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PREFACE. 

BY-LAW of the National Academy of Sciences 

(XVIII.) makes it the duty of the Secretaries to 
prepare an Annual, and to publish the same on the first | 

day of each year. As but one meeting, that for organiza- 
tion, was held in 1863, the Secretaries were excused from 

the duty during that year, and the Annual now presented 
is intended to cover the whole period from the organization 
of the Academy in April, 1863, to January 1st, 1865. 

WOLCOTT GIBBS. 

LOUIS AGASSIZ. 
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AN ACF 

TO INCORPORATE THE NATIONAL ACADEMY OF SCIENCES. 

Be it enacted by the Senate and House of Representatives 
of the United States of America in Congress assembled, That 
Louis Agassiz, Massachusetts ; J. H. Alexander, Maryland ; 
S. Alexander, New Jersey; A. 2 Bache, at large; F. A. P. 
Barnard, at large; J. G. Barnard, United States Army, 
Massachusetts; W. H. C. Bartlett, United States Military 
Academy, Missouri; U. A. Boyden, Massachusetts ; Alexis 

Caswell, Rhode Island; William Chauvenet, Missouri; 

H. C. Coffin, United States Naval Academy, Maine ; 

J. A. Dahlgren, United States Navy, Pennsylvania; J. D. 
Dana, Connecticut ; Charles H. Davis, United States Navy, 

Massachusetts; George Engelmann, St. Louis, Missouri ; 
J. F. Frazer, Pennsylvania; Wolcott Gibbs, New York ; 

J. M. Gilliss, United States Navy, Kentucky; A. A. 

Gould, Massachusetts; B. A. Gould, Massachusetts; Asa 

Gray, Massachusetts ; A. Guyot, New Jersey; James Hall, 

New York; Joseph Henry, at large; J. E. Hilgard, at 
large, Illinois; Edward Hitchcock, Massachusetts; J. S. 

Hubbard, United States Naval Observatory, Connecticut ; 

A. A. Humphreys, United States Army, Pennsylvania ; 

J. L. Le Conte, United States Army, Pennsylvania; J. 
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Leidy, Pennsylvania; J. P. Lesley, Pennsylvania; M. F. 
Longstreth, Pennsylvania; D. H. Mahan, United States 

Military Academy, Virginia; J. S. Newberry, Ohio; H. A. 
Newton, Connecticut; Benjamin Peirce, Massachusetts ; 

John Rodgers, United States Navy, Indiana; Fairman 
Rogers, Pennsylvania; R. E. Rogers, Pennsylvania; W. B. 
Rogers, Massachusetts; L. M. Rutherfurd, New York ; 

Joseph Saxton, at large; Benjamin Silliman, Connecticut ; 

Benjamin Silliman, Jr., Connecticut; Theodore Strong, New 

Jersey; John Torrey, New York; J. G. Totten, United 

States Army, Connecticut ; Joseph Winlock, United States 
Nautical Almanac, Kentucky; Jeffries Wyman, Massachu- 
setts ; J. D. Whitney, California; their associates and suc- 

cessors duly chosen, — are hereby incorporated, constituted, 
and declared to be a body corporate, by the name of the 
National Academy of Sciences. 

Sect. 2. And be it further enacted, That the National 

Academy of Sciences shall consist of not more than fifty 
ordinary members, and the said corporation hereby consti- 
tuted shall have power to make its own organization, in- 
cluding its constitution, by-laws, and rules and regulations ; 

to fill all vacancies created by death, resignation, or other- 

wise ; to provide for the election of foreign and domestic 

members, the division into classes, and all other matters 

needful or usual in such institutions, and to report the same 
to Congress. 

Sect. 3. <And be it further enacted, That the National 

Academy of Sciences shall hold an annual meeting at such 
place in the United States as may be designated, and the 
Academy shall, whenever called upon by any department 
of the Government, investigate, examine, experiment, and 
report upon any subject of science or art, the actual expense 
of such investigations, examinations, experiments, and re- 
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ports to be paid from appropriations which may be made 

for the purpose, but the Academy shall receive no compen- 

sation whatever for any services to the Government of the 

United States. 

SOLOMON FOOTE, 
President of the Senate pro temp 

GALUSHA A. GROW 
Speaker of the House of Representatives. 

APPROVED, March 3, 1863. 

ABRAHAM LINCOLN, President. 



I. 

Usitep States Senate, March 5, 1863. 

Sir :— 
A bill to incorporate the “National Academy of Sci- 

ences” has been introduced by me in the Senate, and, hav- 

ing passed through the several stages of legislation, has 
now become a law, under which you are one of the corpo- 
rators. In the third section of this act it is enjoined, “ that 
the National Academy of Sciences shall hold an annual 

meeting at such place in the United States as may be des- 

ignated.” In order to fulfil the injunction, and to take the 

first step towards the organization of the Academy, I have 

to request that you will be pleased to inform me, as soon as 
possible, at what time it will be most convenient to you to 

attend a meeting in New York. In naming this time, it is 
not necessary that you should be more specific than to give 
the month and part of the month. 

After receiving the replies to this circular, I will select 
a day of meeting which will be most convenient to a major- 

_ ity of the members, and notify you accordingly. 

IT have the honor to be, with high respect, 

Your most obedient servant, 

HENRY WILSON. 
- 



Ill. 
. 

Wasuineton, D. C., March 18, 1863. 

Sir :— 

Replies have been received to my circular letter of 
March 5th from more than three fifths of the members 

of the National Academy of Sciences named in the act of 
incorporation, a large majority of whom indicate no special 

date as more acceptable than another, leaning, however, to 

an early organization. 
Where a choice is indicated, the dates indicated are be- 

tween the last of March and beginning of July, the average 

being before the middle of May. May and June are ex- 

cepted by some of the members. 

I would therefore select, as convenient to the large part 

of the members, Wednesday, April 22d. 

I shall, if practicable, as suggested by many of the mem- 
bers, be present at 11 A. M., to call the meeting to order, at 

the Chapel of the University of the City of New York. 

I have the honor to be, with high respect, 

Your most obedient servant, 

HENRY WILSON. 



IN. 

ADDRESS 

OF THE 

HON. HENRY WILSON, 

DELIVERED AT THE OPENING OF THE ati SESSION OF THE 
ACADEMY, APRIL 22, 1 

GENTLEMEN :—I hold in my hand the Act, passed in the 

closing hours of the Thirty-seventh Congress, “To incor- 
porate the National Academy of Sciences.” In compliance 

with many kind requests I am here to call the corporators to 
order. In rising to perform this agreeable task, I crave ie 
a moment your indulgence. 

This Act, under which you have met to organize, incor- 
porates in America, and for America, a National Institution, 

whose objects, ranging over the illimitable fields of science, 

are limited only by the wondrous capacities of the human 
intellect. Such an institution has been for years in the 
thought and on the tongue of the devotees of science, but its 
attainment seemed far in the future. Now it is an achieved 

t. Our country has spoken it into being, in this “ dark 
and troubled night” of its history, and commissioned you, 
gentlemen, to mould and fashion its organization, to infuse 
into it that vital and animating spirit that shall win in the 
boundless domains of science the glittering prizes of achieve- 
ment that will gleam forever on the brow of the nation. 

_ When, a few months ago, a gentleman whose name is 
known and honored in both hemispheres, expressed to me 
the desire that an Academy of Physical Sciences should be 

- 



13 

founded in America, and that I would at least make the 

effort to obtain such an act of incorporation for the scientific 
men of the United States, I replied, that it seemed more 
fitting that some statesman of ripe scholarship should take 

the lead in securing such a measure, but that I felt confident 

I could prepare, introduce, and carry through Congress a 

measure so eminently calculated to advance the cause of 

science, and to reflect honor upon our country. I promptly 

assumed the responsibility, and with such aid and suggestions 

as I could obtain, I prepared, introduced, and by personal 

effort with members of both Houses of Congress, carried 

through this act of incorporation without even a division in 
either House. 

The suggestion was sometimes made that the nation is 

engaged in a fearful struggle for existence, and the moment 

was not well chosen to press such a measure. But I thought 

otherwise. I thought it just the fitting time to act. I wanted 
the savans of the old world, as they turn their eyes hither- 
ward, to see that amid the fire and blood of the most gigan- 

tic civil war in the annals of nations, the statesmen and peo- 

ple of the United States, in the calm confidence of assured 

power, are fostering the elevating, purifying, and consolidat- 
ing institutions of religion and benevolence, literature, art 
and science. I wanted the men of Europe, who profess to 
see in America the failure of republican institutions, to real- 
ize that the people of the United States, while eliminating 
from their system that ever-disturbing element of discord, be- 
queathed to them by the colonial and commercial policy of 
England, are cherishing the institutions that elevate man and 
ennoble nations. The land resounds with the tread of armies, 
its bright waters are crimsoned, and its fields reddened with 

al blood. Patriotism surely demands that we strive 
to make this now discordant, torn, and bleeding nation one 

2 
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and indivisible. The National Academy of Sciences will, I 
feel sure, be now and hereafter another element of power to 

keep in their orbits, around the great central sun of the 
Union, this constellation of sovereign commonwealths. 

This act of incorporation may not be, is not, perfect. 

The task has been one of difficulty and delicacy. The 
number of members must be limited, while the most eminent 

men of science must be recognized, and sectional claims har- 
monized. If unintentional injustice has been done to any 
one, if mistakes have been made, time will, I trust, correct 

the injustice and the mistakes. Changes will surely come. 
“Death is in the world,” and this original list of honored 
names will not remain long unbroken. If men of merit have 
been forgotten in this act of incorporation, the Academy 
should seize the first and every occasion to right the seeming 
wrong. : 

This Academy is destined, I trust, to live as long as the 
republic shall endure, and to bear upon its rolls the names 
of the savans of coming generations. Let it then advance 
high its standard. Let it be as inflexible as justice, and as 

uncompromising as truth. Let it speak with the authority 
of knowledge, that pretension may shrink abashed before it, 
and merit everywhere turn to it confident of recognition. 

In the Providence of God, the Thirty-seventh Congress was 
summoned to the consideration of measures of transcendent 
magnitude. It enacted measures, empowering the govern- 
ment to raise hundreds of millions of dollars and millions of 
men, to protect the menaced life of the nation and preserve 
the vital spirit of freedom. It dealt with great questions of 
revenue and of finance. It obliterated an abhorrent system 
from the national capital, and engraved freedom upon every 
rood of the national territory. It consecrated the public 
domain to homesteads for the homeless and landless, and 

pee Oat eer — 
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authorized the construction of a railway to unite the Atlantic 
and the Pacific seas. The enactment of this act to incorpo- 

rate the Academy of Sciences, was not the least in the long 
list of acts the Thirty-seventh Congress gave to the country, 

which will leave their impress upon the nation for ages yet to 

come. It was my fortune to take a humble part in these great 

measures of legislation. It is a source of profound gratifica- 

tion to me, that, amid the pressure of public affairs, I have 

been enabled to contribute something to found this Academy 
for the advancement of the physical sciences in America. It 

will ever be among my most cherished recollections, that I 

have been permitted through your courtesy to unite with 

you in organizing this National Academy, which, we fondly 

hope, will gather around it, in the centuries yet to come, the 

illustrious sons of genius and of learning, whose researches 

will enrich the sciences, and reflect unfading lustre upon the 
republic. 



Via 

CONSTITUTION AND BY-LAWS 

OF THE ACADEMY. 

PREAMBLE. 

EmPoweEreD by the Act of Incorporation adopted by 

Congress, and approved by the President of the United 
States, on the 4th day of March, A. D. 1863, the National 
Academy of Sciences do enact the following Constitution 
and By-Laws : — 

ARTICLE I. 

Of Members. 

Section 1. The members of the Academy shall be 
designated as Members, Honorary Members, and Foreign 
ssociates. ; 
Sect. 2. The Academy shall consist of the fifty mem- 

bers named in the Act of Incorporation, and of such others, 
citizens of the United States, as shall from time to time be 
elected to fill vacancies, in the manner hereinafter provided. 

Sect. 3. Every member shall, upon his admission, take 
the oath of allegiance prescribed by the Senate of the 
United States for its own members, and, in addition thereto, 
an oath faithfully to discharge the duties of a member of 
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the National Academy of Sciences to the best of his ability. 

He shall also subscribe the laws of the Academy. 

Sect. 4. The members of the Academy shall be ar- 
ranged in two Classes, according to their special studies, 

viz.: A, the Class of Mathematics and Physics, and B, the 
Class of Natural History. The corporate members may 
select the Class in which they desire to be arranged. 

Sect. 5. The members of the Classes shall arrange 

themselves in Sections, by inscribing their names under one 

of the following heads: — Class A. Mathematics and Phys- 
ics. Sections: — 1. Mathematics; 2. Physics; 3. Astron- 

omy, Geography, and Geodesy; 4. Mechanics; 5. Chemistry. 
Class B. Natural History. Sections: —1. Mineralogy and 
Geology; 2. Zodlogy; 3. Botany; 4. Anatomy and Physi- 
ology; 5. Ethnology. 

But the Academy retains the power of transferring a_ 
member from one Section to another. 

Sect. 6. A member may be elected an honorary mem- 

ber of any Section by a vote of a majority of such Section. 

Sect. 7. The Academy may elect fifty Foreign Asso- 

ciates, who shall have the privilege of attending the meet- 

ings of the Academy, and of reading and communicating 

papers to it, but shall take no part in its business, and shall 

not be subject to its assessments. 

They shall be entitled to a copy of the publications of the 

Academy. 

ARTICLE II. 

Of the Officers. 

Sect. 1. The officers of the Academy shall be a Pres- 
ident, a Vice-President, a Foreign Secretary, a Home Sec- 
retary, and a Treasurer, all of whom shall be elected for 

2* 
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a term of six years, by a majority of votes present at the 
first stated session after the expiration of the current terms, 

provided that existing officers retain their places until their 
successors are elected. In case of a vacancy, the election 

for six years shall be held in the same manner, at the next 

stated session after the vacancy occurs. 

Sect. 2. The officers of the Classes shall be a Chair- 
man and a Secretary, who shall be elected at each January 
session. The nominations shall be open, and a majority of 
votes shall be necessary to elect. 

Secr. 3. The officers of the Academy and the Chairmen 
of the Classes, together with four members, two from each 

Class, to be annually elected by the Academy, at the Janu- 
ary session, by a plurality of the votes, shall constitute a 

Council for the transaction of such business as may be 
assigned to them by the Constitution or the Academy. 

Sect. 4. The President of the Academy, or, in case 
of his absence or inability to act, the Vice-President, shall 
preside at the meetings of the Academy and of the Council ; 
shall name all committees, except such as are otherwise 
especially provided for; refer investigations required by 
the Government of the United States to members specially 
conversant with the subject, and report thereon to the Acad- 

emy at its next January session; and, with the Council, 

shall direct the general business of the Academy. 
It shall be competent for the President, in special cases, 

to call in the aid, upon committees, of experts, or men of 
remarkable attainments, not members of the Academy. 

Secr. 5. The Foreign and Home Secretaries shall con- 
duct the correspondence proper to their respective Sam 
ments, advising with the President and Council in 
of doubt, and reporting their action to iiasibadiliees ee its 
January session. It shall be the duty of the Home Secre- 

4 
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tary to give notice to the members of the place and time 
of all meetings, and to make known to the Council all 

vacancies in the list of members. 
The minutes of each session shall be duly engrossed 

before the next stated session, under the direction of the 

Home Secretary. 
Secor. 6. The Treasurer shall attend to all receipts and 

disbursements of the Academy, giving such bond, and fur- — 

nishing such vouchers, as thg Council may require. He 

shall collect all dues from members, and keep a set of 

books, showing a full account of receipts and disbursements. 
He shall present at each stated session a list of the members 
entitled to vote, and a general report at the January ses- 

sion. He shall be the custodian of the corporate seal of the 

Academy. 

ARTICLE III. 

Of the Meetings. 

Sect. 1. The Academy shall hold two stated sessions 
in each year, —one in the city of Washington, on the 3d 
day of January (unless that day falls on Sunday, when the 
session shall be held on the succeeding Monday), and one 
in August, at such time and place as the y 
have determined upon, in private meeting, on the last day 

of the preceding January session. 

Sect. 2. The names of the members present at each 
daily meeting shall be recorded in the minutes; and the 
members present at any meeting shall constitute a quorum 

for the transaction of business. 
Sect. 3. Scientifie meetings of the Academy, unless 

otherwise ordered by a majority of the members present, 
shall be open to the public; those for the transaction of 
business closed. 
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Sect. 4. The Academy may divide into Classes for 
scientific or other business. In like manner, the Classes 

may divide into Sections. 
Sect. 5. The Classes shall meet during such periods of 

the stated meetings of the Academy as may be fixed by the 

Academy. Special meetings of a Class may be called by 
the Council at the request of five members of the Class. 

Sect. 6. The stated meetings of the Council shall be 
held at the times of the statgd or special meetings of the 
Academy. Special meetings shall be convened at the call 

of the President and two members of the Council, or of 

four members of the Council. 
Sect. 7. No member who has not paid his dues shall 

take part in the business of the Academy. 

ARTICLE IV. 

Of Elections, Regulations, and Expulsions. 

Sect. 1. All elections shall be by ballot, unless other- 
wise ordered by this Constitution ; and each election shall 
be held separately. 

Sect. 2. Whenever any election is to be held, the pre- 
siding officer shall name a Committee to conduct it, to col- 
lect the votes, count them, and report the result to the 
Academy. The same law shall apply in the Classes. 

Secr. 3. Nominations for officers shall be made at the 
close of the first daily meeting of a stated session; and no 
candidate shall be voted for unless thus nominated. 

Sect. 4. For election of members, the Council shall 
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be presented, in the order of their preference, to the Acad- 

emy; from these three the Academy shall elect by a ma- 

jority of the members present. The member elect shall 

be assigned to the Section in which he has been proposed. 

The Academy may nominate candidates in any Section 

which fails to propose them for itself. 

