has been so rapid, that our services have only
been required at rare intervals." In a subsequent letter, he
announces that he and his brother officer had finished a map
of the vicinity of Goldsboro'.

Surveying has continued in Maryland and Virginia. For
military and naval purposes, numerous inlets on the Southern
coast have been repeatedly sounded, to keep pace with changes
in the depth of water. The Corps of Engineers has been often
indebted to the Coast Survey for topography specially executed
to facilitate the construction of fortifications. Coast Survey
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Cesseis have combined with the Light-House Service, in insu-
ring safety to our numerous vessels engaged on the coast. Buoys
have been set, or re-set, and signal-lanterns often placed for
navigation or attack by night. The compasses of iron vessels
and iron-clads have been adjusted. The Tax Commissioners in
Florida have received topographical aid. In addition to these
and other special duties, the regular work of the Coast Survey
has been carried on, wherever feasible.

The Coast Survey Office, in all its divisions, has been inde-
fatigable in its contributions to the necessities of the times.
To the Army and Navy, and to every accredited quarter, in-
formation has been promptly furnished. In Coast Survey
charts alone, sixty-five thousand, nine hundred and seventy-one
copies were distributed during 1863 and 18G4.

With this account, which, lengthy as it may appear, is but a
meagre notice of the various Coast Survey operations which
have benefited the country during the 'war, further details
must be omitted, lest the space allotted to this paper be too
much curtailed to admit of a few concluding matters of a gen-
eral character.

Brigadier-General Totten, Chief of the Corps of Engineers,
in his Keport on the defences of the Western coast, says :—

"I would here mention, as one of the many services rendered by the United
States Coast Survey operations to the defensive system of the country, that it is
to explorations of Coast Survey parties we are indebted for the hint of a probable
line of defence across these deep inlets and sounds."

Even in diplomacy, a realm, one would suppose, far beyond
cognizance of surveying, the aid of the Coast Survey has been
sought. The following letter to the Superintendent of the
Coast Survey, from F. W. Seward, Esq., Assistant Secretary of
State, indicates the manner in which such aid could subserve
the interests of the country :

" In the early part of the Rebellion, the Department found it convenient and use-
ful to transmit to the Diplomatic and Consular officers of the United States at the
principal places in foreign countries, a map showing the progress of the Union
armies in crushing the Rebellion. During the present month, a review of the oper-
ations of the war, on sea and land, has been prepared and sent to many of our
agents abroad. A few only of the maps prepared, as it is believed, at your office,
which were intended to accompany it, were received in time to be transmitted with
this review.

" The public interest would be promoted if the Department could receive from
your office three hundred additional copies of the map above mentioned."

Wisely did Professor Agassiz speak when, in one of his
scientific papers, he thus referred to the agitation of the ques-
tion as to the discontinuance of the Coast Survey : " Even with-
out reference to their practical usefulness, it is a sad sign when
a nation sacrifices first her intellectual institutions." The pre-
vious action of Congress showed that its views coincided with
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this expression of opinion. In ten or fifteen years the snrvey
of the coast will be completed. Then we shall have a work as
peerless as the domain whose confines it represents. So far
from relinquishing geodetic surveys, geological surveys should
be added to them. Late events point to the strange fact that,
in parts of the country, many a man dwelt in penury, while
beneath his little patch of land lay fabulous treasure.

In the summer of 186e, the Superintendent of the Coast
Survey experienced a sudden attack of illness. His duties,
usually arduous, became doubly so after the commencement
of the Rebellion. There is a limit to all endurance ; but he did
not seem to know that he had attained his possibility. In
addition to the superintendence of the Coast Survey, he ac-
cepted positions on boards convened for purposes connected
with the war. He was Vice-Président of the Sanitary Com-
mission. He was any thing that he was asked to be, if he
thought that it would serve the cause. His burdens had al-
ways been so heavy, that one thing more seemed but a trifle.
He needed rest and relaxation. Change of air and scene have
already restored him to better health.

It was with unaffected concern that all connected with the
Coast Survey, or intimate with him, heard of his indisposition.
At the last meeting of the Scientific Association, his absence
occasioned general regret. Some excellent lines, in which there
is a verse alluding to it, appeared in the Atlantic Monthly.
The verse may be here appropriately transcribed :—

" Declare now, Clio I 'mid this gifted band,
Who held the reins ?—what scientific hand ?
Did He preside ? Did Franklin's honored heir
With wonted influence possess the chair?
No : bowed with cares, a servant of the State,
In loftier fields he held his watch sedate:"

"Bache could not cojne,—for us a mighty voidl
Yet well for him,—for he was best employed
High on his tented mountain's breezy slope,
Might but those maidens meet him—Health and Hope 1"

Shall we now compute the amount to which the Coast Sur-
vey has been instrumental in aiding the Government in the
suppression of the Rebellion ? Impossible ! The character
of the aid renders it insusceptible of computation. It is inter-
woven with every operation that has engaged our arms. That
which is unquestionable is, that without the information fur-
nished by the archives of the Coast Survey, and without its
co-operative labors bestowed in the field and afloat, the opera-
tions of both Army and Navy would often have been attended
with vastly increased expenditure, toil, and loss of life. Wheth-
er the Coast Survey has, or has not, done something for the
war, is a question which may now be safely left to the verdict
of the public.
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UNITED STATES COAST SURVEY.

WASHINGTON, October 10, 1865.
k' R : The estimates for the deficiency in appropriations for the survey of the

«oast for the fiscal year 18G5-G6, together with those for the fiscal year
.°66-'67, are herewith respectfully submitted, and I have the honor to request
oat if approved, they may he included in your estimates for appropriations.

In regard to the deficiency it is only necessary to state that the late Congress
laued to pass the general appropriation bill, iu which the items for the coast
8urvey were included. No appropriation, therefore, was made for the fiscal

1S65-'6G. The work has been continued with the unexpended balance
5* previous appropriations, and some aid afforded by the Treasury Department.
•During the progress of the bill in the late Congress, the estimates for the work
J* the survey had been approved bv both houses, and the amounts now estimated
lor are intended to meet the expenditures for the remainder of the present
"Seal year, upon the same scale of appropriation.

The following is a brief sketch of the progress made during the past year.
While the war continued, a number of parties were connected with government
commands, tind rendered efficient aid in naval and military operations, as during
the preceding years.

Four parties were attached to the South Atlantic blockading squadron, so
as to be available also for service in the military department of the south. The
labors of these comprise a complete resurvey of the bar and channels leading
'oto Charleston harbor ; a survey of the inside water passages between St.
Helena and Port Royal sounds, and a survey of Broad river and the Whale
branch to Port Royal ferry; of the Wilmington and Thunderbolt rivers, and
°ther communications between the Savannah river and Ossabaw sounds-including
among them the dependencies of Wassaw sound; a survey of the rebel defences
°f Charleston and Savannah, the latter embraced within an extended reconnois-
Bance of all the approaches to that city. In this same district, and under instruc-
tions of the Light-house Board, the parties have replaced lights, beacons, and buoys,
as their places were re-occupied by the national forces. The entrance to Darien
was examined and buoyed, for the transportation of released Union prisoners.

Four topographers of the coast survey accompanied General Sherman's army
l£i the march from Savannah to Goldsboro', and rendered effective aid in making
rcconuoissftiices.

Two parties were connected with the North Atlantic blockading squadron
Oue of these, after assisting in the operations against the rebel defences of
Wilmington, North Carolina, made a complete resurvey of both entrances to the
Cape Fear river. The other relighted and buoyed the channels of that river, as
also those leading into Beaufort, North Carolina, which was then important as
the rendezvous of the squadron for supplies. After the close of hostilities the
same party completed the hydrographie survey of the Capo Lookout shoals, and
continued off-shore soundings along the coast of North Carolina.

A topographical survey of the banks of the Potomac river, from the vicinity
°f Washington to Harper's Ferry, has been made by a party attached to the
middle military department; and two other parties have extended the detailed
surveys of the approaches to Washington and Baltimore. One topographer
was continued on service with the army operating in the valley of Virginia,
and furnished the results of reconnoissances at Flint Hill and Cedar creek, after
serving in battle at both places. Another remained on duty with the army
°f the Tennessee, and hiis mapped the defensive ground and approaches to
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Lookout mountain, and extended the survey of the battle-field of Cliickamaiig"'

In connexion with the Mississippi squadron, a party of coast survey officer3

have made a valuable reconnoissance map of over two hundred miles of tbe

Tennessee river, or from its mouth to the Muscle shoals; a map of the lovfeJ

Ohio from Paducah to Cairo; and a map of about ninety miles of tlie course "j
the Mississippi river from Cairo up to St. Mary's. This work necessarily cease**
when, owing to the reduction of the squadron in the western waters, a vesse'
was no longer available for the uses of the party. It may be hoped, however, tu*
'the great and obvious usefulness, in a national point of view, of a reliable map °
the Mississippi river may lead Congress to make a special appropriation for tbe

further prosecution of that work. A stretch of forty-five miles of the river ^'a^
mapped last year above and below Vicksburg, and thus an important part ot
the Mississippi has already been surveyed withont involving any public expen"1"
ture that would not otherwise have been incurred.

In the regular progress of the survey of the Atlantic coast, parties have been
at work on the coast of Maine during the summer and autumn, in Passam!1"
quoddy, Gouldsborough, Frenchman's and Penobscot bays, in Muscong113

sound, and in the Medomak, Damariscotta, and New Meadow rivers; on tbe

shores of Narragansett bay and its dependencies, in Rhode Island ; and on tbe

coast of New Jersey. The connexion of the primary triangulation in Section9

I and II has been completed by the Superintendent's party.
On the western coast, the triangulation between San Francisco and Monterey

bays has been completed ; that of Suisun bay has been continued ; the topog'
raphy between Point Aiio Nuevo and Point San Pedro, and the off-shore
hydrography south of San Francisco entrance have been continued, and the
topography and hydrography of Koos bay have been completed.

An early resumption of the work on the coast of the southern States is contenv
plated, and is provided for on a moderate scale in the estimates herewith presented-

The table appended gives the amounts estimated to supply the deficiency ft"'
the fiscal year 1S6Í>-'G6, in parallel columns, with the estimates which were orig1'
nally submitted for the whole fiscal year, and which, though approved by botb
houses of Congress at the last session, failed to become a law before the expira"
tion of that session.

Objt'ct.

For survey of tbe Atlantic and Gulf coasts of f l i c United States, in-
cluding compensation of civilians engaged in the work, per act
of Marcb 3, 18-13

For continuing the survey of the western coast of the United States,
including compensation of civilians engaged in the work, per act
of September 30, 1850

Tor continuing the survey of the reefs, shoals, keys, and const of
-south Florida, including compensation ot civilians engaged iu the
work, per act of March 3, 1849

For publishing the observations made iu the progress of the survey
of the coast of the United States, including compensation of ci-
vilians engaged iu the work, per act of March 3, 1843

For repairs of steamers and sailing schooners used in the survey, per
act of March 2, 1853 . ...

For pay and rations of engineers for three steamers used in the hy-
drography of the coast survey, no longer supplied by the Navy
Department ... . ...

Total

E
st

im
at

e 
fo

rf
if

ca
l

ye
ar

 
18

05
-'C

O
,

bu
t 

no
t 

ap
pr

o-
pr

in
te

d.

§18], 000

100,000

11,000

4, 000

20, 000

6, 000

322, 000

45

S-Ï

n£
a

$120,000

75, 000

11,000

4, 000

20, 000

6,000

236,000



8 aTT,Ur'ngthe rebellion the usual field operations of the coast survey were neces-
'У somewhat restricted. In the southern sections they were carried on only

e ar as requisite and practicable in connexion with the operations of the naval
es- In most cases when the assistants and aids have served with military

„ ?aval commands, the working parties have been furnished from the command,
, Q only the pay and subsistence of the officers of the survey have been

ai'geable to the coast survey appropriations. So also the vessels of the survey,
ï en serving with squadrons, have been supplied with coal and kept in repair

У the Navy Department.
under these circumstances a corresponding reduction in the estimates for the

°rk of the coast survey was made, which, from considerations of economy,
• a extended to the work on the western coast. The appropriations, amount-

§ to over four hundred and fifty thousand dollars in 1860, were reduced, in
ï cordance with the estimates submitted, to about three hundred thousand dollars

4l£T tho ярг'ргя! vpm-a nf t l i f» wnr

"

the several years of the war.
й "e estimates herewith presented for the fiscal year 1866-'G7 approach
.. аг' to f.. аг'У to the scale of expenditure before the war. They contemplate

uance of work in the southern sections, which, besides being called

more
the can-

. the development of the resources of that part of our country, will be condn-
e to economy, since it will, as formerly, enable the same parties to push the

,, rk on the southern coast during winter, after closing work for the season at
, c north. Without any material increase in the salaries and office expenses,

e amount of field-work accomplished will be far more than proportionably
.

, Owing to the great increase in the price of labor and supplies of every kind,
. e appropriations asked for, although the same in amount of the two principal
, etQs as those for ISGO-'Gl, will not be equivalent to the latter, yet they are as
)0fr as is consistent with an economical prosecution of the work in the several

СД lilies where it has been commenced.
yhe item providing for the continuation of the survey of the Florida reefs

л1 keys lias been diminished from forty to twenty-five thousand dollars, because
. at important work is proportionally far advanced towards completion. The
ï Cttl providing for repairs of vessels, on the contrary, is unavoidably increased

У reason of the great increase in the cost of such repairs, and because a larger
j °unt of refitting is at present necessary, on account of the greater wear and

6аД during the war.
J-he estimates for progress on the Atlantic, Gulf coast, Florida reefs, and

Astern coast of the United States are given, as usual, in separate items, and
te preceded by a detailed statement of the progress contemplated in the several

of the work.

Estimates in detail.
fa

°r general expenses of nil the sections, namely : rent, fuel, materials
{°r drawing, engraving and printing, and for transportation of
'Qstruments, maps .and charts ; for miscellaneous office expenses,
and for the purchase of new instruments, books, maps and

о charts ................................................. $21,000.
Ес'Г1О.м I. Coast of Maine, New Hampshire, Massachusetts and
Rhode. Island. Field-work. — To continue the triangulation of
Passamaquoddy lay, and extend it so as to include the north-
Cistern boundary along the S/. Croixrircr; to complete the second-
ly triangulation of the coast of Maine, west of Mount Dcscrf.
wand; to continue the topography of Passamaquoddy bay and its
^pendencies ; to continue! that of Gouldsborowgh bay, that of the
lsUnds at the entrance of Penolscot Ъау, and the western shore



of t the bay above Camdcn; that of the adjacent shores of
Miiscongus sound and Mcdomah r/rer; to complete the topog-
raphy of the Damarhcotta rivet, and the survey of the eastern
shores of Casco Ъау; to continue that of the coast of New
Hampshire, between Great Boar's Head and Portsmouth, and to
complete that of the shores of Massachusetts bay between
Sandwich and Plymouth; to continue the detailed survey of the
shores and islands of Narraganselt lay; to continue off-shore
soundings along the coast of Maine, and the hydrography of
Passamaquoddy bay. Frenchman's bay, Gouldsborovgh Ъау,
Prospect and Winter harbors, and the approaches to Prnobscol
bay; to continue tidal and magnetic observations at Portland,
and tidal observations in Uie progress of the hydrography.
Office-work.—To make the computations required for, and ledue-
tions from, the field observations ; to continue the drawing of
coast chart No. 1, Passamaquoddy bay; to continue the drawing
and engraving of coast chart No. 6, approaches of Penobscotbay;
of No. 7, Pcmaquid Point to Cape Elizabeth; of No. 8, ap-
proaches to Casco bay; of No. 10, coast of Massachusetts from
Cape Ann to Plymouth ; of No. 11, Cape Cod bay, and of No.
14, Narraganselt bay and approaches; to continue the drawing
and engraving of general coast chart No. 1, Quoddy Head, Me.,
to Cape Cod, Mass.; to complete the drawing and engraving
of charts of Rockland, Camdcn and Rocltport harbors; to con-
tinue the drawing and engraving of Eastport harbor, Winter
harbor, Tennant's harbor and Herring gut, of St. George's river,
and Muscle Ridge channel, and of the Damariscotta river; and
to complete the drawing and engraving of charts of the SJtccp-
scot river, Me., of Newport harbor, and of Providence rirer, R.
I., and to engrave the rcsurvey of Boston harbor, will require.. $43, 00"

SECTION II. Coast of Connecticut, New York, New Jers y, Penn-
sylvania, and part of Delaware. Field-work.—To make supple-
mentary astronomical observations to continue the triangulation
of Connecticut river, between Higganam and Hartford, and that
of the Thames river above New London; to continue verification
work on the coast of Neu- Jersey, south of Absccom inlet ; to
continue the topography of the shores of the Connecticut; to
execute such supplementary hydrography as may be required iu
New York, bay and Delaware bay; to continue the t idal observa-
tions. Office-work.—To make the computations and reductions ;
to complete the engraving of coast chart No. 21, New York harbor
and its approaches, (new edition,) and to commence the drawing
and engraving of coast chart No. 22, from tfandy Hook to
Barnegat; and to complete the engraving of coast chart No. 28,
from Cape May, N. J., to Ide rf Wight, Dd., wi l l require 15, OOO

SKCTION IJI. Coast of part of Delaware and, that of Maryland
and part of Virginia. Field-work.—To continue astronomical
and magnetic observations in the section, and secure the stations
of the triangulation ; to make extensions of the triangulation for
including the detached plane-table surveys in the vicinity of
Washington city ; to complete the topography near Washington,
required for defensive purposes, and continue that of the eastern
shore of Virginia; to make such detailed surveys as may be ne-
cessary at points on the Potomac, Rappahannock,and James riv-
ers; and to continue the off-shore hydrography and tidal observa-
tions in the section. Office-work.—To make the computations



»Тощ field-work ; to continue the engraving of coast chart No. 29,
(from Me of Wight, Del., to C/iincoteague, Fa., J and of No. 30
(«•ОЩ Chincoteague to Great Machipongo inlet, Va.;) to continue
the engraving of coast chart No. 30 bis., (Chesapeake entrance,}
^ttd general coast chart No. IV, (approaches to Delaware and
Chesapeake bays ;) and to commence the drawing and engraving
°f a chart of James river from Newport News to City Point,

ь *Ш require «20, 000
EC'riON IV. Coast of part of Virginia and part of North Caro-
lina. Field-work.—To complete, if practicable, the primary tri-
^ngulation of Pamlico sound, and makn the requisite astronom-
lcal and magnetic observations ; to continue the triangulation of
Pamlico river; to continue tlie triangulation and topography of
the shores of Neuse river ; to complete the topography of the
outer coast of North Carolina, between Hatteras inlet and Core
sound; to continue the in-shore and off-shore hydrography in the
vicinity of Cape Lookout; and to execute that cf Pamlico river,
aud such other soundings as may be required in the waters of
•Pamlico and Albcmarle sounds; to make observations of the
tides and currents. Office work.—To make the computations and
reductions ; to continue the drawing and commence the engraving
°f general coast chart No. V, from Cape Henry to Cape Look-
out ; to continue the engraving of coast chart No. 38, (from Cur-
Htuck, Va., to New inlet, N. C.,)and of coast charts Nos. 46 and
47, (from Cape Lookout to Barren inlet,) and the drawing and
engraving of charts of Pamlico sound, and of the Ncuse and
famlic.o rivers ; and to complete the engraving of coast chart
No. 48, Cape Fear and approaches, will require 30, 000

SECTION V. Coast of part of North Carolina and that of South
Carolina and Georgia. Field-work.—To continue the secondary
triangulation of the coast of Georgia ; to continue the topography
of Port Royal sound, and of the islands and interior passages be-
tween it and St.. Helena sound ; to continue that of the shores of
Wassaw sound and Ossabaw sound and of the rivers connecting

them, and to join with the work on the passages from Saaannah
river ; to complete the resurvey of Charleston bar and of the
entrance to Savannah river ; to complete the hydrography of
Wassaw sound and its dependencies, connecting with Tybec en-

trance and Kavannah river, and if practicable, to begin that of
St. Andrew's sound; to connect the hydrography of Doboy en-
trance with the in-shore work between Co2>clo and St. Simon's;
to continue the tidal observations at Hilton Head and St. Mary's
river entrance. OJice-icorl:.—To continue the engraving of coast
chart No. 53, (from Rattlesnake shoal to St. Helena sound, S. C. ;)
to continue the drawing and engraving of No. 54, (from Fripp's
inlet, S. C., to Ossabaw sound, Ga.;) to continue the drawing of
No. 57, (from Sapclo sound to St.. Andrew's sound, Ga.,) and
that of general coast, chart No. VII, (from Winyah bay, S. C., to
St. John's river, Fla.,) and continue the engraving of the last-
named chart ; the resurvey of Charleston harbor entrance, and
the drawing and engraving of the inland passages between St.
Helena and Port Royal sounds, S. C., and of Wassaw sound, and
the inland tide-water communications on the coast of Georgia,
will require • За, 600

SECTION VI. Coast, keys, and reel's of Florida.—(See estimates of
appropriation for these special objects.)



SECTION VII. Part of the western coast of the Florida peninsula
and part ofthenortJiern coast of Florida. Field-work.—To con-
tinue the triangulation from the Auclote keys towards Tampa bay,
and from Cape St. Bias towards St. Andrew's bay ; to complete
the triangulation across the neck of the peninsula from Fcrnan-
dina to Cedar keys; to make such astronomical and magnetic
observations as may be practicable in the section ; to continue the
coast topography from Bayport southward, and that of the shore
of St. Vincent's sound westward towards Cape San Bias; to re-
examine the hydrography of the entrance to Appalachicola and
St. Mark's ; to complete the hydrography of St. George's sound,
and continue that south of Cedar keys; to make the requisite
tidal observations. Office-work.—To deduce results bycompu-,
tations ; to continue the drawing and engraving of coast chart No.
81, coast of Florida, from Chassa/iowilzka river to Cedar keys;
to complete the drawing of No. 85, St. George's sound, (eastern
part;) to continue the drawing and commence the engraving of
off-shore chart No. XIII, coast of Florida, from Waccasassa river
to Choctawhatchee river, and that of coast chart No. 84, Florida
coast, from Ocilla river to Crookedriccr, (St. George's sound,) will
require $'M, 000

SECTION VIII. Coast nf Alabama, Mississippi, and part of Lou-
isiana. Field-work.—To continue the astronomical (including
longitude) and magnetic observations required in the section; to
complete the triangulation and topography of the Mississippi
delta, and extend the survey up the river towards New Orleans;
to commence the triangulation at Point au Fer, and extend it
towards Ship shoal and Isle Dernière, and to keep up the topog-
raphy; to continue the hydrography of Chandeleur and Isle au
Breton sounds; to complete that of the Mississippi Passes and of
Lake Pontcltartrain, and to make the tidal and current observa-
tions required. Office-work.—To continue computations; to con-
tinue the drawing and engraving of off-shore chart No. XIV,
Gulf coast, from Choctaw/iatchee river to the Mississippi delta;
to continue the drawing and engraving of the chart of Lakes
Borgne and Pontcliartrain, (coast chart No. 93,) and to com-
mence that of the Mississippi delta, (coast chart No. 96,) will
require 32, 000

SECTION IX. Part of the coast of Louisiana and coast, of Texas.
Field-work.—To make the requisite astronomical and magnetic
observations, and to measure, if practicable, a primary base line
and one of verification ; to continue the triangulation of Madre
lagoon ала. Padre island southward towards the boundary; to
continue the topography of Nucccs and Corpus Christi bays, and
that of the coast southward ; to complete the hydrography of
Matagorda bay ana its dependencies ; to make the tidal observa-
tions required. Office-work.—To make computations; to com-
plete the drawing and continue the engraving of coast map and
chart No. 10S, Matagorda and Lavaca bays; to complete the to-
pographical drawing of No. 109, Gulf coast, from Matagorda to
Aransas Pass, and the engraving of Nos. 10G, 107, and 108, be-
tween Galveston tind Matagorda entrances, and to continue the
drawing of off-shore chart No. XVI, Gulf coast, from Galveston
to the Rio Grande, wil l require 27, 000

Total for Atlantic coast and Gulf of Mexico 250. 000



7чUe estimates for the Florida coast, keys, and reefs, and for the western coast
°t the United States, are intended to provide for tlie following progress :

VI. Coast, keys, and reefs of Florida. Field-work. —To
continue the triangulation of Indian river and adjacent coast
uorthward ; to make such astronomical and magnetic observations
as may be requisite and practicable in the section ; to complete
the triangulation of Sarasota sound, and to commence that of
iumpa bay ; to follow the triangulation of Indian river and the

coast adjacent with the topography; to complete the topography
°f the southern keys ; to follow the triangulation of Savnsota
sound by the topography ; to continue the hydrography between
the Dry Tortugas and Key West, and to run off-shore lines
from the reefs and coast of this section ; to continue the hydrog-
raphy of Charlotte 7iarbor and its approaches ; and to keep up
the magnetic observations at Key West. Office-work. — To com-
pute results from field records ; to continue the drawing and ,
commence engraving of off-shore chart No. XI, western part of
Florida reefs, including the Tortugas; complete the engraving
°f chart No. 70, Florida reefs, between Long key and Ncw-

Jound Harbor key ; to complete the engraving of the chart of
Charlotte harbor entrance, and commence that of San Carlos
"аУ ; to commence the drawing of coast map and chart No. G4,
florida coast, between Jupiter inlet and Indian River inlet, will

. require ................................................ $25, 000
ECTION X. Coast of California. Field-work. — To continue the
coast triangulation southward of the San Pedro base, or north-
ward of Santa Barbara, and the work for connecting the Santa
Barbara islands by triangulation with the coast of California ;
to continue the triangulation northward from Bodega, and to
execute that of Suisun bay ; to continue the topography of the
'slands in Santa Barbara channel, that of the shore of Bahia
Ona, that of the coast north of Bodega Head, and to complete
that of Suisun bay; to complete the hydrography of Suisun
bay ; to run off-shore lines of soundings from the principal head-
lands of the section ; to extend the in-shore hydrography north-
ward of Bodega, and re-examine bars subject to change in San
Pablo bay ; to continue tidal observations at San Diego and San
Francisco. Office-work. — To make the computations from field-
work ; to complete the drawing and engraving of a chart of
Halfmoon bay ; the engraving of the resurvey of Marc Island
^traits, and of the upper sheet of San Francisco bay, and of a
chart of Suisun bay ; to continue the drawing and engraving of
a general coast chart of the Padßc, (from San Diego to Point
Conception,) of a chart of San Francisco lay, to be issued in
one sheet, and of a chart of the coast from Point Pinos to Bo-
dega Head.

Also, for the operations in —
ECTION XI. Coast of Oregon and that of Washington Territory.
Field-work. — To make the astronomical and magnetic observa-
tions required in this section or in Section X ; to continue the tri-
angulation of Washington sound in connexion with former work,
and to make such plane-table surveys in continuation of previous
M'ork as may be practicable ; to continue the hydrography in
Admiralty inlet; to execute soundings in special localities of
Oregon or Washington Territory, as may be called for by public



interests ; to continue tidal observations at Astoria, and make
such as may be required by hydrography. Office-work.—To
continue the computations of field-work ; to continue the draw-
ing and engraving of surveys, as far as now made, for charts of
Koos bay, Gray's harbor, Washington sound, Admiralty inlet, .
and Pugct's sound, will require SloO, 0°

For publishing the observations made in the progress of the survey .
of the coast of the United States, per act of March 3, 1843 5, °°

For repairs of steamers and sailing schooners used in the survey, .
per act of March 2, 1S53 20, №

For pay and rations of engineers for the steamers used in the hy-
drography of the coast survey, and no longer supplied by the .
Navy Department 10, 00U

The subjoined table exhibits in parallel columns the appropriations ma'1

before the war, those during the war, and the estimates now submitted for "''
fiscal year 18G6-'67 :

Object.

For survey of the Atlantic find Gulf coasts of the United States,
including compensation of civi l ians engaged in the work, per
act of March 3 1841} -. .

For continuing the survey of the western coast of the United
States, including compensation of civilians engaged in the

For continuing the survey of the reefs, shoals, keys, and coast
of south Florida, including compensatioii of civilians engaged

For completing the line to connect the triangulation on the At-
lantic coast wi th that on the Gulf of Mexico, across the
Florida peninsula, i n c l u d i n g compensation of civilians en-
gaged in the work, por iu it of March 3, 1843

For publishing the observations made in the progress of the sur-
vey of the coast of the United States, including compensation
of civilians engaged in the work, per act of March 3, 1843.. ..

For répairs of steamers and sailing schooners used in the survey,
per act of March 2, 1 833 -

For fuel and quarters, and for mileage or transportation, for
officers and enlisted soldiers of the army serving in the coast
survey, in cases no longer provided for by the quartermaster's

For pay and rations of engineers for steamers used in the hydro-
graphy of the coast survey, no longer supplied by the Navy

Total
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3250,00°

130,0""

25,00"

5,00°

20,00°

10, 0°°

440,0"°

Respectfully submitted,

Hon. HUGH McCuLLOCH,
Secretary of the Treasury.

A. D. BACHE,
Superintendent, United States Coast SurrdJ-

Per J. E. HILGARD,
Assistant, in charge nj



1„ 1881.

and Importance of a Great but
Little.Understood Work.

FOÏÏR SUPERINTENDENTS.

Wh;a* Hassler Bagan and Bache, Peirce and

Patterson Pushed On,

OCEAN FRONTS CHARTED.

«it in Importance after the settlement of a new
n"try come tue delineation of its boundaries and the

* etmination of its extent. In the rode day« o£ Aa '
s, when "first come was first served" (that
e« himself), boundary lines were, necessarily,

Wonderfnl|y elastic, and a matter of twenty or fifty
ono wav or another was of emalL moment.bile,

6 Kranls to the first settlers of our own land show
"Rightful disreßard of the surveyor's ru'es and

8» inexpressibly gratifying in these days of
loe and measurements, when every foot of

Eround j, eagerly sought after, fiercely fought for
JJ* yielded only at the last extremity.

hlnk only of the prant of Virginia, which
'•"«nded -westward to the Pacific Ocean!" But

018 old monarch» were liberal to a fault—with
., People's g ou?—and must have thought, too,

s* the.two oceans were about one or two hundred
ile" apart. TKe patentees (for that which cost

«hem nothing save a little solicitation) took little
thought except to obtain colonists as speedily as
Possible to found anew Empire for themselves or to
bring gold to their coffers. But the sturdy mari-
ners who had to sail those coasts In their wretched
little craft were soon made aware of the ueceesity of
•omothlng better than their earlier haphazard meth-
ods to enable them to carry the "gentlemen adven-
turers1' safely to and fro. So, at a very early day,
rude charts began to be drawn; from those pricked
upon a bullock's horn (like Salvation Yeo's) to the
шоге elaborate and highly ornamental productions
of Champlam and John Smith. Self-preservation Is
a wonderful incentive; and ao, year by year, the
chart« became more valuable, the curves of the
coast more accurately drawn, and some crude at-
tempts were made at marking boundary lines on
Bhore. The presence on the bordeV of an auda-
cious and unscrupulous «n«my also stirred
Op tho people to find out what were their
own actual boundaries; and these once settled in

Г ^ heir тЛпсА and (more or less correctly) on paper.