Srct. 5. Every member elect shall accept his member-. 

ship personally or in writing, before the close of the next ° 

stated session after the date of his election. Otherwise, on 

proof that the Secretary has formally notified him of his 

election, his name shall not be entered on the roll of mem- 

bers. 
Sect. 6. Elections of Foreign Associates shall be con- 

ducted as follows : — 
Each Section shall report to its Class, nominating a 

candidate whose special researches need not belong within 

the province of the Section, but must be comprised within 

the range of the Class. 
From these candidates each Class shall select one name 

to be presented to the Academy, and from these two names 

the Academy, after full discussion, shall make the election, 

at such time as it may have previously appointed for the 

purpose. 
Sect. 7. A diploma, with the corporate seal of the Acad- 

emy and the signatures of the officers, shall be sent by the 

appropriate Secretary to each member on his acceptance ot 

his membership. 
Sect. 8. Resignations shall be addressed to the Presi- 

dent and acted on by the Academy. No resignation of 
membership shall be accepted unless all dues have been 

paid. 

Sect. 9. Members resigning in good standing will retain 

an honorary membership ; being admitted to the meetings 
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of the Academy, but without taking part in the business. 
Honorary members will not be liable to assessment. 

Sect. 10. If any member be absent from four consecu- — 
tive stated meetings of the Academy, without communicating q 

to the Academy a valid reason for his absence, his name __ 

shall be stricken from the roll of members. 

Seor. 11. Members and officers habitually neglecting — 
their duties shall be impeached by the Council, and at once 
notified thereof in writing by the Home Secretary. 

Sect. 12, Impeachments of members or officers shall — 
first be tried before the Council; which may be convened 
specially for such purpose. If it decides that the impeach- 
ment is proper, such impeachment shall be tried in private 
session before the Academy at its next stated meeting. 

Sect. 13. The expulsion of a member shall be formally 
and publicly announced by the President at the stated ses- q 
sion during which such expulsion shall take place. 

ARTICLE V. 

Of Setentific Communications, Publications, and Reports. 

Sect. 1. Papers on scientific subjects may be read at a | 
the meetings of the Academy or of the Classes or Sections _ 
to which the subject belongs. 

Sect. 2. Any member of the Academy may read a pa-_ 
per from a person who is not a member; and shall not be 
considered responsible for the facts or opinions expressed by 
the author, but shall be held responsible for the propriety of 
the paper. 

sEcT. 3. The Academy shall provide for the publication, 
under the direction of the Council, of Proceedings, Memoirs, 
and Reports. 

Secr. 4. Propositions for investigations or reports shall 

wer 
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originate with the Classes to which the subjects belong, and 

be by them submitted to the Academy for approval ; except 

requests from the Government of the United States, which 

shall be acted on by the President, who will in such cases 

report, if necessary, at once to the Government, and to the 

Academy at its next stated meeting. 
Secor. 5. The judgment of the Academy shall be at all 

times at the disposition of the Government, upon any matter 

of Science or Art within the limits of the subjects embraced 

by it. 

Secor. 6. An Annual Report to be presented to Congress, 

shall be prepared by the President, and before its presenta- 

tion submitted by him, first to the Council, and afterwards 

to the Academy at its January meeting. 

Sect. 7. Medals and Prizes may be established, and the 

means of bestowing them accepted, by the Academy, upon 

the recommendation of the Council ; by whom all the neces- 

sary arrangements for their establishment and award shall 

be made. 

ARTICLE VI. 

Of the Property of the Academy. 

Sect. 1. All investments shall be made by the Treas- 

urer in the corporate name of the Academy, in stocks of the 

United States. 
Sect. 2. No contract shall be binding upon the Acade- 

my, which has not been first approved by the Council. 

Sect. 3. The assessments required for the support of the 

Academy, shall be fixed by the Academy on the recommen- 
dation of the Council. 
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ARTICLE VII. 

Of Additions and Amendments. 

Additions and Amendments to the Constitution shall be 

made only at a stated session of the Academy. Notice of a 

proposition for such a change may be given at any stated 

session, and shall be referred to the Council, which may 

amend the proposition, and shall report thereon to the Acad- 

emy at its next stated session, with a recommendation that 

it be accepted or rejected. Its report shall be considered by 

the Academy in Committee of the Whole, and immediately 

thereafter acted on. If the addition or amendment receive 

two thirds of the votes present, it shall be declared adopted, 

and shall have the same force as the original law. 

EXPLANATORY CLAUSE. 

In consequence of differences of opinion in relation to the 
interpretation of Section 4 of Article IV. of the Constitution — 
of the Academy, the following resolution was passed Aug. 5, 
1864:— 

“ Resolved, That the Academy is of opinion that Section 4 
of Art. IV. of the Constitution is to be interpreted to mean, 
that any Section of either Class making a nomination shall 
be restricted in the choice to persons eminent in the branch 
or branches of science understood to be included in the title 
of the Section.” 

He 

ee 



BY-LAWS. 

OF THE OFFICERS. 

I. In the absence of the Chairman or Secretary of a 

Class, a member shall be chosen to perform his duties tem- 

porarily, by a plurality of the viva voce votes, upon open 

nomination. 

Il. The accounts of the Treasurer shall be referred to 

an Auditing Committee of three members, to be appointed 

by the Academy at the meeting at which the accounts are 

presented ; which committee shall report before the close of 

that session, and shall then be discharged. 

OF THE MEETINGS. 

Il. A Committee of Arrangements, for each stated ses- 

sion of the Academy, of five members, shall be appointed by 

the President, the Class Secretaries to be ex-officio two of 

the members of the Committee. This Committee shall meet 

not less than two weeks previous to each session. It shall 

be in session during the meetings, to make arrangements for 

the reception of the members; to arrange the business of 

each day ; to receive the titles of papers, reports, ete.; and 

to arrange the order of reading, and in general to attend to 

all business and scientific arrangements. 

IV. At the meetings th order of business shall be as 

follows :— 

3 
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_ * Chair taken by the President, or, in his absence, the 

Vice-President. — ; 

Roll of members called by Home Secretary. 
Report by Treasurer of members entitled to vote. 
Minutes of the preceding meeting read and approved. 

Stated business. 

Reports of President, Secretaries, Treasurer, Classes, 

and Committees. 

Business from Council. 

Other business. 

Communications from members. 

10. Communications from persons not members. 
11. Announcements of the death of members. Bio- 

graphical notices read. 

12. Rough minutes read for correction. 

V. The rules of order of the Academy shall be those of 
the Senate of the United States, unless otherwise directed. 

VI. It shall be in order for twelve members to require 
that any matter of business be discussed in Committee of the 
Whole, for amendment; the vote upon amendments to be 
taken in the whole Academy ; ; and the amended proposition 
or propositions to be similarly voted on. 

oR go 
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VU. The scientific meetings shall be convened at twelve 
o'clock, M., in order to allow time for the business meetings 
of the Academy, and for the meetings of Classes, Sections, 
and Commi 

OF ELECTIONS AND OBITUARIES. 

VIII. No more than ten Foreign Associates shall be 
elected at any one stated session. 

IX. The death of members shall be announced by the 
President on the last day of each stated session, when a 
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member shall be selected by the Academy to furnish a bio- 
graphical notice of the deceased at the next stated session. 

If such notice be not then furnished, another member shall 

be selected by the Academy in place of the first, and so on 
until the duty is performed. 

X. The deaths of such eminent scientific men of the 
country as have taken place since the last session of the 

Academy shall be announced by the President. The names 
shall be selected by the Council. 

OF SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, 

AND REPORTS. 

XI. An analysis of the memoirs and reports read in the 
meeting of the Classes shall be given by the Secretaries of 
the Classes to the Home Secretary for publication in the 
proceedings of the Academy. For any failure in this duty, 
the delinquent officer shall be impeached by the Home Sec- 
retary. 

XII. _ The Secretaries shall receive memoirs at any time, 
and report the date of their reception at the next session. 
But no memoir shall be published unless it has been read 
before the Academy, Class, or Section, and ordered to be 
published by the Academy. Papers shall be published in 
the order in which they were registered, but papers which 

have not been sent to the Secretary within a month from 
the time of their reading, shall not be published without a 

special vote of the Academy. 

XIII. Memoirs shall date in the records of the Academy 

from the day of their presentation to the Academy, and the 
order of their presentation shall be that on which they were 

registered, unless changed by consent of the author. 

XIV. The publication of any communication to which 
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remonstrance is made by the Section to which the subject 
belongs, shall be suspended until a second time authorized 
by a vote of the Academy. 

XV. Papers from persons not members, read before the 
Academy, Classes, or Sections, and intended for publication, 
shall be referred, at the meeting at which they are read, to 
a Committee of members competent to judge whether the 
paper is worthy of publication. Such Committees shall 
report to the Academy as early as practicable, and not 
later than the next stated session. If they do not then 
report, they shall be discharged, and the paper referred to 
another Committee. 

XVI. Abstracts of papers published in the transactions 
of other societies or in journals ‘may be communicated orally 
to the Academy ; and if, on submitting any such communi- 
cation to a Committee, its publication be approved, it may 
be ordered for publication on a vote of the Academy. 

XVII. Short communications or abstracts of memoirs 
may be sent by any member to the Home Secrejary, who 
shall, if requested by the author, without delay circulate 
them among the members. 

XVII. An Annual of the Academy shall be prepared 
by the Secretaries, and published on the first day of each 
year. 

- The printing of the Academy shall be under the 
charge of the Secretaries and the Treasurer, as a Committee 
of Publication, who shall report in relation thereto at each 
January meeting of the Academy. 

XX. The Annual Report of the Academy may be 
accompanied by a memorial to Congress, in regard to such 
investigations and other subjects as may be deemed advisa- 
ble, recommending appropriations therefor when necessary. 
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XXI. The Home Secretary shall present to the Council 
estimates for books and stationery, binding, &c., required 

for the use of the Academy. 

OF THE PROPERTY OF THE ACADEMY. 

. The proper Secretary shall acknowledge all do- 
nations made to the Academy, and shall report them at the 
next stated session. 

XXIII. The books, apparatus, archives, and other prop- 

erty of the Academy shall be deposited in some safe place 
in the city of Washington. A list of the articles deposited 
shall be kept by the Home Secretary, who is authorized to 
employ a clerk to take charge of them. 

XXIV. A stamp corresponding to the corporate seal 
of the Academy shall be kept by the Secretaries, who shall 
be responsible for the due marking of all books and other 
objects to which it is applicable. 

Labels or other proper marks, of similar device, shall be 

placed upon objects not admitting of the stamp. 

OF CHANGES IN THE BY-LAWS. 

XXV. Any By-Law of the Academy may be amended 
or repealed on the written motion of any two members, 

signed by them, and presented at a stated session of the 
Academy ; provided the same shall be approved by a ma- 
jority of the members present at the next stated session. 
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ORGANIZATION OF THE ACADEMY. 

1863 — 64. 

ALEXANDER Datuas Bacun, President. 

James Dwient Dana, Vice-President. 

Louis Acassiz, Foreign Secretary. 
Wo cort Gress, Home Secretary. 

* Farrman Roaers, Zreasurer. 

COUNCIL FOR 1863. 

The Officers of the Academy and the Chairmen of the 

Classes ex officio. 

Cuar_Les Henry Davis. Lewis M. RutHerrurp. 

Joun TORREY. J. PETER LESLEY. 

COUNCIL FOR 1864. 

The Officers of the Academy and the Chairmen of the 

Classes ex officio. 

Cuarves Henry Davis. Lewis M. RutrHeRrFurD. 

JOHN TORREY. J. Peter LESLEY. 
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OFFICERS OF THE CLASSES. 

1863. 

CLASS OF MATHEMATICS AND PHYSICS. 

BeEenJAMIN Petrce, Chairman. 

Bens. A. GouLtp, Secretary. 

CLASS OF NATURAL HISTORY. 

BENJAMIN SILLIMAN, Sr., Chairman. 

J. S. Newserry, Secretary. 

1864. 

CLASS OF MATHEMATICS AND PHYSICS. 

BenJaMiIn Perrce, Chairman. 

Bens. A. GouLp, Secretary. 

CLASS OF NATURAL HISTORY. 

Aveustus A. Goutp, Chairman. 

James Hau, Secretary. 

SECTIONS. 

CLASS OF MATHEMATICS AND PHY SICS. 

Section I. Mathematics. 

Witi1aM CHAUVENET. 

BENJAMIN PEIRCE. 

JosepH WINLOCKE. 

J. G. BARNARD. 

H. A. Newron. 

THEODORE STRONG. 
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Section II. Physics. 

A. D. BAcnE. W. H. C. Bartterrt. 

F. A. P. Barnarp. A. A. Humpureys. 

Josepu Henry. Wm. B. Rogers. 

Section IIL. Astronomy, Geography, and Geodesy. 

STepHEN ALEXANDER. ALEXIS CASWELL. 

J. H. C. Corrin. Cuarves H. Davis. 

J. M. Griuyiss. Bens. A. Gouin. 

ARNOLD Guyor. Lewis M. Rornerrurp. 

Joun Ropaers. 

Section IV. Mechanics. 

J. H. ALEXANDER. J. F. Frazer. 

J. E. Hitgarp. D. H. Manan. 

FarrMAN RoGeErRs. JOSEPH SAXTON. 

Section V. Chemistry. 

Wo corr Gress. Bens. SILLIMAN, JR. 
OHN TORREY. 

CLASS OF NATURAL HISTORY. 

Section I. Mineralogy and Geology. 

J. P. Lesrey. Leo Lesquerevx. 

James Hau. J. S. Newperry. 

Bens. Surin, Sr. J. D. Wuitney. 

Section Il. Zodlogy. 

Louis AGAssiz. James D. Dana. 
Spencer F, Barrp. AvGustus A. Goutp. 

Joun L. Leconte. 
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Seotion II. Botany. 

Asa GRAY. 

Section IV. Anatomy and Physiology. 

JEFFRIES WYMAN. Joun C. DaLTon. 

Section V. L£thnology. 



Vill. 

COMMITTEES OF THE ACADEMY. 

L 

Committee on Weights, Measures, and Coinage. 

(Appointed May 4th, 1863, at the request of the Hon. S. P. Chase, 
Seeretary of the Treasury of the United States, dated April 24th, 
1863.) 

JosePpH Henry, Chairman. 
J. H. ALEXANDER. ARNOLD Guyot. 

FarrMan RoGers. Bens. SILLIMAN, JR. 

Wotcortr Gregs. Wma. CHAUVENET. 

Joun Torrey. 
A. D. Bacun. (By resolution of the Academy.) 
Joun Ropcers. (Jan. 5th, 1864.) 
L. M. Rurserrurp. (Jan. 5th, 1864.) 

And by authority of Art. IL, Sec. 4, 

SamvueL B. Ruaexwes. 

Mr. Henry, Chairman of the Committee on Weights, 
Measures, and Coinage, reported to the Academy on behalf 
of the Committee, January 9th, 1864, and offered the fol- 

lowing resolution, which was adopted. 
Resolved, That the Committee on Weights, Measures, and 

Coinage have leave to continue their labors and business 
now in progress, with power. 

(A copy of the Report was submitted to the Secretary of 
Treasury.) 
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II. 

Committee on the Subject of Protecting the Bottoms of 
Lron Ships from Injury by Salt Water. 

(Appointed May 9th, 1863, at the request of the Navy Department, 
through Rear-Admiral Davis, made May 8th, 1863.) 

Wotcort Gisss, Chairman. 

Beng. SILLIMAN, Sr. JoHN Torrey. 

Rosert E. Rocers. BenJ. SILLIMAN, JR. 

Joun RopGers. (January, 1864.) 

The Committee presented a report to the Academy, Janu- 
ary 9th, 1864, when the following resolution was passed, and 

the Committee was discharged. 
Resolved, That the report of the Committee on the pro- 

tection of the bottoms of iron ships be adopted, and that a 
series of experiments on the subject be undertaken by a 
Committee of the Academy whenever the requisite means 

are provided therefor. 

(A copy of the Report was forwarded to the Navy De- 
partment, February 4th, 1864.) 

II. 

Committee to investigate and report upon the Subject of 
Magnetic Deviations in Iron Ships. 

(Appointed May 20th, 1863, at the request of the Navy Department, 
made through Rear-Admiral Charles Henry Davis, May 8th, 1864.) 

A. D. Bacues, Chairman. 

JosepH Henry. Bens. PEIRCE. 

Wo.cort Gisgs. Cuarwes H. Davis. 
Farrman Rocers. (May 26th, 1863.) 

And by authority of Art. IL, Sec. 8, 

Wu. P. TRowBripGe. 
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The Committee presented a Report to the Academy, 
January 7th, 1864, when on motion the Report with the 

accompanying documents was accepted and the Committee 

continued. f 

(A copy of the Report was forwarded to the Navy De- 
partment, February 11th, 1864.) 

TV; 

Committee to investigate and report on Saxton’s Alcoholo- 
er. 

(Appointed May 25th, 1863, at the request of A. D. Bache, Super- 
intendent of U. S. Weights and Measures, May 25th, 1863.) 

J. F. Frazer, Chairman. 

F. A. P. Barnarp. Wn. CHAUVENET. 

JosePH G. ToTren. 

The Committee reported to the Academy, January 7th, 
1864, when the following resolution was passed: — 

Resolved, That the words following be added to the close 
of the Report, viz.: “It being understood that Mr. Saxton 
places this invention at the disposal of the Government 
without any view to remuneration.” 

The report was then accepted, and the Committee was 

discharged. 
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a 

Committee on Wind and Current Charts anil Sailing 
Directions. 

“Laspointed May 25th, 1863, at the Sgbem of the Navy Department, 
conveyed through Rear-Admiral C. H. Davis, May 23d, 1863, asking 
for an investigation and report on the subject of discontinuing the 
publication, in the present form, of the Wind and Current Charts and 
ailing Directions 

F. A. P. Barnarp, Chairman. 

J. H. ALEXANDER. ALEXIS CASWELL. 

Wm. CHAUVENET. J. H. C. Corrin. 