I Showing the depths of water on the coast and in the
I'harbors, were made from time to time by the war
\ яЫря of the three great nations who then claimed
Vdomlnion on these sho'res; rocks.and reefs were
Wald down with reasonable fidelity to truth; the
great Nantuckot shoals and the now famous George's

,Ba.nk were made familiar to mariners; but there was

not a lighthouse nor a bttoy from Mains, "to
Texas. Wneu we think of these things we muet
.wonder "how they 'soaped killing" who sailed Hip
And down this dreaded coast. • , . , * • '

1 THE F1RBT STEP.

After the colonies had gained their independence,
progress In the direction oC surveying 'was alow.
The country must first recuperate; must begin'*to
feel its legs" agnln/ and eee ita people secure of,
bread and beef to eat and cotton and wool to cover
their nakedness ere ehe could trouble her mind
about matters of minor Importance. In a now coun-
try agriculture must always precede commerce;
во it took twenty-four years after peace had
been declared to arouse the young government
to a senso of its necessities. Washington, the sur-
veyor, had been dead eight years. Doubtless, had
ho lived, ho would have urged upon his country-
men the speedy application of the principles of his
Favorite science to the delineation of their danger-
Bus conet; but it was under Jefferson, his Buooes-
lor, that the first timid attempts were made. In
1807 an appropriation was made by Congress, and
thus arose tho great national public work now*
inovu as the United States Coast and Qeodotlo I
Survey. '

A T.ITTLK TrcSDEnSTOOD МРАПТМЯЯТ. ,

It may seem strange that so important a work; as'
the survey of our own coasts should be ' ae a sealed t
book to tho largo majority of the people^ jet ao it •
is. Probably there is no department of the govern- ;
inont about which so little is known. ' To many.
Its very existence Is unknown; many ftrelguorant of

L its character and scope, while to few indeed ara its '
{ usefulness and the greatness of its result« mpra ;

'ban a vague notion, such as one might gain
iioiu reading of the habits of the natives -of the
Sahara. To the shame ot the American people belt
eaid, their own coast survey is much better known '
»nd appreciated in Jiurope than in the country'it

\ benefits and honors. A common error among other*
I wise well informed people is to confound It with'the-.
! revenue marine service; others thlnkitabranch.pt

the navy and frequently inquire of its officer« f\fhy
they do not wear their uniform on duty;" while '
still another class take it to be a branch ol.the ,
military engineers. It is a fact that í
members ot Congress, who (whatever our |

e nion of their general Information) are •
/ .pponed to know something of the departments '
10 which they yearly vote tho people's money—It la

: a fact that they have been known to write to the
superintendent of tho survey asking for charts , Q f <

! the great lakes and inquiring when particular lake ]
nirveys would be completed! Outside of theprw».'
tnd the National Academy of Sciences it is a matter
or grave doubt whether one mou in two thousand '
»therwlso intelligent men has anything approaching '
lo a correct idea. o£ tue nature, uses and methods эд
(he great burvey which has helped mure than.auKÎ)t
tlsti to extend tho commerce of the country »nd,i»i-.
crease its wealth, llepreauutatlves from the inte-
rior have said that tliey had no interest in.the.
survey because their Slates had no coast,
and one from a seaboard State declared loudly/tûaÇ;
"his people had no use for their charts and calcula-
tions and triangles and such stuff." Xot he came
from a State with a htrge.sea coast, which, haa Ьеёи
most admirably and thoroughly surveyed''and He-,
veloped by tho department, f or which "hie pebble
«id ;*.c "sr!" 0:ir теи™ i1.01. "»!•« *o uttnmut't*itm-
Ughieu such a mau as that, bat as the lánoranoã.or
a large portion of our countrymen «s to tue value
and results ot this great public work i« due to the
want ot information set before them in such iorjri
as they are most likely to receive and.use,'it,'.I» pro.
posed to at tempt now to give a narrative, as concise :
a« la constatent with clearness, of its origin. ' ' •-•-"—'
hiethods and achievements

Hlrtl'OUY О Г T U Ï B n . ' , , . • . ' , ;
And Brat, itn hiiturr:—Xhe Coast Survey,'iJnse-itl.i



Institution la 18О7,Ирз tad four1 superintendents^ I
Haeeler. up ,to 1И43; iBacho, 'from ШЗ to 1807! J
l'eiroe,£rom 186710-1874, and Patterson, 1U present !
heid, who assumed the reln'a thé day following
ftelrpe'e résignation. Mr. F. R. Hássltr was a very
•prominent Swiss geometrician, and wns selected ai
Itho organizer and head of the Infant work in 1807,
Ib a paper of tbls character It would be impossible
»o uive iu detail the number and 'nature
;of jtho difficulties he encountered. None but en- I
•Iceors,' and surveyors themselves can posai. '
Ыу appreciate tho requirements for sm:h a ï
position а.ч he undertook, complicated as affairs
wore by tlio political situation at that time. Suffice
IftO'Pay.that having gone to Europe to procure iu-
Btrninents he was there detained a prisoner until
18̂ 0 OB account of the war between tho United
States and Great Britain. Thon, on his return, hav-
ing but just commenced work in the viciulty oi ifew
yprfc. Congress, Ignorant then oi tbe nature and
value of the survey, refused an appropriation for
IU support, and finally, in 1818 (at tho instance of
Some member from the rural districts perhaps),
abolished the position of superintendent! So we
remained until 1832, fourteeu years, without a chart •
or map Of our coasts or boundaries save those fur- ;
niahed to us by foreign nations whose navigators ;
from time to time surveyed our shores! í

HAbriLEn'g Ul' HILL WÜBK. |
títlll the bravo and uudannted Hasuler waited and

boped against hope; and finally, through the exer-
tions ot Mr. Southard, thon secretary of the >iavy,
Uld other equally sensible and enlightened citizens)
фе was once lucre placed In charge. He resumed
work In 1833 and abandoned it only when he abau-
'daued'life. Hia ailmiuistration of ten years resulted
3b'glving'the country a corps of stilled surveyors
And topographical engineers; in the tr iangulat ion oC
tile coast Detwevn Narragansrtt and Chobapeake
.bays; the topography of r«ew York Bay and Harbor,
AQU'Of the Jersey cuaat and Delaware Uay; and the
Hydrography or sounding of ihese bays and har-
4>orn, ae. well as the off shore soundings from Montauk
Point to. the icnpes ot Delaware. Hampered as he /
Wae in uls schemes for the benefit of the work he
loved by the parisiinouy and uR'(;urdliuo.«a of C'on-
grca3'.he etill bravely persisted in his efforts to
'place the survey upon a propor footing. At times,
bior.oYor, ulmost- hoart-brokou at the utolld opposi-
tion/he inet with or. all sidee, tho somewhat irnsri-

-.bl^Swiaa wotild break out into a very forcible ex-
preeliiion. On one of theso occasions, whon re-

the strong bo* ot the United States that the salnry
•ot the Superintendent was nearly as much as his
[t-he'eecretary's) owu, the irate scientist is bald to !

,h»vo! RiTen vent, with characteristic egotism, to the
rùnark:—"Any fool, sir, can make a Sec-rotary of
the Treasury, but ouly God Almighty can make a

' Hausier!"
PHOrtBltSS UNDER BXCHK.

': However, he «ave wny at laut, and Alexander Dallai
Sache, a gr&nd«on of 13onj*niiu JTi-anklin, succeeded

.лл'1щ. At thé time of his appointment by tho Presi-
, dont Professor Uache was the principolot Ih? Con Irai
; H,lgbjäcliool of Philadelphia, which, under the iiu-

•with the colleges of tbe land. Dur ing the twenty-
' lourjyears of his administration the Coast survey

Ьеоащо one °^ tDe groat soientluc establishments of

,tne .greatest geodcslsta of Europe. Bacho's bold
' mind .at wee led him to extend and systematise the

Trorki ÎfW' longer conliiicd to a small belt
Of eoast, it spread by means of separate and imle-

('to Louisiana, for as yet'Tosa» was not. Triauirula-

^òn.with á hitherto unknown viuor in Southern as
îwèll as Northern States, and this with Incronscd

(lipou which, of course, sll the rest of the work de-
pended), being flnMly united iu one as the work
progressed, proved each at lust л chuck upon the
\otber; end would ia the end form ai: unbroken [
uualn of triangles along the whole ot the
Atlantic and Gnlf coiBts. U n t i r i u u , energetic,
' ' ' *ic, abore all ibli fis imbued wi th nn a l l -

_„ love ior tho great work in which he was
_ . l ^ Baohe surmounted allobHtaclee, conquered

JiffloTjliiee, diearmed all prejudices, un it the
OpeniUK ofthe year„'•tpiiourd thn survey a recog-
nised power In l&* . Î1. ет"1Т, î.rf'ïpard BU1e had

aO'VUdy «uperio." -•»* •>»• of any o'.!\er country«»
! to avsiie amazement "and call tortli flattering e; Л
•'oomtulíie-ironi the greatest men In Kurop*. A se-

lect ООП1« of skilled, officers tpocinlly cduoaied lor
the work, were united w i t h those ot tho army and
navy in preparing theso charts in. tbe fieHi, w h i l *

i Europe had been ransacked tor accomplisned en-
ar'«vere and dlaughtsmeii of. bigli order to prepare

[ th«.»nr,Y«ys for publication.

Thus tbe.evonUul spring of : löGl ,
And an effectual ßiop was put to -cinch °;
triumphant фговгеяа., дА'олсе.'Ъпе oxigenei
TeaioVpd.the officers ot the nrtny and navy -u^j^ ;
secoMaion ot nine eeaboaru 8táteírprev?uted^^fl*Í
fui labor« bo twee M Üupo Heury aud the R><> $&&•'
OougrcflH, too.irouaod toa frèuzy ot altrnl,.t?fW";
cHoiueMjtUy the country 's peru, looked ^Yn **
t h In f* but ц favorable ftye cm any pnrely'cii"
tafcinje that needed expenditure of money.
w*s for the militnry 'oiv;os f»^ly. at tl
Tho usual appropriation f>r the Coast
va«, indeed, acttally stricken from *he

but Bache was equal t*? t lit» ofoa°ioD-
was one of thoeu wuo '-out ot the nptt le '^
pluck lh

J ciaive ac
he flower 'mletv ;'" and his bold »^ 0J
tion In this emergency not only s* r ц$в'

. "li*1

had ever dared to hope. Prom his corps ot c} .^
assistants (who alone remained to h i m ) no ^^ j j i i^
tno army w i t h exceptionally eifieu topoRra".jj»r
euKlneers, whose pervicos in lho field *n,he V*'
ping tue h o R t i l e couiitry and laying °11 , ? o11'
rioua battle grounds, were во succossful tll*elj &
generals in the midst of the enemy's land m° pji?1

confidently as though in their own. To tue 0i
were assigned officer» to whom uvery 1°с*не1(

Southern coaat was f a m i l i a r AB th« streets ot
native town«—skilled hydrographera, who со

. ï 1
a

a fbw honrtt determine tbe lines of best water *a ^
bora Irora which all the buoys ha i boon *вГ°°0№ami load our rte.ete sately tbroneh intricate cb»^^,

,lo the K t r o n f i h o l d H of the enemy. At the ваше * .„.
although of necessity on a small scale, he cc' я.
ned the nurv f iy of our Northern coant, n o v f l r P p i
lug, never omitt ing a s lnclo detail, but *" jjp

! r n l m l y and pers is tent ly f o r w a r d , ан though D K^t
j pediment ю the regular prosecution of the W°r*

ever occurred,
POWERFUL HELP. JeC

Aenailod In 18GÜ wi th an attempt to flg»!*1 , J t <
the appropriation, ho w.is able triumphant!?_6 l
crush all factious opposition by the record °*< Оц
and by earnest appeals f rom the leaders of f l
forces against any legislation Inimical to во v* p
bio a branch of the public service. McCloIi»^. *\ ,c
the Army or tlio 1'otomac; Dupont, irem the 4
toriou-ч «quadrou nt Port lloyal ; Farr.'gut

 tlier
Porter, from tho Miesiasippl, vieil wi th each. °*0

. In ackuowleuKmenta and proteste, and t°
! was l-itor added General Bntler, **№• '

hia great troop ship, the Mlauisaippi, P r° S
i пк to Ni« w Orloaue, ran on А '̂Я11-^
Shosle, receivmp serious in jury. Obliged to & »
ft roíURO ní Port Royal, ho woe there taken in с^а*Ье

by tho Coast Survey party, tho leak repaire»« tef
vessel's bottom patched, a oompotejit sailing D1* ^ef
furuiebed and the expedition guided safely t r

destined port. Surrounded with "this great (

of witnesses" Bache wont to Congress, and t l1

suit proved his wisdom end foresight. Oolí
long ami unreasoning enemies opposed, anil l''ylj
thie time unr i l the close of the war there ff ^цШ'
f u r t h e r difllculties. Tbo survey bore nieP'ujt-
ita share of the hardships and perils ot .$
tie. Ho important conflict was decided, * (f.-
Bull Ilun to Appoinattox; no пат»1 -eft
peditioii undertuliou, from Hat t eras to jBjt
Fwher, wi thout iho presence of an оШсог ol

lf#*
Bei-Tice. aidinti w i t h his prote.sflionai knoif^^p
and sbnriue lue daoíter. McClollaii, Gnin*» n

>(Jiî
man, Thomae, Dupont, Dahlgreu, Leo, Port«r ^s,
Farragut acknowledged the value of tbeso »*r ^^

ï no th.it when tha last eun was flrod and **r
e|ce'

; over the euivey could affora to challenge the ^цГ-
1 of ignorance and detraction to raise a n^fifipf

But its great chief was нгоШоп, ana though lLjli
know not the дгешпевч of hie success. Ltiigerlj: iH*
mortal sich поив for some years (during wbi"?^
work was lu the competent hands of his frioP1? ^f'
asslstnnt, Mr. J. E. Hllxurd). ho cloned a pprf^.Vttf
ou Jhe 17th of February, Ш7, mourned not on»^
h la bereaved country, but by the ouUghtonedX

PEir.UK CAIiniliS OH TIIK TVOBK. -agP
His long time associate and wärmest friend» ojjt-

Jamin Peirco, of Harvard Unlveraity, воссев J«***, «í
This succession couJd S'jercelj be called a ob*r

alike were tholr habits of thought and modefl «,
tlon. Indetd, вол tüoroHghly organized, e*lV„^ l

w.iat'uoLh'ny but annihilation could have рготоп^
its eroooth and oven piogreee even had DO such wif3*
and skilful hand as Peirce'e guided the helm. У'*п

like Hllgard, Patterson, Cutts and Whiting' тго(*»'*
Bcarccly allow tlio service to which, they hud di/ol-
cated their bcpt years and to whose extension ima
внесете they were pledged, to sink below the leve'J to
which Bocbe had rained It; and acaordingly we Jna
them under Peirco formed Into n scientif ic atid/jro-
fesetonal "cabiuet," in which nil methods were dis-



: ft*

тРЧий;??. oolongs the credit of first extending the
«Ûïti» / 'r°m the ooastinto the'interior States.
"iVor 'a* ™i<l Bache) the inadequacy of a mere

ï '•'a]»'"'0*'* deterrainationa 'o the wants of .во
JÏ '»ten *• tlle newlv united States he proposed
.«Ней"100 of operations from the Atlantic to the
Jfeioa Г™1"! and from the St. Lawrence and the lake
•jjn „'•_'be Gulf of' Mexico. Points of triaugula-

*leh „ t l lu« 'o be determined in every stale,
. »biiSi0 ' should serve in the near future

Т«гц nte'y correct bases upon which the
ï Гт*Уа eovernuieut» Bhould lound careful
't«l tt . of their own domains—topograph-
P««s th *" which should equal, if not «ur-
P'ltl. m.ratn°ua surveys of England, France and

*ut ^. ft ° ttlatînitucle of this enterprise is appar-
i -e Su,a ^e consider the extout of our country,

^iliir \?й* exclus ive of Alaska, cover an area con-(aue n*
 2;.900,ooo square mik-в, and to this Alaska

*Uli (?*НУ six hundred thousand. Comparing this
'""tain, "a t Britain, w i t h her 89,000; w i t h France,
«»en "J* 2Ц.ООО; with Spam, having ouly 1S8,0(H1;
'̂ ЛОо *'10 whole of Europe-, which hue but

^lY-T^i, Bquare mil'*8, and we at once per-
*0pthy f ' this gigantic plan waa well

.L J - of ца ßre;lt projector. 1'eirco also впп-.
e1na] f lo tne «rent destroyer— him who "with

1 '°»lv v" lrea|ls the threBliold of ttie great and tho
"util h *• however, dlu he close Шя tired eye»
*Ыл > a<1 »eon tue Iruits of nia labor, his great
«JtnnJii We" »dvaoccd, and syUeiun of t r iangulat ion
'«Ho ï B in °Tery direction t u r o n p u o n t our vast in-
"hid » mail1- finding the care« of office (ан he de-
*<lvan • Ж(1п>'п1в1ог them) g r o w i n g too heavy for hin
''bol 8 yours, and ' H s f h l n R . natura l ly , for the

* retirement to which he had been во loug

»iiti *c'1 now administer ita fuoct lout i , and
•4rli nl1' retired to "the tlnsHic shadue" where his

"«r Oaye had bet n nerenely paseed.
b,Hj. ТШБПТЕЬ ТО ГКШСК.

ID tv "ftath, a blow alike to his native country and

'ttroL™entlonod to recall the universal outburst of
"•fou , ncl '"logy with which eul ightano l America
•ut«, uer bres-> uer scholars, her poets aud her
>»s "

men mourned the loss ol her girted воп. He
^atl-ï a resPects a remarkable man. As a mntbe-
''heTirП ЬаЛ no superior—iuilebd, it in d o u b t f u l

, Set,,)., an equal. Of the great principles on which
I *ццц >v dependn, and the many obscure, though
*hle.h"'Uy Important mathematical operations
4ftn» conlo to itH assistance in de l ineat ing the

1 "ейа|*в ьмг'йсе au(l d e t e r m i n i n g its shape and
I Пцв У» be was a master n inong шанц-rs. To
í llttv a<^ an exceptional administrat ive
ï ''» con ЛЛЛ an »ggreasiveness in carrying
i *Hâ tj"nceptions to completion which few posions,
i the и, Гв stands confessed a truly wortl iy weuror of
S D Utle which had. fa l len to him. His remarka-
'6otnV, Oual magnetiHni, his venerable anil intei-
'"icl al>Pearani'e, his soft, melodious voice (low
•""ч«л l l l te a ladv'"). a11 combiuod to give him an
'«U th Ce over men rarely poentsaed by mau. Olio
«ct. .t here wa« а шап who waR mas'er of his sub-
^Ca'h/дояе words meant fiomethiug; who tallied
""Hi,,.0 ''ë washed to instruot. and so incite to in-
S'»ln c"on' who, in his ndmlnlstrat ion of his
;h^,Dt*bHc trust, a.sked not charity, but demanded
Й*Ь M couutry ehoiild show i t n e l f w o r t h y of its

* Ы- among nations by surpassing them in
"»odeur and i-xteut^of its publ ic works.

°d on the uth ot October, ISSU, in uis soventy-
,Цце Уеаг. . The day that Raw Peirco'« retirement
*• C« ?a ^Ifi accession to the HUperintoudoucy of
l(Bc'flleie P. Patterson, previounly Hydrographie
''í» ''• Inasmuch .IB this gentleman is st i l l pur-
terV"'h characteristic enemy Iiis labor of love In
i^Jr^K ami advancing tho iuterestB of the survey,

• t£» ' tu"uSl> grateful, of. narratiui; the history
U j^ork sincD his accession would doubtlesa be
»ц"1 Place. Suflice it to bis that, although
Wd ^n u^8 movements by wane of money aud

Difficulties nearly as groat, he baa pushed for-

ward the гпгтеу ob both coasts and ïntho interior'
' with snob vlKOraJid efcill that It stand» to-ilsy with-'
'out a rival iu extent, in accuracy aqd in всопрдау^Л'.

I' THK WOJIK'IN ITS PBESÇHT CONDITION."' V'-';.
A mere enumeration o( tue "new work" is;alitn«t

can bo given here. The triangulation i« m^uU prog-
ress in twenty-five States. The Missi8sippi*'IUver-
has been'aurveyed as far up as Memphis, uejrlv nrao;
hundred miles above its mouth. Important surveys;
and explorations bave been made in far-off Alask'a;/.
soundings across'Retiring Strait have developed*«;./:
markablo ridge extending between Asia anu Ап^ог'-
Ica—a circumstance hitherto unknown. • 'ilie utflT.',
surveys of the James and the Delaware are nearly
completed and the entire Gulf of Mexico sounded,
aud mapped from the Mississippi to Yucatan'and'
from the Bahamas ,»0 the coast of Mexico.
To thu »resent Superintendent belongs ••.ÀlàflL;
the "Coaet Pilot," a directory of the АШпЦЬ^ап'С*;
Gulf coasts, long urgently needed by snamenj;
A l t h o u g h BHche had some idea of a publication:,
of this kind It never took shape in Шз mind, atid,
he left behind him only a few vague anel di^còtíf^-
Dcctod note» of little practical value. Patterson,
conceived and put into execution the .unique Arid';,
elaborate plan which is now being carrird out, and/
which will when completed form the most ерш-",;
plote eerics of coast directories ever published,*
by any nation. This plan proposes, the
publication of (1) a very complete doecrlpr,-
tion of coasts, bays and rivers 'as ' -, far.
as tho head of navigation—* carefully pre-;.
pared itinerary, in fact—giving in plain language*-!
detailed informaliou on every possible question: о.Г™
interest to mariners—this to bo ismiel in a scries, 0/7]

| flve large volumes illustrated with valuable view»;"
aud charts; (2) a more condensed series ,in threei
volumes, embracing the eaine extent of coast .but;
with less detail; (3) a single "handy volume,";«!!!-'.
Uinlng sailing directions (or the whole coast Iranid

' Maine tu Texas. A work oC a rlmilar cuara^r
1 tor is likewise to bo prepared for the, Pççifló!
I coast. Meanwhile the topographical and hydro;,'

graphic work ш being rapidly executed—th« latter»
beim; now almost entirely performed by officers i>£!
the navy, who, since the close of the war, Jiare .be-
come once more available for maritime surveying: ̂
In short, but few years can elapse ere the whole:'o]f í
the Atlantic coast und that of the Gulf of Mexico •
will «how an unbroken border of Mirveyed itopog?^
raphy anil hydrography extending from PaesatjiaH'-
quoddy liay to the Itio Grande. . . : -i^

SLIM APPllOpnTATlONS. .,."•''•
The difficulty in the way in principally want of

money aud the consequent vexatious restrictions'
upon the proper prosecution of the work, апл^ЬЦ:!)
his ot isle years become á mnttcr of vrry »erica's,1
consideration. Those'who understand the '.mkgtn-.'
tude of our survey and Its value to commerce RJid'l,
\ e thaTenot lookedin to details concerning it wi:J..
be surprised to learn that the amoun.t . a)lptycfl
annually for its prosecution is but little отче
5.VIII.OOU!. Out of this smnll «im t^e sá.lnt;li!ivWi-
the ufHcem must Ъе paid, a fleet of nine. Мсафареи'л;!
and twelve schooners supported, camp équipons, and :
outAtr i piirchatited, transported and геп^гей^оодиу^
astronomical, trixonomotrioal and ti7po(jrapUicaJShï'-;
strumrats purchased,,reHuits completed and ptilj^a:
lished (Including the engraving of tne "ЦГтезя'.ив'оп/А
copper plates), and the central office atTVauhingíõn':?1

maintained, that hive whence these skilful bees /go'
forth to procure and bring back honey; .-foi.'.»Ц:"
tbeso purposes a l i t t lo over $.rjOO.UOO, while .'.tue'!:
l ighthouse establ ishment expends nearly $'X6QÛ)Ô00;;1
the revenue marine service nearly $1,000.000, 'toe'Ji
Bigunl service $450,000, and even the lately eetab- i
llshod geological survey $2011.000! It is .not«!
tliat thes« useful public works receive tool]
much, but that the coast and geodetic survey re-
ceives too little.. All of the above mentloned'ser-
vices are largely dependent upon it. especially the •
lighthouse establishment, which could not proceed
successfully without its surveys; and it seems to,
the writer, as to many other citizens, high time
that the mercantile and scientific interests, of . tne'"
communi ty should nntte to strengthen the hsuae
of the Superintendent by urging upon Оопсгенв th'e
exercise toward the survey of a greater liberality
than has been of late years displayed. Tue boneu-
cent results of a such courue would very shortly bor
come apparent to the most careless observer.



-YORK 'HERALD,
Тнв COAST SÜKVEY.—Pew of our citizens

know anything of the working oi that extraor-
dinarily useful ЪгЬпсЪ of our public' service,
thp Coast Survey/ Л paper published sumo
"dnye nack in the HKKAI.D sa,vc nu outl ine oi'its
hlefory and the epreuu of its Avork,- 1'o-day vci
publish au ucoouut of the. uictlmtls by wbii^li
tbat vork is carried Oimudtivc results nchievnd.

iThoee who have peon b^- eluiuuo ;i survey niup
in the rough, witli its raultitude of lines and
myriads of ninrking?, liavo doubtless given
little thoiißht to the arduous field work necee-
eaty'before thnt stn^e луав reached, and have
•simply wondered how the perfect шар has
emerged from that mathematical spider's web.
All tble, however, may be traced step by step
with interest and i>rofit iu the article on au-
otherpage. '

Charting Oar Coasts and Sound-
ing Our Waters.

* Reoònnolssance, the 'flrat operation, regnire»
rial uptitado »nil great experience, and pi)
вего comee in pl«y, for the officer Intruste'
ihis important work must have, to be succe" '
the bmnp of locality well developed' to enable В
t'd rerognize selected eminences from different poi
or view. > The'operation of reconnoissauce consle

travelling over the country to be survey«- "n" ?

lectinp the proper points to be triß^uODiotic*
determined. The object that niust be ei«c"
borne in lulud Is to obtain as long Hues of vie*
possible, so aa to avoid the errors arisme ir°.
the construction of a groat number of sffl»'1

angles; bat many other elements of iniporta

outer into this work, snch aa the character of
country to be surveyed, the necessity for interw«
ate or secondary points and the scale on which
succeeding topography Is to be mapped. A dlscU.
slou of these elements would be out of place In t
paper. A site for a base line Is also «elected in so
convenient position for extending the triang" *
tion, and must be on ground as nearly level
possible.

BASK MJÍASUHKMKNT. _,

Next cornea the base measurement. Here the W

ÍJOW THE WORK IS DONE

e Delicate Process of Triangulation
Described Step by Step.

delicate instruments are required; and tue study
the expanaiou and contraction of znetula ИН* .
changes of temperature has Jed to the adopt'0"
the present "compensated" apparatus, which c°°
eiste of two double bar«, each aix metres long, 6""
ported on adjustable trestles, »nd capable on '***
able fzronnd of being moved ov-ir one measured n1

in a day. Each bar la composed of two, one abo
the other — the npper bar being of lion and '
lower of brass— firmly connected at one end *°
iree at the other. The free i-nds arc couneo'e

by a lever so related to the different expansion8

'TOPOGRAPHY AND HYDROGRAPHY

the two metals as to preserve one point a
liable distance from the flied end. The
thicSness of the two bars Is such that their acq«ir<>d

températures will be equal during chauges. .At th
fixed ends the level contact is eo adapted ав to adn"
of the use of the bars on incl ined gradcfl. '^
manner of measuring a base for the more Importa^

.From the First Reconnoissance to the

Chart in the Mariner's Hand.

or primary triangulation is aa follows:—The
bavin« been chosen, the ground levelled »»•1

CONDITION OF THE GREAT TASK.

• Barin? sketched the history of the United Slates
Gaiftat Survey in a prevloua paper it will now be in-
tweeting to explain its methods and results. Into
tUe prosecution of so extensive a geoilelic work as
,onr. coast survey many branches of theoretical and
applied science necessarily enter. Taken in order,
the opérations wbich result In placing an accurate
chart or map in the hand» of the eall'T oe the civil
engineer are as follows :—Reconnoissance, meneure-
mentpf base lines', doternilnatiuu of «elected trigo-
nometrical points, Determination of latitude, longi-
tude and aliamtlt, mapping the coast or country
topographically, bydrogr-phjc surveys, redaction
otffiild .wx^rtt, ;^lna field maps for oneravluR, «ngrav-
iHgih^plites",' elebtrotyploE, ana. nnally.'printins
the pistée. '

graded, tnpodn are built at each eud of the ba»8' !
is signals to observe from and upon. А се»*1*
mark is placed under each sjgnal which niOe

mark not only the exact terminus of the base, I»1

must correspond with the cxaot rentre line of *
pole on top oc the tripod, the polo being used
observe upon from other signals. Tho bars >*
then placed in position on the centre mark ut oB?
end of the'base (generally a une dot on the "«•
of a copper nail in a stick driven into the groi'B
u n t i l it» head Just protrudes). The coincide!!**
of the end of the bar with a perpendicular U"*
from the centre mark la determined aud verlfl8^
by an observer with » transit placed at rií"
angles to the line and at a moderate d"'
tance from it. The two bars having be«'
placed are aligned with the opposite
of the base, are levelled, brought into contact. an<l !

thus a measurement of twelve metres is го»"'"
Ihen the hindmost bar is lifted, swung oat and a*1'
rieJ forward to the front, where it is again aligned
and brought in contact with the other bar, tho*
measuring eighteen metres. Bç the work goe« oU'
Tho work of each day is »measured on the «40-
ceeding day iu order to eliminate possible error»,
the point of termination of daily measurement»



^ by a One dot on • copper nail, as
lj,0 ^ Every operation,- Irom,- .the levellingv of
„, -'Wound lo the flual conclusion of the
*n

 ttreuient, Is performed with the utmost nicety
bb liberation, and with sach exaotuees that a
Pr h ''neof eight miles maybe measured with a
»so at>le еггог ot onlv u fraction of an. Inch. The
tto -enl!th of base for primary triangulation is

^ 'our to eisht miles; and when tested by a
Q« °^ triangulation, beginning hundreds of miles

]1<1 traversing a great extent of country, the
D Sür<*l distance ïarely úitfers from that com-
^ *a through the triangles inoïo than two or throe

, TBUNOOLATION—ТНК "НГ.1.1ОТПОРЕ."
g. ô Ьав,. kein,, muaäured the triangulation begins,
a, 8 are erected on the prominent points selected
, ''"g the reconnoissanoo, and observations of the

'zontal angles commenced with the theodo-
• Tuese observations consist of tho measurement

j . *u* angles of the triangle formed by tho lines
°inin3 tho two ends of the base with a third

""• and those formed by these points ï
^ other points in the triangulation visible ï
111 each other. . Some of these lines are •

ot great length, those in the celebrated "David- !
&n Quadrilateral" iu California reaching a ;
e°gth ot over one hundred and forty miles. Each '

"bscrvattou Is many times repeated on different
Parts of the graduated circle of the theodolite, so as

0 cll«aluale errors of graduation. Tho theodolite,
n Practice, is accurately levelled over the contre of

station, and when oaoe iu position remains
all the required angle« have been measured.

1 tuen, transported to the next, in order
tho same process repeated. In long

ues tt "heliotrope" ii used to enable the
observer at the theodolite to direct the iuslru-
'ncnt accurately to the distant signals. Tho ne-

tropo i* » telescope with ordinary cross hairs (to
cuuo the position of tho optical axis), having two
etal "bights" mounted along its length—one uear

'ho object giaas and the other near the eyepiece—
*»"h haviuR a round hole cut through near its top.
"n»t behind the rear night and closer to the eyo-
Ptece a small circular rnirrcr Is mounted, which

rus every way aud serves to reflect tho
.Sure of the sun through the holes in the

"'Slits. 'n10 telescope is furnished with lovei-
'uu screws, so that it may bu adjusted

tuc plane of the horizon, aud, wheu so ad-
Jl"".«i, it is direct«! toward tho signal where the ob-
*0|1ver with tho theodolite is stationed. The ohserv-

» tent or house being brought into the Intersection
^t crues hairs, the mirror is turned until a ring
Hlluligiu of equal widt.li iu all its parts is formou

'°"tid tho hole in the front sight, when the llistru-
•u'"t in ваЫ to be "showing." The theodolite ob-
'ty.tr from his position sees a bright poiut which
^''osoiitn the exact contro ol tho station

L which ho is observing, and, as ho t u r n e
i i-.1?, ̂ instrument to tho different triângulo-
1 ,10l> Points within his limits of visibility.

* "вен similar pointa of l ight (as there is n hello-
°P? at each station) aud is thus enabled to

j/'^'ifc the horizontal anglos unblcndoil at his sta-
•"•'дв oncli station oQcnpicd is completed, helio-

^ "Pars are :shiftad, atfd so the work goes. on. In
•iiiõi.é'v,,s>Bieni« pç- trianfinnauori (oiled "seeond-
aryj'aud "tertiary") where the signal poles of ob-
served stations нгв .distinctly Visible through the
trtí-acope of thothcouolUc, heliotropes are not usod.
When all of the anglos of each trlaußle havo been
moasurod tlie lengths ot tbe silica oE each oro
computed by a simple mle of trigonometry fiimiliar
to every school buy. But, besides this plain com-

putation, 'mflra' intricate operations' are* in шару - ]
Casus required to fu l f i l the condition« of accuracy.^
insisted upon by the Coast and ocodotlo1 Suryey.»,
The spheriuaL figure ot the earth introduces. l>r)arf;»i|
triangle*, a new elemorit Known an "spherical. pSr^
cess." In other woran, tho larce triable«! ilia^ead ,J

of being "plane" are "spherical" ami requirer (or'•;
their correct determination the «id of the rulaï^of.