J. F. FRAZER. A. Guyot. 

J. E. Himearp. Beng. PEIRCE. 

JosEPH WINLOCK. 
J. P. Lester. (June 2d, 1863.) 
J. D. Dana. (July 15th, 1863.) 

The Committee on Wind and Current Charts reported 

January 9th, 1864, when the following resolutions offered by 
the Committee, were adopted : — 

Resolved, by the National Academy of Sciences, That in 
the opinion of this Academy the volumes entitled “ Sailing 
Directions,” heretofore issued to Navigators from the Naval 

Observatory, and the Wind and Current Charts which they 
are designed to illustrate and explain, embrace much which 

is unsound in philosophy and little that is practically use- 
ful, and that therefore these publications ought no longer to 

be issued in their present form. 
Resolved, That the records of meteorological phenomena 

and of the important facts connected with terrestrial physics, 

which, under the direction of the Navy Department, have 
been accumulated at the Observatory, are capable of being 
turned to valuable account, and that it is eminently desirable 

4 
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that such information should continue to be collected and 

subjected to careful discussion. 

Resolved, That the President of the Academy be author- 
ized and requested to communicate to the Secretary of the 
Navy a copy of the foregoing resolutions and of this report, 

as a response to the inquiry addressed to the Academy upon 

this subject by that officer. 

The Committee was then discharged. 

. VI. 

A Committee on National Ourrency. 

(Appointed September 5th, 1863, at the request of the Hon. 8. P.- 
Chase, Secretary of the Treasury, made August 17th, 1863.) 

Joun Torrey, Chairman. 

JosepH Henry. 

F. A. P. Barnarp. 

JOSEPH SAXTON. 

And by authority of Article 11, Section 4, 
Grorce C. SCHAEFFER. 

January 7th, 1864. — The Committee reported successful 
progress, and were continued. : 

The following resolutions were adopted by the Acade- 
my :— a 

Resolved, That said Committee be empowered to commu- 

nicate directly with the Secretary of the Treasury, and to 
take order in reference to the matters intrusted to them. 

Resolved, That the President of the Academy communi- 
eate the foregoing résolution to the Hon. Secretary of the 
Treasury. 

(Communication made January 14th, 1864.) 
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Vil. 

A Committee on the Question of Tests for the Purity of 
Whiskey. 

ointed January ‘14th, de ie at the request of the Acting Sur- 
geon-General, January 5th, 1864.) 

B. Deere Jr., Chairman. 

Joun Torrey. 

R. E. Roaers. 

J. H. ALEXANDER. 

March 12th, 1864. A communication was sent from the 

Committee to Acting Surgeon-General I. R. Barnes, recom- 
mending that an appropriation of $3,500 be made to meet 
the expenses of the investigation. 

March 25th, 1864. A letter was received from Acting 

Surgeon-General Barnes, stating that an appropriation of 
$3,500 had been authorized by the Secretary of War, and 
that Surgeon R. S. Satterlee, U. S. A., Medical Purveyor at 

New York, would be instructed to pay accounts for neces- 

sary purchases, etc., upon approval by the Committee. 

Vo 

A Committee on the Expansion of Steam. - 

February 29th, 1864. The Hon. Gideon Welles, Secre- 
tary of the Navy, invited the appointment of a committee of 
three members of the Academy to act jointly with three 

members named by the Department and with three members 
of the Franklin Institute of Pennsylvania, for the promotion 
of the Mechanic Arts, to conduct, witness, and report upon 
experiments which may be agreed upon by the Commission 
on the expansion of Steam. The experiments are to be re- 

ported as early as practicable to the Department, and to be 

submitted also to the National Academy of Sciences for its 

judgment and suggestions. 
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March 10. The Committee of the Academy was ap ~ 
pointed, to consist of 

Farrman Rogers. F. A. P. BARNARD. 

JoserH SAxTON. 

[The Navy Department named as its members of the 
joint Commission, 

Horatio ALLEN, Chairman. 

Apmrrat C. H. Davis. B. F. Isherwoop. 

The Franklin Institute named as its members of the 
joint Commission, 

J. H. Towne. J. V. Merrice. ) 
5 ae TILGHMAN. | | 

IX. 

A Committee on Cent Coinage. 

(Appointed April 11th, 1864, upon the invitation of the Hon. S. P. 
Chase, Secretary of the Treasury, March 30th, 1864, to examine and 

report upon Aluminum bronze, and other materials for the manu- 
facture of cent coins.) 

Joun Torrey, Chairman. 

JoserH Henry. 

Wotcorr Gipss. 

F. A. P. Barnarp. 

A. D. Bacur. (By request of the Department.) 

The Committee reported to the Academy, August 6th, 
1864. A copy of the Report was transmitted to the Hon. 
W. P. Fessenden, Secretary of the Treasury, August 25th, 
1864. 
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X. 

A Committee on the Explosion of the Boiler of the U.S. 
Steamer Chenango. 

(Appointed May 2d, 1864, by the President of the Academy, under 
verbal authority received from the Assistant Secretary of the Navy, G. 
V. Fox, April 30th, 1864.) 

JOHN F. FRAZER, Chairman. 

F. Rocers. L. M. Rurnerrvurp. 

The Committee reported to the Academy, August 5th, 

1864, a copy of the Report having been previously for- 

warded to the Department. 
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MEMBERS OF THE ACADEMY. 

Acassiz, Louis, 

ALEXANDER, Joun Henry, 

ALEXANDER, STEPHEN, 

Bacue, ALEXANDER DatLtas, 

Barnarp, Freperick A. P., 

Barnarp, Joun G., 

Barter, Wm. H. C., 

Bairp, Spencer F., 

CasweE.L1, ALExis, 

CHAUVENET, WILLIAM, 

Corriy, Joun H. C., 

Daton, Joun Catz, 

Dana, James Dwieut, 

Davis, CuarLes Henry, 

ENGELMANN, GEORGE, 

Frazer, Joun FRrizs, 

Gisss, Wotcort, 

Gituiss, James MELvILie, 

GouLp, Bexysamin Aprnorp, 

GovuLp, Aucustus Appison, 

Gray, Asa, 

Guror, ARNOLD, 

Hatt, James, 

Henry, Josepn, 

Cambridge, Mass. 
Baltimore, Md. 

Princeton, N. J. 

Washington, D. C. 
New York, N. Y. 

U.S. A., Washington, D. C. 
U.S. A., West Point, N. Y. 
Washington, D. C. Elected, 

August 1864. 

Providence, R. I. 

St. Louis, Mo. 

U. S. N. Newport, R. I. 
New York, N. Y. Elected, 

August, 1864. 

New Haven, Conn. 

U.S. N., Washington, D. C.. 
St. Louis, Mo. 

Philadelphia, Penn. 

Cambridge, Mass. 
U.S. N., Washington, D. C. 
Cambridge, Mass. 
Boston, Mass. 

Cambridge, Mass. 
Princeton, N. J. 

Albany, N. Y. 

Washington, D. C. 



Hirearp, Juris E., 

Humpnureys, ANDREW A., 

Lx Contr, Joun L., 

Lripy, Josepx, 

Les ey, J. PETER, 

Lesquerevux, Leo, 
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Lonestretu, Miers FIsHer, 
Manan, Dennis H., 

Newberry, Jogn S., 

Newton, Husert A., 

Perrce, BENJAMIN, 

Ropeers, Jonn, 

Rogers, FarrMan, 

Rogers, Rosert E., 

Rogers, Wiiti1aM B., 

Rourgerrcurp, Lewis M., 

Saxton, JosepPn, 
Smito1an, Bensamiy, Sr., 

SILLIMAN, Bensamin, JR., 

Strone, THEODORE, 

Torrey, Jonn, 

_Wrxtock, JosEepn, 
WrmMan, JEFFRIES, 

Wurrney, Josran Dwicut, 

Washington, D. C. 

U.S. A., Washington, D. C. 

U.S. A., Philadelphia, Pa. 
Philadelphia, Penn. 

Philadelphia, Penn. 

Columbus, Ohio. Elected, 

August, 1864. 

Philadelphia, Penn. 

U.S. A., West Point, N. Y.- 

Cleveland, Ohio. 

New Haven, Conn. 

Cambridge, Mass. 
U.S. N., Washington, D. C. 

Philadelphia, Penn. . 
Philadelphia, Penn. 

Boston, Mass. 

New York, N. Y. 

Washington, D. C. 

New Haven, Conn. 

New Haven, Conn. 

New Brunswick, N. J. 

New York, N. Y. 

Cambridge, Mass. 
Cambridge, Mass. 

San Francisco, Cal. 

There are at present, January 1, 1865, two vacancies 

in the Academy. Of the fifty members originally appointed 
by Act of Congress, three have died since the first Session 

of the Academy, namely, Joseph S. Hubbard, Joseph G. 
Totten, and Edward Hitchcock. 

ment, namely, Uriah A. Boyden, and John A. Dahlgren, de- 
clined to accept membership of the Academy. 

Two members by appoint- 



IX. 

FOREIGN ASSOCIATES. 

The following Foreign Associates were elected at the 
January Meeting in 1864:— 

Str Wa. Rowan Hamitron. 

Karu Ernst Von Barr. 

MiIcHAEL Farapay. 

J. B. Evie DE BEAUMONT. 

Srr Davip Brewster. 

G. A. A. PLana.* 

Ropert Bunsen. 

Friepricu WitHELM Aucust ARGELANDER. 

Micuet CHAs.es. 

Henry MItne-Epwarps. - 

* Since deceased. 
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ANNUAL REPORT. 

Natrionat ACADEMY OF SCIENCES, 

Washington, D. C., March 28, 1864. 

Hon. Hannrpat HAMiin 
_Vice-Pres. United States, President of the Senate. 

Hon. Scuuyiter Coirax, 

Speaker House of Representatives. 

HE Constitution of the National Academy of Sciences, 

(Article V, Section 6,) incorporated at the Third Session 

of the Thirty-seventh Congress, requires that “ An Annual 

Report, to be presented to Congress, shall be prepared by 

the President, and submitted by him first to the Council, 

and afterward to the Academy at its January meeting.” In 

accordance with this provision, I have submitted the follow- 

ing report to the Council, and to the National Academy at 

their first stated meeting, and now present it on their 

behalf to Congress. 

The want of an institution by which the scientific strength 

of the country may be brought from time to time to the aid 

of the government, in guiding action by the knowledge of 

scientific principles and experiments, has long been felt by 

the patriotic scientific men of the United States. No 

government of Europe has been willing to dispense with a 

body, under some name, capable of rendering such aid to 

the government, and in turn of illustrating the country by — 

scientific discovery and by literary culture. 
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It is a remarkable fact in our annals that, just in the 

midst of difficulties which would have overwhelmed less 
resolute men, the Thirty-seventh Congress of the United 
States, with an elevated policy worthy of the great nation 

which they represented, took occasion to bring the scientific 

men around them in council on scientific matters, by creating 

the National Academy of Sciences. Such has been the 

way in which the public mind has been stirred before in the 
annals of other countries, leading to the organization of 
great systems of education, science, art, and literature, to be 

encouraged and perfected when more peaceful and prosper- 

ous times recurred. The Bill (marked A) to Incorporate 

the National Academy of Sciences, was passed in the 
Senate of the United States in February, in the House of - 
Representatives in March, signed by the President on the 
4th of March, and, as if to render it more acceptable to the 
men of science of the country, without opposition, from the 
time when unanimous consent was asked and obtained by 
Mr. Wilson, in the Senate, to bring in the bill, to the 
signature by the President. 

In pursuance of the provisions of that Act, the members 
of the National Academy met in New York on the 22d of 
April, 1863, and completed their organization, renewing by 
their loyal oath their obligations to serve their country and 
its constituted authorities to the best of their abilities and 
knowledge, on such subjects as were embraced in their 
hale? and upon which they might be consulted, and 
adopting a Constitution and Laws which they supposed 
would enable them to carry on successfully the plans of 
Congress as sketched in the charter. 

Providing for the full and deliberate consideration and 
arrangement of their laws by a Committee selected for 
their capability in such a task, the Academy adopted the 

i 
i 
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laws presented to their discussion, divided into Classes and 

Sections for the consideration of matters of science, elected 

officers, (see list marked B,) and adjourned to a stated day, 

the 4th of January, and to Washington, the National Capital, 

with which they were henceforth to be connected in their ; 

membership of the National Academy of Sciences, 

The first trial of the working of the Academy was to be 

made, and the first effort was to be through the action of a 

Committee on Weights and Measures, for the appointment 

of which, to consider the subject of the “Uniformity of 

Weights, Measures, and Coins, considered in relation to 

domestic and international commerce,” the Academy had 

been addressed before its adjournment by the Hon. Secretary 

of the Treasury, S. P. Chase. 
It was obvious that the only effective and prompt mode of 

action by members scattered over the United States, as were 

the fifty named in the charter, must be through committees. 

Action must originate with committees, and be perfected by 

discussion in the general meetings of the Academy, or in the 

classes or sections. Decisions to be finally pronounced by 

the entire body. 
To avoid delay in reports which might be desired by the 

government to be promptly furnished, the President of the 

Academy was authorized to transmit such reports on their 

reception. It has not appeared to me, except, perhaps, in 

one ease, and in that the conclusions of the Committee had 

not reached me, that there was occasion to present the reports 

until they had been discussed in the Academy itself, and the 

views had been adopted; especially as this waS, as I have 

said before, a first trial of the working of our organization. 

One of the committees thus acting has been able to meet so 

often, and with so many members at a meeting, as to show 

that in iSeries cord where consultation and discussion 

MYISSOUR 
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must be had, there will be little difficulty in effecting meet- 
ings; while in most cases correspondence amply suffices for 

the settlement of the questions involved, and to bring out the 

results in the form of a report with suggestions. 

It will be seen by the spirit and words of our laws, 

enacted by the authority of the charter, that the members 

of the National Academy put their time and talents at the 
disposal of the country in no small or stinted measure, freely, 
fully, by the binding authority of an oath; asking no com- 
pensation therefor but the consciousness of contributing to 
judicious action by the government on matters of science. 

The more the wealth of such men can be drawn out from 
the treasury of their knowledge, the richer will the nation 
be; and I for one do not fear that even the suggestions which 
may be made to Congress of subjects in which that knowl- 
edge may be most profitably employed for our country and 

times, will be subject to any supposed taint of self-seeking 
as to power or influence. Subject to the taint of supposed 

desire for remuneration it cannot be, by our charter, and all 
our laws look away from such a centre. 

Since the organization of the National Academy of Sci- 
ences in April last, six committees have been appointed 
under the authority of Article II., Section 4, — two by ap- 
plication from the Treasury Department, one from the Office 
of United States Weights and Measures, of the same Depart- 
ment, and three by application from the N avy Department, 
or, under its authority, from the Bureau of Navigation. 
These applications, referring to physical, chemical, and 
mathematical subjects generally, have been committed to 
members of the Physical Class of the Academy, with a 
few special exceptions only. These subjects are assuredly 
of eminent practical value; and if the Academy, by the 
reports of its committees, or by their own discussions, shall 
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give the information asked for, or shall point out the best 

ways of obtaining it, the members will, at the outset, have 

returned to the government and country the boon of their 

organization as a national institution. The importance of a 

body which can thus put the Departments and Congress on 

a level with the knowledge of science of the day, and by 

disinterested advice may keep it out of the hands of schem- 

ers, and provide the methods, intelligence, and knowledge 

for experimental inquiries, will thus, in the earliest days 

of the organization, be put to a complete test. 

The subjects embraced in the references of the Depart- 

ments are as follows : — 

1. From the Treasury Department. Weights, Measures, 

and Coins, their decimalization, &c. 

2. From the Navy Department. Protection of the bot- 

toms of iron vessels from corrosion by sea-water, and from 

fouling. 

3. From the Navy Department. Correction of the com- 

passes of naval vessels, especially of iron vessels and of 

iron-clads. 

4. From the Treasury Department. Saxton’s new alco- 

holometer, intended as a substitute for the hydrometer now 

in use. 
5. From the Navy Department. Inquiry as to the expe- 

diency of continuing, in their present form, the publication, 

by the Navy Department, of the Wind and Current Charts 

and of the Sailing Directions. 

6. From the Treasury Department. Methods of protect- 

ing the national currency from being counterfeited. 

The subject of weights and measures, and of coins, is 

undoubtedly one of the most important in the uses of 

common life; and upon a right or wrong determination in 

regard to the system depends the convenience of the great 
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mass of the people of a country; and upor international 
determinations the convenience of all engaged, directly or 

indirectly, in commerce and kindred pursuits. 

In the report of the Secretary of the Treasury (Hon. 

S. P. Chase), in 1861, occurs the following sentence in 

regard to weights, measures and coins (page 22): “The 

Secretary desires to avail himself of this opportunity to 

invite the attention of Congress to the importance of a 
uniform system and a uniform nomenclature of weights, 
measures, and coins, to the commerce of the world, in which 

the United States already so largely shares. The wisest 
of our statesmen have regarded the attainment of this end, 

so desirable in itself, as by no means impossible. The com- 
bination of the decimal system with appropriate denomina- 

_tions in a scheme of weights, measures, and coins, for the 
international uses of commerce, leaving, if need be, the 
separate systems of nations untouched, is certainly not 
beyond the reach of the daring genius and patient endeavor 

which gave the steam-engine and the telegraph to the ser- 
vice of mankind.” 

This Committee, No. 1, was appointed as follows: Pro- 
fessor Joseph Henry, Chairman, Professor J. H. Alexander, 
Professor Fairman Rogers, Dr. Wolcott Gibbs, Professor 
A. Guyot, Professor B. Silliman, Jr., Professor William 
Chauvenet, Dr. John Torrey, Professor A. D. Bache (ap- 
pointed by resolution of Academy), Commodore John Rodg- 
ers, U.S. N., and L. M. Rutherfurd. 

It is not a little strange that in our country, where, not- 
withstanding the capital error committed in long retaining 
in use foreign coins which stood in no conyenient relation to 
the established system, the decimal system proved at once 
so acceptable, nothing of the kind was effected for weights 
and measures. It is still more strange that the antiquated 

a2 
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and cumbrous variety of tables by which articles of different 
classes were bought and sold should have been retained ; 

that, even in our preparation of a national system intended 

for practical use, neither the decimalization of the weights 

and measures, nor the simplicity of one weight of one name, 
should have been adopted. The influence of great names 

ean alone probably explain this, without justifying it. 

The Committee laid out an extended scheme of reports 

by their members on the weights and measures of the prin- 
cipal countries of the world, a part of which have been 

already received, and are, for the present, retained in the 
archives of the Committee. 

The discussions in the body of this.Committee were very 

strongly in favor of the adoption of the French metrical 
system, but more strongly, in fact unanimously, in favor 

of the effort to arrive at a thorough international system, — 
a universal system of weights, measures, and coins, available 
for the general acceptance of all nations. 

The Committee has received, through oral communica- 

tions from the Hon. S. B. Ruggles, delegate appointed by 

the government of the United States to the International 
Statistical Congress at Berlin, authentic information as to 

the propositions made or adopted in that body in regard 

to weights, measures, and coins. 

A communication, marked C, was received from the 

Hon. Secretary of State, and the following resolution was 

adopted by the Academy in regard to it: — 

“ Resolved, That the letter of the Secretary of State be 

referred to the Committee on Weights and Measures, with 

power to take such order as may in their judgment be 

nec 
This Committee had several meetings during the recesses 

of the Academy, and finally the following report, marked 
5* 
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D, was submitted, and the resolution appended to it adopted 
by the Academy : — 

“ Resolved, That the Committee on Weights and Measures 

ask leave to continue their labors and business now in 
progress, with the power to take action.” 

The second Committee was appointed at the request of the 

Permanent Commission of the Navy Department, through 
the Chief of the Bureau of Navigation, on the highly im- 

portant practical subject of the protection of the bottoms of 

iron vessels from corrosion by salt water. 

The Committee consisted of Prof. W. Gibbs, Chairman, 

Prof. B. Silliman, Jr., Dr. John Torrey, Dr. R. E. Rogers, 
Prof. Benjamin Silliman, and Commodore John Rodgers, 
U.S.N., who, after an examination of the subject, presented 
_to the Academy a report which was adopted on the 9th of 
January. They state that the methods hitherto proposed for 
such protection depend upon one or other of the following 

principles : 

1st. Those which are designed to prevent or arrest, wholly 
or in"part, the corrosion of the metal. 

2d. Those intended to avoid the accumulation of living 
plants and animals upon the bottoms of iron ships, known 
technically as fouling. 

The remedies for these two very distinct classes of injury 
to iron vessels naturally fall under the following heads : — 

a. Those in which a metallic coating or alloy is employed, 
or those in which paints, with or without metallic oxides, are 
relied on. 

6. The use of some poisonous substance as an ingredient 
of a paint or varnish, for the specific purpose of destroying 
the life of those plants and animals, the accumulation of 
which constitutes fouling. 
These are discussed in the report which is hereto ap- 

silk ‘ Se ae eed Te ee eevee soe 
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pended, marked E. The Committee points out that no 

reliable systematic experiments have been made upon the 

relative power of American irons to resist corrosion by sea- 

water, which they consider of cardinal importance. They 
point out also the importance of experiments on the use of 
oak timber as a backing to the armor of iron vessels, and are 

of opinion that no method yet proposed can be considered as 

sufficiently tested to merit a recommendation to the Depart- 

ment; that the question is still an open one, and that the 

naval and commercial interests of the country would in all 

probability be materially advanced by a careful and thorough 

experimental investigation of the whole subject. 
The Secretary of the Smithsonian Institution has offered 

to place the laboratory under his charge at the disposal of 
the Committee for the purpose of investigation. 

The Committee is of the opinion that no proper investi- 

gation can be made of these important subjects, unless an 
appropriation to defray the necessary expenses be made by 

the Department, or, if necessary, by Congress. 
The conclusions of the Committee were adopted by the 

Academy in the following resolution: — 
“ Resolved, That the report of the Committee on the 

Coating of Iron Ships be adopted, and that a series of 
€xperiments on this subject be undertaken by a committee 

of the Academy, whenever the requisite means are provided 
therefor.” 
The subject, referred by the Chief of the Bureau of 

Navigation, by instructions from the. Navy. Department, of 
investigation of the magnetic deviation in iron ships, and 
of the correction of the compasses, including the correction 

of those of naval vessels, was referred to Committee No. 3, 
whose preliminary report is presented herewith, lettered F. 
‘This Committee consists of Prof. A.D. Bache, Prof. Jos. 
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Henry, Prof. B. Peirce, Prof. W. Gibbs, Admiral C. H. 

Davis, and Prof. Fairman Rogers, and Prof. W. P. Trow- 

bridge, appointed under Art. IT, Sect. 4, of the Constitution 

of the Academy. It was first named by the Navy Depart- 
ment, and the Chairman was named by the Committee, 

Admiral Davis having been added when the duty was 

- transferred to the Academy. 
Two important practical results have already flowed from 

the operations of this Committee: one, on the suggestion of 

the Bureau of Navigation, the taking out one of the two 
binnacles which were generally used in the pilot-house of 

the naval vessels, interfering each with the other in its use; 

and the correction, between April and December, of the 
compasses of twenty-two iron or iron-clad vessels, or of 

wooden vessels in which the local attraction was found to 
be inconvenient, from the presence of engines and boilers, 
of iron rigging, and other iron works. 

The inconvenience and even danger resulting from the 
derangement of the compasses on board of many of our iron 

vessels have been loudly complained of to the Navy Depart- 
ment. The Committee adopted Airy’s method for these 
vessels generally, and appointed Mr. A. D. Frye, of New 

York, who, in former years, had corrected successfully the 

compasses of the iron Revenue Cutters for the Treasury 

Department, to make the corrections. The difficulties re- 

sulting from the rapid movements to sea and port of these 

vessels, have sometimes rendered the effort at correction 

somewhat imperfect on the first trial; but a persevering ap- 

plication of the method has in no case failed to effect the 
purpose desired. The Committee has also had under suc- 
cessful trial a compass invented by Mr. Ritchie, of Boston, 

under the especial direction of the Navy Department, and 

compass by Charles A. Schott, Assistant in the Coast Sur- 
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vey. These are referred to in the report, lettered F, of 

Committee No. 8. This report contains also the results of 
experiments on iron vessels in the course of construction, 

and of iron-turreted vessels, especially of the three-turreted 

iron-clad, the Roanoke, and of the monitor Passaic. The 

five compasses of the Roanoke were compared near New- 

port News, by swinging the vessel and noting the deviation 

at different points. With this report are presented nine 

sub-reports, as follows : — 

No. 1. List of Iron-clad Vessels in Commission or Con- 
struction, as also of Iron Vessels not armored, either pur- 

chased, constructed, or being constructed. 

No. 2. Report of Professor F. Rogers on or on 
U. S. Steamer Ticonderoga. > 

No. 3. Report of Mr. A. D. Frye. 
Nos. 4, 5, 6,7. Report by Charles A. Schott, Assistant U. 

S. Coast Survey, Magnetic Survey of Roanoke and Passaic. 
No. 8. Drawings and Specifications of Ritchie’s Fluid 

Compass.* 

No. 9. Drawings and Specifications of Schott’s ——- 
Arrangement. 
A Committee, No. 4, on Mr. Saxton’s Alcoholometer, was 

appointed, as follows: Professor Frazer, Chairman, Doctor 

Barnard, Professor Chauvenet, and General Totten. Pro- 
fessor W. B. Rogers was also appointed, but declined. The 

report, lettered G, is herewith presented. It gives a lucid 
description of the instrument, which was itself presented to: 
the examination of the members of the Academy, and con- 

cludes, after a candid examination of its advantages and de- 

fects, by recommending its use to the government in place of 

the Tralles hydrometer, which is now employed in the col- 

* Omitted i request of Mr. Ritchie, communicated through Ad- 

miral C, * 1 
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lection of the revenue. It is much more simple, more port- 
able, and less liable to breakage than the Tralles instrument. 

It was approved by the Academy on the discussion of the 
report, and will therefore be presented to the Treasury De- 

partment for adoption. It is so small, that the bulb and 
chain, which form the measuring part of the apparatus, is 

contained in a box of three quarters of an inch in diameter 
and one inch high. 

The following resolution, in regard to Mr. Saxton’s hy- 
drometer, was adopted by the Academy on the 7th of 
January : — 

“ Resolved, That the words following be added to the close 
of the report, viz.: ‘It being understood that Mr. Saxton 
places this invention at the disposal of the government 

without any view to remuneration.’ ” 

A letter from Mr. Saxton, marked H, is appended to this 
report. 

The next subject, Committee No. 5, was brought before 
the Academy in the following letter of the Chief of the 
Bureau of Navigation of the Navy Department : — 

Bureau of Navigation, Navy Department, 

Washington, May 23, 1863. 

Sir : —I transmit herewith a copy of a letter addressed 
by me to the Honorable Secretary of the Navy, on the sub- 
ject of discontinuing the publication, in the present form, of 
the “ Wind and Current Charts,” and “ Sailing Directions ” 
accompanying them ; and now, with the approval of the De- 

partment, I have the honor to refer the same subject to the 
National Academy of Sciences, for investigation and report, 
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requesting that, on account of the expense and the public 
interest, it may receive early attention. 

Very respectfully, your obedient servant, 

Cuartes H. Davis, 

Chief of the Bureau. 
Proressor A. D. Bacue, President National Academy of Sciences. 

(Copy-) 
Bureau of Navigation, Navy Department, 

ashington, May 21, 1863. 

Sir :—TI have the honor to inform the Department that 
the Charts and Sailing Directions, published by the late Su- 
perintendent of the Observatory, at the expense of the Gov- 

_ ernment, are regarded by hydrographers and scientific men 

as being prolix and faulty, both in matter and arrangement, 
to such an extent as to render the limited amount of original 

information which they actually contain costly and inac- 
cessible. 

I am prepared to recommend the discontinuance of the 

publication of these Charts and Sailing Directions. But, in 
order that this question of discontinuance may be decided 
with deliberation, I have to request permission to refer it to 

the National Academy of Sciences, for investigation, and 

report to this Department. 

T am, sir, very respectfully, your obedient servant, 
Cuartes H. Davis, 

Chief of the Bureau. 
Hon. Gipzon WeLLEs, Secretary of the Navy. 

The Committee appointed on this application consisted of 
Professor F. A. P. Barnard, Chairman, Professor J. H. 
Alexander, Mr. J. P. Lesley, Professor A. Caswell, Chan- 
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cellor Chauvenet, Professor J. H. C. Coffin, U.S.N., Pro- 

fessor J. F. Frazer, Professor A. Guyot, Mr. J. E. Hilgard, 
Professor B. Peirce, Professor J. D. Dana, and Professor 

J. Winlock, U.S.N., who came to their conclusions early 

in October, which were adopted by the Academy after dis- 
cussion, on the 9th of January, and which are expressed in 
the eee resolutions : — 

“ Regstved by the National Academy of Sciences, That, in 
fazon of this Academy, the volumes entitled ‘ Sailing 

et@us; heretofore issued to navigators from the Naval 
Obseetathey: and the ‘Wind and Current Charts’ which 
they are designed to illustrate and explain, embrace much 

<S@@igb is unsound in philosophy, and little that is practically 
Ljand that, therefore, these publications ought no eee 

to be issued in their present form. 

“ Resolved, That the records of meteorological phenomena 
and of other important facts connected with terrestrial 

physics, which, under the direction of the Navy Depart- 

ment, have been accumulated at the Observatory, are ca- 

pable of being turned to valuable account, and that it is 
eminently desirable that such information should continue 

to be collected, and subjected to careful discussion. 

“ Resolved, That the President of the Academy be author- : 

ized and requested to communicate to the Secretary of the- 
Navy a copy of the foregoing resolutions and of this report, 
as a response to the inquiry addressed to the Academy upo2 

this subject by that officer.” 

The report of this Committee, marked I, is appended to 
this Report. 

It was, on motion, 

“ Resolved, That a copy of each report made on the appli- 
eation of the Navy Department be forwarded by the Pres- 
ident of the Academy to the Hon. Secretary of the Navy-” 
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The sixth Committee, appointed by request of the Treas- 

ury Department, was upon the plans presented for preventing 

the counterfeiting of the national currency, and consisted of 
Dr. Torrey, Professor Henry, Dr. Barnard, Mr. Saxton, 

and Professor Schaeffer, the last named being appointed by 

request of the Department, and under Section 4, Article II. 

of the Constitution of the Academy. This Committee has 
labored diligently and successfully in the important matters 
confided to them. The facts which they have developed 
will, by direction of the Academy, be presented confiden- 

tially to the Secretary of the Treasury. The general reso- 

lutions adopted by the Academy are as follows : — 
“ Resolved, That the Currency Committee be empowered 

to communicate directly with the Secretary of the Treasury, 

and to take order in reference to the matters intrusted to 

them. 

“ Resolved, That the President of the Academy communi- 
cate the foregoing resolution to the Hon. Secretary of the 

Treasury.” 
A Committee was appointed, at the first meeting, on the 

form of a diploma, on a corporate seal, and a stamp for 

books and property, which reported progress at the January 
meeting, and was continued. 

Another Committee was appointed, to report a rule pre- 
scribing the mode of electing Foreign Associates, which 

reported at the January session, and was discharged. 
I append to this report the minutes of the meeting of 

organization of the National Academy of Sciences, at New 

York, marked J, and of the first regular session at Wash- 

ington, in January, marked K. 

The draft of the Constitution and By-Laws of the Acade- 

my prepared by the Committee appointed in April, 1863, 

was presented and discussed in Committee of the Whole, 
6 
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engrossed, and finally passed, as marked L, on the 6th of 

ary. 
_ The following papers were read at the meetings of the 

January session : — 

Prof. Agassiz, “ On the Individuality among Animals, with 

reference to the Questions of Varieties and Species.” 

Prof. B. Peirce, “On the Elements of the Mathematical 

Theory of Quality.” 
Prof. A. D. Bache, “On the Discussion of Magnetic Ob- 

servations made at Girard College Observatory, in the Years 

1840-45. Parts IV.,V., and VI. Horizontal Force. In- 

vestigation of the Eleven-Year Period, of the Solar Diurnal 

Variation and Annual Inequality, and of the Influence of 

the Moon.” 
Dr. F. A. P. Barnard, “On the Force of fired Gunpowder, 

and the Pressure to which Heavy Guns are actually subjected 

in Firing.” 
Dr. B. A. Gould, “ Reduction of the Observations of 

Fixed Stars made by d’Agelet at Paris during the Years 

1783-85, with a Catalogue of the corresponding Mean 
Places referred to the Equinox of 1800.” 

Prof. Agassiz, “On the Metamorphoses of Fishes.” 

Prof. B. Peirce, “On the Saturnian System.” 
Dr. T. Strong, “ Notes on the Parallelogram of Forces, 

and on Virtual Velocities.” 

Prof. Agassiz, “On the Geographical Distribution of Fishes, 

as bearing upon their Affinities and Systematic Classification.” 
Prof. A. D. Bache, “On the Discussion of Magnetic 

Observations, &c. Parts VIL, VIIL, and IX. Vertical 
Force. Investigation of the Eleven-Year Period, of the 
Solar Diurnal Variation and Annual Inequality, and of the 
Influence of the Moon.” 

Dr. F. A. P. Barnard, “ Description of an Anemograph, 

designed for the University of Mississippi.” 

4 
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Prof. Joseph ema “On Materials of Combustion for 
Lamps in Light-houses 

Mr. L. M. Rutherfard, “On Photographs of the Solar 
Spectrum.” 

General J. G. Barnard, “On Tangencies of Circles and 
Spheres.” 

Prof. Stephen Alexander, “On Observations of the Planet 
Venus, near the Times of her Inferior Conjunction, Sept. 28, 

1863, and subsequently.” 

Prof. Stephen en, “ Brief Note on the Forms of 
Icebergs.” 

These papers were referred to the Committee of Publica- 

tion, to take order, and to the Council, to provide the Ways 

and Means for publication. 

The formalities of the Constitution and By-Laws in 
reference to Foreign Members having been fulfilled, the 
following were nominated and elected Foreign Members of 

the National Academy of Sciences: Hamilton, Baer, Fara- 
day, Elie de Beaumont, Brewster, Plana, Bunsen, Arge- 
lander, Chasles, Milne-Edwards. 

The decease of Mr. Hubbard was announced by the 
President, and Dr. B. A. Gould appointed to prepare a 

biographical notice for the next session of the Academy. 

The decease of the following scientific men, not members 

of the Academy, was announced: Dr. Darlington, Mr. Fitz, 

and Major E. B. Hunt. The following members were 
appointed to prepare notices of their career: Mr. Torrey, 

Mr. Rutherfurd, and Mr. F. A. P. Barnard. 

After the reading of Dr. B. A. Gould’s paper “On the 

Reduction of the Observations of Fixed Stars made by d’Age- 
let at Paris, during the Years 1783-85, with a Catalogue of 

the corresponding Mean Places referred to the Equinox of 

1800,” the following resolution was unanimously adopted : — 
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“Resolved, That the Academy, impressed with the impor- 
tance of a new reduction of the observations of Piazzi, 
presented by Mr. Gould, recommend that such reduction be 

made by Government at an early period.” 
The Council for the year was elected, as follows: Messrs. 

Davis, Torrey, Rutherfurd, and Lesley. 
The Academy determined to meet in New Haven, next 

August, on the first Wednesday, at 10 A. m., at such place 
as may be fixed by the Committee of Arrangement. 

The Committee was appointed, as follows: Messrs. B. A. 
Gould and Hall, Secretaries of the Classes of Mathematics 
and Physics; and of Natural History, Messrs. Newton, B. 
Siliman, jr., and Dana. 

A resolution was passed, making the President of the 
Academy, ex officio, a member of all committees. 