DETKI1MININO THE LATITUDE'. ' V i ' v

upou paper wi th absolute relative accuracy ; but in*
order to know its exact position on tho earth's . sur-,
taça—that IB, ils lat i tude and longitude—wo nm»f
know tho geographical ponltious of its base.line
and other si lu., ted points in tue nystev». anil, hesitíea,'
this, its "az imuth '—that is, the direction of several
ot its line» wi th reference to the true meriaian. 'For»;
these déterminations we have to call netronomy to,
our nid. und by it« means determine tho actiial posi-
t ions on tho earth's surface of tbe ecloctod staiione.,
And, ' • ' • . .

First—The latitude. Tue latitude of a ppint-
on thu earth's «ntrace is its position, in degree«,
minutes aud Kf?conds of am, north or eonth of the
Kquator. Astronomy lurniehan us ' with an ваву;;
luuihod of determining this position Uy observing-
tho zenithal distances of stars in pairs which oul^
niiuate near thu zmiith, and as nearly as possible at '
equal distances north und south from it. 9y ."a
pair" is meiint two stirs wliicn not only стоив thej
meridian at iinurly eqnal zenith distances, ^at-
w i t h i n a very short l imn of each other—that'lj),',
cot less than гшо- minute nor more than'
twenty minuted of t ime apart. For these observa-
tions, which, when couibuiod with the declination"
of the stars give the latitude, an inetrnmeiit. called,
"the zenith telescope" ie used, invented arid applied-
by Captain Andrew Talcott, formerly ,oí4h,0c3of»(í.
Survey. As "time" is an lijtporLaiit olcmcut i.ii.tjhiii1

work it Is uiitained by otiuervationi of the traDÍ»jt:óíJ
certain nx«>d stars across the juefictiau'.-^nf Áfthfc1^
BUiioa, i,y ifiicli meaus • tft« eiToi;» .Ц»* "
Bid'Tcal clock or ohrouomoter. mse4 *'

I observer is deurrnincd »uj 'thé .tc.
of tniii8!ti>CJhe;3JMtbnbstars become kDo.wn,'.'"'
l.ittpf opiVutiitijou "Stperformed by means 'pit*,'*
transit ins t rument . Prufesnor Chsoi-gu 'Davldnvju с
lias, however, devised a combined trausit iiuitxa-V
mont and zenith telescope which has ha^l/ great suo^'.
cess and ia now very gsnerally need. .The prdinarji
zenith toli'scope is ahout 45 inches long, with »'ш»>. '
e r t u i o iif about 'AX inches, aud is supported by.«'
brass column 2 feet high. The horizontal axis,oh'
which the telescope revolves has a stridinu leyeL'aiiiil
is hollow, во tliat l ight from a conveniently i.placed .
lamp may i l luminate the Held of tbe telMoopp. i.
horizontal circle one foot in dtamoter and itradn- •
ated to halt minutos of arc serves to place »nd teeti
the instrument in tbe plane of the meridta.b. -l'i"'i
levelling apparatus snpport; the whole, ïhe "tr»n- <
sit" is a telescope from twenty-six to Afty-Vtx'
inches long, havinu vertical and horizontal spider ,
Hues ь-tretchod across the diaphragm (}n the locus
oi the eyepiece), and is supported by two pieces of
brass or Iron. I1 is lntoiid«d to nmve ouiy Inlbe':
plane of thu meridian, and, when «et up, la acpuV
ratoly placed north and south by observntli' '
ot the transit of som« well known <
slow moving star. When thus in position the trrteo
time at the station is found by observing theoh'rp-'
uometer time of tbe transttot numerous star's астова
tho threads of the telescope, aud then applying Ute
corrections for Instrumental errors and for the error
of tho clock, lustrumeutat errors are three;•—Th*„
insti ' i imont is not exactly in tlip meridian—"the
azimuth error;" its optical axis does not cor-
respond with the ceutral spider line of tue
diaphragm—"the colllmatlon error," and Its^
horizontal axis is not exactly level—the bias,
or level error. TJio first Js determined ' by/
observations ot stars differing considerably, in
declination but llttlo in right ascension, .of
from observations ol' two stars near the РЫе, obe
crossing the meridian above and oue bebw tbe'Aole .
and about twelve hours apart. The second error t» :
found by readings of the striding level ior eaob star.'1-'
The third error, or colllmatluu error. Is deter-
mir.ea by obierviag the transits o£ a »tirJ
near tlio Polo over one-half of the, ,thr«as,.ail<t<
then reversing tue" itistriiuieut 'and^ïbnervjne O»^
îrï^::u ovei Л» nume tbreaá«, î'he correct Minei
hem-; known and tho differences of zenith dlsraucee.
tlie latitude becomes, known by adding to thé hält
sum of the declinations of a pair'ot stars to, t he
half difference of thoir zenith didtanoos at the time'
ot culmination. Thu results are corrected tor in-
strnmnutal errors, for level and for refr«ctlon, anil
thus the true latitude ia obtained. Many pairs of
stars are observed, and the mean of the reeultiuff'.

• latitudes gives the correct latitude of tlie place,,
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Second—The loncitude. The clock or chronome-
ter having been set to tbe time of the cê u t ml me-
ridian from which longitude« aro counted orreck-

i oned (generally that of Greenwich) and its error ac-
curately determined by the difference between lho

' b er of »tare, the longitude becomes known by tlie
, Blmple process uf mul t ip ly ing tbe difference be-
' tweeu the time at tho station and the chronometer
j timo by tifti'On, by which muaiia the lou^ i tudo in
[ time дв reduced to longitude in degrees, mmntts
ï end seconds.
! THK AZIMCTH.

TAÏrd—Tbo azimuth. The angle between the plane
of the meridian aud the vertical plane p - j - H i n g
through any given signal or station ot.tite system is
obtniued by iMinCul lueaeureineptn w.Hh an astro-
nomical theodolite of the augfe between the pole
etaroreomo close clrcumpolar an<t'a mark bet up
"consisting of a яшаЛ, perforated box, through tho
írout faço of which the light i-f a lamp or Jbii turn
le shown, made to appear about as bright
as the Btar observed upoo. The horizon-
tal angle between this murk i-ud uiiy givcu t-tatinu
IB observed lu the daytime. Knowing the azimuth
of the m irk tue а/Л ш u th ot any s igna l becomes
k n o w n ; aud thus having laiitudo, longitude und
azimuth the triangulation may be said to be com-
pleted.

MAKIKQ THB MAP—THE PLANE TABLE.

Tho mup ie uow to bo made. On л eucct of care-
fully selected drAwing paper of convenient size are
laid down ura t the Unes of lut i tint e »t n (i the
meridians covering tho area to be enrvoye.i ,
aud tbeu the positions of nil the yocuntic,
pointu within tbat area, which have been
determined by iho triangulation. lu moiu;-
taluona or undulating country this и bee i is
geqcrally rnado on a «cale of about Rir Inches to л
fnile, whi le in level, fi.it land* thu нс&ю ж usually
about three inouos. W h u u prepared und rcaüy tor
ц а о it its fastened upon the "plauú table," which ie
the topographer'* inetrnnient ал the theodolite in

'tho triau^ulator'H. This instrument consists uf u
тегу careful ly made drnwing board of wei l sea:<c
wood, whlcliie icrewud upon a tripou, with level
apparatus attacbod, and is movable bonbon-
tally around its central UAÍH iu any direc-
tion. Having been transported to the nta-
tlon at which the topography is to begin,
a lid the sheet of p apt r prepared as ivbove Uuv-
iut; Ъоеп fastened to it by means of cUuips, lho
table IB first accurately levelled by meau^ ou ihe
ppirlt level on the "ulbidadü" und tho lovel l i i tK
screws. The alhldade is a teloscupo Hupportt.-d ou а

; Ьганв column, \vLich in t u r n r>jRts upon a metat
• ruler, one edgn of which in i d u u t i c ; i l w i t h the o p t i -
1 cal axis of tlio instrument. The ruler eurries n
| spirit level BO thut the tablu, whuu Tbo al h id ad e ia
I placed iiiiou it, may be inaMo level by mtvuifl
| of the Ittvollinji screw«. JTor det.erniination of
Í httitfhts aud ilifferoncee of euríaco Irvol the tel-

\ sector furnished with a vernio.r. Transported to
eopiu convenient station m^rted upou t lie *,iioot, the

. table, aLtur parotul adjustment over the ci-nti'e of tho
, p^lnt, it levfllefi and tbo r u l i n g oilge of tu»; a lhi i ' ;u le

adjuutod to the line (on tho sheer) nf the Btatiou or-
pupieU and oue of tho points in sight. T.iliiij, nlhi-
dade and all aro now m n те a urouud tho ак;в, u n t i l ,
irt looking through tho telepcop« tlie BUÍ nul to which
tbe iuutrnuient pointe on the sheet ie seen in

. tho nentro of tbo "roas hairs. The table in then
clam pod, no t ha t it ban no horizontal inovu-

; ment, und the telescope 1н directed (on the sheet) to

i .-га toi y levelled and 1н ш good adjustment i h e n e w
ï Elgnat will be seen on looking through tho tHo-copo

as BQOU aa Hie edf,"3 of the ruler hits bt-en aujasi^d
j (un thö Bheot) to the lint; of it4 dtrootiou. A third
'' auil a Tonrth signal aro libewiae observed, and whttu
! nil lines, us stien througu tho tt-lcsnopc.pass Hi r i iUf jh
! tho central dot in the nrbirrary mark on the eheei
1 reprea -Jitiutr tne station occupied the table is "in
; position" "end ready lor work. A small
' pole with a flag 1ц DOW suut forward to
j 'eome соп\*л ï eut point nenr at band, and, thu
; telmcopo bolng directed to this, u line IM drawn upon
, tbe paper which ah Л1 гергсчиЩ tho directigu uf tho

D^lnt. Th3 table is now removed to tbo «uo'of the
. ,л? "*'fl»'7. 1ите11си1. я f^i и «ted and (Die r - i j i m j eu(ïo

I Of tho ПНнГ ÜttVIUK Dei;Ü plbCtja 'ОП tho eXVCt Ullrt
drawn butw.uen thu etntiou. uud the пет .position)

< turned until the signal ntutton jus t loft is seen
! through tho telescope exactly in tbe intersection of
1 the hair Пиво. Tli» tuble i» olamped. the cyo l»in,i

' direction ot the drawn l ino uuti l another »lynal i«
вееп. A liue to this beiiiíí then drawn along the

"ruler the intersection of the two ehould bo tha po^i-
! tiou ot lhe point uow oomipiwd. iu practice, how-

ever, tme ia not tue case, tor ou tryintf"* *^LÎ, e *'-íí
it will be found that thia third direction uv» »u
form, with the intersection oC tue otb««» •? 0в»;
trlràúgle. A point within this small trlw>tíle \0r&*
assumed as thu true intersection, aud t"e

 OILver^
process repented until all tholiue«ohserv.e*lc

 Of №
in one point, whir.ïi wi l l be the tru* P031'^0^^00*
Htatiou. The outliue of tho shore or cofte
this und the luitial point »rs sketchod in . ,

nira ну 8in;h diroctioa Hues witll t l ie rui<•' í

aypintí i* rep
tho area embraced within tho limits of tue *
obtained.

THK TKLEMKTKB. ^ »^
Ui.slanccn were fonuorlv menMured by . (" ^

veyor'n clmlu. but of late years the "lul*ni ]о"%
lit a r l y Bupoi-seiteil tbo o\'\ luethod. ^'l.ll'J0 в*с ц
moat is a D i m p l e wooi lon rod j jraduated J U

 s'nP° j
of ct]iial psrtH. «о that lho number of d l V* s г1Ао11**д
it "ач seen botwiMïn tho uppt-r and lower bo ^Q w
wiruH oi t be telencope of tlio alhidado is cfl1 j!°
number oi. u n i t s in the diMtimcu butwp*-'u

iuti-1-i..r. Honn i s ; i r<-do!iTi i i in«l by tu« ;.,i.viJ,;i
v i ' i ' l i c i i l SC4-KI1- on the rxllml idc, imd il№ 1 1 D { e4u

Horo is nr.\v a Ki; ip ni" tne uhora. bnt

process is thu Holect ion oi a sito for "
t i l o v re • 1 10 n Oí. thu iíait íl t i lo v re • 1 10 n Oí. thu iíunyn. lltied *

pliant form (wíji^h is coinmoi ' iy q(()tf "Л
Ь;:г!)ог s u r v e y i n g ) is a gra-.i i i . i t i-tl * w- nla

vi ' 1*' ! ! i n t o lent anil t u i i l h s ; but thisre a'e.n

t|ieir
 r t "J

or;it(i i o r n t s t l o p e i i t l i n g lor ï h" lit cessily »'^ , rdBU ' .
п]).-.ц J . i f . i l с r c i i i D H t n n c c . s or t i t . 1 nci.'.iiriicy fl - f l* t ;,,(f
n . j u i r c . r . O b P e r v a t i j J i b of ihn Jügli au'' |° *цв ? t

 й^
of c v n r y <i:iy aro b f ^ u n at once (hs ниоп ! ' s dorj^,

wj r h í ho uirud 'Ml eye, J ind ыр"* foi'1* Лг -
b.i largo, nf я s i n k i n g or *-a*ily rerogni/-»" £о1%''
w h i t e w a s h e d , но n.-, to catch t lio oyri цчк?Ь 'fâluf.d
tiuie-i flag« oi d i f f c r f - n t c . ' i l - irs arc пяг-Л, acC'i)lit

 l'!^tl.

detai l-; i re tu Ън Jet i-rmint .-» ! b\ tMo J111'^" tld'' -W

L...u or t l i . - o < l o ] i f i - s a . i j i i K t f i l und ihc ЬУ'"'"1'
stíirts h i f l bowts t n i l y cqmpppd for HOIIIXÍ^ 1 1* 1 ' ^;

A UYtHlUi iKAl 'MK; GUI W AT «'»'"Ч-0 Ifli.
Л f l l l l СП! W !SrO!lll>OS.-d ОГ KlX 11ИГ.-11П«» • ' r.S °,\

mun, «in: r.ox«w.iin (to nicer), two otlir1- lV|ieU ,
«TVITK und (Hl.: us rci-ordi.T. lu VnCt'°' 'fúrfWTat
aro (-xp( riunco:!. n u i u r h H u i n l l c r I'OIT«» oL ̂ ít[í

ft^>1

been snciiefiiifnlly employed. StAl'l-iuK _ T,|fn ̂

а«' j innVj i i l i ; -ut i>.-,-.l «r vn.-Bol К^'Р'Ш; л mil oi ч,ч
rutL' ni Kp^ed; tho recorder U"t«s ouch on»*, ^ivl *»fV
tin; t i i n i - , at. rejiiib.!' intprviiltt of one m i u u t e , unje>(s
tlm b o t i o n \ i^. v c r v nncvtîu or tliu depths KJ'Pui- ^'ln p
l i m e i * i i o i i ' U a t KÏ .TJ-Mii in t l l i iK. At int , -nr i lB UIJT-
in; : In1 pro-.r^i-s o: th«.- l i nu au;;ltfs ; i tu шольшчч! lie-
t\v••! n n !•••>> ) ; n o w n p o i n t s nn shorn ,-.nd duly re-
curi'.-d, :,u.l t!ni^ t i le Ьза1'.ч j m s r i n n is kl)(4VI1

t l i r c n u b u i l t I l ic whole b u K t l l ot ua::h Imc'. O t



tftbfc«. и., shore t l i o . cutj

W h i l e the boats nra tbus епи.Ц

.11« "c~"i, "na r°11 of 'Us> tid'-8 "re notod

îîM«i.A-.'lvl!ry. fi™ mi»«t™, '»r.

f»ctiu
 a. ftxeil contrai arm of л three-armed pro-

*°°»i S\ c.1.tcl>:- »uil the protractor is tlic.u raoveil
?" »it). .Л1"1 l '«per u n t i l Им t l i rop апич ai4)brouj;bt

e
nes. on which tlic BO

LOW WATKK ROÜNDI.N'fiS.

n,r'"htvin •Ull:1 ln slialliiws. aud t h i i t the bont,
» ta ET a "ni'orm tute cf íiiei-Д, wi: l \iasB ovi'r

1в*"с1Ч|В11 n<l *" tl10 t i m n l'e'WU1'» two cllîel'f
l
>.

°*"

Bo,^H
rt.

 1''*ч between two of l ' в я d e p t h .
>cÍ411v Bs of t£in f a t u o m e "uil over

'»iblj í Jn * elrong run-cut) ungles plionld, if
"iiliu'" ««on at every вочпШпк. W i i c u the

in !т" aijd Тв Ьс"п Pl'Utnd tue curves o£ eil,
l»?ul°rs "'Kl'teeii feet ore drawn upon Ibe Blieot
l '"es O'f ,. Л 5 'о r..preanut the slope» and IrreRU-

— h '" ebn4om аз the contour l iune or the
r show il iu u u d l l l a t i o n n ot tlie laud.

"P°u 1ha ""ea lnto, ,
°k it iïa£h "£ "'« «OTk "a 1>»»»1ЬЮ. «tr to
»Preh'„„ ."lsc1VOr ГГГОГЯ. «lid K«' »". ln»CfKKIIt

" »lon„ ,'e'' °r "t)ia ngiiro и£ the bottom i'\s he

СОПгч, ' U"'m on I1»«" S O t l l l i l i l l K I
" net

 of t ln:eth« sheet is crossed aurt recrossed
' r,]„,?r!t °f HIJOS.

î^tyaUo? low waters« h u v i n u b e e u obtained hy ob-
?°"Hi », ,ot "тегу Jow waier d i l r i u K one J u i l l l r
t * to th- 8 ' ' tU" a')ullclM1b'ä as rnnorde.l are rr-
'чаду " 'bis rueau, nnd th- rtraimnlsmau is then
» ,ÜUlWs put ou tue eneet tn° reduc-ede'ett vJ.V,or an rnanv o*, them лз be «ball
.виг»'..*.1"«

NO THE МАРИ FOR PÍIIWTIMG.
i« now complût«-—tl

?,??tettiam í"0-™!'1'? ana hy. iroi íraphv—uud it
»ь Oi1tt & !. P'ßl1«.! tua-e for publication, so ae
»h- u BUbl .'"P1»^ «nd l ianuonioui i whole, which,
th '° nia" '"' !orm* tuo fliiielied i^hiirt »o iuvalu-

Ceïitral ri'ieï"8' 'A'hn orÍKiíi:il ehecta aro neii t :o
;ro<veees 1° " an'! "'ITU рпмя t l i ro i i ih i l i f f » r< ' i i t
-"•at o r ' » ,.' preliTOiimry e.Jitiou of :> certain
fe combi л°г '" dl'slr»d the original survey«
î dtawir, in or'a caretul i\ud ulnbor-

*™ l ob /0°
K ((lenerally on t racing vellnin).

^obfepj-p^ ™H u curaploto <'lmrr. and i«
>uoto-ij tj1

 to stone ш a reduced lorm by the

еи ï ' в centra o c e . ue oj
»Q üoo-°f pnolication is that It is notЩ-!• As ко 01 P"°l'cation is that it is t . . . .

lied th,« ,, ss tbo «qulrtd edittou h»s been pnb-
Tltod tl Qe 1* cleaned, anil, .ч)юиЫ a new lot l)e

-g-~'-. e }>{>iito-littiogrnphli: work niUBt he rtoi.e
m~, -» — ••• ^uni.ivi, u,eTO i iitjinuu, though quite

curate, nave not the finish ивоц which a ui-eat ne-
j Jn W D u i r t wish to rest its reputation for superior

The photographic reductions, boiug combíiieci1 or
Joined together un a sheet of the required
айв юг the oliHït to Ъе еи^гатги, ore sent.
attar wme manipulat ion in tuo draught ing гоогаз, •'
tu lho e n к гаV'-1 r. Upou a p lato of rolled coppur," !
w h i c h has buou »rftviouely coaled wi th a thin flim l
of wax, the engraver transfer» the lines of tho draw- I
iug by u delicatü (racing on li&h ßlue. He then marke
tiic linos lu ou lho ;>lata with "a point," finally ctat-
thiEî tbora with **a graver," compiling with', tbe
original ae he proceeds, and »ublwtaig it írom-time
to ume to t h. ï test oC a "prone" through, the print-
ing press. The topographical engraving hart ne been
completed th« hydrographie work must be engmved.
For t h i s th-.' engraver receives a ."epirato draw-'
iuíí. which, w i th the exception of the shore Jiuo, is
rcilucol by band. The necetmity of band reduction,
of hydrography becomes obvious when we consider
thtu'wnernaH tono^raputcíVL Coat игле йгв canily re-'
ductd by photography, нш! wil l prreoot when ao
reduce^ cieur tmd d i n t i n c t outlines, on the other
hand яо пишу soumîmes aro plotted oa tlio hydro-
graphic shf its that it' roducoci by photography to a
small scalo they would present и confused nud щ.
i l i a t l u K u i H h u b l o тлея, besides reqnlrin^ the -en-
graviiig o£ mor« íitíuref. lhau would bo nocewsary.
Thereioro a akiUt'd ( Imu^hremau marks upou ,.v
sheet oi drawing paper (upon wbich tUe ehore Iftie ".
has been previously '.raced, «iich aoniidiu
from the oritiiual gh^ot itn will ^ive a coirec
of the bottom. Ям ai во marks :iU Hhoaln atul
names of points, fctro-iras—1ц «hurt, what is oalled'
the "gennriu lettoriun" of the i-.liavu This poea to
the enyruvi-r, who cuts Iront a correct tracing
bound1.г^a and l- ' t torjuj i ou the tame pliitp.
already h.is lho topotirapiiical features. TíUín.f
thu iinlshiuu1 toui iheK—tho title, сотраавев, no
i n f o r m a t i o n , bonier, &o.; autJ lhe platu bnving be/a
carctnl ly T i - r i f l o - t ns to every Hounding, line audlot-
ter is Anal ly dtjclared ct'inpU-U-il,

KLKCTIIOTYI41.A. I

13ut if vo Ruppnue thai tu« thuusauda of copies of
c h a r t H that aro a n n u a l l y publ isnud aro printed frofn
tJ ie ie cn(jr-ivnd p la tes we are tireatiy mixtaUen. Ц
t;vkus u iout t i s upou months and costs thousands of
dollars to euynive l î i o plate of an ordinary roaHt
char t ; mid the wuar of lhe ргив* would ыооп oblít-
e.atc ího dclicítte lines of ifii^i'iivin^. We thorefbre
call to our aid tho art o£ "olccirotypiop." Too
orisiun^ en graved plate не n t to tho oleci.ro t y per
is ininier.sf.a iu it» electric bath; a ' dcpoBit
ot copper is made upon its unti^'ived eiiriaoe
u u t u iLs thickncus rcjcht-K a thi^knut-s equal, to that
oi 1 the plati;. Jt ( i h e doublo platu) in tueu taken out
of thu battuiy bath; the; two aie noparated, aud be-
hoHlI we iiavû an exact c»py щ TL-IIÜ^ oi everythiisic,
down t) Uic m i u u i C K E Huts, on tai» engruved plat«.
Tnie relief copy IB called tho "alto." tiiw original,
h.iviua bt!cu clu.incd, in coverud with purafuoe anu
tracing uap'T t.j proter;t it irom the, air aud Hie-i
a w;iy с.лг'-l u L y lu a fireproof гопш. while t l iq
и! ï о re L и ï u^ lo Hie biii iery, where it, in
ï um, Tccoi vi-e a .deposit u t сорр'.-г forming
anütüer pi i i ïu of the desired thtcknc.s* ; only that

rc«|)rciM, a t w i n oi tiia or imual p la te—hi iv in« «vory-
tliinc ready for p r in t ing . This p l u l o is theratore
called the "baaau," u.iü by ьогае the "printiua
plute," and it is i ron» it tha i , all of iho published
ch.iris ore p r i n t e d . \Vhou tlio f i r s t Ьа^чо u h o w a -
В1киэ of w u u r i i i g the ano. which inoauwhile Ьчв
boon äni igly ri'p^eiui: in its hale, in a^;iiu brought

au inf iu i tû uumbor of c-nmis oi tlio oL'l^ina! on-
gruviiiti cau bo mudo without iho Bliuhtcs't

(laiiiior of woarint; away the pngravpd linos. Of late
years a dcvjce l i n n bet-u :utrudnct:d whereby the
(i .-J : iy in p r i n t i n g нити p l a c u R c.iuHod b y t h e ' t l r a o
O P c u p J f i l jn electro t y p ] n к has boon nlmoat done
n w a y M l l h . ТЫ» t l e v i r n o o n s i H t a in » imply coating
t in« K i i r f a o ^ of ihn o r i g i n a l copper p l f t i o w i t h a t b i u ,
li:?n ot Btei-l . The ргпскнэ oi-cnpi»;« srurccly auy
l lmr-, cnsts uti le ami protect« the or ig inal ougcaving
a b s o l u t e l y troni wear. Tue copper plate on U'bicU
way eu^ravtir.i the form tor the bonds ot tlio Cen-
tennia l K x p o h f t i o i i ot Philauolphia bad 15,0(iJ
jmpro^piotia falicu from it after btinjr thdf l
Btecl faced without showing th6 ul i t rhtewr н10пя of

emojjraphy.
PKtUUttïNT СПАВТ8.(r K PKtUUttïNT СПАВТ8.

Kile permanent c l iur tu uro, therefore, prepared In
.Biaorviit l i i H b i o u . A i l b o i l i j h formerly the oriuinal

>икгарЬ1са1 Khects weri> reilviccd to tho pnlnica-
1 ,cMti by laborioiiB hand reduction, photonraphy
' »lepsill a n > > u r o i i u c c H in a tow ulomen в reduced

» loa of the or iu iua l surveja on »n.v i-ca\e dexirud.

tb*j- ,.re. nu« tli" "thf lr copper plutôt», covered with
| paruffluH and paper :пь! «towod away. Т hi« btr.a/uso
' tho stoi-'l surlaco. when exposed, has been louiul1 lo r

rust from tho f l ig l i íHot aiuupneee. This рг'1сеяв.1в
not, Jiowe.ver, proper to bo applied to the lar^ö
chart plates, ан il impl ies t l io ( ÍXÍMÍCDCO of but лпе
I i la io ot eacU, f ind the risk, in case ot liro or omer
ttccicieiit, would bo too ^mit to incur.
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AND PRINTrKG.
, .Тле b a S su having Ьоол caretully examined and а

, irool taten from it to see that its Mirfnco ia free
ííccim bl^mioh, 1я sent to the copperplate prlutors, of
'••whom therí) are euv*ral employed. Here we cull in

the »id-o t .tbe paper mukor. Рог It is as necessary
Lto^havo papf-r t h a t w i l l wear and not toar, as it is 10

rltijive accurate surveying and drawing und beautiful
•''eri graying on the plates. It would scarcely be be-
. Ijevei) theampimt of study that h is been given to thiB

,baeu made by the experts iu the central office; but
:$ji* results have justified the expenditure oE tiate
1 and labor. Wu doubt it any »uch chnrts &я those of
'OU* own Coant Survey ar« published by any othr.r
Oiai1o*D. For accuracy. с1вагпеяк, elegance of fininh.

• ЬеацЛу of eqgniving 'and durability of texture ш the
'oubllaJUeU proofs they stand unrivalled und hare

lalleuged and commanded tho admiration of
and mariners throughout the world.

BALE OF TUE СНАИТЬ.
. :—^ printed cb/.irta are disirii jutod for sale to an-

prí/;o. It is uot tbe object of the government to
jiVaJce a profit on the rhurtn. aud tho price axed i«,

:'tberî;foré, barely sufflcieut to pay the cost of prlut-
:"ili^. l*ho volaiueti vf the "Coast Pilot" are also

Et a low UKure, and it Is thought that even
,.; r,low prices will Ъе reduced when th« cuudcnHecl
vujnme ouibraclng rne whole coastb ehull havo been

. Tniit* tho render has bean taken through all of the
.'qpuretions (H thiu «roat survey irom the primary re-

^'counnisHiUice to thti deposition ou lhe sheive« ot iht»
i" dritter of the printed churtu. Any A t t e m p t ut ex-
;*:plaBation of tUö many puruly scieutiuc oporatioiiM
;"uf the snrvoy hga been avoldt».!, which, however
!-•• valuable to tUtt vorldoi inve&timition, iittve no- im-
.Jujòdiai e bearing u pou tbe principal! objects rorwhint i
' rjtilfl ffort WAS du«iynod end orjianizod—vix., the dti--
i>Itheation of our Rhoi'eSf the survey of our cruets and

iijiTporfl and the elaborate mapping ol our gre t t do-
i)ift)u. , ÖUcli ab^triiue inveati^ationH ая thoHe of the

:^jlgtuo of the our t h and tlie acceleration of gravity,
'py Uhftflet4 Peirce; o' the ocnuU forct-я affecting lho
tides/ byBeuJaium Poirce ап<1 W i l l i a m Гене! ; of
.magii^Ho forces and «yatenm, by Hllpard ondSchott;
wh)je ot lhe greateat inipcrtnofe to вс]епсч and

. mo-ít credliablo to our country, as placing her in
b;tho fore-niost 'rank of euJlghtenod realeren, would
f.be maatlesUy out of place lu a popular aimiUHniou.
*J - ( тЬк yonCK BMPLOYKD—COKDITIQN ОГ THE AVORK.
i At'tao present writ ing tljo Coast Survey employe
.;17lï pertioua, of whom forty-six: are nueimauift, nine
i.frub-aá^^BlRnts and twelve lüde, the balance bning
Vmade,apof clerks, engravers, draughtsmen and ar-
tleaqs. An nearly aa can be anoertaloe i the condi-
tion, of the wort at tho commencement of the

. 'present year waH as follown:—The coast triaugula-
:,ttdn is complete ou the Atlantic and uearly ьо
: on the Gulf coast. On the i'.'.ciu^ it
, covers two-thirds of the coaet. Both syateme

Г^ hay»been connectfid vrith the interior triangulation
;f.julreaay iu oporetion in twenty-flve State«), and tho
ú latter will soon extend over tbe whole country. The
•topography Is complote on the Atlantic coast, ex-
' oept a portion of the neacoaat of Maiue and a amall

part.of Florida. On the Gu\f coast part of Florida
; sud моще of Louisiana aud Tcxae romaine to
" b£ doue; and of tho PHCÍUO coast about one-
, tbirJ is unfinished. The hyiirograpliy keeps pace

wjth the .topography; und there are, thßrftfofe, but
["few barbora ot wbioh handsome and accurate charts
. canuut bo fnruiahud on demand. lu a wor<l, tüo
-irtn,e is cloao at band whcu the Ooaxt Survey will bo
'able proudly to point ю n continuous serio* of ad-
-mirabie charts oC both laud ami ne* irom Maine to
-Mexico i*u from Lower Califórnia to* Vancouver's
vlrilknd. , Py coble, our longitudeu are cou-
ixected wflh thft can t nil meridian at Green-
wiob; by^,telegrapbf chaluu of accurate dt-
.termination*--: of longitudes bind the Atlantic

/^o ЛЬе * Pacific and extend up and down
ï. the coasts of boiiif great oceans; and with auch re-
'Xutts ae. th«eet and with the glorious prospect of
.' Ofllting in the near future both ocean P and all of tho
State« in a network of triangles yrhlch shall form a

undation for lopal lopoffraphlcal deliueatione,

i.atid may -JuetlT. cl*iin í
roes it ia developing.and whoee nAme it

__ 1 over the civilized globe. Juat recogni-
(L-^on end liberal support.



U. S. COAST AND GEODETIC SURVEY.

HISTORICAL COMPILATION.

A systematic survey of the coast was first inaugurated by the
act of Congress February 10, 1807, which read as follows :

AN ACT to provide for surveying the coast of the United States.

Tie it enacted, сбс., That the President of the United States shalLbe,
and he is hereby authorized and requested to cause a survey to be
taken of the coasts of the United States, in which shall be designated
the islands and shoals, with the roads or places of anchorage, within
twenty leagues of any part of the shores of the United States ; and
also the respective courses and distances between the principal capes,
or headlands, together with such other matters as he may deem proper
for completing an accurate cliart of every part of the coasts within the
extent aforesaid.

The work was assigned to the direction of the Treasury
Department where it continued until 1817, when the act of
April 14, 1818, repealed so much of the foregoing statute as
authorized the employment of others than persons belonging
to the Army and Navy. The work, which, owing to inter-
ruptions consequent upon European complications, our war
with England, &c., had only just fairly begun, by the com-
mencement of field operations in 1815, was discontinued as a
separate organization, and was fitfully and disconnectedly
prosecuted under the Navy Department until 1832.

In 1828, in reply to the Committee on Naval Affairs of the
House of Representatives, the Hon. Samuel L. Southard,
Secretary of the Navy, in whom the control of the Coast Sur-
vey was then lodged, declared that the maps and charts pro-
duced under the operation ol the act of 1818 :

"Do not furnish a satisfactory survey of the coast for the following
reasons : 1. They exhibit detached parts unconnected with each
other. Z . Are generally confined to the shores, and do not extend
sufficiently far into the ocean. 3. Were many of them made by in-
competent men, with incompetent means. 4. They were governed by
ao fixed and certain principles or guides in ascertaining the latitude and
longitude of the principal points and positions. 5. They do not embrace
the whole coast. For these and other reason» they arc unsa/e, and in
many instances useless and pernicious. ' ' •



Secretary Southard further recommended a revival of the Act
of 1807, and a return to the comprehensive and adequate
scientific methods and plan approved at the outset by President
Jefferson and Secretary Gallatin. In his annual report for
1828, Secretary Southard again declared that the surveys ex-
ecuted under the Navy Department —

" Do not afford materials for an accurate chart of the harbors and
the approaches to them, and assist but little toward a perfect knowledge
of our coast, which can only be acquired by that scientific survey of
the whole, the importance of which I have ventured to urge and would
again respectfully suggest," And he added that "thesesurveys with
others, which from time to time have been made under the direction
of the department have, to a certain extent, been useful, but they
have also been very expensive in proportion to their usefulness."

After a full consideration of the unsatisfactory results of the
Naval supervision, as repeatedly suggested by the Secretary
of the Navy and others, Congress revived the law of 1807,
with somewhat extended scope, by the Act of July 10, 1832,
as follows :

AN ACT to carry into effect the act to provide for a survey of the
coast of the United States.

SECTION 1. Be it enacted, &c., That for carrying into effect the act
entitled ' ' An act to provide for surveying the coasts of the United
States," approved on the 10th day of February, 1807, there shall be,
and hereby is, appropriated a sum not exceeding twenty thousand dol-
lars, to be paid out of any money in the Treasury not otherwise ap-
propriated ; and the said act is hereby revived, and shall be deemed
to provide for the survey of the coasts of Florida, in the same manner
as if the same had been named therein.

SBC. 2. That the President of the United States be, and he is here-
by, authorized, in and about the execution of the said act, to use all
maps, charts, books, instruments and apparatus which now, or here-
after may, belong to the United States, and employ all persons in the
land or naval service of the United States, and such astronomers and
other persons as he shall deem proper.

The work was again placed under the Treasury Department,
and Hassler, its original Superintendent and the friend of Jef-
ferson and Gallatin, was again placed in charge.

Operations under the Treasury Department had hardly been
fairly resumed before President Jackson, in pursuance of the
recommendation of Mr. Taney, Secretary of the Treasury,
directed the Survey to be again transferred to the control of
the Navy Department. The transfer was ordered March nth,
1834, Mr. Woodbury being Secretary of the Navy. Again
the work proceeded so unsatisfactorily that within two years
—in March, 1836—it was re-transferred by President Jackson
to the Treasury Department, of which Mr. Woodbury had in



the meantime become the Secretary. The re-transfer of the
Survey to the Treasury Department by President Jackson, who
had but recently directed its transfer to the Navy Department,
and its re-transfer to Secretary of the Treasury Woodbury so
soon after its transfer to Secretary of the Navy Woodbury,
was specially significant as being; the result of an actual, ex-
perimental test, by the same eminent officials of the compara-
tive merit of the two systems of operating the Survey.

By the act of March 10, 1843, prompted by suggestions of
the expediency of a re-transfer of the Survey to the Navy
Department, Congress provided for an intelligent and efficient
inquiry for the development of a permanent plan of organiza-
tion of the Survey, as follows :

AN ACT making appropriations for year ending June 30,1844.
For survey of the coast of the United States, including compensa-

tion of Superintendent and assistants, one hundred thousand dollars:
Provided, That this and all other appropriations hereafter to be made
for this work, shall, until otherwise provided by law, be expended in
accordance with a plan of reorganizing the mode of executing the
survey, to be submitted to the President of the United States by a
board of officers, which shall be organized by him, to consist of the
present Superintendent, his two principal assistants, and the two naval
officers now in charge of the hydrographical parties, and four from
among the principal officers of the corps of topographical engineers ;
none of whom shall receive any additional compensation whatever
for this service, and who shall sit as soon as organized. And the
President of the United States shall adopt and carry into effect the
plan of said board, as agreed upon by a majority of its members.
And the plan of said board shall cause to be employed as many officers
of the army and navy of the United States as will be compatible with
the successful prosecution of the work ; the officers of the navy to be
employed on the hydrographical parts, and the officers of t he army on
the topographical parts of the work ; and no officer of the army or
navy shall hereafter receive any extra pay out of this or any future
appropriations for surveys.

The board selected by the President consisted of three civil-
ians, two naval officers experienced in hydrography, and four
topographical engineers of the army. Those officers, practi-
cally experienced in the work of the Survey, united in a plan
not only fulfilling the requirements of the law as to the com-
position of the organization, but providing with sufficient de-
tail for—

"The mode of executing the Survey " * * * < • in accordance with
the most approved means which modern science affords," " using al-
ways the most approved instruments and principles" * * * "the
topography to be carried as far inland as may be necessary for a proper
delineation of the shore and for purposes either of commerce or of
defense," and with soundings " as far inland as the ports and har-
bors f or commerce."
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Although the board consisted of six commissioned officers

of the Army and Navy and only three civilians, there was no
dissent from the elaborate plan of a work of the highest scien-
tific and accurate—and therefore practical and trustworthy—
character, as outlined in " The Plan for the reorganization of
the Coast Survey," adopted by them on the 3Oth of March,
1843 ! nor did the military and naval members of the board
hesitate to unite in a resolution, submitted to the President,
expressive of an opinion derived from their experience in and
and acquaintance with the work, to the following effect :

Resolved, That inasmuch as the object and purpose of the survey of
the coast refer principally to the commercial interests of the country,
and as all the laws of Congress in relation to the same contemplate
the employment of civilians and officers of the Army and Navy upon
said work, it is the opinion of this board, and they do hereby respect-
fully recommend, that it should be under the control, and considered
a part of, the Treasury Department.

In compliance with that recommendation the President, in
his formal approval, April zgth, 1843, of the plan submitted by
the board, declared that " the charge of the survey of the coast
is continued in the Treasury Department, and is to be under its
control."

An attempt, in 1848, to secure the transfer of the Survey to
the Navy Department, was defeated in the House of Repre-
sentatives by a vote of 90 to 36. In 1849 a similar effort in the
Senate led to a debate, in which the scope and plan of the Sur-
vey and its methods were so ably presented by Senators Pearce,
of Maryland, and Davis, of Miss., that the project received but
two votes. (See Cong. Globe and Appendix, Vol. 20, 2d
Session 3oth Congress, pp. 553 Globe and 196 Appendix.)

The attempt in 1849 to re-transfer the Coast Survey to the
Navy, evoked not only from scientific bodies like the American
Academy of Arts and Sciences, the American Philosophical
Society of Philadelphia, the Franklin Institute of Pennsylvania,
and from Colleges and Universities, but also from the officers
of nearly every Marine Insurance Company, Chamber of Com-
merce and Board of Trade, the most earnest protests against
a remission of the Survey to the control of the Army or Navy
or the abandonment of the existing wise, effective and practi-
cal plan of organization, whose results in the production of
charts, accurate in latitude and longitude and replete with
every form of safeguard to navigators, had so rapidly reduced
the risks of navigation, disarmed of its terrors the mysterious
sea and given safety to commerce along many a fatal reach
and reef where pilots had been useless. (Appendix to speech
of Senator Davis, Miss., Feb'y 19, 1849.)



478

5
On Dec. 81, 1850, a resolution of the Senate called upon the Secre-

tary of the Navy to report what advantages would he derived hy a
transfer of the Coast Survey to the Navy Department, and upon the
Secretary of the Treasury to state why, in his opinion, such transfer
should not he made. Their replies are printed as Senate Es. Doc.
Nos. 35 and 86, 31st Congress, 3d Session. (15 Feb., 1851.)

The reply of the Hon. Thomas Corwin, Secretary of the
Treasury (Ex. Doc., Senate No. 36,3131 Congress, 2d Session),
is a very full, fair and convincing statement of reasons—his-
torical, experimental and statistical—'for adhering to the orig-
inal JefFerson-Gallatin plan pi 1807, elaborated by the plan of
1843, providing for civilian instead of either military or naval
control : and his views were sustained by the abandonment,
in Congress, of the scheme of transfer.

The then recent withdrawal of all but three of the fourteen
army officers, and the threatened withdrawal of all the naval
officers, from employment on the Survey, as the result of our
brief conflict with Mexico, appears to have admonished Con-
gress of the importance of maintaining the civilian organiza-
tion ready and equipped for the continuance of its indispensa-
bly important work whenever the call to arms should summon
its army or navy contingent to the field and monopolize all the
attention and energies of the War and Navy Departments.
The same admonition was soon afterward still more impres-
sively conveyed by the abrupt withdrawal from the Survey of
every representative of both the army and navy at or soon after
the commencement of hostilities in the late civil war. Butforits
civilian organization under a civil department, whose functions
are liable to be neither interrupted nor monopolized by the
operations incident to war, the Coast Survey would have bten
incontinently dismantled and its functions paralyzed at the out-
break of the rebellion. But with|its permanent civilian corps,
familiar with every feature of work in field or in office, the
Survey was enabled not only to measurably continue some of
the more important of its ordinary work, but to continuously
render to the military operations of the Union, service of in-
estimable value. Besides numberless reconnaisances and rapid
topographical surveys for immediate military purposes about
Washington, in the vicinity of Baltimore and Philadelphia, in
the Virginia peninsula, at Vicksburg, Chattanooga, with
Sherman's march to the sea, and in connection with nearly
every important operation of the army or navy, and a multi-
tude of hydrographie sheets and war maps rapidly supplied to
blockading squadrons and commanders of expeditions, which
service elicited at various times the highest commendation
from Generals Sherman, McClellan, Banks, Butler, Totten,
Barnard, Wright, W. F. Smith, &c., and Admirals Porter,
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Dupont, Davis and others—on two occasions the Survey was
able, through its continuing power of organizing effective sur-
veying parties, to do work amply worth to the Government
more than all the cost of the Survey since its organization.

With a bar so far to seaward as to deprive an approaching
fleet of the benefit of any land-marks for reliable bearings, and
with every buoy, spar, beacon or other aid to navigation re-
moved by the Confederates, Port Royal lay in fancied security
against successful attack from the expedition under Dupont
and Sherman in November 1861. But within twenty-four
hours after the arrival of the fleet off the bar the channel was
buoyed under direction of a Coast Survey civilian, Forts
Beauregard and Walker were speedily taken, and possession
of the best seaport of the South was secured to the Union as
a base of supplies and operations until the close of the war.

In April, 1862,-a Coast Survey party, under fire of shot and
shell and sharp-shooters and in advance of Farragut's fleet,
determined the positions of each of Porter's mortar-boats and
by triangulation their exact distances from Forts Jackson and
St. Philip—renewing the triangulation with each change of a
boat's position—so that the shot and shells from the Union
fleet, invisible from the Confederate batteries, were dropped
with unerring accuracy and irresistible effect withm the
doomed forts, compelling their speedy surrender. The Coast
Survey's share in that operation which opened the lower Mis-
sissippi and gave to the Union New Orleans and a substantial
foothold in the Southwest is glowingly described in the fol-
lowing :

EXTRACTS FROM COMMODORE D D. PORTER'S LETTER то PROFES-
SOR A. D. ВАСПЕ, DATED "HARRIET LANB, FORTS JACKSON
AND 8т. PHILIP, APRIL 29, 1862."

DEAR SIR : Amid the exciting scenes here, and the many duties
that are imposed on me, I must steal a few moments to tell you some-
thing of the share the Coast Survey has had in our doings, and to
thank you for the valuable assistance rendered me by the party you
sent out here. * * * The results of our mortar practice here have
exceeded anything I ever dreamed of ; and for my success I am
mainly indebted to the accuracy of positions marked down, under Mr.
Gerdes's direction, by Mr. Harris and Mr. Oltmanns. They made a
minute and complete survey from the "jump" to the forts, most of
the time exposed to fire from shot and shell, and from sharpshooters
from the bushes. * * * The position that every vessel was to oc-
cupy was marked by a white flag, and we knew to a yard the exact
distance of the hole in the mortar from the forts, and you will hear
in the end how straight the shells went to their mark. Mr. Oltmanns
and Mr. Harris remained constantly on board to put the vessels in
position again when they had to haul off for repairs, or on account of
the severity of the enemy's fire. * * * I cannot speak too highly
of these gentlemen. I assure you that I shall never undertake a bom-
bardment unless I have them at my side. Mr. Geldes has been inde-



f atigable in superintending the work, laboring late at night in mak-
ing charts and providing the officers in command of ships with them,
marking the positions of obstructions in the channel, and making all
familiar with the main way. No accident happened to any ship go-
ing through, notwithstanding the gentlemen in the forts thought the
obstructions impassible. * * * You must excuse my hurried let-
ter, but I could not omit writing to thank your good fellows for what
they have done for me. and to thank you for sending them.

* * * * * #
Yours very truly,

DA.VID D. POHTER.
Professor A. D. BACHB,

Superintendent U. S. Coast Survey.

On May 16, Porter again wrote to the Superintendent :

" I forward to you by the Baltic a plan of Fort Jackson (or the re-
mains of it) faithfully drawn under the direction of Mr. Gerdes, by
Mess, Harris and Oltmanns, assistants of the Coast Survey. It is a
striking specimen of the effects of mortar-practice, showing what can
be done when distances are accurately determined, as they were in
this case, by the gentlemen belonging to the Coast Survey."

The plan referred to, precisely depicting the mark of every
shot and shell, and also the original field-sheet of Gerdes's tri-
angulation and marking of positions for the Union mortar-
boats remain among the archives of the Survey.

A mere resumi of the great service which, by reason of its
independent organization, the Survey was able to render in
that crisis of the nation's history, would require more than a
score of these pages. It is enough to say, as the records show,
that those services elicited warm expressions of the highest ap-
preciation from the Union commanders under whose eyes the
varied and skillful work was performed on land and sea and
rivers.

In 1858, in response to a resolution of the American Associa-
tion for the advancement of Science, a committee of twenty of
the most distinguished scholars and scientists of America, to
whom the matter had been referred, joined in a report on the
History and Progress of the American Coast Survey, which is
still extant in an oclavo pamphlet of 125 pages, presenting an
exhaustive and intelligent review of its objects, history, meth-
ods and results, its relations to various other departments and
bureaux, commending the nature of its work on scientific and
practical grounds, asserting its equality with the best work ever
done, and its superiority, in rapidity and economy, to any
similar work abroad, urging adherence to the existing general
plan of organization, and quoting, in support of its own high
estimate of the Survey, not only the unanimous opinion of the
scientific, educational, and commercial individuals and organi-
zations of America, but the almost enthusiastic encomiums of
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such judges as Humboldt, Arago, Schumacher, and Murchi-
son, extorted from those austere intelligences at a time when
European compliments for American science or literature were
rare indeed.

In 1871 (Act of March 3d), the field operations of the
Coast Survey were extended so as to include the execution of
a primary triangulation across the continent to form a geodetic
connection between the Atlantic and Pacific coasts, and the
organization has since been known as the U. S. Coast and Geo-
detic Survey.

In pursuance of the original plan of 1807 and of the com-
pléter plan of 1843, and to avoid disgraceful inferiority and
imperfection in its results, the operations of the Survey were
always — except when withdrawn from civilian control — con-
ducted in conformity with the requirements of geodesy—: it
was in fact a Geodetic Survey. The transcontinental opera-
tions were not only strictly related to the survey of the coasts,
(as essential to the harmony of the measurements along the
Eastern and Western shores, and as affording a most valuable
contribution to that knowledge of the form of the earth and
its local variations which is essential to the accuracy of the sur-
veys of the coast), but incidentally they supply to the traversed
states accurately located points — otherwise practically unat-
tainable by them—upon which to base their own topographical
or geological surveys, for the construction of accurate County
or State maps. It will also provide part of that framework
without which no accurate map of the United States is pos-
sible. Upon that arc has already been achieved some of the
best work ever done in accuracy of base-measurement, ac-
curacy and range of observations and area of geometrical fig-
ures, and at much less than the cost of similar, but less nota-
ble, work abroad. That the enterprise is either premature or
extravagant will hardly be urged in face of the fact that
Europe presents not a single transcontinental arc of triangula-
tion, but a complete net-work covering every country except
Turkey and a portion of Russia, and that even in remote and
mainly uncivilized India, a superb work of triangulation ten
times as extensive as our transcontinental arc has already been
been completed.

In 1878, a clause of the Sundry Civil Bill (June 30,) read as
follows :

"And the Kational Academy of Sciences is hereby required, at their
next meeting, to take into consideration the methods and expenses of
conducting all surveys of a scientific character under the V?ar or In-
terior Department, and the surveys of the Land Office, and to report
to Congress, as soon thereafter as may be practicable, a plan for sur-
veying and mapping the Territories of the United States on such
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general system as will, in their judgment, secure the best results at the
least possible cost ; and also to recommend to Congress a suitable plan
for the publication and distribution, of reports, maps, documents, and
other results of the said surveys."

The report (H. R. Mis. Doc. No. 5, 451!: Congress, 3d
Session, Dec. 3, 1878) recommends the consolidation of all
surveys of mensuration under one head ; has carefully con-
sidered the various questions, and believes that the Coast and
Geodetic Survey is practically best prepared to execute the
entire mensuration system required ; and suggests such con-
solidation under the Coast and Geodetic Survey, its name to
be changed to the Coast and Interior Survey.

At the same time it recommended the establishment of an
independent organization, to be known as the U. S. Geologi-
cal Survey, to be charged with the duty of examining into the
geological structure, natural resources and production of the
public domain, but that no surveys of mensuration be made
by it other than local topographical surveys for development
of special mineral deposits.

The recommendations of the Academy were so far adopted
as to leave the Coast and Geodetic Survey in charge of the
survey of the coast, and of the State surveys and interior
geodetic work, to discontinue the various " geological and
geographical " surveys, and to organize the U. S. Geological
Survey, charging it with the duties specified by the Academy.
Its functions were to be confined to geology, and not to em-
brace geodesy. (Sundry Civil Bill, March 3, 1879.)

Among the members of the Academy, as well as in the
opinions submitted for its consideration, there seemed to be a
general recognition of the propriety of remitting the surveys
of mensuration to the care and accurate methods of the Coast
and Geodetic Survey ; and the director of the present Geo-
logical Survey, referring to the Coast Survey transcontinental
triangulation and to its corps of trained experts, urged that
its system of triangulation, then in progress, " should be made
the basis of all future geographical work in the United States."

In his annual message to Congress, presented in December,
1882, the Secretary of the Navy recommended the transfer to
his department of the Coast and Geodetic Survey, the Reve-
nue Marine, the Life Saving Service, the Light House Board,
and other Bureaus of the Treasury Department. The heads
of the various bureaus named were invited by the Secretary of
the Treasury to make such statements in regard, to the pro-
posal as should seem advisable. Their replies published as
Treasury Doc. No. 395 (January, 1883,) and the arguments
presented in opposition to the transfer of any of the bureaus,
were such that no action was taken,
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The Sundry Civil Act of July 7, 1884 contained a clause
providing for the appointment of a joint Commission of three
Senators and three Members of the House to " consider the
present organization of the " Signal Service, Geological Sur-
vey, Coast and Geodetic Survey and the Hydrographie Office
of the Navy Department, with the view to secure greater effi-
ciency and economy of administration of the public service in
said Bureaus," &c.

The inquiry by the Joint Commission occupied nearly two
years, including frequent sessions during several months. A
large number ,of witnesses were examined and the organization
and methods of .each of the bureaus thoroughly investigated.
The reports were accompanied by nearly eleven- hundred.pages
of-testimony/ That-portion relating -to-the Coast and. Gepdetic
Survey, at least, was thorough and exhaustive, including written
or; oral statements' from the National Academy of •• Sciences,
ei-ninent.scientific .experts, distinguished and experienced Naval
Officerssaud hydrographers uniformly commendatory.of' itsiplah
.of. organization and general methods., and results.

í.Thé majority of the Joint Commission, in whose views both
Houses concurred, declared that they—

"Do not feel justified in proposing a change in the organization
and method of the Survey unless the most urgent reasons therefor can
be given, especially in view of the fact that those best qualified to
judge who have testified before the Commission, including some
eminent officers of the Navy uniformly agree that, at least .until the
Survey of the Coast shall be completed, the work should be continued
under the present organization."

They concluded, after thorough discussion, that—

"There is nothing in the testimony to indicate that the work now
performed by the Survey can be more efficiently performed if transfer
is made, nor is it shown that the Navy can more economically exe-
cute the work, so there is no reason either on the score of efficiency or
economy for making the change." (Senate Report No. 1285, 49th
Congress 1st Session.)

Such a conclusion must inevitably follow from a considera-
tion of the facts :

ï. On both occasions i8i8,-i832 and 1834,-1836, when the
Survey was under Naval control its performance was unsatis-
factory. This involves no reflection on the Navy, but simply
implies better co-ordination of various scientific and technical
operations when under civilian control.

2. The Survey has been under civilian control for an un-
broken period of 52 years with results which, whether in ex-
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cellence of quality or economy of cost, challenge comparison
with similar work anywhere.

3. Not one of the Naval Officers who has under the Super-
intendent had official supervision of the hydrography of the
Survey, since the functions of a Hydrographie Inspector were
suggested in 1861, has favored the transfer of the Survey to
the Navy. With possibly one exception every one of them
has been opposed to such transfer—an attitude to which re-
sponsible connection and intimacy with the Survey will almost
inevitably lead any one.

5- While no statement, however detailed or extended, can
even remotely supply the place of actual experimental ac-
quaintance with the blending and inter-relation of the varied
work, the following terse synopsis, which was submitted to the
joint commission, may give some slight idea of how little of
the indispensable work falls within the scope of nautical func-
tions, and how incapable even that little is of being separated
from its various auxilliary operations :

The field work of the Geodetic Survey is in eight different lines, all
but one (the fifth) of which are necessary to the production of a per-
fect map. These divisions are:

First. Triangulation, including base measurements, by means of
which distances between prominent points are made known.

Second. Astronomical observations, by means of which directions of
all measured lines are made known, and also the locations of points
on the earth are made known by astronomically measuring their dis-
tance from the equator (latitude), and their distance from a prime me-
ridian (longitude).

Third. Leveling, by means of which the heights of objects above
mean level of the sea aie made known.

Fourth. Tidal observations, for determining the mean level of the
sea, from which heights are reckoned ; also for predicting the rise and
fall of tides for the use of navigators and others, and also for the re-
duction of spundings taken at any time to what they would have been
if made at low water.

Fifth. Gravity observations, for determining the density of the
earth.
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Sixth. Topography, or the picturing by conventional signs of all the
surface features of the land, its elevations and depressions, its streams,
roads, canals, its forests, plains, and mountains, its towns, fields, &c.

Seventh. Hydrography, by means of which the configuration of the
bottom of the sea, lakes, and rivers becomes known ; also physical
hydrography which makes known the character of rivers, tidal, and
and ocean currents, their effects in producing progressive or periodic
changes in the configuration of the bottom.

Eighth. Magnetic observations, from which we learn the direction in
which the compass needle points, the changes in this direction, the
intensity of the magnetic force which directs the needle and the
variations of this force, and thus get material to foretell the changes
of direction to which the compass needle is subject, and variations of
the force directing it.

The order in which these operations are carried on is not an arbitrary
but a logical ene, and in this logical order the hydrography comes
last.

2. The first need of the hydrographer in making his survey is a
projection or skeleton outline map, showing the parallels of latitude
and meridians of longitude, together with the shore line and all the
land features visible from the water, prominent objects, church spires,
houses, artificial signals, capes, headlands, and outlying rocks and
islands visible from the shore. If, " off-shore " or deep-sea hydro-
graphy is to be executed, the variation of the compass and the lati-
tude and longitude of all prominent objects must be first made known
and shown on the projection, to furnish points of departure and to
correct the tracks after returning.

3. Before the hydrography is begun, therefore, we, in general, re-
quire the astronomical work, the magnetic work, the topography; and
furthermore, tidal observations must accompany the hydrography. Of
all the data required by the hydrographer the scale of the proposed
work and the projection come first in importance. On this projection
must be shown in proper relative position all conspicuous points and
marks useful for determining the position of the sounding boat. In
short, all topographical features and complete shore-line are necessary,
and before these can be had the triangulation upon which this topog-
graphy rests must be executed.

Thus the hydrography requires for its execution, first, if in-shore,
the triangulation and topography together with tidal observations ;
second, if off-shore, it requires the same data, together with the astro-
nomical end magnetic observations.

4. After the execution of the hydrographie field work the rough
original sheets are to be carefully verified by re-plotting the soundings,
drawing the contours, making the finished drawing, engraving, and
printing. This work is done by trained experts, who, by natural
ability, education, and long experience, attained the best possible re-
sults.

5. The hydrographie surveys are made in part by naval and in part
by civil parties. Civil parties are usually engaged upon hydrography
in regions where it is expedient for economy's sake to execute "the
secondary triangulation, topography, and hydrography simultane-
ously. This is usually in interior waters, sloughs, lagoons, bayous,
&c., where parties are organized to work advantageously on land or
water, as need arises.

6. It is, therefore, obvious that to separate the hydrography from
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the topography and triangulation would be idle, since it would require
two distinct organizations to do the shore-work. Besides, since very
considerable portions of our sea and river shores are alluvial, much of
the future work will be the repetition of surveys in districts where the
sea by undermining the land has acquired material for shoal building,
or where the caving of river banks has caused channels to be ob-
structed. In such instances the topographical and hydrographical
parties must be intimately associated, because their operations must
lurnish reciprocal results.

7. To put all those indispensable operations into the hands
of naval officers is to entrust them, without preparation or pre-
vious technical education for it, with scientific works of the
utmost accuracy and refinement, the proper accomplishment
of which has required, from the corps of civilian experts now
employed, many years of diligent study and hard work. The
character of all but the hydrographie work is foreign to the re-
quirements of the naval profession. Due proficiency in such
extrinsic accomplishments cannot be acquired during such
brief detail to such special service as is permitted by naval
routine. That such proficiency does " not come by nature,"
nor as a part of the naval education and experience, is con-
fessed by the repetition of the effort to secure legislation which
shall relieve the Hydrographer of the Navy from active naval
duty and give him permanent shore duty.

On the other hand, detachment from naval duties long
enough to acquire such proficiency, must be seriously detri-
mental if not destructive to proficiency in naval affiairs, to
which, indeed, it is as foreign as would be proficiency in the
work oi the geologist, the biologist or the Fish Commissioner.

8. If the naval officers are not to perform those extrinsic op-
erations, they must continue to be performed, às they are now,
by trained civilian experts and specialists, which, of course,
precludes the employment of any larger number of naval offi-
cers on Coast Survey work than are now employed.

9. As a matter of fact, for two years past, all the officers who
could be spared by the Navy Department for Coast Survey
work have been employed by the Coast and Geodetic Survey.
Sometimes, indeed, the supply has been temporarily short.

10. The naval vessels are not adapted to Coast Survey pur-
poses, except in a few localities, and in those localities their
employment would involve greatly increased expense because
of the superfluous size, &c., of the naval vessels.

11. It would be impracticable to substitute naval officers for
the civilian office force which is, and in any event must be,
employed in computing, drawing, engraving, electrotyping,
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photographing, printing, compiling, and publishing the reC-
ords and results and performing the clerical work.

12. There being no duplication of work done by the Coast
and Geodetic Survey its transfer would in nowise simplify the
work of the Government

13. If only the hydrography were transferred to the navy,
all the auxilliary operations indispensable to, and frequently
performed side by side with hydrography, must needs be per-
formed by a separate bureau. Thus two bureaus would be
required to accomplish what is now done by one and that too
without the possibility of efficient and economical co-operation
and co-ordination.

14. Naval officers on duty in the Coast Survey are at all
times subject to the control and call of the Navy Department,
and they enjoy every advantage of practice in navigation, study
of the coasts and approaches, &c., &c., which they would have
if the survey were a part of the Navy Department.

15. Twice already, since the work was begun, it would have
been interrupted by war, but for its independent organization
which enabled it, on two occasions at least, to render most
vital service to the Union arms.

16. The surveys made on foreign coasts by the Navy are of
the description usually known as reconnoisances not approxi-
mating to the standard of those made by the Coast and Geo-
detic Survey along all of our own coasts, except in Alaska and
along the more desolate portions of Oregon and Washington,
for temporary purposes; —a standard which has commanded
the highest admiration from the most eminent authorities at
home and abroad, and which must be maintained, unless we
desire to sacrifice many elements of utility (to works of civil,
municipal, constructive and military engineering), and to invite
invidious and humiliating comparisons with the similar work
being done by even the weaker of the nations of Europe.

CONCLUSION.

Since, therefore, the experiment of naval control repeatedly
tried, has repeatedly produced unsatisfactory results, and the
covetous demand of the navy for such control has, at every
examination of the subject during a period of more than fifty
years been refused ; since no institution of learning or of
science has ever recommended such control, but all—from the
unofficial associations and universities to the legally accredited
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organ of the Government, the National Academy of Sciences
—have repeatedly urged its inexpediency ; since no commer-
cial or marine insurance organization, after intelligent consid-
eration, has ever recommended such control, but, on the con-
trary, all have invariably, after such consideration, opposed it ;
since such distinguished naval authorities as Captain Smyth,
R. N., formerly President of the Geographical Society, Lon-
don, and Admiral Beaufort, R. N., long ago conceded that un-
der the existing organization of the Coast Survey, though the
"Americans were the last in the field, they have,per salium,
leaped into the very front of the rank," and that "the progress
and character of the hydrography of Great Britain have sev-
erely . suffered from want of co-operation with the Ordnance
or land survey," which co-operation has been ensured by
their co-ordination in theU. S. Coast Survey; since the ex-
pressed opinion of the most eminent scientists of the world,
like Humboldt and Arago, accords with the assertion of Sir
Roderick Murchison in effect that the existing organization of
the Coast Survey " could not fail to make this one of the most
perfect exemplifications of applied science of modern times," of
the work of which he subsequently declared " all unprejudiced
persons must agree that the Trigonometrical survey of the ,
United States stands without a superior " ; since the present
form of organization of the Coast Survey, co-ordinating its
work under civilian control and as a part of the Treasury De-
partment was unanimously reported by a board, experienced
in Coast Survey work, six of whose nine members were offi-
cers of the Army and Navy and it was reported after two ex-
periences with Naval control ; since no one of the Naval
officers charged with the immediate official supervision of
the hydrography of the Coast Survey has ever favored the
transfer of the Survey to the Navy, but with one excep-
tion every one has earnestly opposed it ; since the Survey
now utilizes every Naval officer who can be spared by the
Navy Department for Coast Survey work—the demand occa-
sionally even exceeding the available supply of such officers—
so that in the event of transfer no employment would be af-
forded for .additional naval officers nor additional naval ves-
sels, without diverting officers from professional duties and
employment and devoting vessels to a work which their size,
cost, &c., must render extravagantly expensive ; since it would
be impracticable to utilize naval offcers in the multifarious
technical office-work of the Survey, even if it were the duty of
the Government to supplement its generosity, in educating a
redundance of such officers, by crowding them into positions
and vocations foreign to their profession and which should be
the just reward and encouragement of the private citizen who



has educated himself; since a transfer would extend to naval
officers no facilities, which they do not already enjoy, of prac-
tice in navigation, study of coasts, harbors, approaches, &c.,
and that too without the slightest interference with the discip-
line or authority of the Navy Department ; since the reason
assigned by the board for placing the Survey under the control
of the Treasury Department in 1843—that "the object and
purpose of the survey of the coast refer principally to the
commercial interests of the country"—is confirmed by the fact
that of the 34;oi6 of the charts issued by it last year only
about 4,000—less than one-eighth—went to the Navy Depart-
ment, and since the wisdom of maintaining a civil organization
of the survey under a civil bureau where it may be exempt
from the interruption of any of its functions and operations by
the emergencies of war, has been twice signally vindicated,
every consideration of experience, expediency, economy and
prudence seems to unite in deprecation of a dismemberment
of the Coast and Geodetic Survey or the transfer of any por-
tion of it to the Navy Department.
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The Survey of Ал Coast.