On Tuesday evening the members of the Academy were 
presented, by invitation, to the Hon. Secretary of the Treas- 
ury, S. P. Chase ; on Thursday evening, to the Hon. Secre- 
tary of State, Wm. H. Seward; on Friday morning, to the 
President of the United States; on Friday evening, they 
came together at the residence of the President of the 
Academy on Monday, visited some of the works of for- 
tification near Washington, with Gen. Barnard ; and on 
Tuesday, at 24 o’clock, adjourned to the next session. 

Respectfully submitted. 

A. D. BACHE, 
President National Academy of Sciences. 
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LIST OF PAPERS PRESENTED TO THE 
ACADEMY, 

TO JANUARY 1, 1865. 

1. On the Individuality among Animals, with reference 

to the Questions of Varieties and Species, by Louis 

Agassiz. 

2. On the Elements of the Mathematical Theory of Quan- 

tity, by Benjamin Peirce. 

3. On the Discussion of Magnetic Observations made at 

Girard College Observatory, in the Years 1840-1845. 

Parts IV., V., and VJ. Horizontal Force. Investiga- 

tion of the Eleven-year Period of the Solar Diurnal 

Variation and Annual Inequality, and of the Influence 

of the Moon, by A. D. Bache. 

4. On the Force of Fired Gunpowder, and the Pressure 

to which Heavy Guns are actually subjected in Firing, 

by F. A. P. Barnard. 
5. Reduction of the Observations of the Fixed Stars 

made by J. J. Lepaute d’Agelet at Paris, during the 

years 1783-1785, with a Catalogue of the corre- 

sponding Mean Places referred to the Equinox of 

1800, by B. A. Gould. 

6. On the Metamorphoses of Fishes, by Louis Agassiz. 

7. On the Saturnian System, by Benjamin Peirce. 

8. Notes on the Parallelogram of Forces and on Virtual 

Velocities, by Theodore Strong. 
6* 
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9. On the Geographical Distribution of Fishes, as bearing 
upon their Affinities and Systematic Classification, by 

Louis Agassiz. 

10. On the Discussion of Magnetic Observations made at 
Girard College Observatory in the Years 1840 — 1845. 
Part VII., VIII, and IX. Vertical Force. Inves- 

tigation of the Eleven-year Period of the Solar 
Diurnal Variation and Annual Inequality, and of the 
Influence of the Moon. 

11. Description of an Anemograph designed for the Uni- 
versity of Mississippi, by F. A. P. Barnard. 

12. On Materials of Combustion for Lamps i in Light-houses, 
by Joseph Henry. 

13. On Photographs of the Solar Spectrum, by Lewis M. 
Rutherfurd. 

14. On Tangencies of Circles and Spheres, by J. G. Bar- 
nard. 

15. On Observations of the Planet Venus near the Times of 
her Inferior Conjunction, Sept. 28, 1863, and subse- 
quently, by Stephen Alexander. 

16. Brief Note on the Forms of Icebergs, by Stephen 
Alexander. 

17. Memoir of the late Henry Fitz, by Lewis M. Ruther- 
furd. 

18. On the Distribution of certain important Diseases in the 
United States, by Augustus A. Gould. 

19. On the Integration of differential Equations of the first 
Order and higher Degrees, by Theodore Strong. 

20. Criticism on the Forms of Ships, by Capt. J. Cole. 
(Presented by Theodore Strong.) 

21. On the Light visible on the Moon’s Surface, and that 
seen adjacent to her Edge, when the Sun is either 
partially or totally eclipsed, by Stephen Alexander. 

ree 
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22. On the Influence of the Hour of the Day on the 
Results of Barometric Measurements of Altitudes 

(not read), by Arnold Guyot. 
23. On Shooting Stars, by H. A. Newton. 
24. A Method of determining the Errors of a Vertical 

Divided Circle, by Simon Newcomb. (Presented by 

Benj. Peirce.) 

25. Considerations relative to various Phenomena presented 

by certain Comets, by Stephen Alexander. 
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EULOGY 

ON 

JOSEPH 8S. HUBBARD. 

By B. A. GOULD. 

[Read before the National Academy at New Haven, 1864, Aug. 5.] 

Mr. Presipent AND GENTLEMEN : — 

The Constitution of our Academy, like the organic law of © 
most Academies of Science beyond the seas, provides for the 

tribute of a formal Biographical Notice, pronounced in open 

session, in commemoration of each of our number who may ~ 

be removed by death. For it is no unreasonable assumption 

that public benefit and individual incentives may be derived 

from the history of any man whose scientific services have 

rendered him worthy of admittance to your number. 

It has been the will of God that the first place in our 

ranks made vacant by death should be that of JosEPH ” 

Stittman Husparp, and in obedience to your instructions 

I am here to tell the simple story of his life ; — not without 

a doubt of my own ability for the task, yet glad that the lot 

has fallen to my share, for none outside the narrow limits of 

his kindred could have held him dearer. 

Upon our roll, Gentlemen of the Academy, are the names 

of venerable men, whose usefulness has extended through a 

period surpassing the total duration of most human lives, 

and side by side with these are the names of others, who 

were not yet cradled when the former were full of honors, 
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and crowned with gray hairs. The years of our eldest and 
youngest member differ by more than half a century. Yet 

the first summons came, not to any of the great masters in 

science who give its lustre to the new gem with which an ° 

afflicted but regenerate land would fain crown her aching 

brows ; not to those who might well claim to have finished 

the work on earth, which their talents and opportunities 
seemed to mark out for them;—it came to one of the 

youngest in our ranks, — the forty-sixth of the original fifty 

in order of age, — to one whose work seemed chiefly in the 
future, and from whom we expected bright laurels for the 
Academy and for America. 
When in April, 1863, we assembled for the great work of | 

founding a National Academy, none was more hopeful, none 
more buoyant, none more impressed with the magnitude and 
import of our new duties, than he. It was the realization of 
the dream of his maturer years, the new Atlantis of his sci- 
entific aspiration, and his heart was full of bright anticipa- 

tions, tinged with all the hues which a noble enthusiasm 
could bestow. 
“A better Three Days for science were never spent,” he 

wrote to his brother ; and to his pastor in Washington, “The — 
inauguration of this Academy marks the most important 
epoch ever witnessed by Science in America ; — we say iD 
the world.” 

In less than four months after that meeting in New York, 
his generous, fervid heart had ceased to beat. He died 
1863, August 16, twenty-one days before the completion of 4 
his fortieth year. 

The custom has always seemed to me an eminently proper 
one, which prefaces the history of a life by some mention 
and notice of ancestry. For, — whether we adopt the Euro- 
pean notion that the ancestor ennobles his descendant by : 
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good deeds, or the perhaps more equitable Asiatic idea that 
honor flows in an ascending course, ennobling those whose 

nurturing care has thus borne fruit,— the bond of lineage 

- may not lightly be disregarded ; and each day’s experience 

teaches us anew, that “men do not gather grapes of thorns 

nor figs of thistles.” 

I may therefore say that our departed colleague drew his 

origin from the early founders of our race, from that sturdy 

stock which gave character to the Colony of Massachusetts 
Bay, and shaped the civilization of New England. 

His first American ancestor, Mr. Witt1am HvuBpBarp, 

came out at the age of forty in the “ Defence” from Lon- 
don, in the year 1635, and soon established himself in Ips- 

wich, Essex County, Massachusetts ; which town he repre- 

sented for eight successive years, from 1638 to 1646, in the 

Legislature of the Colony. In 1662, he removed to Boston, 
where he died in the year 1670, aged seventy-five years, 

leaving three sons, all born in England. 
The eldest of these sons and second in the line of descent 

was the Rey. Witt1Am HvupparpD, a man of much note in 

his day. Born in 1622, he was but thirteen years old when 

his father brought him to the new world. He graduated at 

Harvard College in 1642, and was in 1658 ordained col- 

league of Rev. Tomas Coppetr in Ipswich, where he re- 

mained as pastor until his death in 1704; his kinsman, Rev. 

Joun Rogers, son of the President of Harvard College, 

acting as his colleague during the later years of his life. 

This learned and good man was one of the first historians 

of the early troubles with the Indians. Two works on this 

subject were published by him in 1677, and subsequently 

republished in London in one yolume under the title, “ The 

Present State of New England.” His “ History of New 

England,” left by him in manuscript, is preserved in the ar- 
rs 



74 

chives of the Massachusetts Historical Society, and forms 
volumes V. and VI. of their printed “Collections.” In 
1688, after the departure of President IncREAsE MATHER 
for England, he was commissioned by Governor ANDROS to 

officiate as President or Rector at the Harvard Commence- 

ment, being the oldest clerical Alumnus in New England; 

and as there were no graduates in that year, it is recorded 

in Sewall’s Diary that he delivered an oration on the occa- 
sion, although this has not been transmitted to us.* His 
first wife, and the mother of his children, was Margaret, 

daughter of Rev. Natwanret Rogers, and said to have 

been the great-granddaughter of that Joun RocErs who 
was burnt at the stake in Smithfield, 1555, — although, ac- 
cording to that accurate investigator, Mr. SavaGe, this claim 

is not well substantiated. 

* — ih ‘Witiiam HUBBARD was a man of no small indepen- 
den of character, may easily be inferred from his works ; 
but other indications of his mental and moral force are not wanting: 
In the ecclesiastical troubles of 1667, connected with the ene 
of the “ Old South Church ” in Boston, he took stro trong ground an 

part ; and on the passage of a vote of censure upon al 

mn Dunton, who visited him in 1686, gives oe Hist. ate 
Pp. 5) ~ baat description of Mr. Hubbard: “The benefit of 
nature and the fatigue of study have equally éotitsibabel to ae emi- 
nence. sired are we less obliged to both than himself; he freely’ 
communicates of his learning to all who have the happiness to share in 
his converse. In a word, he is learned without ostentation and vanity, 
and gives all his Se oe a a turn and grace, . that 
the features and lineaments child make a clear discovery and 
distinction of the father; yet is is a man of singular modesty, of strict 
morals, and has done as much for the conversion of the Indians a8 
most men in New England.” 

5 ae 
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The several successive generations of our colleague’s an- 
cestors seem to have been, without exception, men of moral 

worth, and of influence in the community. 
Rey. Joun Hupparp, in the fourth generation, was set- 

tled in 1698 at Jamaica, Long Island, where he was distin- 

guished by a Christian charity and tolerance remarkable for 

those days. His son Jonn settled in New Haven, where he 

served the community in the various capacities of physician, 

Colonel, Representative, Judge of Probate, and Judge of 
Common Pleas ; and his descendants have continued to reside 

in the vicinity of this beautiful and classic city.* 

Here our colleague was born, 1823, Sept. 7 (in the ninth 

generation from the American founder of his family), being 

* The line of descent is as follow: 
Witt1aM, b. in England, 1595 ; d. Ipswich, Mass., 

II. Rev. Wrrtram, b. England, 1622 (H. C. 1642) ; fe aa 

1794, Pie 14; married Margaret, daughter of Rev. Na- 

thaniel Rog 

II. gence a of Boston, b. Ipswich, 1648 ; 5 1710, Jan. 8; 

d Ann, daughter of Goy. John L 

et git oun, of Jamaica, N. Y., b. Boston, one Sa 9 (H.C. 

1695); d. 1705, Oct. 5. [See Thompson, Hist. of Long 

Island, 1st seas p. 388; also Boston News Letter, No. 79, 

1705, Oct 22,] 

Dr. Jonn, of f New Haven, b. Jamaica, 1703, Nov. 30 (A. M. 

Yale, 1730); d. 1773, Oct. 30; married 1724, Elizabeth 

Stevens. 
Rey. Jonn, of Meriden, Conn., b. New Haven, 1727, Jan. 24 

(Y. C. 1744) ; d. 1786, Nov. 18; married 1750, Jan. 25, Re- 

becca Dickerman. [See Meriden Historical Collections.] 

Isaac, of Meriden, b. Meriden, 1752, Nov. 22; married 1782, 

Dec. 5, Jane, daughter of Thomas - 

VIII. Ezra Srizzs, of New Haven, b. Meriden, 1794, May 13; d. 

1861, Aug. 20; married 1820, Dec. 13, Eliza, daughter of 

Josiah Church. 

I rs 

s 

4 

¥, - 

TX. Josern Strxuman, of Washington, D.C., b. New Haven, 1823, 

t. 7 (¥.C. 1843). 
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the second son of Ezra Stires Hupsarp, and E Liza 

Cuurcu of New Haven, — parents to whom he was more 
than tenderly attached, and whose declining years were 

blessed by his thoughtful devotion. Of his father, I may 
quote his own words written three years ago,: “ My father 

has done his life’s work well. Unable from feeble health to 

live the scholar’s life to which he had been destined by his 

uncle, President Srizes, and honoring learning next to god- 

liness, he endeavored to give his children every advantage 

attainable for scholarship, devoting his life, labors, and scanty 

means to this one object. Precious is his memory.” 

From a most interesting and touching sketch of his early 

life, prepared by his admirable mother, I may be permitted 
to gather some of the incidents of his boyhood illustrative of 
the peculiar traits of his character, — earnestness, enthusi- 
asm, and self-forgetfulness, modified by a wholesome love of 
fun and frolic, a tender susceptibility, and an affectionate 

| 

nature. From the whole account it is manifest that in 

childhood as in maturer life he made for himself a place 

in the hearts of all with whom he came in contact; and I 
think it may be said of him with literal truth, what is so 

rarely true even of good men endowed with far less force of 
character, that he had not an enemy in the world. 

With him, too, the old and ever new experience came to 

his parents, of the early yearning of an intellectual child 
for books and knowledge, and they afterwards lamented. 
that this dangerous tendency was not more carefully held in 
check. But although the danger of oyer-stimulating a recep- 
tive brain can hardly be exaggerated, and though the pre- 
cautions of physical education were at that time compara- 
tively disregarded among us, — I see no reason for suspicion 
of any morbid precocity. I venture to make the following 
extracts from the interesting accounts kindly furnished me 
by his mother: — 
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“In his eighth year he suffered a severe course of lung 

fever, and for several weeks after the crisis was past seemed 
vacillating between life and death. After he began to con- 

valesce, it was almost impossible to keep his active mind 

quiet enough .to suffer the weakened frame to recover its 

tone. Pictures, books, toys, everything we could devise, 

were put into requisition to amuse him. His father saw 

one day in a store a curious piece of mechanism, a puzzle 

which he knew would delight the child, — but it was an ex- 

pensive article, and he hesitated if he ought to purchase it. 

But a second thought of the tired, weary boy decided the 

question. When he put it into Joseph’s hand, ‘as he sat 
bolstered up in bed, the child’s eyes fairly flashed with de- 

light. Seeing him so much amused at studying its intrica- 

cies, I left him, .... and. returning after a while found him 
utterly exhausted. He had taken the toy to pieces to ascer- 

tain its construction, and in trying to put it together again, 

had so used the little strength he had gained as to leave us 

for many days to fear a fatal result. That was ever one of 

his peculiarities, — not to rest till he understood the how 

and why of everything he saw, or at least had learned all 
that could be learned about it..... It was about his ninth 

year that he began especially to develop his peculiar taste 
for mathematical studies and mechanics. Though he loved 

play dearly, and enjoyed it with zest for a little while, he 
had far rather spend his hours out of school in trying experi- 
ments, endeavoring to make machines, &c. . . . One of his 
great efforts was to make a clock. He had been attracted 
by seeing his father wind up the time-piece, and had beg: 
to examine it. A day or two after I found him in his room, 

surrounded by a quaint collection of bits of board, paste- 

board, wire, lead, &c. To the question, ‘ What is the tinker 
about now?’ he replied: ‘Mother, I'm going to make a 

7* 
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clock.’ I told him we must ask his father for some tools, 
and perhaps he would succeed; and he did succeed, — con- 

structing a clock in all its parts, with face, hands, &e., and 
which went for a time, being duly mounted on the kitchen 

shelf, and for making which his only tools were a pair of 

scissors and a jackknife. 
“ After that, his father procured him a small chest of tools, 

and from that day he had full employment for every leisure 
hour. The attic was appropriated for his wood-work, and 
the back piazza for his crucibles, castings, &c. Most of his 
leisure time before entering college was devoted to making 
a telescope, which proved to be quite a good instrument, and 
which he sold toa gentleman from Catskill, soon after he 
entered college, He made also a camera-obscura, which 
afforded a fund of amusement to himself and his playmates, 
and a press for binding books. As long as his father lived 
he used the blank books with which the boy supplied him at 
this time. 
“When fitting for college, while visiting some mechanic's 

shop, in pursuit of material or instruction, he came in contact 
with EBENEZER Mason, who was then one of Yale’s en- 
thusiastic astronomers, and at once there sprung up between 
the young man and the boy a kindly sympathy. Mason 
introduced the lad to his own chosen associates in study, in- 
vited him to their rooms for work, experiments, &c.; and 
from that day his scientific life began in earnest. Nothing 
could make him so happy as permission to spend the even- 
ing he could spare from daily lessons with Mason and 
Hamitton Situ; and, when in college, to be invited to 
watch shooting-stars or take observations with Mr. HER- 
RICK, was the greatest boon the world could afford him. 
His standing in college was abové mediocrity, but not what 
he could easily have made it. His mind was so entirely 
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filled with his own loved department of study, that he did 

not value college honors enough to give the needful atten- 

tion to other branches. 

“Tn his sixteenth year Joseph determined to take a pedes- 
trian excursion. He set out to visit an uncle residing twenty 

or thirty miles north of us, and his father furnished him 
with all he thought needful for so short a trip. He had 
always kept us informed of his movements when away; and 

when six days had passed, and we received no intelligence 
from him, we began to be seriously uneasy. At length a 
letter came, mailed in Charlestown, Mass. He had heard 

Mason and Sirs talk about a mechanic in Ware, who 

had given them much information about casting mirrors for 

telescopes, and had long wished to see the man for himself. 

So, after tarrying one night at his uncle’s, he had wended 
his way up. to Ware, and having learned all he could from 

the man he sought, had proceeded on foot to Charlestown, a 

distance of 175 miles, in order to visit Bunker Hill.” 