THE SURVEY OF THE COAST.

BY HERBERT G. OGDEN.

At the inception of the Coast and Geodetic Survey in the early
years of the century, so little was known of the dangers attend-
ing navigation along our extensive seaboard, that those who
engaged in commercial enterprises were constrained to rely upon
local knowledge and the reports of the hardy navigators who
might cany their ventures to success. The charts available were
Ъу no means a sure reliance, and it has since been shown, con-
tained many serious errors. The great headlands and outlying
shoals that present the greatest obstacles to the safety of coast-
'Wise navigation, had not been carefully surveyed, and their rela-
tive positions to one another were only approximately determined.

The capacities of the harbors had not been ascertained, many
'Were unknown ; and even at the great port of New York, the
Qedney or Main channel, was not developed until alter the per-
manent establishment of the Survey in 1832, and the thorough
exploration of the entrance was undertaken. A list of the sunken
dangers and new channels that have been discovered during the
progress of the work would fill pages. It is true such develop-
ments were to be expected in making a precise survey of the
comparatively uncharted coast ; but they, nevertheless, clearly
point to the necessity of the work. We may also assume that
the men who were controlling the destinies of the republic, real-
ized that a knowledge of the coast, was essential if they would
succeed in building up a commerce, without which it was believed
the prosperity of the people could not be assured. The deep
draught vessels of the present day could not have traded along
our shores on any margin of safety with the little that was
known, and it is largely due to the perfect charting of the coast,
that commercial enterprise has found it practicable to build the
larger vessels of modern type to meet the increasing demands of
trade.

The survey proposed was also required in providing for the
Public defence ; as it is a self-evident proposition, that if we

protect a harbor from a hostile fleet, we must know not
в
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only the channels by which the fleet might enter, but their rela-
tions to each other and the points of vantage that should be
utilized in obstructing them ; and in modern warfare to know
these things only approximately will not suffice, for precision is
practiced now in the art of war, as well as in the arts of peace.

The lack of charts of our extensive Coast line, or indeed, of
any practical information that could be utilized in a systematic
defence against foreign aggression, was only one of the many
perplexities that surrounded our forefathers in building the
nation. By their valor they had wrested a jewel from the British
Crown, and had inaugurated a system of government by the
people, which on their sacred honors they had sworn to defend.
But not a generation had passed away when they saw new dan-
gers, and were forced to contemplate again taking up arras in
defence of their rights. The land was theirs, even far towards
the setting sun, pioneers had explored it, and they knew whence
might come a hostile foe. But of the waters from far away to
the eastward, that flowed on until they washed every shore and
filled the great Bays, even to the heart of the Republic, they
knew little, save that over that almost immeasurable expanse
might come the fleet of destroyers to penetrate they knew not
where, and inflict incalculable damage months ere the dreary
tales might be told. It must be remembered there were no tele-
graphs, no railroads, no steamboats, in those days, and time taken
by the forelock was time gained. The speed of man could not
be overtaken as we see it to-day in the wondrous inventions of
the last generations. Each community was dependent upon it-
self, alone, in time of danger, to ward off the blow or yield to a
more powerful foe; assistance could hardly be obtained in months
and perhaps not then. It was not possible for any man to study
or to learn the points of danger, and prepare a svstem of defence.

President Jefferson in his far-seeing statesmanship, threatened
with war, realized the danger. A survey of the coast he believed
essential to the national defence, and to the prosperity of the
nation in time of peace. Had his wise counsels prevailed and the
survey been prosecuted with vigor, instead of being almost imme-
diately suspended for a quarter of a century, there can be no
question but that it would have saved the people millions of dol-
lars in expenditures and put other untold millions into their cof-
fers, through the impetus it would have given to commerce years
before commerce actually had a name in many that are now
thriving seaport towns.
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But it is not to be supposed the commercial importance of a
knowledge of the coast and harbors was underrated because the
Survey was not prosecuted. The people were poor, the task
would be expensive and laborious. The appliances for the work
were not in the possession of the Government, and above all, war
came came sooner than was anticipated and the energies of the
people were taxed to the utmost in combat with their powerful
foe ; and when peace came again, there was the inevitable com-
mercial depression that follows a resort to arms. The men of the
day fully realized how illy they were prepared to invite com-
merce to our shores, or incite our own people to more extensive
trade. There was nothing to adequately represent those mag-
nificent harbors that have since become famous the world over ;
nor of that long line of coast with its treacherous shoals, whereby
those seeking new ventures might judge of the dangers to be
encountered. The absolute ignorance that existed was aptly
described in the Albany Argus in 1832, when the propriety of
reviving the act of 1807 was under discussion, as follows :

" It had been discovered by an American statesman that parent
countries always keep the commercial knowledge of their colo-
nies as a leading-string in their own hands, and that as practical
navigators, American seamen knew less of their own shores than
the country and its allies from whose subjection we had recently
delivered ourselves by force of arms. In large vessels, three
nations, the Dutch, the French, and the English, approached our
harbors with less risk than those bearing our own flag ; at the
same time that in small and more manageable vessels, we had
long been known as a match for the strongest. The president,
Jefferson, saw the defect and the manner in which it must be
remedied. We were at that time on the brink of war, about
whose justice some of our politicians differed in opinion and it
was, of course, more necessary to pray for a fortunate result than
to preach the causes which had occasioned the quarrel. To have
procured for the nation (even had it been practicable so to do)
the old charts from the Dutch, French, and English govern-
ments, would have only been to put our knowledge on a par with
theirs while to execute more recent and accurate surveys, was
advancing the new country above the old. With the clear and
bold perception, which always distinguishes men of genius when
they are entrusted in times of danger with the destinies of a
nation the president recommended a survey of the whole coast
with all the aid of the move recent discoveries of science."
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The proposed survey was strongly advocated by President Jef-
ferson, and the Secretary of the Treasury, Mr. Gallatin, and in
February, 1807, Congress passed the first act providing for the
work. Thirteen separate plans, or schemes, were submitted for
consideration ; among the number was one by Professor F. R.
Hassler, which was finally adopted, and Professor Hassler was
appointed the first superintendent. It is not necessary to dwell,
in detail, upon the varying fortunes of the survey during the
three-quarters of a century that have passed since the original
act authorizing it. The first thirty years of experiment, before
it was finally established as a bureau of the Treasury Department,
show only too clearly the ignorance and prejudice against which
the supporters—we may say founders—of the survey had to con-
tend. But they had only the experience of all men who attempt
the inauguration of new things of which it cannot be shown that
they will return a cash profit at the end of six months. To the
opponents of the measure cash could not be seen at all, and the
profit, whatever it should be, was only an intangible kind of ben-
efit to be realized in the future by additional security to their
property and commerce ; but, in reality, as has since been appre-
ciated, the direct saving of many millions of dollars annually.

The war of 1812 interrupted Professor Hassler1 s labors and it
was not until 1817 that he actually commenced work ; but he
was stopped the next year by a limitation of the law requiring
the work to be performed by the Military Departments. In 1832
Congress passed a special act reviving the law of 1807 and Pro-
fessor Hassler was again appointed Superintendent. A further
interruption occurred in 1834 by the transfer of the bureau to
the Navy Department, but this was of short duration, as it was
re-transferred to the Treasury Department in 1836, where it has
since remained. Professor Hassler continued as Superintendent
until his death in November, 1843. He was succeeded by Professor
A. D. Bache, who was fortunate in assuming the charge under
much more favorable auspices than had prevailed, under his
predecessor.

By the appropriation bill passed in March, 1843, the President
was directed to appoint a Commission to reorganize the Bureau
and prescribe methods for its future conduct. The plan recom-
mended by the Commission was substantially that which had
been followed by Professor Hassler. It was approved by the
President a few months before Professor Bache assumed the
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euperintendency and has since been the law for the execution of
the work. To have a law specifying in detail the methods that
should be employed in prosecuting the surveys, that had been
drawn by a special commission of experts and approved by the
administration, relieved the Superintendent of much of the re-
sponsibility that had been borne by Professor Hassler, although
it did not put an end to the carpings of the critics, or their ad-
vocacy of the less expensive " nautical surveys."

The reorganization provided for the employment of civilians
and officers of the Army and Navy to serve directly under in-
structions from the Superintendent ; thus securing for the service
the opportunity to procure the best talent from either civil or
military life. The civil element, it was assumed, would form a
body of experts for the prosecution of those branches of the
work not properly falling in the direct line of the military, and
experience has demonstrated that while the results anticipated
have been fully realized, the organization has not only proved
effective but conducive to the advancement of the survey in
many ways. The Civil War was a serious interruption, but alone,
proved the wisdom of the civil organization of the Bureau. On
the outbreak of hostilities the military element was necessarily
withdrawn for duty with the Army and Navy ; and it was not
until ten years after the close of the war that officers of the
Navy were again available, while officers of the Army, through
thé exigencies of the Military service, have not returned at all.

The organization was preserved through these fifteen years by
the permanent civil nucleus, and the work suffered no deteriora-
tion, but steadily advanced, notwithstanding that the larger num-
ber of the civilians were constantly employed during the four
years of the war with the Armies and Navy, in different capaci-
ties on the staffs of commanding officers ; and that the urgent
necessities of the government devolved additional labor, and
temporarily, a new class of work upon the office force in compil-
ing, draughting and publishing maps of the interior for the use
of the Armies in the field. And when finally, our Armies were
disbanded and our fleets reduced to a peace basis, and officers of
the Navy resumed the execution of the Hydrographie work, it
was but to step into the duties of their predecessors ; they had,
too, the additional advantage of the fifteen years' experience of
the purely civil administration of the Survey, during which time
the trained surveyors of the land had become equally expert as
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surveyors of the water, and bad added not a little to the im-
provement of Hydrographie methods. The History of the Sur-
vey shows a steady advance in methods of work from its foun-
dation to the present day. But so equally has the march of
improvement been due to the zeal and untiring efforts of the
civilians and officers of the Army and Navy alike, that any dis-
tinction would be invidious.

The plan of reorganization of 1843 provided for a detailed
survey of precision. It was to be based on an exact triangula-
tion that would insure positive results, that the location of a
danger or the development of a new channel, should be beyond
doubt ; and that the survey, when completed, should fit together
as one continuous line, in which the distance and direction of any
object on the map from any other object should be true, whether
the objects were in hailing distance of one another, or at the ex-
tremes of our boundaries. So well was the scheme conceived, so
perfect has it proved in operation, that it is substantially the
guide for the closing labors of the great work, notwithstanding
the many improvements that experience has wrought in the
details.

Those engaged upon the Survey have been quick to profit by
experience, and the master mind of Professor Bache, the second
Superintendent, was not slow to adopt that which promised in-
creased economy, rapidity or improvement. He drew from all
sources, Science contributed her quota and the great inventive
genius of the American people played an equal share in producing
the final results.

The researches that were necessary to obtain the information
required by law " for completing an accurate chart of every part
of the coasts," have produced results of great economic and
scientific value to the whole people, aside from their bearing ou
the interests of commerce and navigation ; and which will con-
tribute to the welfare of mankind long years after those who
labored for them have passed away. A brief reference to a few
of the many instances that might be cited to illustrate this per-
petual influence to benefit our fellow men, may not be without
interest to some of you present.

The application of the method of determining latitude by the
measurement of small zenith distances, introduced by Captain
Andrew Talcott of the Engineer Corps, U. S. A., while serving
as an Assistant on the Survey, developed such radical errors in
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the star places given in the catalogues, that it led to an almost
immediate call for better places, and arrangements were made
with the observatories of the country to obtain the necessary ob-
servations, the Survey to pay for the labor involved. Stimulated
by the knowledge that better work was required to meet the new
demand, observatories deficient in instruments procured new
ones, and soon furnished more accurate star places. Continued
•observation has added still further improvement until to-day we
have catalogues that furnish the highest degree of precision.
Professor Chauvenet defines "Talcott's method" as "one of the
most valuable improvements in practical astronomy of recent
years, surpassing all previous known methods (not excepting that
of Bessel by prime vertical transits) both in simplicity and
accuracy." But the advantages of the method have been found
to 'be of a practical nature also ; as it is productive of large
economy in time and labor and has reduced the cost of the Sur-
vey many thousands of dollars.

The introduction of the Electric Telegraph was utilized by the
Survey immediately on the practical accomplishment of the first
line built, as a ready and improved means for determining longi-
tude. Indeed, before Professor Morse had demonstrated to the
World the truthfulness of his theories and experiments, the bare
possibility of their success, and availability in the instant trans-
mission of time, had been discussed on the Coast Survey, and the
method to be first employed fully considered. But as in the
application of all things under new conditions, experience is the
teacher, and improvements were frequently made, until finally
the invention and perfection of the " chronograph " has brought
the method to a degree of precision that little more can be
looked for. This method of determining longitude, introduced,
fostered and perfected on the Coast Survey, has been more far
reaching than geographical boundaries. -All civilized nations have
adopted it as the " American Method," and by the greater ac-
curacy and reliability of the results the whole world has profited.
The saving that has accrued by the more perfect determination
of longitudes and the consequent increased safety to commerce,
may be counted by millions every year ; until one stands aghast
in contemplation of the immensity of the sum, and fears to
reckon it, even approximately, much less to prophecy what it
may reach in the future. The system is but a natural sequence
of the development of the telegraph, but emphasizes in a marked



8 77ie /Survey of tlie Coast,

degree the spirit of progress that has ever been the active prin*
ciple and guide in the conduct of the work, and advanced it9

methods to a state of perfection that has called forth the admira-
tion of the scientific world.

The determination of the magnetic elements has been a sub-
ject of investigation from the early days of the survey ; the
knowledge sought was essential to the navigator, and in recent
years, especially, has proved to be of the greatest practical value
on shore. Limited by small appropriations the research was at
first slow. But a trust fund left by Professor Bache, who
always evinced the warmest interest in this particular investiga-
tion, added largely to the rapidity with which observations could
be obtained, until now we have magnetic maps of the United
States of such reasonable precision that they are authoritative,
and are in almost daily demand. The results are more far reach-
ing than their mere tabulation for the current year, as laws have
been determined by which the declination in a locality can be
ascertained for any year in the past.

There are but few places where the needle remains stationary»
or points in the same direction, for any great length of time ; it
even changes daily and during the hours of a day ; but the
aggregate for a year will rarely exceed three or four minutes of
arc. If we reflect then, upon the great use made of the compass
in the settlement of the continent, and the proverbial neglect of
the country surveyor of those days to record the local variation,
or declination, with his work, we may see a little of the utility
and practical purposes to which the results are constantly being
applied. Property so little thought of a hundred years ago that
a few acres more or less, lost or acquired, in its transfer defined
by compass surveys, may suddenly assume a value in these days
of progress that every square foot is worth dollars. When a
dispute arises, deeds are examined, lost or obliterated marks are
diligently sought for, perhaps one is found, surveyors are em-
ployed to run out the lines but only make the confusion worse-
Instead of a fe\v rods that were in doubt according to the best
information, the surveyor's line makes it acres, and litigation
looms up to eat the profits of the sudden rise; and there seeinß
even then no satisfactory solution of the vexing problem. How
valuable then must be the fact, that it is possible to compute the
variation for years back, to the time the original survey was
made, and furnish the deflection that will re-run the lines во
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clearly as to render the descriptions in the deed intelligible.
This is but a single instance of the practical application of the
knowledge gained ; and if its general usefulness may be judged
by the numerous inquiries made of the Bureau, it is not unreason-
able to assume that time will bear increasing testimony of its great
economic value from those who traverse the land, as well as those
who sail on the waters.

The study of the recurrence of the tides along our extensive
Coast lines, and determination of laws that would satisfy the
great variance in the different periods, was a problem of no little
magnitude but the greatest possible importance to our commerce.
Much of the traffic along the coasts literally moves with the
tides, and the cost of transportation is enhanced or diminished
as the tide retards or advances it. Hundreds of dollars of ex-
pense may be incurred on a single cargo that must enter on the
high water, but through imperfect knowledge of the master of
the ship, is forced after sighting his port, to wait for the next tide,
perhaps over night, and is driven to sea by a sudden storm and
the voyage made several days longer. Such mishaps are not
infrequent, and even at the great port of New York certain
classes of vessels must "wait for the tide." The investigation of
this complex subject has resulted in the acquirement of a knowl-
edge that enables the prediction of the time of high and low
water, and the height of the tidal wave, years in advance ; and the
mariner may now carry with him the tables published on the sub-
ject wherever he goes, and be indépendant of the doubtful com-
munications he may otherwise receive from the shore. How many
lives, how many dollars, have been saved by the knowledge
gained ?

But the investigation of the Tidal phenomena is of great sci-
entific importance also ; and a practical assistance in the great
problems involved in the preservation and improvement of our
harbors, but in this connection it probably falls more properly
under the head of that greater study of the currents and their
effects in the erosion, and building of the shores ; the movement
of the sands and formation of shoals and channels; termed " Physi-
cal Hydrography." Our commerce depends largely on this study
for its perpetuation, for without harbors commerce must cease ;
and without harbors that will admit vessels of the largest class it
must deteriorate. If commerce finds increased profits in large
vessels it demands increased facilities, and the bars to the har-

7



10 The Survey of tJie Coast.

bors with but six or eight feet of water on them a few years ago,
must have ten, perhaps fifteen feet now, or the people must
suffer their trade to pass to some more fortunate or energetic
neighbor. This may be a hardship ; but the demands of trade
are inexorable, the profits must be reasonably assured, and those
who would have the trade must comply with the requirements.
Thus we see the striving for harbor improvements ; the weakest
making the greatest outcry that they shall not be left in the race.
And the improvements must come in the end, or at least be at-
tempted, for it is as much a law of commerce not to be hampered
by small freights, as it is the law of nature that water flows
down hill.

The outcry for "improvements" never grows weaker; it is the
expression of a sincere conviction that the life of the community
and the welfare of the " back country " depend upon its success
for prosperity; it will not admit a rebuff and knows no such
word as failure. Alleged authorities are consulted, a scheme of
improvement is proposed and Congress is asked to vote the
money, and finally the improvements are attempted. To be suc-
cessful, the plan must conform to known general laws and the
peculiarities of local conditions, many of which are only ascer-
tainable by comparison of surveys at different periods. Theories
advanced on data collected by one survey, may be strengthened
or disproved by the facts ascertained in a subsequent survey;
and it is only when the plan proposed meets the general laws
and the local conditions at the same time, that it holds out
promise of success. The study of the questions involved has
been greatly aided by the work of the Coast Survey in improve-
ments already attempted, and will be of greater assistance in the
future. A positive knowledge of what the local conditions were
when a harbor was at its greatest capacity,'is of the greatest help
in indicating the improvements necessary to restore it, after de-
terioration, or to maintain it in the full measure of its usefulness.
Reliable charts do this, but they tell only half the story. A
cause must be found for the effects that have been produced,
and the remedy suggested must overcome that cause or control
it, that it may work good instead of evil. In Physical Hydro-
graphy we learn the forces that nature has given us in the tides,
the currents and the winds, and divert them from powers of
destruction, as man in his ignorance may have led them, or in
their warfare with one another they may have led themselves;
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and bring their mighty influence to protect, improve or maintain
that which we originally had. Many harbors have suffered in-
calculable injury through the recklessness of these who live upon
them, and whose daily bread is dependent upon their preserva-
tion; until the evil has become so great that commercial cities
have now " Harbor Commissions," whose special function is the
preservation and improvement of the harbors. The original sur-
veys made by Coast Survey are the foundations on which they
very generally must build, while re-surveys point out to them
the obstacles that must be overcome. And thus it will ever be;
and future generations endeavoring to meet the demands of com-
merce for increased facilities, will have still greater cause for
thankfulness, that the wise men who inaugurated the work of
the Coast Survey, determined that it should be executed with
«very improvement that science could devise; and that the able
men who conducted it, did not yield to the clamor for quick
returns and cheap results, of only momentary value. They will
realize by the benefits they will derive from it, as do those now
living who have watched its progress and development, that the
best is the cheapest as it will be useful through all time.

In 1871 Congress authorized the execution of a Geodetic tri-
angulation across the continent to connect the great primary
triangulations along the Atlantic and Pacific coasts, and pro-
vided that the triangulation should determine positions in those
States that made requisite provision for topographical and geo-
logical surveys of their own territories. Each year since then, a
small sum has been expended on these works with, gratifying
results to the States that have availed themselves of the assist-
ance. But it was not until 1878 that Congress designated the
Bureau as the " Coast and Geodetic Survey," the official title it
bears at this time. Many comments have been passed upon the
action of Congress in extending the field of the survey to the
interior in the establishment of a " Geodetic Survey," which has
Ъееп looked upon as a purely scientific research for which the
people had no immediate use, and could well afford to wait. But
if the tree can be judged by its fruit, there will be no lack of
testimony to the economic value, of the Geodetic Survey in the
Bear future; aside from its scientific and practical usefulness in
perfecting the Survey of the Coasts. It will eventually be the
basis for a precise survey of the whole country, determining
boundaries, settling disputes, and furnishing incontrovertible
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data by which later generations can reproduce the marks placed
by the local surveyors who make use of it, should they become
obliterated or lost; thereby causing a direct increase in,the se-
curity of property boundaries, and diminution in litigation that
now costs millions of dollars annually. Some of the practical
advantages to be derived from such a work, are now being de-
monstrated in Massachusetts in the " Town boundary Survey,"
as it is called, in which the corners, or turning points of the
boundaries are being determined trigonometrically in a subsi-,
diary work based upon the Geodetic triangulation of the Coast
Survey. Each boundary corner in this scheme becomes a fixed
point, and the direction arid distance of many other corners are
at once accurately ascertained in their true relations to it. The
town boundaries will in due time be made the bases of reference
for all local surveys and subdivisions of property; so that, even-
tually, there will be developed a cadastral map of unrivaled ex-
cellence, to supplement the Topographical map that has just been
completed.

The imperfections of our " land surveys,"- brilliant as the
scheme was conceived to be at the time of its inauguration, de-
monstrate only too clearly the extravagance of primitive methods
in matters intended to be enduring. As time passes and pro-
perty taken up under the "land survey" becomes more valuable,
the difficulty of accurately identifying boundaries becomes more
serious, until finally, it is only after long litigation that rights
are determined. The inherent defect in the land survey to ac-
complish the purpose for which it was designed, lies in the fact,
that while it parcels out the land, or a section of land, in a given
number of lots, it fails to provide the means for identifying the
boundaries of the lots at any future time; the marks placed for
this purpose become obliterated or perhaps are moved by design-
ing men, until a large area may be involved in great uncertainty-
A triangulation covering the same ground and controlled by
Geodetic work, determining the true positions of the old marks
that may be left, would be the most economical and precise
method of relieving these uncertainties and fixing for all time
the location and boundaries of the lots originally parcelled out,
by observations and marks that cannot be lost or obliterated.

The system of weights and measures in use throughout the
country is largely due to the patient labor of the Coast Survey-
Required by law to have standards of length, the only bureau io
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the public service that required such a measure of precision, it was
in the natural order of events that the Superintendent of the Sur-
vey should also be charged with the maintenance of standards of
Weight and Capacity. The duplication of standards for the use
of the people was begun under Mr. Hassler, so long ago that the
system has really grown with the population. Wise legislation
has fostered the sentiment of uniformity until we are indeed
blessed, that wherever we may be in all our broad domain, a
pound is a pound, a yard is a yard, and a bushel is a bushel.
Manufacturers receive their standards from the Bureau, and in
special cases have their products tested and certified. And indi-
viduals engaged upon work of great refinement, seek the stamp of
the Bureau, also, upon the measures on which they must rely.
But so careful is the Bureau to preserve the integrity of its certifi-
cate, that the stamp is refused except on weights or measures of
approved metal and workmanship. Business men realize in every
day life the benefits that have been derived from the simple legis-
lation that inaugurated a supervision over the weights and meas-
ures of the country early in her history, though they may have
no conception of the endless annoyances they would have been
subjected to had the preservation and duplication of standards
not been provided for.

The limited time assigned to me will not permit a detailed
statement of the researches made by the Bureau in all the dif-
ferent branches of science related to the practical conduct of the
work, much less a reference, even, to the many improvements
instituted in the practice of surveying. As in the case of the
observatories called upon to replace their defective instruments
"with those more refined, to enable them to furnish star places of
sufficient precision to meet the improved method of determining
latitude, so has the demand ever been upon the experts employed
upon the work in all its branches. The Triangulation, Topog-
raphy, Hydrograph}', Astronomy and Magnetics have all passed
through several stages of development and improvement in
methods and instruments, to meet the requirements put forth by
those charged with the conduct of the work, that the full meas-
ure of harmony desired should be secured and that they might
supply the demands made upon them for information. Imperfect
results indicate defects to be remedied, and it is to the credit of
those who performed the labor, that they overcame one difficulty
after another as they were developed, until полу the methods and
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instruments in the hands of experts, will produce far superior re-
sults at a much less cost than was possible at the time the Survey
was inaugurated.

The charting of the great ocean currents, has long been an
interesting investigation to hydrographers the world over. A
sketch of the efforts, projects, and devices that have been resorted
to by the Coast Survey in the attempt to unravel the mysteries of
the Gulf Sti-eam, would exemplify the continuous demand for
improvement and new exertions under which those employed
upon the work have always labored, although the full measure of
knowledge sought has not yet been obtained. But it is not neces-
sary to enter into these details at this time ; let it suffice that
many experiments and failures pointed out the path to be fol-
lowed by subsequent observers, and stimulated to new efforts,,
until at last appliances have been perfected that have already
produced wonders, and it is safe to predict, will ere many years
show the ocean currents .on the charts of the world with the same
relative precision that the currents in a river or harbor can now
be indicated. Lieutenant Maury gave us current charts that
were a marvel in their day, but his information, or data, was
defective, and his conclusions, therefore, only approximate ; and
how to improve on the data he had, has ever since been the sub-
ject of research. The depth of the ocean is necessarily an im-
portant factor in the study gf its features, as erroneous depths
lead to false hypotheses. The introduction by the English of a
method of sounding with a wire, has therefore proved an im-
portant advance. American officers have perfected the apparatus
and severely tested the methods, demonstrating the reliability of
the results and the total unreliability of the old deep sea sound-
ings taken with a line. These accurate wire soundings have re-
vealed new facts, disproved old theories and formed new ones to
guide future researches. So successful is the improved apparatus
that specimens of the bottom of the ocean have been brought up
from a depth of five miles. The great value of this system, how-
ever, is not confined to the mere ascertainment of depths for the
hydrographer and cartographer, as may be readily demonstrated
by referring to the 7-eports of the Fish Commissioner. A further
step towards improving ou Maury's results ; the crowning glory
that is to shed light on much that has been dark, and trace out
those ocean currents we have heretofore vainly endeavored to fol-
low, is found in the invention and devices of a naval officer
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attached to the Survey, whereby he can anchor the ship in mid-
ocean and observe the direction and velocity of the current as
from a stationary body, and with a " current meter," also his own
invention, determine the same factors hundreds of feet below the
surface ; thus ascertaining .not only the movement at the surface,
but the depth of the body of water that moves, and the velocity
at various depths, so that finally we have the volume—a quantity—
to be followed until it meets other currents or is absorbed in the
vast expanse. Already current observations have been recorded
with the ship anchored at the great depth of eighteen hundred
fathoms ; and arrangements have been perfected that it is be-
lieved will prove successful at the greater depth of three thousand
fathoms. It is impossible with our superficial knowledge of the
great ocean currents to estimate the benefits that will be derived
from their systematic exploration. It is not probable that the
absolute determination of their limits would produce such a revo-
lution in navigation, as was caused by Maury's wind charts, but
it is reasonably certain they would prove a valuable assistance to
the navigator, and in the great channels and bays of the world
increase his facilities for the successful navigation of his ship.
Not a little of their value, perhaps the larger part, will be of an
indirect nature, resulting from their study by investigators in the
natural sciences interested in utilizing the bounties of nature for
benefit of man.

The Survey was instituted for the determination of facts, and
the presentation of them in an intelligible form. It does not pro-
mulgate theories, and has no use for them beyond the assistance
they may be in indicating the line of research necessary to ascer-
tain the facts ; but rather leaves to the student the formulation
of the theories that may be deduced from the facts presented.
The publications of the Survey are, therefore, calculated to con-
tain only useful, practical information, on the subjects of which
they treat. An examination of them will show this to be the
case, and further, that error has more likely been committed by
over-caution, than a too free use of the material at command.
Doubtless much has been suppressed through lack of means, as it
has always been the aim of the Superintendents to expend the
appropriations in producing the most useful results, whether in
surveys to be made or facts to be published. It necessarily
requires many years to complete a precise survey over a large
area ; and in the work of the Coast Survey, with the people in
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all sections of our extended coast line petitioning for surveys at
the same time, the problem was beset with additional difficulties.
Fortunately Congress prescribed the method on which the work
should be conducted, and that the method permitted making sur-
veys widely separated with the certainty that they could eventu-
ally be joined and form a consistent whole. Soon after the plan
of reorganization of 1843 had been adopted, surveying parties
were on the Atlantic and Gulf coasts at many points; the princi-
pal harbors and headlands with outlying shoals were first sur-
veyed and it was but a few years before charts of them were pub-
lished. The less important shores between these points were left
for future work, but Hydrographie examinations or Nautical sur-
veys, were made of them, and preliminary charts of long stretches
of coast were issued, to be followed when the surveys had been
completed by the finished chart of reliable data. So elastic was
the system adopted for the conduct of the work, that its availa-
bility was limited onlv by the annual appropriations. Soon after
the annexation of Texas surveying parties were on that coast, and
on the acquisition of California a few years subsequently parties
were soon at work there also ; and after the close of the war and
purchase of Alaska, the immense field thus opened was attacked
with equal promptness, and a reconnaissance made that resulted
in a map of considerable accuracy. As the precise surveys were
extended the charts and plans published from the preliminary
surveys were withdrawn, the new charts necessarily having later
dates.

The original surveys of the Atlantic and Gulf coasts are now
practically completed, but very little more remaining to be done
in a few comparatively unimportant localities. On the Pacific
coast precise surveys supplemented by careful reconnaissance of
less important sections, define nearly the whole outline, excepting
Alaska, but a great deal of work is still required to obtain the
full measure of information necessary to. accurately chart it.
And in Alaska, Nautical surveys have developed long stretches of
the " Inland passage " and the most important anchorages, sup-
plementing the general reconnaissance of the whole coast line.
A very large proportion of our shores, however, are subject to
such radical changes from natural causes, that the survey of the
coast can never be brought to final completion. Examinations
and re-surveys are as essential as was the original work, if the
material already acquired is to be maintained in the full measure
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•of its usefulness, and commerce is to continue to reap the legiti-
mate benefit of the expenditures already incurred. Fortunately
the survey has been conducted on such sound principles it meets
the increasing requirements for accuracy demanded by the navi-
gation of to-day, as fully as it did the more simple needs of the
navigator of forty years ago, and it is fairly believed, whatever
may be the necessities of the future, that it will still supply the
information desired.

The Surveys are published in four hundred and fifty charts
designed to meet the various needs of the Navigator and Civil
Engineer, for either general or local purposes ; over thirty thou-
sand copies of these are issued annually and there is a steadily
increasing demand.

The assistance rendered to the armies and fleets of the Union,
in the late Civil War, is a chapter in the history of the Survey
that should not be forgotten. The office in Washington was
beset with demands for information from all over the country,
for descriptions not of the coast alone, but all sections of the
interior representing the seat of war. Fortunately the experts
were there who, under the direction of able chiefs, could collect
and compile such material as was available. The labor of the
office in this cause resulted in the publication of a series of " War
Maps " of the interior, for which there is frequent demand even
at the present day. This was all additional work to a force
already overburdened in the preparation of manuscript maps and
special information, compiled from the reports of the Field par-
ties ; especially of those localities that had only recently been
surveyed. And in all the din and excitement of the call to arms,
with hosts of stalwart, honest men assembled around him, that
might give in their learning the wisdom of the world, the con-
trolling mind of the Survey, that had labored diligently and
sought knowledge patiently, was a chosen counsellor of the Chief
of the Nation. Declining military honors, the profession in
which he had been educated, he devoted himself with renewed
energy to assisting the nation's efforts in those special duties he
knew so well how to perform. A patriot himself of the purest
type, he inspired those around him by his ennobling spirit and
zeal in the cause.