In 1843, he graduated at Yale College. For a few 

months he remained at home pursuing his favorite studies, 

mathematics and astronomy; and in the following winter he 

taught for a while in a classical school. Early in 1844, he 
went to Philadelphia, as an assistant of WaLKER, who was 

then beginning his astronomical labors, and whose attention 

had been attracted by the bright promise of the earnest and 

gifted youth. Here the contagious zeal of WALKER added 

fuel to the flame. Removed for the first time from the re- 

straining influence of home, on which he had learned uncon- 

sciously to depend, he forgot all prudent care for 

ie observed with WALKER at the High-School Cieccmunie 

all night, and computed all the day,—and I need not add 

that his health soon gave way. From that time he was 

subject to a nervous excitability before unknown to him, and 
> 
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to an irregular action of the heart, from which he suffered 
much, and which finally exhausted his strength and ener- 
gies, — depriving him of that vigor of constitution with which 
he was originally endowed, and which might have arrested 
the progress of his last disease. 

In the autumn of 1844, Lieut. (now Major General) FRi- 
MONT offered Mr. Husgarp a position in Washington as 
computer of the observations for latitude and longitude made 
on his expeditions across the Rocky Mountains, and on the 
Pacific coast. These completed, and the interest of Prof. 
Bacue, Capt. Frémont, and Col. Benton being enlisted 
in his behalf by his successful and meritorious labors in Phil- 
adelphia and Washington, they obtained a promise from Mr. 
Bancrorv, then Secretary of the Navy, that his appoint- 
ment should immediately be made out for a vacancy in the - « 
corps of Professors of Mathematics in the Navy. He was” 
commissioned 1845, May 7, and immediately assigned to 
duty at the Washington Observatory, of which he continued 
an officer during the remainder of his life. He was elected 
a member of the “National Institute of Washington, 1845, 
January 14; of the Connecticut Academy of Arts and 
Sciences, 1849, October 24; of the American Academy of 
Arts and Sciences in Boston, 1850, August 15; and of the 
American Philosophical Society of Philadelphia, 1852, 
May 7 

It would be needless, gentlemen of the Academy, did 
taste not forbid, for me to describe to you at any length, the 
embarrassments of astronomers, stationed at the Washington 
Observatory, while under the charge of the late Superinten- 
dent. Few of you, if any, can have failed to appreciate the 
painful conflict between self-respect and official proprieties, 
— between the emotions of the scientist, jealous of his coun- 
try’s reputation, and of the subordinate, whose duty in an 7 

. 
3 

; 

3 
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establishment under military organization demanded tacit 

submission and apparent acquiescence, under a mortifying or 

atrocious policy. The sensitive nature of WALKER found 
it impossible to endure the trial; but his pupil, a 

struggled more successfully. 

Would that I might with propriety express my keen sense 

. of the deep debt of gratitude due from American science to 
those able and disinterested men, some of them, happily, 

still of our number, who bore the mortifications of their 

position without flinching, that they might save the national 

scientific institution, which it was partially within their 

power to protect, from becoming a source of national dis- 

grace. They toiled earnestly and judiciously for the sake 

of their hope that some small portion of their labor might 
bear fruit, though that fruit should not be plucked by them. 
They struggled against obstacles which would have deterred 
most men, in order that the noble instruments might render 

Some service to science, or at least fail to be made imple- 

ments of national disgrace. How well they succeeded, their 

record bears witness; and it will bear eternal testimony to 

their honor, when in its own good time history shall break 

the seals which the present day has necessarily affixed. 
A single anecdote from many which might be told, illus- 

trative of the state of things, may perhaps be pardonable 

now, although it would never have been publicly mentioned 

by our departed colleague, nor with his permission. 
Professor HUBBARD was one morning summoned to the 

presence of the Superintendent, who handed him a letter 
just received from Germany, and desired its translation. It 
contained the announcement of the discovery of a new 
comet, together with observations of its position on two suc- 
cessive days,—an interval of eighteen or twenty days hav- 

ing of course elapsed since that time. 
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“JT wish an Ephemeris of this comet,” said he, “ to be 
prepared without delay, for publication in the newspaper to-- 

morrow morning.” Hussarp respectfully suggested that 

three observations were requisite for computing the ele- 
ments, and that even should the comet be found early in the 

evening, the intervals between the three dates would not be 

well adapted for the purpose. “Confound the elements, Mr. 
Hussarp!” said the Lieutenant, using some rather strong 
expletives; “I want none of your Elements, I only want 

an Ephemeris, and I wish you would compute it at once.” 

What the astronomer did under the embarrassing circum- 

stances, I do not exactly know; but I suspect that the Ephe- 
meris, which went to the National Intelligencer, was com- 
puted by methods neither of Orzers nor of BrssEL! 

The first published observations of Husparp, so far a8 - 

I am aware, were those by which, on the 4th of February; 
1847, he confirmed the prediction of Waker as to the 
identity of Neptune with one of the stars observed by La- 
LANDE, 1795, May 10. This important discovery was made 
almost simultaneously by Prrersen in Altona, and by 
WALKER and Hussarp in Washington, and was of the 
highest importance for the accurate determination of the 
planet’s orbit. By the employment of this ancient observa- 

tion, and of the perturbations computed by Perrce, WALKER 
was enabled to deduce the orbit of Neptune with a precision 
which leaves even now very little to be desired, and which 
surpasses that attained by any other computer to this pres- 
ent day. 

At the Naval Observatory Husparp was at once placed 
at the Transit-Instrument, with which he observed for four 

months ; and was transferred to the Meridian Circle in Sep- 
tember. Nearly nine hundred transit-observations by him : 

may be found in the volume of Washington Observations for 
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1845 ; and examination has shown them to ‘possess decided 

value, in spite of the very unfavorable circumstances under 
which they were made. During the remainder of the year he 
was occupied with the adjustments, and in determining the 

Instrumental errors, of the Meridian Circle. The thorough 
description of this instrument and discussion of its correc- 

tions, in the volume for 1846, is from his pen; as also is 

the description of the Prime-Vertical Transit. Nearly one 
ousand observations with the Meridian Circle in 1846, as 

well as the discussion already cited, give token of his ac- 

tivity ; but the equal labor of endeavoring to train and 

instruct many others, — who were assigned to duty at the 
several astronomical instruments by the naval routine, al- 

though not inclined to astronomical pursuits, and indeed 

often affected with distaste for them,— does not appear. 
Nor is any mention made of the careful and laborious organ- 
ization and inception of a system of zone-observations, admi- 
rably devised and arranged by one of our present colleagues 

in connection with Professor HuBBarpD, although no public 

acknowledgement of their services in this respect was ever 
made, nor indeed claimed, by either of them. According to 

the plan of these zone-observations (Washington Obser- 

vations, 1845, App., p. 32), the micrometers of the Mural 
Circle, Transit-Instrument, and Meridian Circle were pro- 

vided with additional declination-threads ; additional transit- 

threads were inserted in the field of the Mural Circle, and 

the micrometer of the Transit-Instrument was rotated 90°; 

thus rendering it available for the measure of differences 

of declination. ‘The several zones were made to overlap by 

10’ in declination, and the instruments were to be employed — 

simultaneously upon nearly the same declination, so that a 

* portion of the stars observed by the Mural and Transit should 

be identical. Thus the Transit-Instrument would give stand- 
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ard observations of right-ascensions for an adequate number 
of stars in each zone swept by the Mural Circle ; while this 
latter would in its turn give accurate declinations for @ 
sufficient number of stars to determine the zones observed 
with the Transit. The Meridian Circle, meanwhile, was to : 
go over the same ground independently, and thus all dis- 
cordances which might arise from inevitable errors of obser- 
vation would be satisfactorily disposed of. 

These zone-observations were begun early in 1846, and 
continued till 1850, and even later; and a large amount of 
material was thus collected. The zones observed during 
1846 with the Meridian Circle were reduced and published 
(under the superintendence of Mr. Ferauson of the Wash- 
ington Observatory) in 1860; a portion of the Mural zones 
for 1846 had been reduced under the superintendence of 
Professor Corriy before he left the Observatory, and . 
considerable amount of labor had been given by HuspBARD 
to the reduction of the Transit-zones for the same yes 
With these exceptions, nothing had been done toward the 
reduction, on the accession of the present Superintendent in 
1861; although in the mean time a similar investigation had 
been planned by Professor ARGELANDER, completely exe- 
cuted by him over all the practicable region south of Bessel’s 
limit, and with a single instrument, and the results published 
in 1852, under the title of “ Southern Zones.” 3 

But although the great labor bestowed by Corrin and 
Hvpparp on the arrangement and execution of this 
scheme proved in a great degree futile, — by reason of the 
neglect of the observations after they were made, by the 
loss of some of them, and by the 1eckless manner in which 
a large proportion of the work was done,—the value of 
the plan and ingenuity of the arrangement remain the same- ~ 
Had the valuable and delicate instruments, and the execution 
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of the work, remained in charge of astronomers, — rather 
than of gentlemen, who, however gallant and accomplished 
in their proper calling as lieutenants and midshipmen, could 

hot reasonably be expected to do the work of astronomers 

without the requisite training, and frequently much to their 

distaste, — had the large sums annually voted by Congress 
for the support of the Observatory been in part devoted to 
the reduction of these observations, and to the detection of 

the errors lurking in the observing books, — they would have 

conferred high honor upon American science, and indeed 
formed by far the noblest achievement of practical astronomy 

in America. As it is, it has been found necessary to reject 
all the zone-observations made since 1849 ; the remainder 

consist of a curious combination of observations of the most 
delicate character and conscientious accuracy, with others 
which are literally beyond criticism; and the disregard of 
the original plan, and total lack of system in carrying on 
the work with the different instraments, has in great measure 

defeated the scheme, which prescribed that the same region 
should be swept by the Transit and the Mural. Thus the 
zones, when reduced, do not form a complete catalogue for 

the region over which they extend. Moreover, it has been 
‘found necessary to determine the zero-points, both for right- 
ascension and for declination, of a large proportion of the 
zones by observations of stars made during the last two 
years, at an expenditure of labor quite comparable with 

that of the original observations of the zones, and yet ex- 
posed to all the deleterious influences which may be exerted 
by the unknown proper motion of the comparison-stars 

during an interval of from fifteen to eighteen years. The re- 

duction of these zones has been essentially completed, so that 

their publication may be looked for at no distant day ; and of 
this work a portion of the original excellent organization, 

8 
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a considerable part of the earlier zones observed with the _ 

Meridian Circle, and two thirds of all the good work done 
with that instrument, is due to Hupparp. 

Still, in my desire to do full honor to the generous and 
ifted man whose loss we mourn, I may not do injustice to 

the living; and at the hazard of incurring the disapproval of 
a colleague, happily spared to us, I must add, that for an 
amount of intellectual labor bestowed upon this work, greater 
even than Hupparp’s, and for the exquisite elegance with 
which the observations with the Mural Circle were elabo- 
rated and made to give character and finish to the whole 
work, we are indebted to Professor Corry, whose transfer 
from the Observatory to the Naval Academy was productive 
of more advantage to the latter institution than to the one 
from which, unfortunately for its welfare, he was taken 
away in 1853. Still his influence and example were not 
lost, and to Professor YarNatL we owe an ample series of 
admirable observations with the Mural Circle, which, in 
connection with those of Mr. Frreuson at the Equatorial, 
saved the honor of a national institution, at the time when 
Hvpparp was precluded by his health from observing, and 
after the departure of Corin; and have furnished valuable 
observations in an unbroken line from this well-equipped: 
establishment down to the time of its resuscitation under 
the original founder, Capt. Grxu1ss. 

The most valuable of Husparp’s observations were 
unquestionably those with the Prime-Vertical Transit In- 
strument. This is essentially the counterpart of the one 
originally designed by Srruve, and which has rendered 
such service at Pulkowa. It was thoroughly studied and 

“Mastered by Husparp soon after his appointment at the 
Observatory, and the scientific portions of the descriptions 
of the instrument were from the first chiefly from his pen. 
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Tt was not, however, till the beginning of 1848, a year and 

a half after observations with the Prime-Vertical Instrument 

had been commenced, that he was officially assigned to its 

charge. The attainment of some definite result concerning 

the long mooted annual parallax of a Lyre, which passes 

within 15’ of the zenith of Washington, was an especially 

cherished problem. For many years he labored towards 

its solution, in spite of serious and most vexatious obstacles. 

But the maxima and minima of the annual parallax occur 

at seasons very unfavorable to observations in the climate 

and atmosphere of Washington; and it was chiefly due to 

this fact, that some result was not long since attained. At 

the regeneration of the Observatory in 1861, he was again 

full of hopefulness and confidence of an early solution of 

this favorite problem, as well as sundry others. “ Your 

rejoicing,” he wrote, “cannot exceed mine; for it is a con- 

stant gratification to see order quenching chaos, energy 

overriding the old slowness, and above all our own science 

raising her triumphant head, and banishing the old hum- 

bug.” Even at that period of his domestic bereavement 

and loneliness, it needed ‘only the unwonted consciousness 

that Astronomy might be protected at the only national 

Observatory in the land, to reanimate his spirits, and give 

im a new stimulus to exertion. The Prime-Vertical In- 

strument, like the others, was soon put into complete order, 

and the traces of early misuse thoroughly removed; and in 

March, 1862, he began a new series of observations of 

a lyre. During the period of this series HUBBARD com- 

pleted an exhaustive discussion of the influence of irregu- 

larity of pivots upon the level-reading at different altitudes ; 

—a determination of the effect and amount of flexure by 

comparisons of the error of collimation deduced from re- 

versing the telescope on a star with that resulting from 
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reversals on the image of the threads reflected from mercury 

in the nadir. He had re-determined the value of the level 
divisions, had removed some serious discordances arising 

from a faulty construction of the level, and had completed 

tables for the more convenient reduction of the observa-_ 

tions. 

This series of observations he intended to continue for 
several years, but an overruling Providence willed other- 

wise. His last observation was on the 8th of July, 1863, 
not sixteen months after the first. Happily he was favored 
with an able and skilful collaborator in Professor WILLIAM 
Harkness, and found a worthy successor. The series is 
continued by Professor Newcoms, than whom none is 
more competent to carry out the plans of his lamented 
associate, with all the success that scientific ability or ear- 

nest devotion can insure. 

Professor Newcoms has investigated the probable error 
of Hupparp’s observations of a Zyre, and finds that of a 
single observation to be but 0.155. 

In the early part of the year 1849, it was my privilege 
to become personally acquainted With Professor HusBaRD, 
and to begin a friendship which knew no cloud until the 
last sad severance of all earthly ties. For his affectionate 
solicitude in time of sickness, his sympathy and support in 
evil days, his cordial aid in difficulty, and his encouragement 
in all good works,—a debt is due to his memory which 
words cannot express, and which, alas! this life affords no 
opportunity of repaying. 

Without Hunsarp’s cordial approval, the plan of the 
Astronomical Journal would probably not have been carried 
into execution ; certainly it would not, at the time when it 
was actually begun. He aided it in every way,— by the 
promise of investigations for its eolumns—a promise amply 
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fulfilled ;—by stimulating others both to contribute and to 

subscribe, — by frank criticism, by generous incitement and - 

discriminating commendation. No one could have felt a 

deeper interest in it than he, and of whatever service it may 

have rendered, a large proportion is to be credited to him 

alone. The earliest letter from him in my possession, dated 

June 8, 1849, is almost wholly devoted to a discussion of 

the various plans we had previously orally debated. 

In the summer of 1849, these plans were essentially 

matured, and after discussion with Bacue, Petrcr, Henry, 

Corrin, WALKER, CHAUVENFT, and others almost equally 

interested, though not themselves engaged in prosecuting 

the same departments of inquiry, (prominent among whom 
were our two honored Secretaries, and the Editors of the 

American Journal of Science,) it was decided to give its 

origin a sort of national character by causing the first public 

suggestion to emanate from the American Association for 

the Advancement of Science, which held its second session 

at Cambridge in August, 1849. This work Hupparp took 

cordially and zealously in hand. He prepared a communica- 

tion, which he laid before the Association [p. 378], repre- 

senting the importance of the proposed undertaking, and the 
services which it might render in the development of astron- 

omy and its kindred sciences at that critical period of our 

national growth. At his suggestion a committee was ap- 

pointed to consider the subject, and to bring it to the notice 

of those interested in the advancement of astronomy. He 

afterwards prepared a Prospectus, and labored earnestly 

and with effect, for its wide circulation. — 

The six volumes of the Journal contain more than 210 

columns of valuable contributions from his pen, — and twice 

during the Editor’s absence from the country did HuspBarRD 

assume the control and editorship. 
8* 
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The first extended computation of Professor HuBBARD 

consisted in the determination of the zodiacs of all the 
known asteroids, except the four previously published in 
Germany. In November, 1848, he presented to the Smith- 
sonian Institution the Zodiacs of Vesta, Astrea, Hebe, Flora, 
and Metis; and to the first volume of the Astronomical 

Journal, he contributed those of Hygea, Parthenope, and 
Clio, making the list complete up to that time. That o 
Lgeria followed, soon after his satisfactory determination of 

the elements; and although he published no others, it was 

his intention as well as endeavor to prepare the zodiac for. 
each successively discovered asteroid. These zodiacs give 

for each planet, —as suggested by Gauss, and computed by 
him for Ceres, Pallas,and Juno,—the northern and southern 

limits of its geocentric position for each right-ascension, and 
enable us in many cases to draw immediate inferences as t0 

the possible identity of any recorded star with the planet in 
question. It is much to be desired that the series of asteroid- 

zodiacs should be completed, and a key thus furnished for 
the solution of many interesting questions of identity, which 
have ne in the past, and must present themselves here- 
after. 

None of you, Gentlemen, can fail to recall the enaguificess 
spectacle exhibited by the great Comet of 1843. Through 
the early evenings of March, it trailed like a gorgeous ban- 
ner of flame across the Western sky, the first visitant of its 
kind within the memories of many a full grown man, and 
rekindling the awe and wonder of those, whose impressions 
of the cometic glories of 1807, 1811, and 1819 had become 
dimmed by time. Its magnificent train extended at night- 
fall nearly parallel with the horizon through an are of some 
40°, rivaling the later, though perhaps equally splendid, 
manifestation of the great Comet of 1858. So great indeed 
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was its brilliancy while in close proximity to the sun, that it 
attracted the attention of the public at high noon in various 

parts of North and South America both on the day of its 

perihelion, and on the day following. It was seen at 11 
o'clock on the morning of the 27th, at Conception, and 
measurements of its distance from the sun were made on the 

28th, both in Maine and in Mexico; the tail being visible 

to the length of a full degree, at 3 o’clock in the afternoon 
of that day. The attempts of astronomers to satisfy the 
observations led to results singularly diverse. Only one — 

-characteristic of the orbit seemed beyond question, — the 

extreme smallness of the perihelion distance. .The close 

resemblance of its parabolic elements to those deduced by 

Henperson for the Comet of 1668, could not fail to attract 

attention, and the elements obtained by Perrce from the 

very unsatisfactory observations of the Comet of 1689, which 
have come down to us, exhibit also a decided similarity. 

Both Carocct and CLaussEN, believing in its identity with 

both, found themselves able to satisfy the observations by 

an ellipse of seven years period. ENcxe, WaLKER, and 

ANDERSON found that the observations could be closely 

represented ‘by a hyperbolic orbit, — BoGusLawskI in 

reslau advocated a period of 147} years, — WALKER 

finally decided in favor of an ellipse of 21% years, — while 

Laverer and Mavvais in Paris, Nicotar in Mannheim, 

and others, found the probabilities strongly in favor of the 

period of 175 years, — which I cannot but believe to be the 

true one. 

This magnificent object fired the zeal of Huppar
p, already 

fascinated as he was with astronomical study and imbued 

with the spirit of research. He was within five months of 

graduation at Yale, and, from that time, he looked forward 
toa thorough and decisive investigation of the path of this 



92 

* comet, as his most favorite problem. And although some 
six years elapsed before he found it within his power to 

begin the long-desired research, he then prosecuted it with 

an earnestness which showed no loss of interest or of en- 
thusiasm. 

In December, 1849, he published the first part of this 
masterly discussion of the Orbit of the Great Comet of 
1845,—an investigation begun only a few months before, 
but hastened for the sake of an early contribution to the 
Astronomical Journal. This paper occupied a part of eight 
numbers, the conclusion appearing in July, 1852. It seems 
to me safe to say that the orbit of no comet of long period 
has been more thoroughly and exhaustively treated than this. 
All observations of the comet, of whatever kind, whether 
before published or obtained from the manuscripts of astron- 
omers, were subjected to rigorous scrutiny, and were wil- 
nowed with a painstaking fidelity which would have sur- 
passed the patience of most men. Especially were the 
very important sextant-observations, made in the daytime 
on the 28th of February by Captain Crarke, at Portland, 
Maine, and by Mr. Bownrrne, at Chihuahua, discussed with 
extreme care, and made, after sundry corrections, to exert 
an important influence upon the resultant orbit. 

First forming normal places by the aid of one of the ap- 
proximate parabolas at hand, Husparp computed elliptic 
elements by the ordinary Gaussian method, and thus ob- 
tained new normals. Determining for these the coefficients 
of the variations of the elements relatively to the varia- 
tions of the geocentric co-ordinates, — and, for the sake of 
control, both by Besset’s method and by that of GoxrTze, 
he deduced the variations required for satisfying the new 
normals, and thus arrived at a second set of elements. 

Repeating the process, and computing ten new equations 
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of condition for new normal places, he obtained a third and 
fourth ellipse, the latter by the assignment of weights to the 
several normals. The amount of outstanding error was 
thus reduced to a very small quantity, and the orbit was 
sufficiently accurate to correct the sextant-observations, and 

decide sundry points left ambiguous by the observer. Thus 
he found which limit of the sun had been compared with 
the comet at Chihuahua, and was able to make the assump- 

tion of an érror of two minutes in one of the recorded 

times of observation, and thus both to render the observa 
tions accordant, and to show their value. In a similar way 
the untrustworthiness of another sextant-observation was 

made manifest, and thus prevented from vitiating the com- 

putations, The errors of two sextant-measurements in each 

place were thus shown to lie within the limits of good ob- 
servation, and the aid of these very important auxiliaries 

Secured. 

The disturbing forces were computed for each of the six 
large planets for each fourth day during the period of the 
Comet’s visibility, and with the series of osculating elements 

thus obtained, he determined the discordances of every ac- 
cessible observation. Here, as everywhere in HupBarp’s 
Work, we find the indication of his scrupulous care in con- 

trolling his computations by the independent employment of 

different formulas, and of the tact by which he adapted 

Various methods to his purpose; this peculiarity, as well as 

his exquisite elegance in the mechanical arrangement, and 
the beauty of his chirography reminding one continually of 

CKE, many of whose scientific characteristics seem equally 
to have belonged to Huspparp,— though the fulness of 
years and opportunities happily accorded to the aecom- 

Plished astronomer of Berlin were denied to our departed 

4ssociate. True to his nature, he computed all the anoma- 
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lies and radius-vectors in duplicate, once by means of a man- 
uscript table to supply the reductions needed for N1coLar’s 

formulas, which proved more convenient than BARKER'S 
table for an orbit of so small a perihelion distance, and then 
again by means of the Besselian reduction of the parabola 
to an ellipse. 

New equations of condition were now formed, sixty-six 

in number, — weights were empirically assigned to each, 
and a fifth system of elements thus found which absolutely 

represented the Portland observation, and satisfied the two 

Chihuahua altitudes so admirably that the greatest discord- 

ance of the five amounted to but 37”, while the probable 
error of a normal place amounted to 16”. Separating the 
observations made with a ring-micrometer from those ob- 
tained by the filar micrometer, he was able to assign more 
accurate weights to the several measurements of each co- 
ordinate, and found, as might have been anticipated, that 
the probable error with the ring-micrometer did not much 
exceed that with the filar micrometer for differences of right 
ascension, while it proved to be nearly in the ratio of 7 to 
10 for differences of declination. 

By a repetition of the process, after assigning carefully 
computed weights, as above mentioned, to sixty-five normal 
equations of condition, Husgarp obtained by the method 
of least squares a sixth system of elements, which gave the 

best possible representation to the entire series of observa- 
tions, and reduced the probable error of a normal place to 
less than 13”, 

Here the investigation might well have rested; for the 
effect of terms of the second order, both in the perturba- 
tions and in the comparisons, might fairly be considered as 
removed, and the sums of the squares of the residuals were 
aminimum. But Hussparp was not content to leave any 

sees Scerel 

core 
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investigation, where there seemed an opportunity of prose- 

cuting it further with success; and since the incorporation 

of observations made with the ring-micromete® had in- 
creased the probable errors of the results, and since the 

Series with the filar micrometer extended through the whole 

period of visibility excepting the observations by daylight, 
he passed on to still another determination from the filar- 

micrometer observations alone combined with the sextant- 

observations of February 28. From these he constructed 

eighty-three new equations of condition, determined a 

Seventh series of elements, reducing the probable error 
of a single normal to less than 8”.5, and assigned for each 

element its probable error. The period corresponding to 

these final elements was somewhat more than five hundred 

years, and it became a problem of much interest to deter- 

mine to what extent the resultant period might be varied 
consistently with the probable limits of errors of observa- 

tion. This Hupsarp solved most thoroughly by an ingeni- 
ous method of determining the variations of each of the 

elements, of the probable errors, and of each normal place, 

43 a function of the variation of the eccentricity, So that 

by substituting in these expressions the change of eccentri- 

city corresponding to any suspected period, a few minutes of 

figuring will give us the corresponding elements, the prob- 

able error of normal places, and the individual discordances 

of observations. This substitution he carried out himself 

for the period of one hundred and seventy-five years, and 

found that it implied a probable error of 113 for a single 

observation, and no individual discordances beyond the limit 

of reasonable error; although, to be sure, a certain “rate” 

seems indicated on this assumption by the earlier observa- 

tions, The limits of periodic time consistent with its ob- 

Served geocentric path were thus shown to be extremely 
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wide; and Hussarp closed by suggesting that the want of 
coincidence between the centre of gravity and the centre of 

apparent condensation, as well as the operation of polar 
forces in the comet itself, might perhaps modify deductions 
drawn without consideration of these possible influences. 

_ J have not hesitated, Gentlemen of the Academy, to de- 
scribe this valuable memoir with a minuteness of detail 
quite unsuitable for a popular address; both because its 

masterly completeness and elegance render it a model in- 
vestigation of its class, and because these qualities were s0 

characteristic of our late colleague that a somewhat minute 

description seemed well adapted to exhibit his habits of 
mind and mode of research. Preserved in the Library of 
Yale College are three quarto volumes containing the actual 

numerical computations, —all executed with marvellous neat- 

ness and a beauty of penmanship approaching the elegance 
of copperplate engraving, — all arranged in due order, and 

in the form most convenient for reference, and all bearing 

the strong impress of the man. Indeed, in every one of his 
manuscripts we may see the reflection of his own cultivated 
and tasteful mind, in which there was no slovenly corner, oF 
ill-finished record. 

UBBARD’s next investigation of magnitude was upot 
Biela’s comet. Four quarto volumes, filled with neat fig 
ures, lie before me as I write,‘containing his researches con- 
cerning the orbit of this most interesting body. They are 4 

priceless and treasured memento of our departed friend, 
which I owe to the thoughtful kindness of his family ; and 

it is not improbable that four or five years hence they 
may facilitate the discovery of the origin and nature of 
the mysterious transformations which this singular comet 
has undergone, and may aid in the detection of the un- 4 

known laws controlling its physical structure. 

: 2 
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It is known to you all that Biela’s comet, as it is gen- 
erally called, is one of short period, performing its entire 
revolution in about 62 years. It was first seen in 1772, by 
Montaiene, who made three or four imperfect and untrust- 
worthy estimates of position, and it was observed four times, 
quite unsatisfactorily, by Messtrr. In 1806, it was detect- 
ed by Pons; and the general resemblance of its orbit to 

the approximate one deduced for the comet of 1772, at- 
tracted immediate attention. Brsse~ and Gauss computed 

elliptic orbits on the supposition of identity. The latter 
found the apparent path as well represented by an ellipse of 

4? years as by his best parabola, thus suggesting the proba- 

bility that there had been six intermediate returns. . The 

places observed in 1772 were, however, not so well satisfied 
by an ellipse of so short a major axis, and therefore while 
the hypothesis of identity seemed plausible, it could hardly 

be considered probable. It was not until 1826 that the 
comet was seen again. In that year it was independently 

discovered both on the 27th February, by von Brera, an 
Austrian captain, on duty at the fortress of Josephstadt, and 

by Gamparr in Marseilles, ten days later. Upon the first 
Computation of the orbit, each recognized the identity of the 

Comet with that of 1806, and the true length of the period 

became manifest. 

The next return, in 1832, was successfully predicted by 

astronomers ; at the following one in 1839, it was not discov- 

ered; and in the winter of 1845 — 6, a predicted return was 

for the second time observed. But here an unexpected and 

anomalous phenomenon was exhibited. The comet, which 

Was detected at the close of November, was before the end 

of December seen to be double, and the two components be- 

Came apparently farther and farther apart, until, at the end 
of March, their distance from one another amounted to more 

14’, 
9 
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It was of course immediately maintained by some that an 

explosion had occurred, and it became a question of great 

interest to all astronomers, when, how, and through what 

agency the separation had been brought about. And yet 

another curious circumstance was this: — that whereas the 

northern and preceding component was at first so decidedly 

the fainter of the two as to receive the name of the “ compan- 

ion,” while the southerly one was regarded as the comet 

proper ; — yet this companion, or northerly component, 

gradually increased in brilliancy, until about the time of peri- 

helion-passage, surpassing the primary nucleus for several 

days, and then again diminishing in relative brightness s0 

long as observations could be made. 

‘Husparp, who had observed this comet at Washington 

early in January, 1846, had been deeply impressed with 

these inexplicable phenomena, and no astronomer looked 

forward to its return in 1852 with more anxious interest than 

he. Would two independent comets be found traversing the 

same path? or would the phenomenon of a double nucleus 

be again exhibited? or would the two components manifest 

mutual relations analogous to those of satellite and primary, 
or at least to those of binary stars? © Would it be possible 
for observations of each component at the coming perihelion 

passage to be combined with those made at the last return, 

so that an ellipse could be deduced for each, and the point 
of intersection thus determined? These and many similar 

queries were often discussed ; and immediately on the com- 
pletion of his paper on the comet of 1843, he began his 
preparations for an equally thorough investigation of Biela’s 

comet so soon as its approaching return to the sun should 

have been thoroughly observed. 
For a month previous to the detection of the comet, HuB- 

BARD had been engaged in the preparation of an ephemeris 

dire 
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to insure its discovery at as early a date as possible, and had 

succeeded in obtaining an orbit decidedly better than San- 

TINI's, which was the best existing. But the discovery of 

the comet rendered the publication of this ephemeris un- 

necessary. 
On the 26th August, 1852, Father Sreccut, at Rome, 

while searching for”Biela’s comet in the neighborhood of the 

place indicated by SantTrni’s ephemeris, discovered a very 

faint nebulous comet somewhat more than 43° from the place 

predicted for Biela’s, and was able to fix its position with great 

accuracy by its transit over a small star of the 9.10 magni- 

tude, which it covered at one time so centrally that the comet 

could only be recognized by the circumstance that the star 

seemed enveloped in a faint nebulosity. “I do not know,” 

he adds, “ whether this is a new comet or a portion of Biela’s 

which was divided in the beginning of 1846.” 

There seemed but little room for reasonable doubt that this 

was really. Biela’s comet, or one of its component parts ; since 

its position, though varying from the ephemeris, was nearly 

in the same orbit, and the amount and direction of its motion 

Were what might have been expected. But all doubt was 

removed three weeks later, when Professor Seccut detected 

the other portion of the comet, following its predecessor by 

about half a degree of right-ascension, and about half a degree 

farther south, and fainter even than the other. Owing to 

this extreme faintness of both portions, observations could 

Only be continued for a little more than ten days after the 

discovery of the second component. The last return to 

Perihelion took place in 1859, but the position of the comet 

Was so unfavorable, that although ephemerides prepared by 

three independent computers, one of them Hupparp 
himself, 

agreed very closely, and the most powerful telescopes of the 

world were occupied in the search, the comet was not seen. 
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With this brief sketch of the history of our knowledge of 
Biela’s comet, I may, without entering into close detail, de- 

scribe Husparp’s labors and researches concerning it. His 

published Memoirs on this subject are three in number, in 

addition to sundry smaller communications on special points; 
such as one in which he corrected a serious error, which had 
found its way into the best European computations of the 
perturbations in 1845 — 6, and explained its’ probable origin; 
‘and a publication of the valuable manuscript observations 

made by Professor Cuaxis in Cambridge, England, during 
the same period, and “sent by this distinguished astronomer 

to Professor Hunparp for employment in his investigations: 

The first of these Memoirs is entitled, “On the Orbit of 
Biela’s Comet in 1845-6.” In this, as in every other me- 
moir of its author, the same searching thoroughness and 
scrupulous accuracy are manifest which I have recounted 

concerning his investigation on the comet of 1843. All 
known observations were employed, no appreciable refine- 

ment of method or computation was neglected ; and the ma- 
terials were so fully and completely discussed that it is im- 

probable that any results can ever be drawn from them 
which he did not himself deduce. The principal results of 
this memoir, in addition to the discussion of all the observa- 
tions, consisted in the definite determination of elements for 
each component, together with their variations for any vari- 
ation of the adopted mean motion ; and in the discovery that 
by far the greater part of the difference between the two 
orbits might be represented by a variation in the mean 
anomaly alone. The residual errors implied by this assump- 
tion are very small, much Jess than the errors of individual 

observations, and in no case exceeding 8”; but they are 
nevertheless too symmetric, and too large for his normal 
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places, and he points out, moreover, that some difference 

must necessarily exist in the mean motions. 

In a letter of about this date (1853, June 8), he writes, 

jestingly: “Biela slides on smoothly. I don’t work now, 

as on ’43, wearily and with a Dy, nor boldly and with 
Dégance DQing a change of Inclination, but Dyrely. An 
allowable change of 0.34 in the mean motion will give the 

places in 1852, within 24” + the error of Sanrint’s pertur- 
bations, provided I am right in assigning the nuclei relatively 
to each other; but it is not so easy to tell which is which, as 

T had supposed.” 
Husgzarp’s published investigations reached this point in 

the summer of 1853; and he was leisurely preparing the 

materials for a continuance of the work, when the Imperial 

Academy of Sciences of St.-Petersburg, in December of 

that year, offered its astronomical prize for just such an 

investigation as that on which he was engaged. The distin- 

guished head of the Observatory at Pulkowa wrote specially 
to suggest the publication in the United States of the Pro- 
gramme for the prize ; and it may well be suspected that the 
very able discussion which Husparp had already given 

might, at least in some degree, have tended to assure the 
astronomers of the Imperial Academy that competent men 

were already enlisted in the investigation, whom the liberal 

prize might at once stimulate and reward. And in view of 

the laborious and extended computations, which the solution 

of the problem would entail, a period of nearly four years 
was allowed for the preparation of the memoir. Many of 

UBBARD’s friends desired him to compete for this prize, 

which I think there is no reasonable doubt would have been 

Won by the memoirs which he subsequently published in 
America, 

But Hupparp’s delicate health, together with his earnest 
9* : 
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desire that whatever he might do for science should inure to 

his own country’s service, prevented him from yielding to 
the temptation. He considered the matter for a brief period, 
and then decided that he “ought not to work against time,” 
and the close of his researches was not reached till 1860. 