An average of twenty parties were maintained with the Army
and Navy during all the years of the war, rendering services of
acknowledged value to the military forces. An officer of the Coast
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Survey piloted the fleet into Port Roval ; another led the Iron
Glads in the attack on Sumtev ; a third stationed the fleet in the
bombardment of Jackson and St. Philip ; and a fourth rendered
signal services in the assault on Fort Fisher. They were on the
Peninsula, guides in the wilderness on the retreat to Malvern.
Hill ; at Chickamauga, Knoxville, Missionary Ridge ; the march
to the Sea and pursuit through the Carolinas ; 'on the Red river ;
before Petersburgh ; in the Sounds of North Carolina ; the Sea
Islands of Georgia and Florida and the swamps of Louisiana ;
and, wherever they went, few in numbers though they were, they
gained honor for their cause and credit for their Chief.

The Survey of the Coast has excited the admiration of the
whole civilized world for its thoroughness and accuracy, and has
not been excelled by the most advanced nations. It has justly
been claimed to be a scientific work, as well as a practical one,,
for science has guided those who have conducted it and led them
through the fields of their labors on the only sure basis to pro-
duce knowledge. And the great knowledge that has been ac-
quired by its scientific prosecution, is beyond comparison with
the little that would have resulted had it been conducted on the
less thorough methods of Nautical Surveying that have been so
earnestly advocated. We cannot compute the value of what has
been learned in dollars and cents; that it has saved to the Nation
many times over, all that it has cost, does not admit of a doubt.
Its educational influence has been widespread, extending beyond
the seas, and coming back to us with cheering words of encour-
agement and praise. Practical men utilizing the results of the
great work in the business affairs of life, use no stinted phrases
in the encomiums they bestow upon it ; Military men compelled
to rely upon it in the perils of warfare, have not found it want-
ing, and have given only praise for the great help it was to them ;
Scientific щеп, ever watchful of that which is true, have approved
it the world over, and cite it as an example of the great profit
that may come to a people, free to utilize Science in the conduct
of practical work. Our institutions of learning have adopted its
publications in text-books. Our merchants venture millions of
dollars daily on the veracity of its statements, and our mariners
risk their lives on the truthfulness of the Surveys. It has added
to the prosperity of the nation in peace—to her glory in war ;
and when history shall record its awards to our people, there will
be no page of the galaxy with more honor than that which bears
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tribute to the genius of American Science, in the work of the
Coast Survey. From ignorance most profound we have been
raised to knowledge almost perfect; and well may the commercial
communities by their associations and exchanges bear the testi-
mony to its value that they do, and have done in times past ; as
might the whole people for the wise legislation that established
the work, that has defended it, and we may hope will perpetuate
it for its inestimable benefits to them all.



503

THE COAST SURVEY.'

B V

©не tobff И o5v;rmiiuï) f u b l i t g j m t m t n t s .

'Xüthing extenuate, uor set down aujrht in malice."



Blank page retained for pagination



5-ГО

[FEOJI ТПЕ NEW YORK TIMES.]

THE COAST SURVEY,

IT requires but a glance at the anonymous letters published in
the New York Times of the 17th and 18th inst., and since circu-
lated in a pamphlet form, under the signature of В. В., to show
every intelligent and honest man that the writer, under the pretext
of economy in the administration of the Government, endeavors to
conceal a malicious attack upon one whose late years have been
devoted with untiring energy, unsullied honor, and ceaseless
industry, to the accomplishment of. one of the most important
works ever undertaken by any civilized government. A work
national in its character, and of world wide importance and use-
fulness ; a work of humanity, the object of which is the safety
and welfare of the lives and property exposed, continually, to the
multitude of dangers and accidents incident to the navigation of
our dangerous coasts.

In order to prepare his poisonous insinuations for the public
ear, the writer makes a show, at least, of virtue, and Commences
by delivering a lecture on political economy, in which he modestly
charges our national legislators with obtaining their elections by
deceit and fraud, and when assembled in Congress they become a
horde of thieves, plundering the people, and trampling on their
rights. The President and his Cabinet are only accomplices in a
grand scheme of swindling. The Presidents of the Eepublic, from
John Quincy Adams down to the present time have all made
"fair promises of economy at their inauguration's, which they
have regularly violated immediately afterwards." The present
honored Executive is not excepted in this wicked denunciation,
and his eminent Cabinet now "under the control of a jobbing
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interest," are threatened with starvation if they will not listen to
the slanderous imputations of an anonymous individual upon a
public officer, against whom even the writer's malice finds no
charge, and whose highest erim^is^Baid/to Ъе, that he has accom-
plished his public duties to the satisfaction of his country. But
the approbation of a nation, whose glory has been enhanced by
the execution of one of the most brilliant scientific works of the
age, falls upon the jealous ear of this individual as praise
lavished upon an enemy, and he pours out the bitterness of his
soul upon honored statesmen, worthy men of science, reverend
ministers of the Gospel, the army, the navy, even honest mechan-
ics and artisans—all who can be supposed to feel a just pride in
the great national work, at the head of which his enemy is placed.

Determined to accomplish his design at any sacrifice, patriotism
seems to have forsaken him, and he condemns the Light House
system, attacks the Smithsonian Institution, and the American
Nautical Almanac, denounces the American Association for the
Advancement of Science, declares that our Senators and Eepre-
sentatives in Congress not only habitually violate their sacred
obligations of trust and duty, but. with the professors in our
colleges, our scientific men of reputation, the army, the navy, liter-
ary men and clergymen, they are leagued for the accomplishment
of outrageous designs upon the public Treasury. He professes to be
very solicitous'about the public expenditures, when even the me-
chanics and artisans of whom he speaks so contemptuously, as well
as the statesmen whose opinions and judgment he affects to despise,
can see but one motive in his publications, which is to slander
the Superintendent of the Coast Survey. Men of high and low
degree, of whatever art or profession, come equally under his
sweeping condemnation, unless they are willing to listen to the
insinuations which he deals forth upon the public labors of a man
who, according to his own statements, must stand infinitely above
him in the estimation of the world. The Superintendent of the
Coast Survey, says the writer, is so highly esteemed as a scien-
tific man, and has performed his public duties so well, that no one
will listen to my abuse of him, and defenders are sure to rise up
whenever he is attacked. This is a pitiful position for the writer
to be placed in, and it may be due to the fact that his motive is
too apparent ; that while he professes to discuss the public Institu-
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tions of our country, he displays a deplorable ignorance of them,
and that after announcing his object to be the exhibition of the faults
in the present mode of prosecuting the Coast Survey, in his eager-
ness to originate high sounding accusations against the Superin-
tendent and his assistants, he forgets to allude to the mode of pro-
secuting the work, its progress, or the amount accomplished. His
denunciation1 of the President and his Cabinet, the Light House
Board, the Board of Eegents of the Smithsonian Institution, the
members of the American Associaton for the Advancement of
Science, members of Congress, the clergy, mechanics and artisans,
do not appear like the calm and dispassionate appeals of a man
who has in view his country's good ; but rather like those of one
who endeavors to clothe with the garb of public virtue, an act
which he fears his readers will discover to be dictated by personal
animosity alone. He has evidently bestowed much thought upon
his mode of attack, and has come to the conclusion to raise a hue
and cry, to alarm the people, to threaten the administration, to
excite the fears and pride of our statesmen by taunting insinua-
tions—in short, to stampede the country by the variety and enor-
mity of his accusations. In what complimentary terms he alludes
to the Secretary of the Treasury, who is " not the equal of one of his
subordinates," to the Board of Eegents of the Smithsonian Insti-
tution of which the President of the United States is President,
the Chief Justice of the Supreme Court is Chancellor and Eegent,
and the Vice President of the United States, the Mayor of the City
of Washington, Stephen A. Douglas, James M. Mason, James
A. Pearce, of the Senate ; three distinguished members of the
House of Eepresentatives, Eichard Eush of Philadelphia, Gideon
Hawley of New York, Professor С. С. Feltou of Massachusetts, and
General Joseph G. Totten Chief Engineer of the U. S. Army,
are Eegents. What a compliment to- these distinguished men, to
be told that they have disregarded the trust imposed upon them
under a sacred bequest, and have made the Smithsonian Institution
" an appendage of tlie Coast Survey," and how alarming to their
pride to hear that they allow themselves to be controlled by the
Superintendent of that work.

The Light House Board will become panic stricken, of course.
This Board is composed of the following distinguished members :
Hon. Howell Cobb, Secretary of the Treasury, President ; Com-
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modore Shubrick, U. S. Navy, Chairman ; General Totten, Chief
Engineer U. S. Army ; Captains Humphreys and Franklin, of
the Topographical Engineers; Captain Barren and Commander
Jenkins, U. S. Navy, and Professors Henry and Bache, citizens..
These gentlemen have no minds of their own ; according to this
writer, they are mere sticks, and like the eminent members of the
Board of Eegents, they assemble and consult together only to sub-
mit all their responsible duties to one of their number. There
has even been a shameful influence brought to bear in Congress in
the creation of this distinguished Board of Officers to Superintend
the location and erection of Light Houses along our coast ; the
loss of human life, the wrecks of vessels, the destruction of pro-
perty, have had no place in the thoughts of our Senators and Rep-
resentatives in Congress ; there is no patriotism, no philanthropy, no
wisdorn among our Legislators, all are under the controlling influ-
ence of one simple man of science, and to extend' his power and
patronage, Congress established the present efficient Light House
system, and created a Board of Officers to control it ; erected the
Smithsonian Institution, the noble bequest of an English philan-
thropist ; created, and now sustain, the American Nautical Alma-
nac, and other kindred institutions. In fact our national legisla-
tion has been degraded to personal " uses " and public " abuses," all
for the purpose of glorifying Professor Bache at the expense of
the public interest. But an act of redemption is pointed out,
which will at once restore our Executive and our statesmen to the
favor and regard of this nameless individual, and save our beloved
country from ruin and further disgrace.

Having endeavored to impress upon his "unlearned" readers a
conviction of his own purity of motive by such high-sounding
views of political economy, and such choice expressions with re-
gard to the patriotism and public virtues of our Executive, States-
men, and men of Science, the writer concludes that he has suc-
ceeded in concealing his true design, and proceeds to particularize
his accusations against the Superintendent of the Coast Survey in
a series of propositions which he feels sure will be received as
truths, coming from one who has thus established his reputation
for patriotic and disinterested criticism.

He is not sure that it will suit the temper and disposition of
our people to recommend the entire abolishment of this grand
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survey of the coast, in the full tide of its success, and when within
a few years of its completion—merely for the gratification of one
man's revenge—and therefore commences thus :

" Exception is taken only to the mode in which the Coast Sur-
vey is prosecuted. To present the matter fully, access to public
documents, and to the. departments, is needed, neither of which
sources is available for the present occasion."

This political economist, this reformer of the morals of our public
men, is about to show that the mode in which the Coast Survey
is prosecuted, at present, is faulty, and yet with a want of tact
which can only be attributed to his overflowing malice, he con-
fesses that he has no documents to which he can refer, that he has
not examined the subject at all, and that even the accounts of
expenditures he has only "gleaned from a few statistics which
serve to excite rather than gratify his curiosity." Beginning with
the announcement that he only objects to the " mode of prosecu-
tion" of a scientific work, men of intelligence would expect that
mode to be discussed, but there is not in all his subsequent tirade
about Professor Bache and his assistants, the most remote allusion
to the manner in which the survey is prosecuted, the progress from
year to year, the amount done, the amount remaining to be com-
pleted, or a comparison of the work with its cost. He justly con-
cludes that for his purpose "public documents are not available."

The Coast Survey Keports from 1844 to the present time, are to
be found in every library in the country, giving full and detailed
accounts of the progress of the work from year to year, the amount
of work performed by each assistant, and by each draughtsman,
engraver, tidal observer, and aid, with the cost of such work, and
the place it occupies in bringing the whole survey to completion.

These public documents have evec found their way to Europe,
and the sources of information which this writer avoids, are thus
spoken of by one of the members of that " brotherhood of science
abroad," to whom the Superintendent and his assistants are so"'
" insolent and supercilious, that the courtesies of the country are
declined and its territory avoided because their science has such
representatives here." Captain W. H. SMYTH, President of the
London Geographical Society, in his late address before that Society,
thus speaks of the Coast Survey and its " insolent and supercilious"
Superintendent and assistants.
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" The very able and detailed report of this grand survey by
Professor Bache, was forwarded to you by the Honorable Edward
Everett, and in every respect, is a model of works of that kind.
The Coast Survey of the United States is a truly national under-
taking, and has been most creditably conducted through all its
various departments of science. I have studied the question closely,
and do not hesitate to pronounce the conviction, that though the
Americans were last in the field, they have (per saltwn) leaped
into the very front rank. The precision with which every obser-
vation is recorded, the light which is thrown collaterally on mete-
orology, magnetism, tides and currents, as well as hydrography
and pure geography, render such reports encyclopedias of great
value."

It evidently did not occur to our anonymous correspondent that
some of his readers may have examined these "encyclopedias,"
these documents which he has not found "available," and which
have elicited such sounds of praise from the Old World ; and that
patriotic pride in our national honor and glory, united with the
higher motives of philanthropy and humanity, may have actuated
our statesmen, our men of science, our clergy, our professional
men, our army and navy, and even our mechanics and laborers, in
sustaining a national undertaking, which is thus generously acknowl-
edged to surpass in excellence the corresponding works of Europe.

After announcing that he had no. available documents to which
he might refer, the writer proceeds, nevertheless, to give an ac-
count of the appropriations for the Coast Survey from the year 1807
to the present time. His figures have been published to the world
again and again ; they are printed in the Coast Survey reports, in
the Eeports of the Secretary of the Treasury, and in the proceed
ings of Congress. When compared with the work accomplished,
they show the most remarkable economy ever attained in a national
undertaking of this character, as a comparison with foreign surveys
will show. The United States Coast Survey was not actually
begun until 1832. It was under the Superintendence of Mr.
Hassler until 1844, and Professor Bache has had charge of the
work from 1844 to the present time, fourteen years. According
to the statement of the correspondent of the Times, the total cost
of the United States Coast Survey up to the present time, is about
$4,500,000, and is now estimated by the Superintendent, from the
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experience of the past that the Atlantic and Gulf coasts will be
completed in twelve years more.

The trigonometrical survey of the British Islands, was com-
menced in 1791, and had cost, up to 1856, $12,000,000, and it is
estimated that $8,000,000 more will be required for its completion.
This expenditure is exclusive of $17,000,000 commencing in 1837,
for parish maps. The whole number of persons employed on the
trigonometrical survey in 1840 was three thousand five hundred.
The hydrographie surveys of England have cost in the last twenty
years $10,000,000, the average number of persons employed,
yearly, in these surveys, being fifteen hundred. This is exclusive
of the English Arctic and Antarctic Expeditions. The hydro-
graphic survey of the British Islands is still incomplete on account
of a want of cooperation with the land work. The first sounding
lead was thrown in St. George's Bay in 1836.

The surveys of France have been in progress nearly one hun-
dred years. The new map was commenced in 1818, and is now
only two-thirds finished.

The cost of both the French and English land work is about
five times the cost of ours, and there have been employed on the
new map of France, since its commencement, twenty-five hundred
persons, men of education, besides the laborers. The length of
the coast of France is about 600 miles, only, and its survey re-
quired twenty-eight years for its completion. The cost of the
hydrography of France, alone, since 1834, has been $4,300,000.
Austria has expended $500,000, annually, for the last seventeen
years in her trigonometrical survey, and contemplates an increase
of yearly expenditure. All the governments of Europe possessing
sea coasts, have either finished or are now making complete sur-
veys of their coasts, besides trigonometrical surveys of their whole
territories.

The United States have an extent of coast greater than that of
any two nations of Europe, a coast abounding in dangers, and
upon which, notwithstanding the light-houses, charts, and all the
aids which a liberal government can furnish to the navigator, hun-
dreds of wrecks are scattered annually, involving, according to the
New York Herald, a yearly loss to the American underwriters of
fifteen to twenty millions of dollars.

Our statesmen, following the example set by those of the old
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world, have established a Light House system, and a Coast Survey,
combining all the advantages of those of Europe, without their
defects. The Coast Survey is thus spoken of by SIH RODERICK
MURCHISON, the eminent English geologist, another member of
that "brotherhood of science, who declines the courtesies of our
country on account of the insolence and superciliousness of Pro-
fessor Bache and his assistants."

" The very efficient manner in which the Coast Survey of the
United States is conducted under the superintendence of Professor
Bache, has been alluded to by my predecessor. I have now the
pleasure of • mentioning, that the last annual report of that distin-
guished physicist relating to the progress of the work, is, .if possi-
ble, more worthy, of notice than any that have preceded it ; for in
that document you have all the ways and means by which such
results are obtained along all the Eastern coast, through nineteen
degrees of latitude, and can mark with admiration the rapidity
'with which the surveys of the Western shores of that continent
have been carried on. The systematic cooperation of able sur-
veyors of the naval and military service, combined with, and sub-
ordinate to, a central system of direction in the Treasury Depart-
ment, and superintended by astronomers, whose chief is Professor
Bache, could not fail to make this one of the most perfect exempli-
fications of applied science of modern times."

Which will probably be the voice of posterity, and which will
find a sympathetic response in the hearts of the American people ;
the above quotation from an eminent foreign statesman and man
of science, or the rancorous effusions of an anonymous-letter-
writer?

With the comparatively small amount expended on our coast
during the last twenty years, the following statistics will show,
nevertheless, that the Superintendent and his assistants have not
been idle.

During the superintendence of Professor Bache, the reconnois-
sance has been extended over 40,000 square miles; eight primary
and forty-one secondary base lines have been measured ; 30,000
square miles of primary triangulation have been executed; 15,000
miles of shore line surveyed by the plane table ; the positions of
5,000 points determined ; three millions and five hundred thousand
soundings made; 1400 manuscript maps executed. The records of
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triangulation observations fill 600 volumes, and of astronomical
observations 460 volumes ; the records of computations 800 vol-
umes, and of tidal observations 1200 volumes ; 345 electrotype
plates have been executed ; 280 preliminary charts and sketches,
and 52 finished maps published, and 90,000 copies of the same
distributed.

These are but a part of the statistics showing the amount of
work done during the last fourteen years. An account of the dis-
coveries of dangerous shoals, rocks and reefs, new channels, and
the development of the laws of the tides and currents along our
coast, would occupy much more space than could here be devoted
to it. These discoveries and developments have been lhe cause of
the saving of property to many times the amount which the survey
has cost from the beginning, and when it is considered that two
hundred thousand seamen and several millions of passengers are
continually exposed to shipwreck and death amid the dangers
which it is the object of the Coast Survey to discover and point
out, the safety of life is not the least of the benefits arising from
this work. All this information might have been found in the
Coast Survey Eeports if they had been " available."

We have said that this writer does not allude to the progress of
the Coast Survey ; he does, however, in one place, present, a mas-
terly comparison of the progress under Professor Bache during
the last fourteen years, with the work executed by the first dis-
tinguished and honored Superintendent, Mr. Hassler. He says:
" In 1842 the select committee of Congress asked that distinguished
man, ' Do you think that under the most favorable circumstances, and
with a continuance of a yearly appropriation of $100,000 the survey
of the coast can be completed in twenty years T He replied, ' Per-
haps? " The good old man—peace to his memory—did not wish
to say no ; but he expressed his doubts in the strongest language
at his command, and added, " The progress is slower at first, but
the means increase as the work proceeds." "Mark," says this
letter writer, fourteen years afterwards, "how the theory of Hassler
and the practice of the present Superintendent repel each other :
as the means increase, progress is slower, is the mode of Pro-
fessor Bache." He evidently calls attention to something follow-
ing, with regard to the progress of the survey, or its mode of
prosecution, but having no "documents available," suddenly
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leaves the subject without further comment. He then defines the
qualifications which ought to be found in a superintendent of the
work : " He should be a man of science abstracted from secular
affairs, surrounding himself with instruments and apparatus upon which
iheunlearned looJc with wonder always, sometimes with awe." This
seems to be the writer's opinion of Mr. Hassler ; for he says, " See
who now sits in the chair of Hassler !" The present Superintendent
is not only an astronomer, but he has a staff, says the writer, and
he proceeds to enumerate from his " gleanings," as a great secret, the
number of assistants and aids of the Coast Survey, giving their
salaries. The number is thirty-seven ; and the average salary
of these officers, taking the writer's own figures, which are quite
correct, is fourteen hundred dollars per annum ; certainly a moder-
ate sum for their services, and for the support of their families.

These officers, except three or four, who>are necessarily engaged
in the duties of the Coast Survey Office, are now among the
swamps and marshes of the coast, or upon the tops of mountains,
establishing points of reference ; and it is in such places that their
time is passed from year to year, dispensing the " patronage" of
the Survey. The older assistants have been thus engaged for
years, and have risen to their present positions from the humble
grade of "aid," with $15 per month and their board. Their sala-
ries are less than any other employees of the government, taken as
a class ; but they have a pride in their work, and the country has
the benefit of their long experience and service. This writer,
however, believes that the Superintendent can survey the coast
unaided, and without expense ; and the " mode" pointed out, is by
astronomy. He would convince his readers that, Professor Bache
by shutting himself in an observatory, would see the rocks, shoals
and reefs beneath the ocean ; the bars of rivers ; capes and head-
lands ; tides and currents ; all pass in review before the object-
glass of these " wonderful instruments" and arrange themselves
methodically upon his charts.

We will add, for the information of those who may chance to
read these papers, that the writer omitted, probably through igno-
rance, to add to the thirty-seven officers enumerated, two hundred
laborers who are usually employed with the field parties. The
English employ constantly between two and three thousand per-
sons on their land work alone, while on the United States Coast
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Survey, in both the land work and hydrography, taking the
officers of the army and navy, and seamen of the navy all into
account, the number will not reach one-third of the force em-
ployed on the English land work ; and yet, we have now thirty
different parties at work in the field, besides the parties engaged
in the laborious duties of computing and arranging and preparing
the charts in the Coast Survey office.

At the time Mr. Hassler was asked whether he could finish the
coast with his small allowance of $100,000 per annum, in twenty
years, the only charts then in use on our coast, were those made
by British vessels, and by the enterprizing firm of the Messrs.
Blunt, of New York. One of the first recommendations of the
present Superintendent, was to enlarge the scale of operations of
the survey, so that the work might be in p'rogress simultaneously
at different points of the coast ; justice to the different sections of
the Union required this ; the necessities of commercial intercourse
required it; and ultimate economy, demanded it. Mr. Hassler
contended for a quarter of a century against overwhelming diffi-
culties, and only operated from one centre. It is not surprising
that Congress should have become anxious to advance more rap-
idly. But since Professor Bache was placed in charge of the work,
our sea coast has been more than doubled in extent, by the admis-
sion of Texas and the acquisition of California ; and those parts of
the coast now require the heaviest expenditures. Yet, with all
this accumulation of labor, what is the comparative cost ? The
average yearly expenditure has been, during late years, only
about $300,000, and the work is in active progress from the
eastern boundary of Maine to the northern boundary of our
Pacific possessions ; and it is estimated from the progress of these
late years, that the Atlantic and Gulf coasts will be essentially
completed in twelve years more.

The writer, glad to escape from a discussion of the scientific
and commercial character of the Coast Survey, flies to the less
difficult field of wanton accusation, and suggests the idea that he
has already been discoinfitted in some fair engagement, and seeks
now only revenge on his antagonist. His theme now becomes
the " patronage" of the Coast Survey, the public plunder, which he
does not hesitate to pronounce the ruling appetite of our states-
men. His readers will be able to judge how much of his state-
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ment to believe when they learn that the alleged control of Pro-
fessor Bache over the Light House Board, and the expenditures
under the Light House system, is a fabrication from beginning to
end. He does not hesitate to make the assertion—for which no
public documents will give the slightest grounds—that Professor »
Bache controls expenditures under the Light House system, to
the amount of two millions of dollars yearly ; and not only that,
but all the appointments. The writer of these remarks has official
authority for the statement that this assertion is entirely untrue—•
that Professor Bache does not control a dollar of expenditure,
or a single appointment under the whole Light House System.
The Secretary of the Treasury, who is the President of that
Board, is not in the habit of thus delegating his responsible
duties and neglecting his sacred obligations. An efficient
Light House system must, of course, be based on an accurate
survey of the coast, and were it not for the Coast Survey, ex-
tended surveys must have been made, for the sole purpose of
locating Light Houses. The Superintendent of the Coast Survey is
required to furnish charts and surveys, without any additional
allowance of means for that purpose, whenever called upon by the
Board. In other respects his duties are the same as those of any
other member. The most laborious duties fall upon the two
Secretaries, who are officers of the army and navy.

This writer states that Professor Bache and his kinsman, the
Hon. James A. Pearce of Maryland, control the expenditures of
the Smithsonian. Professor Bache is not a kinsman of the Senator
from Maryland. The reckless manner in which unworthy motives
and evil designs are attributed to all who have taken a patriotic
interest in- these great institutions of our country, is apparent in
this allusion to one of the first statesmen of the country.

With the American Nautical Almanac Professor Bache is in no
way connected. That enterprise was sustained in Congress princi-
pally through the exertions of the late John Quincy Adams, and
is no doubt doing good service to the country.

As Superintendent of Weights and Measures, the duties of Pro-
fessor Bache consist in distributing the weights and measures,
ordered by Congress, to the different States and Territories of our
Union. If the writer means to intimate that the Governors of the
different States feel patronized by the Superintendent of the Coast
Survey to this extent, he speaks foolishly.
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For all these extra duties, and they are very laborious, Profes-
sor Bache gets nothing. He is not the first graduate of West
Point who has felt it a pleasure and an honor to serve his country
in every way in his power, from higher motives than those which
this anonymous writer attributes to him. The writer intimates,
however, that these extra duties prevent The Superintendent from
working in the field, in which respect he has fallen behind his
predecessor. The assertion will be cheerfully sustained by all
the assistants of the work, that in the laborious duties of the field,
Professor Bache bears his full part, and even sets an example of
industry and activity to those under him. His extensive adminis-
tration duties and scientific researches are carried on at his field sta-
tions, and yet he has found time to execute, personally, the
primary triangulation from Ehode Island to the eastern boundary
of Maine, which covers an area of 13,000 square miles ; to measure
six primary base lines, collectively thirty -three miles in length ;
to occupy ten or twelve primary astronomical stations in Section
I., and several astronomical and triangulation stations between the
Chesapeake Bay and Washington ; to determine the latitude and
longitude of a point near Petersburg, Virginia, another near Wil-
mington, North Carolina, and the Chronometrie longitude of
Fernandina, Florida, and has occupied over a dozen magnetic
stations in Section I., and half that number in Section IIL, and
regularly inspects all the operations of the Atlantic Coast. His
patronage in the disbursement of the small annual appropriation
for the Survey amounts to this : The programme of work for each
year is made out at the beginning of the year, and submitted to the
Honorable the Secretary of the Treasury for his approval. In this
programme, the work of each assistant is laid out in such a way
as to cause the whole work to progress most advantageously.
After receiving the approval of the Secretary, with such modifica-
tions as he may wish to make, this programme is printed and
distributed to the assistants, as " Directions" for the ensuing year.

These directions are strictly followed, and the assistants proceed
to execute the work assigned them, having authority to draw from
the Disbursing Agent of the Survey, in small installments, as
their work progresses, the amounts allowed them. For the sums
placed in their hands, they must account, not only by proper
vouchers for the expenditures, but in work accomplished. The
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vouchers are submitted to the Honorable Secretary of the Treasury
for his approval or disapproval, and the work transmitted to the
office for examination. The Superintendent is thus responsible
for the proper expenditure of the funds, and the amount and
accuracy of the work, but his " patronage" amounts to nothing.
Even in appointments he has no power, as all appointments are
made by the Honorable Secretary of the Treasury, and most of
the older assistants now on the work were engaged under Mr.
Hassler. The younger officers commence with the small allowance
of $15 per month and their board, and work their way up to the
grade of assistant by long and meritorious service. The whole
number of all grades is now only thirty-seven. The "patronage"
of the Superintendent is thus nothing, because he is obliged to
follow strictly the laws of Congress and the regulations of the
Treasury Department.

Having failed in his efforts to make out charges of enor-
mous patronage against the Superintendent, our disinterested cor-
respondent again tunes his " harp of a thousand strings," and
now invokes several distinguished Senators to aid him in his
design of dragging* down Professor Bache. Copious quotations
from the speeches of the late Thomas H. Benton, in the United
States Senate, are introduced. In this case he shrewdly makes
his selection, and then wisely shuts his book, as he comes to the
announcement, that after all the efforts of Mr. Benton to change
the organization of the Coast Survey, that Senator gained but one
vote, besides his own, in a full Senate, and when he was returned
to the House, virtually abandoned his position.

Senator Malloryis also mentioned by this writer as an opponent
of the Coast Survey. During the last session of Congress that
distinguished Senator in the course of a debate on the Coast Survey,
in open session, made the following remarks :

" The honorable Senator from has not, I presume, given that
attention to the Coast Survey that he has to the general business of
the senate ; perhaps the senator never thought of the fact that to
constitute a corps of men for the Coast Survey you have to select
one in a hundred thousand. In the first place it takes an education
peculiar for the service, and great practical experience. If there
were no other work during the last .year to demonstrate the
efficiency and value of this corps, I could point to the Harbor of
Charleston alone."
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" We owe it to civilized communities to furnish them with
charts. Our self respect will" not allow us to remain idle and let
the dangers of our coast be unknown to navigators who approach
them."

This ingenious writer is very unfortunate in not having his
" documents available." He seems in fact to have left them behind.
His egregious blunder in referring to the senator from Florida be-
trays his ignorance of the subjects which he attempts to discuss ;
and we may add another quotation from Senator Mallory's speech,
which will answer the writer's statement that the Western States
have no interest in the Coast Survey, and, " do not feel its benefits."
Senator Mallory says : " The State of Elinois is immediately in-
terested in the Coast Survey. Every bag of wheat she produces
is enhanced or lessened in value by all the expenses which
grow immediately, or are decreased, by the Coast Survey. They are
enhanced by all the expenditures of shipment, by pilotage, by in-
surance, and by many other expenditures which the Coast Survey
is intended immediately to decrease."

Not having exhausted his store of accusations, the writer sneers
at Prof. Bache for not hazarding the success of this great national
work by mingling with party politics. He directs his attacks upon
every possible point, and to compass his end, even a political con-
vulsion which would destroy the Coast Survey, would be a happy
consummation of his hopes. The widow's tears might flow and
the orphan call upon the sea to give up its dead, but there would
be one who would shout in exultation ; not because he has object-
ed to the Coast Survey, but because his country's loss would be a
gratification of his revenge.

He finally resolves upon one more effort and aims a shot at the
army ; because, probably, Prof. Bache is a graduate of West Point.
" Our noble spirited volunteers should not again be sent into the
field under the command of officers who dig ditches on the wrong
side of embankments, and the Mexican war, as well as the recent
embroilment with Utah demonstrates that we need no standing
army." What this idea has to do with the mode of prosecution of
the Coast Survey, which the writer set out to discuss, is not
exactly understood.

In nothing does he seem to be so successful as in originating
•accusations and abusive epithets. " The assistants of the Coast
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Survey," says he, " have become the scourge of men of science in
this country and the scorn of the same class everywhere. Tyran-
nical, contemptuous, and unjust at home, they are insolent and
supercilious to the brotherhood of science abroad : The courtesies
of the country are declined and its territory avoided by the most
distinguished astronomers of the Old World, because their science
has such representatives here. Known and derided under the
apposite name of the mutual admiration society, such is the
power of the Coast Survey that the capabilities of mischief of so
mean a society as the American Association for the Advancement
of Science are kept unimpaired and under universal contempt and
disgust."

The writer of this review of the anonymous letters in which
the above chaste and beautiful language is found, sincerely regrets
that it has been necessary to characterize those letters as malicious,
wicked, and rancorous : but there has been no wish or attempt to
recriminate : public taste and delicacy have been sufficiently
outraged by this low mode of warfare, and by these accumulated
attacks upon Professor Bache, which, though anonymous, are yet
known to originate from a single source, and though dictated by
personal animosity, are made conspicuous and of public importance,
only by being combined with attacks upon our Coast Survey and
other public institutions. It is thus that this lago seeks to accom-
plish his unworthy ends ; his victims are his country and his
country's honor ; his enemy—a friend of both ; and although the
acknowledgment is a compliment to his ingenuity, yet it cannot be
said that his attacks are not injurious. Who is beyond the reacb
of a slanderous tongue 1 and what public officer living can say
that there will be no sympathetic response to any false accusation
Avhich human ingenuity can bring against himself. But the poison
of an insect may harm though it cannot kill, and these attacks
though venomous will neither destroy the Coast Survey nor ruin
its Superintendent. There is a voice mightier than that of one
anonymous writer, which must be heard ; and we shall see who will
be sustained by the judgment of the world, Professor Bache or his
traducer.

One who has examined
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preservation o book fl'om dust' and the convenience of t°rmng the leaves—
that is at the t ft is Avdl here to enter a protesfc Я<а<а™Ъ Ш° indiscriminate use

of the antioue of bindi»S' with dark-brown calf, bevelled boards, and red

eckes This is wel1 in its Placo ; but !t should Ъе CODÜDcd to prose WM'ks of

authors who \\ not latcr than Olie huudred and fifty Уеага ago- What pr°"
priety is there PuttinS Scott' or IrvinS, or Dickens, or Longfellow, in such a

ГСл'ь tter itration of the remarks could not be produced than is to be
found iu the so of books exbibitcd b>" Mr- Wiir'nm Matthews, New-York.
In this cast ° specimens of almost every style of binding, in its highest
perfection' ' nlost COITCct adaptation. Л set of Pickering's edition of Milton,
bound in lV olive morocco, of a rich and sober, yet delicate tint, is remarkable for
the ч lire/ nnd firlnueas of its boards, the compactness of its leaves, the freedom
with w'hic " "Peuf, tlie shnrpuess nnd perfect accuracy of the tooling, and its
distinct ariven lette™g ! iu thc Iast 1>csPect 5t is unequalled, and in most of the
otjrj . ' c assed by the finest specimens we have seen of the best binders of
LoiUou n P;1I'is- Various sets of books, and single volumes in calf and morocco
in this га cl;am tbe unqualified admiration of the experienced eye both for their

forwardi-a u d m i i s m nS-
-ti ,f 3 principal specimen from the establishment of Mr. Matthews, is a

Jones's Alhambra, of which we have given an engraving. This
folio, filled with plates of the gorgeous Moorish decorations of the

g, the name of which it bears. Its contents made it appropriate
fir the'1"!01' t° S'vc I'11" scope to his fancy iu the design for its exterior ; and the
result a wk «í' íi('t of superb richness and irreproachable taste. The external
desin-p foliated arabesque; graceful, though grotesque, and not overloaded,
thon' г'с'г in ornament and gilding. The peculiar effect has evidently been pro-
põe- iu this way. The book was first completely covered with pale Russia
•r I-! ï1, and over this was laid blue morocco, out of which the design was cut, so that
a figure appears light upon a dark ground; in fact, it is an intaglio in leather.
ï. the Russia and morocco, though rich, needed life and fire to suit perfectly the
e racter of the plates which give the volume its character, the principal outlines
g ihe design are followed with a narrow strip of crimson morocco, and upon this
3 -iiid the gilt tooling, which is composed of very small circles, semicircles, dots,
d lines, each one requiring one or two impressions of the tool. The effect is
lendid, and the workmanship is exquisitely nice and accurate.

- The inside of the cover .is elaborately ornamented in a similar style, but with
different design. The forms here are not foliated, but are the results of the iu-

, »section of complicated semicircular lines. The colors and the tooling are the
I ame as those upon the outside of the cover. In the middle is a panel in vellum,
ipon which is laid down a lozenge pattern iu straw-colored morocco, richly gilt.

1 The fly leaf is backed with straw-colored watered silk. The hinge is, of course, of
Russia leather.

/ This superb volume is exhibited as a specimen of finishing ; and it is deserving
/ of particular attention that its beauty is entirely the fruit of the binder's taste and
skill. Leather and gold leaf are the only materials used in the production of its
splendid dress, which, owes nothing to the paiuter and the jeweller. This is as it
should be. Suun ciiiqua. Let not arts bo mingled. The binder who seeks the
painter's aid Confesses the poverty of his invention, or the inadequacy of his art
Money enough can bo expended upon binding to make the outside worthy of the
inside of the rsiost precious voi.'.'ue, and to satisfy the profuse disposition of the
lavish. The binding of this volume c^-t its tasteful and enterprising exhibitor $500.

Ai>- >ng the other hooks exhibited, the account boota îrom Messrs. Boot &
^лЖГопУа seum most wormy 01 uociiv. 'l'hoir strength, elegance, ana pliability
make them models in this stylo of binding. There arc several other cases cou /lin-
ing bound account books, the forwarding of which, is perhaps equal to that upon
those of which we have spoken ; but they are deformed by the splendor of inlaid
vcll.um, and morocco gilded ; thus violating the law of fitness, which we must con-
sider as one of the first to be regarded in bookbinding, as in all other arts. Gild-
ing and prismatic colors are out of place in the counting-room.

THE UNITED STATES COAST SURVEY.

is nothing in the American department of the Exhibition, which is a
more just and honorable exponent of the progress of the United States in somo

of the higher and more difficult departments of human knowledge, than the display
of the means and results of the Coast Survey. It consists of various instruments
»•!' research, theodolites and astronomical instruments, compensating bars for the
mcMuroment of base lines, instruments for verification, a tide register, a ther-
laometer for taking the temperature of the deepest soundings, the standards of
weight and measure, and of the results of field researches, comprised in numerous
ч r graved copperplates and electrotype copies of them, and the printed charts.
jV'iese mute witnesses speak, in language clear and distinct to the instructed mind,

f t1 e progress and power of science. They have all borne their part in carrying

this great wiji-k forward to its present honorable position—a position which has
done much U m;ite ую паше of дшс,.;0£1 honored over the whole world.

The preset Superintendent of the survey is ALEXANDER DALLAS ВАСПЕ. His
position is a^ once t]ie m0gt honorable which a scientific man can reach in the
Uniteçl State^ апд a]so д]6 most iai)oriollg an(] responsible. The constantly in-
creasing coni -]ence and esteem which Mr. Bache has won from successive admin-
istrations at V rashington, as well as from the people at large, and especially from
the diutmgui ied United States' officers, and the civilians employed in this service,
bear the mo. gratifying testimony to his remarkable scientific and administrative
abilities, "ft propose to describe some of the most interesting of the instruments
and processe: )f the survey. A condensed statement of the history and objects of
the suTvcy w '. be an appropriate introduction to those notices, and for this we
are chiefly in ;bted, by permission of its distinguished author, to a memoir by
Capt. Charles J. Davis, U. S. N.

It was ti} be expected that a people devoted to the pursuits of commerce, nnd
depending, if somo degree, on the sea as a means of communication between dis-
tant parts rni the national terrritory, should demand, at an early period of their
history, a c| ï letent survey of their coasts and inland waters.

But a sl| time previous to the separation of the Colonies, charts had been
constructed*^ ,he shores and harbors of North America, under the direction of
F. "W. Des r™ -es, his Majesty's Surveyor-General for the Colonies. The progress
of his labon r as interrupted by the Revolution. The surveys made under the
personal smr1 ntcudence of Des Barres still bear testimony to his skill and fidelity,
and posent я' jeuerally correct view of those parts of New England and the. British
posses: ions, ÏVIOSG rocky shores are but little liable to change. They continue to
form t leprinMpal basis of the charts of the northeastern coast of this continent. In
the Southern and Middle States, however, they have been rendered worse than
useless, by thy inconstant character of the bottoms, and the unequal merit of the
originils. Tie surveys of Des Barres, covering avast extent of coast, were origin-
ally deficient l minuteness of detail, and in hydrographical information; and these
defect.1 have l-'cu increased by the rapid and extensive changes in the direction,
uieaus^ and-\vfQts of navigation caused by the growth of the country.

The projjCt of a complete survey, conducted upon a uniform system, nnd
extending ovp" the whole coast, was first proposed by the late Professor Patterson,
in 1806, It c)nibiued three objects, the astronomical determination of prominent
points., a triufcjrulatiou to connect those points, and a hydrographie survey based
upon t;his triangulation. Mr. Gallatin, then Secretary of the Treasury, encouraged
the pioject, j.id obtained in writing the opinions of learned men as to the best
mode'of exec-iting it. lie selected the plan of operations recommended by Mr.
Hassler, the first Superintendent of the Coast Survey. This gentleman, a native
of Swîtzerlar 1, had been employed in the triangulation of the Canton of Berne,
and bad stud 'd the science of geodesy under the most distinguished masters. It
was exceedii ly fortunate that his presence and advice here secured the early
adoption of the only method of conducting a comprehensive trigonometrical survey
that science approves,—the only one of which the results have a certain and
pennapent vnhie. ;

It is only, however, since the year 1832 that the survey of the coast has been
in stea'dy anc active operation. During this long interval of neglect on the part
of the government, the coasting trade and foreign commerce of the country have
been chiefly i i deb ted to the indefatigable labors of those distinguished hydrograph-
ers, thft Messrs- Blunt of New-York, for the means of safo navigation.

Thr-'.J^cfrv-'of J;lw fortunes, or rather misfortunes of the survey, during the
preceding twenty-five years, may be recited in a few words. A law authorizing a
ï'irvii) of the '-'«ist was passed in 1807, but nothing was done under the law until
1811, Then Jl'r.~Hassler was sent to Europe to procure the instruments specified in
his plan. Ttey had all to be constructed. The war of 1812, and the failure of
remittances, Prevented Mr. Ilassior's return before 1816, and in August of that
year he was appointed to the office of Superintendent. In 1818, Mr. llassler's
connection V- h the work was broken oil1, by the repeal of that part of the law of
180V vhich í ithorizcd the employment of citizens. During the ten years that
followed the uoast survey seems to have been forgotten by the public and by Con-
o-ress. In Ш7, Mr. Southard, the Secretary of the Navy, a name never to bo
mentioned without an expression of the high respect which ability, patriotism, and
lone 'aithftí and valuable services must always command iu the republic, took
occasion in 1-is annual report to say, that perfect surveys and charts of our har-
bors could nf't bc ronde without the aid of the means contemplated by the act of
1807 and in February, 18'28, the House directed the Committee on Naval Affairs
to inquire int° tne expediency of carrying into cflect the provisions of that act.
Finally in í'82, the act of 1807 was revised, and an appropriation made for
carrying it i*to execution, and since that period regular annual appropriations
have been mJdc, varying in amount, but generally such as have been called for by
the estiroates'of the Superintendent.

In 1848 there was added to the appropriation a proviso, stipulating that a
board, consisting of scientific persons in the service of the Government, should be
empowered io reorganize the work ; and the plan presented by them, when up-
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proved by the President, was to be, and is now, the law regulatingjtho operations
of the survey. The scientific methods pursued by Mr. Hassler vt?re continued,
and it was directed that the topography should be carried so far inlau'l as might be
necessary for a proper delineation of the shore, and for purposes eithe? of commerce
or defence. |

It is DOW understood that the aim of the coast survey is to finish, with the
utmost attainable accuracy, and in a connected and uniform mannte, all the geo-
graphical, topographical, and hydrographical data that can bo imSf.j in any way
useful to the navigation and defence of the coast. And it is also ftjpposed, that,
in collecting these data, information will be accumulated that may b??ome service-
able in suggesting and directing local and general improvement^ such as the
placing and constructing of light-houses, beacons, buoys, tfcc., tif means of im-
proving channels, the effect of contemplated obstructions upon labors and tidal
deposits, the suitableness of a submerged soil for building, &c. M<\, lastly, it is
presumed that those States through which the survey passes will, uioner or later,
avail themselves of the base it is able to supply, to form a correqt geographical
map of their own territory, under circumstances very favorable tc economy and
accuracy. These aro the practical benefits, either direct or incidental, conferred
by the coast survey. ft

In abstract science it has also its mission, equally useful and di.'ifnguished. It
is to contribute a part of the means by which the irregularly elliptft'L form of the
earth шау bo satisfactorily determined, the variations in local glrj'itatkm, their
causes, and thence the internal structure of the earth, be made /jCown. and the
phenomena of terrestrial magnetism be explained. It will illus|ate the astro-
nomical problem of the tides. Its numerous meteorological remrds will also
contribute to a better knowledge of the climates of the United Steles, and of the
nature and action of meteoric storms, and thus bo of service to the лппег t»s well
as to the navigator.

The science of goodctics prescribes the principles upon which ï survey of an
extended region should be conducted. In the ordinary operatons of land-
surveying, the surveyor is permitted to regard his field of work as aplane sicrfaoe :
but the engineer who is to construct a map of a whole country, or of a loag line
of continuous sea-coast, must take into consideration the spheroida figure ;of the
earth, and present an exact delineation of that part of the spherod upon,-which
ho is employed. This necessity controls the processes used in coijputatíÇB, and
the plan of projection upon which the detailed results are given, whether it be
called a map or chart. Both the projection and the formulas for c>mputat;on in-
volve the higher mathematics, and require an acquaintance with the iiost ad .'anced
state of the mathematico-pliysical sciences. !

The system of projection introduced by Mr. Hassler originated vith Flamsteed.
It is the development of a part of the earth's surface upon a cone, ether a tiingent
to a certain latitude, or cutting two given parallels and two meridims equidistant
from the middle meridian, and extended on both sides of the meridian and in
latitude only so far as to admit of no deviation from the real magngudcs, such as
would be sensible in the detail surveys. In this method of reduAg the (furved
surface of the earth to a plane, the radii of curvature of the parallels aid meridians,
depending upon the value given to the expression for the elliptcity, ivad the
assumed form of the globe, are important terms. For practical usi, tables have
been computed in the office of the coast survey, showing the length in metres of
every minute and second of the arcs of the meridians and parallels comprehended
in the maps. It has been found necessary to recalculate these tabks since 1844,
on account of the new value of the ellipticity announced byBessel ar.d adopted by
the present Superintendent. ,-'

The. pract'c.'il oRcr.itions of.i-ic-iyy!.** y.r-rfy nro .-.'„..j,.,^ •• .̂•a': r̂iÀ.--.с.--'
""SSads of triangulation, astronomical and magnetic observations, t^pograph^- and

liydrography. The fundamental basis of the survey is a net-work of great triangles,
the sides of which, varying from ten to sixty miles, are the longest that the limits
>f vision or the nature of the country will allow, and hence a mountainous region
is much the most favorable for a first or primary triangulation. ff-Ьв starting
line, or first side of the first triangle, called the base line, is measura >y mechan-
ical means, and this is a labor demanding, as much as any other 1 '"the survey,
accuracy, a philosophical regard to minute details, and long previouV'breparation.
Observing, in passing, that several kinds of measuring-rods have be |u heretofore
used, as wood and glass, and that the apparatus of Mr. Hassler со misted of an
assemblage of four iron bars, each of them two metres in length, w th which ho
obtained excellent results, it will, perhaps, best serve to convey .m idea'of the
difficulty of measuring a base-line, if some account he given of Professor Bache's
base-apparatus.

The measuring-bars are upon the compensating system, first uso'4 ЪУ Colonel
Colby in Great Britain, and by Mr. Borden in the trigonometrical survey ;in the
State of Massachusetts ; but a principle not before applied was intr<f«lnced in ref-
erence to the dimensions of the bars, which is thus stated. Bars! °f brass and
iron (the materials employed), of tlio same dimensions, will not, o^ving to their
different conducting powers and specific heats, heat equally in equal times, and
therefore, during changes of temperature, the system ceases to be compensating.
This Mr. Bache corrected by giving a coating to the bars that made them c.bsorb

equally, and by proportioning the sections to each other, so tl
the same temperature during variable temperatures of the ati

one being
ere these two

spiral
to do this satisfactorily, it was necessary to make direct e.'"} fien(tl

materials of the bars themselves, after having first arranged V-iam. Je sp""
by means of the numbers taken from the books. The contact Ween •' Л т, ^
bars is made by a blunt knife-edge and a plane of agate, and a VU o( r ? 'e"
the ends of the bars is corrected by a level so delicate, that sevey0f jj'f

 e_ Cibe>

make up a quantity entirely insignificant in the measurement. jwuari ,' ™л&~
ered with a double conical case of tin, to keep the fluctuations o% te

 CD ? a

within moderate limits, and the bases on which they are suppcw .,,,, . S

with several thicknesses of imperfectly conducting material, for tlAm e " e> °
The length of the apparatus is compared, before and after final mea^,'? " e

a standard iron bar that had been compared by the coast-survey oe ï! ' '
of Mr. Saxton's reflecting pyrometer. By this instrument, a chai „/'! ° a

hundred thousandth part of an inch in the length of the stand;. i,„., Ш^
ceptible. 1ЛП '

To the preceding description it should be added, that the bars ,..]'
size by the relative specific heats of the two metals) were heated ab' ti""'U

sible temperature to which they could be exposed in use, in order to „ **" U~
set. This precaution was at first overlooked in the compensation has . ,; .
of the British ordnance survey, and it was afterwards found necessary \\ ц !n

it. Those who are at all familiar with the subject will perceive that i. У

Bache's application of the lever of contact and level (first used by Bessel ,ti '̂
ards of measure) has not only greatly increased the delicacy of the in m
and lessened its complexity, but also removed several sources of error. B >ti.
contact, and the employment of a microscopic apparatus to determine ijj
tauce between the compensation points, the measures are repeated in two ocr

terms, each having its peculiar standard. Such was the case in the BrituTk a',
Indian surveys, and Colonel Everest complains of the consequent liability to We
and the burdensome accumulation of petty corrections. The remeasurement of
base of seven and a half miles, in India, differed only 2.4 inches from the first lengtl
In a base of seven miles, Professor Bache found that the same difference might b\
about 0.5 inch, if all the errors were supposed to fall on the same side, which i
most improbable. The probable error in re-measuring one hundred and twelv-,
yards was less than five thousandths of an inch, and the actual resulting error ii. •
remeosuring one-third of a mile was nothing.

This may appear like refining too much, but it must be known that the lines
measured by the same bar in winter and summer might differ materially in nominal
length. This difference in the original base of the coast survey might bo about,
twenty feet, and, at a rough estimate, an error of twenty feet in this place would
amount in one of the large triangles, of which the sides are between fifty and sixty
miles, to about one tenth of a mile.

The source of error and its correction being recognized, there is no other limit
to accuracy than the possible.

"We return now to the great triangles of the survey, -which, as has been said,
form its fundamental basis. The points of the prin -:y , ;,. btion are selected
with scrupulous regard to all those conditions whir1 ' . . . : . < »;•,.:,.,• •-', in the tech-
nical acceptation, good. Scattered at distant interv.-. . . •>.. '!, -,; f work,
they are certain guides by which the more detailed c;. •• • • • • • : ! .n-e _f;fpio , <( . .^
controlled. "Within them the'space is subdivided into snu;.1 ••'. :•;••.)• .мея'л -.•.'.ruf.
ing the secondary and tertiary triangulations. ТЬ:У OTrng do«-ï, ^ , ' • ; • • , .-
minute details of topography and hydrography and these subsidiary i::: :,. u! :> Vi:.-
and details, circumscribed as they are by'lie primary points, are restra». -, • 'ini

sity fiv this first net of great triangles, it may be well to inform the general
reader that there is no instrument, however delicate in construction, that is not
liable to very small errors, which the most studious attention to every disturbing
influence, whether mechanical or meteorological, cannot altogether remove. Now
this primary triangulation, which in a mountainous region spans the surface w th
giant strides, has fewer of these unaccountable errors, simply because it lias fe'n er
triangles. It is hardly necessary to add, that better instruments also are used in it.
The two and a half feet theodolite, made by Simms (after Troughton's deatn),
under Mr. Hassler's supervision, and used by him and by Professor Bache in the
primary triangulation, is still regarded in this country and in Europe as a master-
piece of invention and mechanism. It reads to seconds.

Magnetic and astronomical observations accompany the primary triangulation.
The latter are for latitude, longitude, and azimuth, or angular direction from the
meridian.

Following the secondary triangulation in order comes the Topography, the duty
of which is to delineate faithfully the features of the ground. It exhibits the height
and contour of elevations, the shape and extent of plains, the courses of streams,
all the constructions of man, and the waving and indented outline of the shores.
It distinguishes the tilled land from the pasturage, and the grove from the orchard,
and designates the character of the woodland. It speaks a universal language,
and observes strict fidelity to nature.

Depending upon the secondary triangulation and the topography for its means
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of progre.'follows the Hydrography. In this terra is included all that concerns
local navtion, as the depths and character of the bottom, the direction and
strength the currents, the ebb and flow of the tides, and the information,
coming n>r the head of sailing directions and nautical instruction, which make
Dp the viable knowledge of the local or general pilot. This branch enjoys the
honor of iioimcing the nautical discoveries of the coast survey, which, though
resulting om the combined operations of all, are yet brought out by its means.

In tl- preceding pages the plan of the survey is presented, and the general
distribute of its labors is stated; it remains ПОЛУ to speak of the execution of
the vanfs details, and of the benefits that have been conferred by the coast
survey joii science, and upon the local and general commerce of the country and
of tho vjrld. In doing this it will be most convenient to keep to its actual state
at this /у.

ОпДю death of Mr. Ilassler, in 18-Í3, the appointment of his successor was
regardfl -with deep interest by the scientific men of the country. The office of
Super/tendent of the Coast Survey is recognized as one of the central positions
of African science, and the incumbent is expected not only to he able to fulfil
its pif jcribed duties, but to be qualified to direct his powers to the advancement
of k fledge in every department of the work. How far the present Superin-
tend.^, Professor Bache, is suited to answer these expectations, to sustain the
nat' ,'nal reputation, and to promote the cause of science, may be estimated from
l'le fact, that his appointment was solicited by gentlemen in all parts of the
co' itry, engaged in the pursuits of learning. He wan educated at West Point, and
e'! ;e his graduation there, followed a course of physical science that has made

4 well kown in this country and in Europe. It is but justice to Professor
he to say, that there is no branch of the work into which he has not been able
introduce improvements, either owing to the discoveries of the day, as in tho

use of the magnetic telegraph for meridian diflerenees, or owing (still oftener) to
his own great and eminent scientific attainments. This must appear in the course
of these remarks, but it is quite as creditable to his administration to state, as may
be done with strict accuracy, that the amount of results now obtained is double
that under the former plan, for an increase of fifty per cent, in the cost.

Accompanying the primary triangulation, as an essential part of it, are the
astronomical and magnetic observations. The determinations of the latitude (as
well as of the azimuths) are frequent. About fifty latitude stations, and from
thirty-five to forty azimuth stations, have been already occupied in the survey.
A comparison of the latitudes deduced geodctically from a central point -with
astronomical determinations, led the Superintendent, in 1844, to the discovery
of certain variations in the level, which could only be attributed to changes in
form and density of tho material composing the earth's crust. These variations
are similar to those caused by the proximity of mountains ; but whilst the latter
have been well understood, the former had escaped notice. The numerous deter-
minations of this element will therefore occupy an important place in the future
discussions of the general form and internal structure of the earth. A similar
discovery has since been made in the ordnance survey of Ireland by Major-Gen-
eral Colby, and appears to have been anticipateátby Laplace in the opinion given
by him in the Chamber of Peers, in 1817, upon the topographical map of France :—
"If the latitudes of the extreme points (of certain lines) and of several intermediate
points aro observed, and the length of the seconds pendulum corresponding to
these points measured, a great doal of light will be thrown upon tho figure of the
earth, and upon the irregularities of its degrees and of gravity."

Of the magnetic observations it will be sufficient to say, as an indication of
their character, that they are made with the new instruments invented by Dru
LíõyTi "ЖПГГГТТсовг. li.« punuüio accnnomeier от Mr. Weber (pertëcîëî~bv
Lieutenant Eiddle, and manipulated according to his instructions) measures incli-
nation, and, by a subsidiary apparatus, the horizontal force, by the method of
Gauss. Fox's dip circle, with the use of tho deflecting magnet, has given very
satisfactory results. By means of these instruments, the declination, inclination,
and intensity (horizontal and total), are determined in n manner that supplies
all that is practically necessary, and contributes valuable additions to general
magnetic researches.

Longitudes have been determined by occultations, eclipses, moon-culminations,
and tho frequent transportation of chronometers. Mr. Bond, the director of the
observatory at Cambridge, Mass., communicates the meridian differences by
chronometers between the British observatories and Boston. Two special chro-
nometer expeditions have been organized between Cambridge and Liverpool.

All determinations of this element are referred to a principal port on. the sea-
coast, and are connected in tho aggregate with differences obtained from Europe
by Chronometrie and astronomical comparisons. The security against error af-
forded by employing persons to compute, who are disconnected with the duties
of the field or the observatory, is well understood. Gentlemen in private life are
engaged to repeat tho important calculations of the survey, and this system, which
enlarges the sphere of labor in a way not less commendable for its economy than
for its other advantages, receives universal sanction.

', But the discoveries of Professor Henry (Secretary of the Smithsonian Insti-

tute), res Iting in the invention of the magnetic telegraph, have provided a new
and more precise method of arriving at the difference between the times of two
places or their diflerence of longitude expressed in time. The details of these
operaiion , were worked out under the direction of the Superintendent by the late

ted S. G. Walker.
Th,e s ace circumscribed by the terrestrial angles of the first order, and defined

eel estiai observations that accompany them, is subdivided into a minute

lamen

tiom,

Min
graph

It
descri

by th<
netwo rk V|f smaller triangles, constituting the secondary and. tertiary trianyula-

points of which embrace and determine headlands, light-houses, beacons
chnrclies, ihiilS) and all conspicuous objects along the coast, that can be made use-

its navigation. They also bring down tho work to tho details of the topo-
' an|d hydrography, and supply the bases for these branches of the survey,
hasfoeen already mentioned, that the topography is minutely and exactly
>tivv, Of the ground, both in form and character. The Lehman system of

topogi|aphficai drawing has been adopted, but with such modifications as the na-
ture o(: thj9 country exacted, in order to preserve the beauty of the maps. The
slopes; are represented by hachures, the strength and distance apart of which
indica ;e the degree of inclination. In tho original maps, the horizontal curves
hmitii g iije different slopes arc drawn in red ink, as the draughtsman progresses
in his

Th
mile,
when
for nojvig
publia ieo>
charts OR

ale of the original sheets is rîiiffts, or about 6§ inches English to the
is are frequently executed in the field, and furnished from the office,
,ed for local improvement, on twice this scale. But the charts designed
ors are necessarily reduced in dimension. Tho harbor charts are usually
>n the scale of or about Ц inches English, and the more general
hat of 5-„-ij5, or about three-fourths of an inch to the mile ; which last

is thepfJl of the great topographical map of Franco. In all the maps, the topo-
graph *|й itails are faithfully preserved, including height, contour, <fcc.

Tc '-sW 10 tho history of the operations of the survey during each year, would
require more space than can be allotted to the subject in the EECOED, and we con-
clude -this <ketch by a brief relation of its aggregate results np to 1851. Recon-
naissance has extended over an area of nearly 37,000 square miles ; and the trian-
gulatba elvers 24,000 square miles. Nearly 1,200 miles of general coast line
and 9 OOO^niles of actual shore line, including indentations, have been surveyed.
Aboo; 5(A topographic, and 200 hydrographie sheets have been executed, and
the eound^jja made amount to more than two millions and a quarter. Forty-four
finished cJavts, aud forty-one preliminary charts and sketches of important locali-
ties l^ave been published. Numerous statistical "data of this kind may be found

' ananal report.
feature of much interest and importance in the more recent history of tho

ie addition of two sections on the Pacific coast to its field of active
It has not only pushed its parties into all the Atlantic aud Gulf sec-

put ; Vg already made a complete general reconnaissance of our entire

in thi
A

surve
opera
tions,

embo
have
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polici
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Western (Jast, and lias published, or advanced to a state of forwardness, the maps

,hese results in a form most serviceable to navigation. Its parties
ado detailed surveys of all tho principal harbors along this coast as

s m/de excellent latitude and longitude determinations. Thus the navigator
IWble to thread his way along that newly peopled-shoro, with such aids as.

ÏYÎ •&
u(- v*.o
ÏYÎ •& on portions of our Eastern sea-margins. Special appropriations have

urge forward this important work, and it is surely a most sagacious
accurately and in detail those rapidly developed frontiers of our

natio: laJTEtaain. A systematic triangulation, and determination of points for a
conn« ô« ipqgraphj and hydrography, have already made a good beginning. Its

Thr> •* '/<\£гош character of the Florida reef, extending for its entire length
along а ï 'vfuy of commerce, and producing a fearful loss of life and pro-
perty, he successive specific appropriations for its more rapid survey. This
•work hat jgressed quite satisfactorily, especially when the difficulty of the lo-
cality anâ le extremely jagged coral sea-bottom are borne in mind. The study of
corai chá', .teristics is a highly interesting collateral, and Professor Agassiz, in the
annual rf'Ortof 1851, has given the results of an examination undertaken for the
Coast Snfey. Lieut. Rodgers' sui^ey of Key West and its vicinity, gives a most
intcrestitf picture of a coral bottom, and vividly suggests the importance of sub-
marine bisting to open a better channel into that important harbor. The Florida
triangulaon is ono of peculiar diff iculty, owing to tho flat and overgrown char-
acter of te country, and the distance of tho reef.

lu c ilusion, we state that the rate of progress of the survey points to its
comple' • in about twelve years, though this time might be shortened, if desired,
by iucr 'ng tho appropriations. It is to be hoped that no vacillation of policy in
respect w enterprise so truly national and beneficial, is destined to check its
pro.are ' interfere -with its present systematic organization,—which, placin" it
und' ir . treasury Department, makes it an open field for tho employment of both
nav; r a "my officers, as well as the civil assistants so indispensable to its organic
com pl< ss. It is now well, aud the straightforward duty of our Government is
to nfeal 'eral appropriations, and practise laissez faire.

Ä "l
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SAXTON'S METALLIC DEEP-SEA THERMOMETER. "

A MONG the many problems of terrestrial physics, which both invite and baffle
XA_ complete investigation, one of tbo grandest and most attractive is thit pre-
sented by Ocean temperatures. To determino the températures which chaiacter-
izo the various depths, localities, and seasons throughout the vast expanse bf the
oceanic realm, is a work of immense labor, but one which cannot fail to give
somo results of eminent practical and theoretical value. Very little has yet been
accomplished towards this almost boundless investigation, but that littlo hte not
been without fruit. In conducting the off-shore hydrography of the "J. S. Coast
Survey, the proximity of the Gulf Stream, and its important bearings oa. thu chief
highways of our commerce, have made it specially incumbent on the Const Purvey
organization to develop the great physical features of this phenomenon with as
much accuracy as possible. The exigency of the work of sounding'alocg the
shore has hitherto prevented the application of any groat strength u.' the- Gulf
Stream problems, but several results of much interest, as to its fori;;, position,
movements, and temperatures, have been already reached in more or lew de;ajl.

The most casual inspection will show that the- Gulf Stream is one oi"'he groat
oceanic movements, or disturbances of equilibrium, caused by the varj'ng tem-
peratures of its different tracts in the different seasons. Temperature is t e irime
moving element, which needs to be observed and reasoned upon with !0 p< ssible
care, to give that thorough and true explanation which every one desit , ï at no
one possesses. How to observe the deep-sea temperatures which ar< Лия dis-
turbing the rest of tho ocean—how to bring up, from a depth of sever m les, a
trustworthy reading of tho heat which prevails m those unexplored re sse з, is a
question which demands an answer before the Gulf Stream can he full со) лрге-
hended in its fundamental facts.

Tho proposed investigations are seriously obstructed by the enorr pres-
sures in tho regions to Ъс explored, which deraugo all common contrivai JCo , Tho
ordinary glass thermometers were repeatedly tried in the Coast Suivey fti.tlud-
ingä, but as uniformly broken. Attempts were mado to protect them by throng
metallic cases, which were also crushed in, аз illustrated by an eximple*now
exhibited among tho contributions of the Coast Survey at the Crystal E'Jaoe.
Mr. Saxton, the eminently ingenious and successful head of the tnstn neat
Department in tho Coast Survey Office, then devised tho deep-sea thermcty • eter,
which bears his name, and which has been used for several years Tvitheatir!- Suc-
cess. Some accidents, not faults of the instrument, have had the cftecl. lo pr->yeflt
such extensive observations as Mr. Bache had provided for, but it ia t'\ be Coped

that each year will contributo to the number uf c'r ro-
/ , ~? liable observations with this elegant apparativ. One of

these beautiful instruments is on exhibition in the ßoast
Survey collection at tho Crystal Palace ; and - e proceed
to state its principle and the arrangement с its ports.
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The main feature is a compound spiral or helical band or ribbon, со
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two similar plates firmly united along their surface of contact, the outu
of silver, and the inner one of platinum. As tho rates of expansion <'v • ,,
metals are widely different, the variation of temperature to whici _ ,. H'
is exposed, will produce a considerable movement of torsion, or roti. :' 15
bottom of tho helix, tho top being fixed. This principle is famili,^
guet's torsion thermometer, and Mr. Saxtou has only applied it to a .?n, ' '
with an improved arrangement at the upper extremity of the spira'.. ï ,D.
nifying and reading tho indication furnished. The motion of rotation, -t •"
change of temperature, is very well fitted for readiug, as by gearing it t,v ^ t

a quite ample rotation to an index hand. Within the spiral is a hollc -, /ï .
which at the top the spiral is screwed fast, as shown in Fig. 1. Within л „ j
is a small rod or axle, which is connected with the bottom of tho sp ' t „
turns freely on a supporting j>ivot, so as to communicate the torsion rota ï v
toothed silver wheel on its top, which is shown in Fig. 2 : that part on i ?
toothed which will bo needed. A small pinion, which bears the hide:. „_л
takes up the motion, and is made to traverse the graduated si lver rii
carry with it a stop hand, Fig. 3, which will indicate the maximum or mi1 .,.„_
temperatures passed in the descent, according to its arrangement. Surfaci
peratures are read off at once, and the sounding lines giw ihe depths. ;„

The whole of this arrangement is inclosed in a firm metal case, as shov -,iv

Fig. 4, which protects it from injury, and yet permits the water to pass Л„
around the spiral, causing it instantly to take the temperature of its 1осл

Fly. 4.

Tlio top сазе is covered with a dap, pierced with small holes to permit the water
to pass freely. Tho whole case is then mounted in a metal frame by means of
two rings. Tho top ring turns on two side pivots, to permit the insertion of the
case; but tho lower ring is in halves, one of which is fixed, and the other opens
out to receive the case, after which it closes, and is tightly clamped. An eye at the
top receives the sounding-line, and one at tho bottom any requisite sinking weights.
All the delicate parts of this thermometer, which could be corroded, are heavily
electro-plated with gold, by Mr. Mathiot, in the Coast Survey Electrotype Labora-
tory, so that tnoy are not naole toTínjníy wim laifTFeatment.

In using this instrument it is thrown from the side of the vessel at successive
times, first observing the surface temperature, and then sinking it to a small
depth, and again to one a little greater, and so on, till it can be decided that the
stop hand indication belongs to tho greatest depth attained. The passing of a
point of maximum or minimum temperature, however, complicates the problem,
and makes it a matter of critical judgment to connect the temperature and depth
with accuracy. In the hands of good observers, it yields excellent results,
and, though not all that could be desired, is still a most excellent instrument
within the range of its capacities. Its cost, made in tho limited numbers required in
the operations of tho Coast Survey, is about sixty dollars, though a demand lor con-
siderable numbers would much reduce this amount. We trust that this or some bet-
ter instrument, if possible, will hereafter bo employed with increased zeal in the
study, not only of Gulf Stream temperatures, but of tho ocean throughout its whole
expanse, and even in our lakes and tho interior seas of tho whole world. Surface
temperatures alone are quite insufficient to give correct results, for the solar radi-
ation produces a great effect on the superficial layers, and we must penetrate to
one or two hundred feet before wo enter on tho grand temperature scale. A
minimum temperature is usually passed in descending, at that depth where tho
sun's effects may ho assumed to terminate, and we then enter on an increasing
scale of temperatures, which, according to one of Prof. Bache's discussions, give,
with the co-ordinates of depth, a curve clearly and obviously the logarithmic
curve. Tho connection between this result, and some of the grand results of tba1
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TIDES AND TIDE GAUGES.

ЕТЕКНИ\ТАТ1(Ж8 of the phenomena
of tides form an important part of the
system of operations pursued in con-
ducting the United States Coast Sur-
vey. The extensive hydrographie, la-
bors requisite to prepare thoroiigly ac-
curate and reliable charts of our sea-
coast and harbors, would be exceeding-
ly incomplete, if a careful observation
and study of the tides did not make an
integral and systematic portion of the plan
pursued. Our coast presents a wide
diversity of tidal phenomena, from the

overwhelming rush of waters at the northern
extremity of Maine, to the almost insensible
wave at some points of the Gulf Coast ; i'rom
the regular and obvious periodicity of New-
York Bay tides, to the single daily tides of
Cat Island, and the imperfectly explained
tidal anomalies of our Pacific Coast. So dis-
similar are the characteristics and amounts of
the tidal wave from point to point along our sea
margins, that observations require to be multi-
plied so as to include not merely a few pro-
minent points along shore, but all the impor-
tant rivers, roads and harbors. It would be
quite unsafe to interpolate tidal characteristics,
since each locality produces its own special
modifications on the great general tide wave,
and requires a particular determination of
its mean, greatest and least rise and. fall of
tide, and of its establishment. But as the most
elaborate tidal study cannot be given to all har-
bors or important localities, the plan pwsueu
is to select some principal points along the
coast for permanent tide stations, at which
regular observations are made through several
years, so ns to give in full detail the, irregu-
larities, with long intervals, and all the facts,
great or sinnll, of the tidal rise and fall. Other
stations are occupied with tide gauges for
limited periods of one or more lunations, either
in connection with the sounding parties or
independently, and the tidal characteristics
are thence deduced approximately. A Btrt.

of observations not covering at least one complete lunation, is insufficient for
a strictly reliable result, though sounding parties are sometimes, especially
in hydrographie reconnaissances, compelled to be content with the observa-
tions of a tow days, from which the remainder of the tidal cycle is deduced
by reduction and discussion, as weh1 os is practicable. Tidal observations must of
course, be regularly made during all sounding operations, and the soundings musr

*V i V ''.'-J Ж/?"см1 to tha stnndfir'T plnno of i'ßference bv their nid.. The Jevp! nf

Я« ,-r » .Mooed from »11 th» oUsemtio» i~a«, I» tl» P>™> a '*'!

«^.».^^-^-lÎÎ^^JÏLÏS
various periods of the tide are reduced. When it is borne in
and half millions of soundings have been already made m the
immense labor of reducing all of these to standard planes, anu
planes themselves, can be partly conceived. A casual mspect o o f he de ab le
which will be found on each finished chart, gives but a most ï. duqnafc idea о
the great amount of observation and discussion, which have y.elded their pith

this laconic epitome. ., ti. .-.-.r.™
There is a department of tidal discussion of far higher character tlan t l e n o с

directly practical operations of deducing a mean low-water plane and of .сй.п.пь
о it the various tide phases, &o., in which the construction of particular tide
ab «consists. These higher discussions have for their object, the analysis am

Sin-itionof tho phenomena of tides in different localities, by reference о the

йеп ml ,,l.vsic«l theory of tides, and the formula» derived from it. Kot only are
?he main tidal movements direct consequences of the inequalities о the^solar am
hmar attractions on the different portions of the oceanic mass, but the local trait
Zdès vrc to a great extent, de,ducible from the application of 0* g«««l «*«*?
to snecific c'ases. Prof. Bache has applied himself with eminent success to th,
class о discussions, and from the seemingly anomalous cases of single-day tide
Tc,t Island and Mobile Point in the Gulf of Mexico, and of irregular recurrence

f Kev ЛГечЫю has derived a striking confirmation of the physical ioimdaü«» o
' hieb both the equilibrium and dynamic theories of tides ultimately rest. В

s

tho

0 the several disturbing causes their appropriate amounts of effect, there
•hown in his discussions, a compound or aggregate effect, which coin-
closely throughout with tho complex variations actually observed.

TheseJiK .jssious, as presented through proportional or expository curves, are
ш heir kind, and exhibit the most advanced condition of tidal interpre-

,, ï physical theory of tides, like all undulatory theories, is full of mathe-
I ;ulty, and demands a good proficiency in analysis even for its com-

1 and still more for its expansion ; hence its exposition can never be
(igh and popular. To this difficulty inherent in the subject, we may
Jnot infrequent lack of faith in its truth and completeness, observable

"{whom thorough mental discipline has been denied. The complication
[elements entering the general tide problem, and of local elements be-
) each case of a harbor, make it quite impossible for any but a well
hematical and physical reasoner to do justice to a subject so profoundly

in tho
of ph

-ml method of observing tides is by means of a simple tide gaugo. This
a ]OUg yertioal box, sunk to the requisite depth in the water, and so firmly

> some solid support as not to be moved by waves or other disturbing
copper box float made air tight, and of a size just to play freely in the
ipports a graduated vertical staff, which rises and falls with the float,
read through an accessible door in the side of the box. Somo small

e bottom of the box admit the water slowly, so as just to neutralize the
'flives in causiug oscillation of the float and staff. Hourly readings dur-
r and careful observations at the times of slack water are then regularly
•ecorded, notes being also taken of the winds and weather. It will be
'.bis method is by no means free from objections. It only gives a
)er of readings, leaving the remainder to be interpolated. It involves
• and watching in proportion to the results attained, and readings are
jueutly lost or out of time, and even in some cases are not faithfully
It involves many chances of error in the readings and records. The

obser as near high and low water, the most critical and valuable of all, are
peculi liable to imperfection as the rate of rise and fall is there so small. For

ary purposes, this simple gauge is fully adequate, if read with care and
in the refined and long-continued obsevvations requisite for all thorough

iind elabée discussions, a continuous and automatic record is highly desirable
if not posrely necessary. Every tidal observer has not the minute accuracy
and great tbfulness of Gustavus Wurderaan, to whom the survey is so much
toûebted. Ша observations on the Gulf Coast.

. T° sea-this-purpose, and to afford all the advantages of n continuous and
gelf-prodng record, the Self-Registering Tide Gauge, of which a specimen
(u. B. C., !ú>. 14) is exhibited at the Crystal Palace, was devised and executed
Ъу li*- JohSaxton, the head of the Instrumental Department in the Coast Sur-
vey Qffice.This gauge has been fully tested and approved by the experience of
about eigljn months, in different localities with several gauges. Six have been

; stations along the Atlantic Coast, and six have been sent under the

PLAN. BCALI=J.

- P- Trowbridge, United States Corps of Engineers, and Assist-
ant tní>tfttes Coast Survey, to record the tidal variations at three permanent
and tirovable stations along our Pacific Coast. In general terms, this tido
gange j№ge<l so as to record by a clock movement, the ordinatu of time, by

ted a'ong the length of a. running sheet of paper, carried forward by
11 »8
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the clock work, and intended for one month's record. The ordiuate ofîe&eight
is recorded by connecting the recording pencil with a freely moving fl ;, and so
gearing down the float motion as to limit the pencil movements to valf
foot or the width of tho sheet. A record curve results from these two : yebients
which presents a perfect picture of the daily tide waves, in a series oi a. naufi

cylinder (R4). To insure the entrance of the points, a small roller (R8) re is upon
the impelling cylinder, and prevents the paper from being lifted. The roller is
grooved near the extremities, so that the conical points may aot come iu contact
with the wood. The cylinder (R4) is urged forward by the weight E', sind the
cylinder E is held hack by the smaller weigh t E, so that the paper mí y con-
stantly be kept well stretched. Tho excess of the weight E' over E is sufficient to
overcome the friction of the system of rollers, so that the clock has merely to regu-
late time. Upon the axle of the impelling cylinder is a clamp screw (ii), by
which it may be detached from the clock. To pat the machinery in motion, the
pencil and one of the conical points being brought accurately in the same vertical
line at any exact hour, the cylinder is then fastened to the clock by meaas of
the clamp screw, when, as it moves with tho clock, it completes a revolution in
twelve hours; the conical points will consequently mark exact hours and half
hours, whilst the line traced by the pencil will show the corresponding heights of
the tides according to the scale to which the machine is adjusted.

The following points require attention iu adjusting this gauge:—I. The coun-
terpoise should he rather more than sufficient to balance the chain or wire, taken
as they will be, at lowest tide. The strain upon the pencil is very slight, but
when the rise and fall is great, the chain or wire should be as fine as possible,

í that the counterpoise may not be inconveniently heavy. П. The chain or wire
| to which the float is attached, should be so adjusted upon the large wheel
! that the curve of rise aud fall will be traced on the paper midway between the
1 b'nes of dots. One or two days' trial will locate this curve of rise and fall sufli-
I ciently well for the chain or wire to be permanently pinned. III. A conical
point should be brought accurately in aline with the pencil, and tho clock started

! at an esact hour or half hour. IV. That the gauge may be disturbed as little аз
possible, at least one full month's supply of paper should be wound upon tha
receiving cylinder at tho beginning of the month.

i To guard against accidental disturbances and jars, the structure upon whicii

BIDE ELEVATION. 60ALE=J.

and minimum heights. By applying a reading scale, the actual tide bb-t
moment can bo read off with nice accuracy. As we wish to give
exact information, such as might serve for the construction and use orfe J
ment, we introduce the following description and drawings, with priai v
tions derived with slight modifications from official sources. " ••*

Л" wiv> wit-.boi |ЛШ<и1 point (p) sliding on a straight guide (g). Ift ( />erbi
moved beneath the pencil point at a uniform rate, the line will be d* дссого
ing to the rate of the tide, and if the paper be marked at regular i., 'I °У the
mechanism which impels it, the continuous curved lino traced by th í°u wil
represent the rise and fall of the tide, so that the time and height may befurately
found at any instant. The particulars of the application of this princi) sre as
follows :—The float and wire are protected from the action of the waviP'I cur-
rents by a tube which admits the water freely without allowing oscilla^ The
float is attached to a fine wire or chain, which, connects it with the ••''
upon the circumference of which it winds, and another small chain con »from
the small pulley (w') on tho same shaft, and passing over the friction ' ' (r) is
hooked to tho poncii frame. This small pulley reduces the play of
to prevent an inconvenient width of paper, and is regulated by the í .it of
rise and fall of the tide.

To the other end of the pencil framo is attached a counterpoise
over a roller in the same manner. This weight causes the pencil to ret13 the
float rises. Tho recording paper, being then wound compactly and
upon the cylinder (R), passes beneath the pencil point and over the impelli
(B") geared to the hour wheel of a time-keeper. This cylinder 1ms ? ex-
tremities, and with one foot interval, two circles of twenty-four equidista ^oel
points to each, arranged on its circumference, aud as it revolves once e^ve
hours, tho points successively pierce and leave the paper at intervals с ' an
hour at the same time that the paper passes over, and is re-wrappe,d the

' 100
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he gauge is erected should ho as firm ns possible. The superstructure for p:
ion against the weather and other disturbing causes, need only be largo 01
о allow free access for attendance on the gauge. The box for containir
oat should be water tight, below water, except an adjustable orifice, whi<
e made by a series of holes about an eighth of an inch in diameter, cov'
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part by a slide, and it should extend up to the floor on which the gauge rests, that th
free action of the float and its connecting wire or chain may not he endangered h
obstructions falling into the box. Having so adjusted the wire or chain as to give tl.
midway position on the paper to the record curve, particular care should be taken (
prevent its being altered, since any change in its length or points of attachment to th
wheel wil l vary the relation of the record curve to the permanent Zero. All gaugt
records should be carefully referred to some permanent Zero, or bench mark wel
cut into the stone, or reference mass, and this Zero or bench mark should be fully
and precisely described in the file of tide records, as also all changes in the mark
and in the Zero of the gauge itself, as referred to the mark. A common staff
giiage should always bo erected in connection with a self-registering gauge, and
.is near by as convenient; it being then simply necessary to obtain by careful
levelling, the reading of the bench mark on the staff, when it reads Zero at its
own reading level, and then to compare the simultaneous indications of the two
gauges, for the starting point of the record curve readings. These gauges should
have such positions as to receive the full effect of the tide, and when from freez-
ing or other causes the registering gauge ceases to work, the staff gauge must
be used for hourly and high and low water observations in the usual manner. The
record sheet should always bear upon it the names of the station and observer,
the number and scale of the gauge, the dates of beginning and end of the
record, the 12 M. dot of each fifth day clearly dated, and full notes of the time and
causes of all breaks in the record, and of all new starts, with the interpolated
staff guage readings during the record gaps.

After taking these precautions and getting the instrument well started, each
Coast Survey Observer is required to visit his station every day until he is sure
all is going right, when it is deemed sufficient for him ordinarily to visit it every
other day, observing the following directions. "1. The steel rod to which the
recording pencil is attached, should always be kept perfectly clean and free from
rust ; for this purpose it may be rubbed with oiled cloths every week, care being
taken that no oil be left on the rod, or allowed in any way to touch the arms
which support the pencil resting upon it. 2. If in consequence of a continuation
of storms, the tide should fall so low as to render the counterpoise insufficient to
keep the chain well stretched, a small additional weight may be added. When
the rise and fall is great, or very much inf luenced by tho winds, this may some-
times be necessary ; butas there is little strain upon the pencil, tho person locating
the gauge should in the first place, make the counterpoise sufficient to embrace
all but very extraordinary tides. Proper attention to tho two foregoing para-
graphs will insure an unobstructed motion of the pencil. 3. The clock should bo
made to keep mean solar time, being corrected to this effect, whenever it ia neces-
sary, by a sun-dial or a meridian mark with the equation of time applied, or by
such other means as may be found available, -i. Should the clock become disor-
dered, it is not desirable for the observer to disturb its mechanism. Timely
notice may always be given to the assistant in charge of the office when any re-
pairs are needed. 5. The clock should never be stopped unless from absolute
necessity, or from some unavoidable accident. Whenever it is so stopped the
time and corresponding hour dot upon the paper should be distinctly marked.
When it is again set in motion, the first hour dot, together with the corresponding
time, should be noted in like manner. 6. The hour dot correspondi!]" to 12
o'clock M., upon the fifth day of every month should be marked. The observer's
attention is particularly called to the last two paragraphs. A failure to comply
with them will cause much confusion, and must inevitably be detected when the
record sheets are sent to the office. 1 The sides of the sheet corresponding

iple gauge readings. On the whole, the introduction of automatic
cannot fail to promote a critical study of tides, besides saving the
'nere unintelligent watching for the hours.
Bering tide gauges have been for some years in successful use at some

tide stations, and Mr. Saxton's machine is not original in its general
lowever, exceedingly perfect in its details and nice in its operations,
important points of originality, especially in the arrangements for
record sheet and for marking tho time on it. These reasons well

, pre-eminence greater than we have given it, a pre-eminence which
! it will fully vindicate by its prospective share in the work of eluci-
les of our two ocean borders.

Í'
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MENT SCHOOLS OF ORNAMENTAL ART IN ENGLAND.

ries whose industrial pursuits have arrived at that point at which they
•led to supply the necessaries of life, seek in any further development to
mental element to that of utility. To do this successfully, art-edn-

(i jred, not merely that of the designer or originator of the forms to be
-, but also of the workman, by whose skill it is to bo fashioned, and
b\ ;elligonce or ignorance it is to be made or marred, in regard to the

h' es of art.
iy within the last twenty years that attention has been practically

d the importance of education as applied to art-manufacture in
G tin, and institutions founded in which the artisan, as well as the
ar obtain systematic instruction in the principles and practice of art as
api .lis particular pursuit. Nor has this latter point been sufficiently at-
terj 'util very recently, and perhaps, even now, there is much more to be
don is been imagined. Under the singular misnomer of schools of design,*
the »moters of the institutions wiiose title has been lately changed to that
of si ' Ornamental Art, proceeded to take the initiative in a system, which
prop, •• -r It -'"ed out, was calculated to produce results of the most satisfactory
chariicte '-. ^ even with nil the mistakes, blunders, and perversions to which these
schoèb h ; been subjected, has done more than could have been expected.

ÒW'-'' !<1 of the importance of such institutions to the future well-being of the
manr'ifa nS interests of England, as well as the advancement of the people in a
higher L !'3 of intelligence, a few earnest men, at the head of whom stood Mr. W.
Ewatrt '•. i Ы. P- for Liverpool, obtained the appointment of a parliamentary com-
raittiue c ";lrts and manufactures." This committee sat, and examined witnesses,

amorigst - ;°m wei'e men the most emiueut in Europe for scientific and artistic at-
tainivijemyinufacturing skill, and commercial knowledge. The}'finally reported in
188б| ti òasnres for the promotion of artistic education amongst the manufacturing
classics r/ '; to bo at once takcn, and that the government ought to assist by grants of
public mli У nn(l the organization of a central establishment in London. Accord-
ingly.' th(..' vernment School of Design, Somerset House, was founded for tho pro-
motitbn o ° latter object, and aa a model establishment. A council of gentlemen,
all off wh' lvere omineut either as patrons of art, artists, men of science, or manu-
facturer&v Si:ß appointed by the Board of Trade, under which tho experiment was
to b4 0er^i ont, and a sum of офау having been granted, with the free use of the

-<•••'•"""— " uni. - - hen it is necessary to w.iiuig« uni ï
tuning or tue month, this should be done without stopping the clock, and

not near the time of high or low water. Tho time corresponding to the first
hour dot after the paper is changed, should of course be marked. 9. The records
sent to tho office should bear the observer's name and the number of the gauge.
This number, together with the scale, is branded on the instrument. 10. Incase
the clock stops and cannot at once be started, observations with the staff gauge
of the time and height of high and low water must be made by the observer, and
recorded on the registering sheet, with the date and reason for making tho note.
11. When any such difficulty occurs, the observer will in all cases telegraph to

the office."
The record sheets are read in the office by the aid of a special table, the sheet

eing run between two overlapping guides and under a reading scale fixed trans-
versely. A small transparent scale of radiating lines is used for subdividing the
lalf hours, thus giving the means of very close readings about the high and low
vaters.

In reviewing this description, it will be apparent that this instrument requires
re and skill on tho part of its attendant, but that with these its records must be
the most perfect kind. Such is the fact, and numerous record sheets already

TQ perfect pictures of a month's tides which are very suggestive of the varying
ements concurring in their production. C'urve records are much easier to intér-
êt than numerical readings, for the natural continuity is presented to the eye.
ч record curves are also much more delicate exhibitors of minute quantities

lea led drawing; and that its object was to teach those who
could ïrftW °b^y, to design. The establishment of a school in Spitalfields, the
first bittjjch establishment, did much to make tho matter better understood—inas-
much té it to'/k tho weaver from his loom, iml the youngest boy who assisted him,
and proposed'to teach them drawing as applied to the silk manufacture, not so
much wiV K18 expectation of making designers of them, as to make them more
inteïWnt n'ld reliable workmen in the execution of the designs of others. Stim-
ulated Wv the movement in London, a few leading men at Manchester took up the
miestío ftud established a school in that city, not, however, in connection with

the zov" Wncr-ti but us a local exljerî»leilt- 1Iei'° tlie instruction had no reference
whftevlr to industry. It was simply a cheap academy of art in its more general
tome of study, and the student was left to apply his knowledge, or blunder in his
' r * 'ce as ho might, when desiring to apply his art to practical purposes in
manhfi&tures. Of course this system failed, and the school at Manchester event-
ual!- bAcaroe one of the government schools subsequently established in the great

pro
' j progressss of tho school at Somerset House, under Mr. Dyce, appointed

Emle de Dessin," and transiting Itл ~ of the Kn-llsh schools took tho French title, «ЯМ« de Dessm, ana transmua

m; ;Äunä;"L,gn" —'-ucu—«»'—••'»"• »r-»-»».
ï« nt originating.
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director in the place of Mr. Papworth, who was first sele*
the Board of Trade to sanction a plan for estahlishing schools in nil tl
ufacturing towns and districts in England. Scotland had been provii
years hct'ore by the establishment of the Trustees' School, at Edir
institution is supported by an income decreed from the iuvestme
property confiscated at the rebellion of 1745, and vested by the En
nient in the hands of trustees for " the promotion and encouragement
manufactures in Scotland." Tlie school is probably the oldest sehe
using the latter term in the popular sense, in Enrope; but prior to a <
was made after the movement commenced in England, it had dom
manufactur ing arts, than for the department of fine arts; nor can this
since WilUie, Staufield, Roberts, Dyee, and many others of the lei
Britain, received their professional education within its walls. 1
gentleman, now "W. Dyce, Esq., Royal Academician, was for a pen
professors, and was selected to visit the schools of art in Erance and <
report to the government thereon. This report, an admirable docu
the basis on which it was proposed to erect the English system. It'
placed at the head of the schools, and his knowledge of his subject, 1
and attainments ought to have secured for his plans a fair trial. Sir
was not the result. Attempts were made, and in many instances su
hamper the working of an enlightened system of art-education wi
strictions, to suit the narrow views of professional artists on the one 1
equally mistaken notions of manufacturers on the other. No one '
that to make the artisan, and especially the designer, really useful to
others, it would bo a waste of time to keep him down simply to t
practice he had to grapple with, and that to do a thing thoroughly we
power to do much more than the immediate work is necessary. If pi
be made beyond a given point, this becomes pre-eminently imperative.

A parliamentary grant of about £5,000 per annum having been ma
with a grant of £10,000, to purchase examples of art for the use of
those cities and towns the inhabitants of which desired the establislimen
applied to the council in London. If the place was of sufficient imp
seat of manufactures, and the inhabitants, or the committee or corp'C
for them, guaranteed to raise, by subscription, a sum per annumf

ois,
os a
•ing
thé

amount of the government graut, which the estimated cost of the s^bl-set mod
to indicate as desirable, the latter grant was made for three years im experi-
ment, and in no instance has it been subsequently withdrawn. On tlcontfary,
the grants have been increased in the case of the larger and moímpo^-tant
towns to three times the original sum, while in too many iustancijthe Hocal
support, baa not been equal to the sums raised at the commencement.rhisjpro-
vision of pecuniary means, however, did not meet the whole quest!). l{-i the
midst of so many artists, there were very few competent to undertajthe y
agemont of the schools, who were also willing to submit to the drudgj ада' toil,
and too frequently uncertain results. Art, as ipplied to manufacturuad.i'? be
made popular, not only with the public, but witli the artist. Every inafho
paint a picture, or model a statue, considered it " infra dignitatem " to lidlfc with'
the utilities of life, unless "high art," as it was called par excellence, illd bt-f im-
ported wholesale into decoration and manufacture. Ilaydon, a cie l painter,
and a lecturer of singular power, one who did much to promote the pre
taste for the fine arts in Britain, by his able exposition of principles, toi
ed view of this question from the beginning. The early system pursue'
ter was adopted at his suggestion, and he lived to see it fail most sigi
he-still adhered to his doctrino. tlmt if f rttutent.'(?№ <?r/z?J. ar*

"".-.. c.^..ipïe : for with wonderful power in the forme:-, i\2 jaik '
attempted any thing approaching to ornamentation in its best foi- s аз apß'ißd to
the utilities of life. Thus it became evident that teachers must b first equated
before the public could be taught, and by Mr. Dyce's advice, a no>inal clnsn was
formed in 1841, in the Central School at Somerset House, and six ,exhibi|ib is of

factures and local requirements. Mr. Dyce's successor was Mr. C. H. Wilson
low head-master of the Glasgow School), a gentleman possessing many of the
;quisites for the office, and whose long residence in Italy, and subsequent experience
ч a teacher in the Trustees' School at Edinburgh, gave him many advantages.
Jnfortunately, there appeared little fixity of principle in the modes in which the
ichools were henceforth to be conducted. Changes were made, or attempted to
;e made in the provincial schools, because they were supposed to be required by
the circumstances of the head school, the success of which under repeated altera-
tions was rather problematical. At length this spirit of dictation and unmeaning
direction was resisted in one of the most important and successful schools, that of
Manchester. The head-master, Mr. George Wallis,* remonstrated against im-
politic changes in regard to the school over which he presided, and which had
progressed in an unexampled manner during the two years he had managed ft.
Its success Mr. Wallis felt ought not to be endangered by alterations in
the system of instruction, which had no real reference to the wants of the pupils,
and which abnegated the necessity for teaching anatomy as the basis of drawing
the human figure. The ground now taken was firmly kept, until, by the yielding
of the Manchester committee, Ыг. Wallis found he could not retain his post with
honor to himself or advantage to his students, and he thereupon resigned his posi-
tion in a somewhat indignant fashion ; for he resorted to the very unofficial mode of
informing the public of the whole circumstances of the case, defended his own
views, stated why he resigned, and worst of all, foretold the results to the insti-
tution, and all others which were subjected to the same law of misrule. For
three years subsequently, the Manchester School fell in usefulness and popularity,
and but for a large increase in the government grant, must have- become bauk-

upt. It was only on a recurrence of the former modes of management and
principles of instruction, together with the appointment of the present head-master
Mr. Hamersley, whose success at Nottingham pointed him out for promotion, and
is the most likely man to redeem the important school of the cotton metropolis,
that the classes rallied in numbers, and became once more successful, and this
too in the face of a debt accumulated during the emasculating process, which
changed a large balance at the bank into a considerable liability on the other

side.
Nor was it long before the system, against which such " heavy blows and

great discouragements" had been hurled from Manchester, began to shake at
head quarters. Mr. Herbert, R. A., a most eminent artist and successful teacher of
the figure,, resigned bis.appointment, and indignantly repudiated the management.
In the end, after some eighteen months of uncertainty and inquiry, the Council at
Somerset House was abolished, and a Commissioner of the Board of Trado was
appointed to superintend the general management of the schools, while throe emi-
nent artists were appointed to the entire direction of the educational department
These were Mr. Herbert, R. A., Mr. Redgrave, R. A., and Mr. J. H. Townsend.
Mr. Wilson, the late Director, took the superintendence and inspection of the Pro-
vincial Schools ; but this arrangement existed only for a short period, and he was
subsequently appointed Head Master at Glasgow, a post in which his talents wero
well fitted to secure him success.

It is now time to say something about the Fein le department of these schools.
This had been first^ -ommenced in 1842 under t .0 direction of Mrs. Mclan, a
lady whose picture;^ ire an honor to her country, and whoso devotion
to her duties, and tf?^ success which has followed that devotion, notwith- I
standing the many diffliP Ities in which she has been placed from time to timo
by the apathy, and ofte^ opposition of the management, deserve the higheet

;':.4."j';; :iniiVHi. Tin's Fe/ ' ' is intended to give instruction to fe-

— -. was s,oo ' GÎS-
however, that an unpaid and irresponsible body, like the counclil of the

Metropolitan School, could not work a great and practical question like tll.is №ith
umbers ver fewsuccess Cut of twenty-four „umbers, very few attended regularly, and tie ¥an-

agemcnt fell into the hands "*" - ----- *•—- •' • - ! ''
, ... t. ,

personal pre.hlcct.ons and
oi somo

crotchets rather than sound principles ruW the
management With Mr. Dycc's resignation in 1843, commenced a series of Aha ges

a aew

,
winch ended last year m the consolidation of the whole management into
department of the Board of Trade, now finally constituted as the Departn .e.t of
Practical Science and Art: Henry Cole, Esq., 0. B, and Dr. Lyon ]? 'fair,
С. В., F. K. S., being the responsible officers.

The radical defect of the system attempted subsequent to Mr Dyce's (
ship, was an unmeaning centralization of power, and dictatorial tone n '
system, or rather modes of applying the system of education, on which :
pretty well agreed, irrespective of the wants and peculiarities of the vario

itor-
the

fere

- — •-•••• ,1 . . --
ы ^vote their time to tic pursue

iiients of art, for which their sex might fit them without dégradation, jjr.. „ шй

and engraving on wood, lithography, china painting, designing for lace, printed
goods, silk, silver work, even to the modelling of the latter, wero suitable
branches of industry. Mrs. Mclan visited Sevres and the Staffordshire Potter-
ies, made herself practically conversant with the various methods of painting chi-
na, and this, too, as only one part of her duties. In fact, an intelligent and earn-
est mind was at work on a suitable subject, and success was the result, even un-
der all the difficulties to which wo have alluded. Of the present state of the Fe-
male School, we shall have occasion to speak hereafter.

The result of the utter want of systematic management in London re-acted
upon the Branch Schools, and the extreme of a stereotyped course of study, with-
out regard to the varied requirements of each manufacturing locality, resulte
in another extreme, in which each master did what was right in his own ev
and most profitable or convenient for his own purposes. The abolit ion of the n /

* It may not be uninteresting to state, that Mr. ТУлШз, who has recently visited tho United
one of the Royal Commissioners from Great Britain, hud advocated the cause of art-education fortho arl ,,
long before his connection wilh the schools. His experience as head-masttr at SpHulflclds. jmd his su \.
there and at Manchester, RÍIVC his opinions great weight, though Uris was not felt at the time. It
were made of more and more value by Ыз u n t i r i n g attention to the practical questions of art-nmnufact
ami his efforts as & writer and lecturer, from the period at which he threw up his post at Manchest
unt i l his unsolicited reappointinent аз head-master at Birmingham in 1S51, after five years absence ft
official duty.