The second paper, published in July, 1854, is entitled, 

“Results of additional Investigations respecting the two 

Nuclei of Biela’s Comet.” In this short, but very elaborate 

and important memoir, Hupparp discussed the observa- 

tions of each nucleus in 1852, determining elements for 

each. And he arrived at the very remarkable results which 

seem now incontestable, “that notwithstanding the in- 

creased mutual distance of the two nuclei, their alternation, 
of relative brilliancy were much greater than those noticed 
in 1846; so great indeed, for several days, as to amount 

to alternations of visibility from day to day”; and that the 
observations at Berlin, 1845, November 29 and December 2, 
were of the primary nucleus, the second being invisible to 
the observers; while those of Cuatis, December 1 and 3, 
were of the secondary, the first being unseen. So that it is 
clear, both that we are in possession of observations of the 
second nucleus, mafe in the beginning of December, 1845, 
before the existence of two nuclei was suspected, and that 
even at that time occurred those singular alternations of 
light which were repeated in 1852. Furthermore, he made 
it highly probable that the preceding component, in 1846, 
was identical with the following one in 1852, and vice versd ; 
and finally, that the separation of the nuclei must have 
occurred not far from 316° of heliocentric longitude, corres- 
ponding to a time about five hundred days before the peri- 
helion passage of 1846. 

At the close of 1858, Husparp published a short papers 
containing a condensed notice of the condition of the prob- 
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lem, together with new elements for each nucleus, and an 
ephemeris for each at the approaching return of the comet 
to perihelion. This I have not counted as one of the Me- 

moirs. His third and last paper on the subject appeared in 

May, 1860, under the title, “On Biela’s Comet.” It con- 

sists first of an admirable history of all our knowledge of 
this comet, with full references to the original sources, and 

presents an excellent specimen of what might be called con- 

densed detail. Next it contains an elaborate discussion of 

the observations and orbit for every recorded appearance. 

And in the discussion of the last appearance in 1852, he 

brought to light a new illustration of the mysterious alterna- 

tion of brilliancy between the two nuclei. For he showed, 

that when, on the 15th of September, Seccnr found both 

nuclei, and determined the position of one of them, the new 

one being too faint for observation, this so-called “new 

one” was the identical nucleus which he had discovered 

in August, and had been observing ever since; while the 
brighter of the two had then just become visible. “On the 

16th, the southern nucleus alone was visible; on the 17th 
and 18th, only the northern; and finally, on the 19th, both 
Were observed by Scout. The double observation was 

repeated at Rome and at Pulkowa, on the 20th, 23d, and 

25th ; while on the 21st only the southern, and on the 22d 

only the northern, was visible. We thus have a most in- 

teresting repetition of the, alternations in 1845-6, which 

now appear more remarkable only in consequence of the 

extreme faintness of the comets, which was such, that the 

slightest change of light sufficed to carry them within or 

beyond the scope of vision.” (Astron. Journal, VI. 140.) 

Finally, a recapitulation of the final elements for each 

nucleus, and for all the observations and normal places, ex- 

usts the sum of our present knowledge of Biela’s comet, 
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and leaves us ready for the new investigations which its 
return eighteen months hence will require. . 

Another extended investigation by Husparp is that upon 
the Fourth Comet of 1825. Hansen had long ago found 
that the observations before and after perihelion seemed 
better reconciled by an ellipse than by a parabola; and 

Hvupearp undertook the collection and discussion of all the 
observations in the hope of some definite determination of 
the major axis. This investigation occupied much of his 
time at irregular intervals for five or six years, and was 

finally published in the spring of 1859. In this, as in most 

of these cometary investigations, a leading object was to 
learn whether the motions of the comets, distinguished by 

their magnitude or varying aspect, or by any other striking 
peculiarity, would prove in all cases amenable to the law of 

gravitation alone. In the case of the comet of 1825, no 

special fact of general interest was elicited; but negative 
results, though less interesting, are attained with no less 

labor and skill than positive ones, and are often scarcely 

less important. Suffice it to say of this memoir, that it is 

complete, and apparently exhaustive ; that the elliptic char- 
acter of the comet is fully demonstrated, although its periodic 
time must be exceedingly long; and the material deducible 
from past observation lies ready for the hands of the future 

investigator. 

I have now spoken, Gentlemen, at sufficient length of the 
larger and more extended memoirs of our departed col- 
league, and have described their characteristic features. Of 

his minor contributions to astronomy I need say no more 

than that they resembled the larger ones in thoroughness 
and neatness of conception. The columns of the Astronomi- 

cal Journal, and the pages ‘of the Washington Observations, 
are full of them:— elements and ephemerides of many 4 
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comet and many an asteroid, elegant and appropriate sugges- 

tions, generally relating to methods of computation, or in- 

genious devices for attaining a desired end with economy 

of labor. 

In the excellent tables appended by Professor Corrin 
and himself to several volumes of the Washington Observa- 
tions; in the reduction and discussion of the geographical 

observations made by Lieutenants (now Major-Generals) 

Frimont and Emory on their various expeditions ; in the 

thorough investigations of the several instruments succes- 

sively placed in his charge, — the accuracy and conscientious- 

ness of Hussarp still bear fruit for us. 

One of his latest labors was an unpublished investigation 

of the magnetism of iron vessels, and its effect upon the com- 

pass,— upon which he was employed nearly to the time when 
a Permanent Commission appointed by the Navy Department 
undertook the same research upon that more extended scale, 

which the same gentlemen have continued till the present 

time in the form of a committee of the National Academy. 

No description of Hussarp’s intellectual character could 

be regarded as complete, that omitted one predominant trait 

which pervaded all his opinions, and lay deeply rooted in 

the very foundations of his nature. I mean that deep love 

of truth and loathing of all false assumption, which may be 

said to bear the same relation to honesty that honesty bears 

to what is called “ worldly policy.” There were few things 

which his modest and tolerant spirit could be said to hate ; 

but he did hate sham, humbug, and charlatanism with all 

the energy of his soul. He never claimed honor, rank, or 

position for himself, although he hastened to accord all these 

to others far less worthy than he ; but he was restive at the 

sight of scientific rewards unworthily bestowed by incom- 

petent tribunals; and his sterling patriotism and sense of 

Justice not unfrequently united in paining him, when — 
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“He saw the holy wreaths of Fame 
Profaned to deck ignoble brows.” 

Thus far, gentlemen, I have endeavored to describe Pro- 

fessor Hupparp to you as a man of science, — showing 

you the early efforts of his mind, and the eager pursuit of 

knowledge which characterized even his boyhood. We have 

seen what he had accomplished at the age of thirty-nine; and 

alas! how much more he promised for the future which we 
hoped for him. But though all this is done, I feel that the 

more difficult part of my duty to his memory remains un- 

done ; and I approach it with yet greater distrust of my 

ability to do it aright. It is comparatively an easy task to 

trace the working of his mind, and the results of his studies 

but to show him as some of us knew him, as a son, 4 

brother, a friend, a Christian, to do him justice without 
trespassing on that privacy which none valued more highly 
than he, requires a hand of equal delicacy and skill. One 
assistance at least the biographer of HuBBaRD may justly feel 
to be accorded him, —that in that life there is no record to be 

concealed, no page to be glanced at and quickly closed with 
pain. His only choice is what to show, not what to hide. 

Our colleague had a kindly, gentle nature, and an affec- 

tionate regard for all around him. He made his own oppor- 

tunities to help and cheer others, instead of waiting for them. 

Was a friend successful, he rejoiced with a cordiality that 

made him twice happy; in sorrow, he mourned with him, 
and with a sympathy that half lifted off the burden. One of 

the strongest affections of his life was for his mother. He 
showed her not only the natural affection and tenderness of 
a son, the respect due from youth to honorable age, or the 

attachment which old and cherished associations awaken, but. 

to the very last he made her his confidante and counselor. 

His deepest thoughts and highest aspirations, his struggles 

3 
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and his joys, were alike intrusted to her; a precious deposit, 

which her heart knew how to keep and ponder. 

Professor HusBARD was married at the age of twenty- 

five to Miss Saran E. L. Hanpy of Washington, on the 

27th of April, 1848. Few men were more fitted than he to 

enjoy the comforts of a home, or could better appreciate the 

blessings of his new relation; but there were many clouds 

to overshadow the horizon, as he himself says in one short 

note, whose pathos only those can understand who know 

that it was but once or twice in a lifetime that a murmur 

escaped his lips. Upon the threshold of his home stood 

always that dreary visitant, [ll-health, whose dominion over 

both mental and physical content most of us know too well. 

Husparp’s own health was never certain, but his wife was 

a far greater sufferer; and often, unknown to herself, her 

troubles weighed too heavily upon his over-tasked mind and 

Sensitive heart. Even pecuniary embarrassments, those 

petty cares that, unlike deeper sorrows, fail to brace the mind 

they attack, were not wanting to sting his delicate and 

generous spirit. Each day their peculiar circumstances 

compelled new outlays, to be defrayed only from means 

already too slender. We can appreciate their struggles, 

Without prying too closely into what he might have wished 

forgotten. We can see the student compelled to forego his 

cherished pursuits, the man of tender sensitiveness wrung 

by the sufferings of those nearest him, the invalid whose 

frail health varied with each new trial. We can see all 

this; but to a spirit such as his must have come many a 

Compensation, many a blessing won from the dark angels 

by bitter wrestling. 

“ For that high suffering which we dread 

i joy discloses; 

Men see the thorns on Jesus’ head, 

But angels see the roses.” 
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After eight anda half years of married life, a long de- 

sired change came to the little household, and with a new 

joy he welcomed his child. With what hope and happiness — 

he accepted the new promise, those who knew him well 
cannot forget; but the happiness was all too short. “The 
little spirit only fluttered for a while on the threshold of its 
prison-house, and unconscious of captivity took flight for- 

ever.” Writing to a near friend at the time, HupBARD 

says, “God bless you for the interest you took in my boy. 
This is all I can say; for I cannot write of him.” Nor 
will I undertake to speak of his grief. Four years later, 
Mrs. Husparp’s suffering life terminated; and her husband 
was left alone, with only the remembrance of a home. 

As a friend I knew Husparp well, and can bear witness 
to the loyalty and gentleness of his nature. With a gayety 
never bordering on excess, a sympathy never exhausted, a 
kindly tact never forgotten, he was a companion such as we 
rarely meet. Of his help and encouragement to me per 
sonally, I have already spoken; and since I have read the 
memorials entrusted to my care, I see that what he did for 
me he did for many others, each according to his need. 

During the last few years of our colleague’s life, there 
seems to have been some modification, or at least exaltation, 
of the views and sentiments which, perhaps more than any 
others, tend to make each one of us what we are, —I mean 
our sense of personal relation to the Deity. That high 
principle and religious fervor which through his life had 
been a lamp to his feet, showing itself in love to God and 
man, burnt during these later years with a yet brighter 
flame. Perhaps, indeed, it may to some of us seem for 4 

moment to have dazzled his vision, and made the shadows 
which must darken every thoughtful mind seem blacker 
than those ordained by the hand of a loving Father. In 
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reading these last memorials, we cannot but grieve that his 
pure and gentle spirit should have passed through those 
hours of struggle which, to our vision at least, he seemed 
to need so little. But it is not for us to scan too closely the 
sacred privacy of these emotions. Let us turn rather to 
their results. 

He was long connected with the religious society of Rev. 
Dr. Gurtey, in Washington; and his letters to his mother 
show the reliance which he placed upon this excellent man, 
and the eagerness with which he sought to know and do his 
Master’s will. He became an elder of the church, and not 
many months before his death, Superintendent of the Sun- 
day Schools of the Presbyterian denomination in the city. 
In the affections and lives of his associates and pupils, we 
find the best tribute to the ability and fidelity with which he 
discharged these duties. 
Among the writings of these later months are various 

treatises on religious and theological subjects, and critical 

Comparisons and reconciliations of various portions of the 
Old and New Testaments ; to all of which he brought the 

Same power of unwearying research that characterized his 
Scientific labors. He attempted the mastery of the Hebrew 

language, and labored zealously to fit himself for a more 
critical study of the Bible. Indeed so earnest was his re- 

. ligious devotion that we find indications of some vague aspi- 

Tation, or half-formed plan, of renouncing even his scientific 
Pursuits in order to enter upon the labors of the Christian 
Ministry. To each one is intrusted his peculiar gift; and we 

who knew Hveparp asa student and minister of science, 
“annot but feel that his Maker had clearly pointed out the 

way in which he best might serve Him, by devoting a rare 
‘pacity and pure heart to the study and interpretation of 

118 works, 

10 
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Perhaps, Gentlemen, we may regret that, even for a mo- 

ment, and from the highest possible motives, he was unfaith- 
ful to his earliest choice, and swerved from the path where, 

as we think, he best served God and man. Yet such ques 

tions must be decided by every man for himself, with such ; 

light as he may attain; and it may be that these varied ex- _ 
periences and changes of thought were sent him that he 

might live through the experience of many years during the 

lapse of a few, and might learn as many as possible of the 
lessons of this life during the time allotted him. But can 

we do otherwise than honor a creed which blossoms in such 

deeds as crowded the last years of Hunparn’s life. His 
was no bigot’s zeal. It led him among the poor, the sick, 

and the afflicted. It sent him to the hospitals, where he 
daily spent his hours of official leisure with the soldiers, 

giving each the needful word of good cheer, or bringing deli- 

cacies and comforts to them so far as his own opportunities 

or those of his friends permitted. It inspired him with a 
true loyalty to his country, and endowed him with that spirit 
of self-sacrifice which shone in every action. “The num- 
ber of letters that he wrote for wounded soldiers,” says @ 
friend in writing of him, “was almost incredible. He fre- 
quently devoted whole afternoons to this one object. E 

wonder how many of the soldiers knew whose bright face 
it was that was so pleasant to them.” 

With all these self-imposed. duties added to his daily and — 
nightly routine of work, who can wonder that his health, — 

always so uncertain, became each month still more im- 

paired; and that when the last summons came it was 80 

quickly answered. 

__ Professor Hussarp left Washington for the last time on 

the 30th July, 1863. For a few days previous he had been — : 

particularly unwell, owing to severe exposure in a sudden 
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shower. But he had looked forward with peculiar pleasure 
to a meeting of his college classmates in celebration of the 
twentieth anniversary of their graduation ; and he managed 
to pursue his original plan, and reached New Haven in time 
for the meeting. But the delicate instrument had been too 
much shattered to recover its tone, and its music was to be 
heard no longer. He suffered severely on the journey, and 
on being assisted into the well-remembered house where his 
mother was awaiting him, had only strength to say, “ O, how 
good it is to be at home.” His mother pressed forward to 
meet him, and he added those words, which to our ears seem 
so full of pathos: “ Mother, I am worn out.” 
And so indeed it proved. To the physician who was in- 

stantly summoned, he only said: “ Doctor, help me to a little 
strength to meet my class to-morrow night, and then I will 
give up.” But even this gratification was denied him, and 
the affectionate greeting that he sent his classmates was al- 
Most his last earthly utterance. Gradually, but surely, he 
sank away ; but who could have wished for him a happier 
dismissal? Soothed by familiar voices and pleasant images, 
tended as in his infancy by his mother, surrounded by loving 
faces, the worn-out man may have felt himself a weary child 
again ; and with a childlike confidence he went to rest, on 
Sunday morning, August 16, — waking, we may be sure, to 
exclaim once more, “ How good it is to be at home.” A 
day or two afterward his mortal part was laid in the quiet 

cemetery near us, where, two years before, that very week, 

he had seen his father laid. 
“ Sleep sweetly, tender heart, in peace; 

Sleep, holy spirit, blessed soul, 
While the stars burn, the moons increase, 

the great ages onward roll. 

“ Sleep till the end, true soul and sweet, 
ing comes to thee new or strange; 
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Sleep, full of rest from head to feet; 
Lie still, dry dust, secure of change.”’ 

Here we leave him. But, gentlemen of the National | 

Academy, let not the name of the first who left our ranks be— 
soon forgotten. Others of those ranks may have emblazoned : 

their names more conspicuously, their memory may be yet 
more secure of perpetuity, in the annals of science. But 

none of our number can claim to have surpassed him in those — 

qualities which make the highest glory of a man; and well 
will it be for us if our names can be inscribed near his, 00 

the highest of records. j 
If our National Academy is to fulfil its loftiest mission, 

and achieve a work commensurate with our hope and faith, 
let us emulate the spirit of him whom we have first beet 
called upon to mourn, — the spirit of disinterestedness, of 

patriotism, and of highest purpose. 

= . 
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AN ACT 

TO INCORPORATE THE NATIONAL ACADEMY OF SCIENCES. 

Be it enacted by the Senate and House of Representatives 

of the United States of America in Congress assembled, That 

Louis Agassiz, Massachusetts ; J. H. Alexander, Maryland ; 

S. Alexander, New Jersey ; A. D. Bache, at large; F. A. P. 

Barnard, at large; J. G. Barnard, United States Army, 
Massachusetts ; W. H. C. Bartlett, United States Military 

Academy, Missouri; U. A. Boyden, Massachusetts ; Alexis 
“aha Rhode Island; William Chauvenet, Missouri ; 

- C. Coffin, United States Naval Academy, Maine ; 
x A. Dahlgren, United States Navy, Pennsylvania; J. D. 
Dana, Connecticut ; Charles H. Davis, United States Navy, 
> yeaa George Engelmann, St. Louis, Missouri ; 

J. F. Frazer, Pennsylvania; Wolcott Gibbs, New York ; 

J. M. Gilliss, United States Navy, Kentucky; A. A. 

Gould, Massachusetts; B. A. Gould, Massachusetts; Asa 

Gray, Massachusetts ; A. Guyot, New Jersey ; James Hall, 

New York ; Joseph Henry, at large; J. E. Hilgard, at 

ge, Illinois; Edward Hitchcock, Massachusetts; J. S. 

Hubbard, United States Naval Observatory, Connecticut ; 

A. A: Humphreys, United States Army, Pennsylvania ; 

J. 1, ead Conte, —— States Army, Pennsylvania; J. 
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Leidy, Pennsylvania; J. P. Lesley, Pennsylvania; M. F. 
Longstreth, Pennsylvania; D. H.: Mahan, United States 
Military Academy, Virginia; J. S. Newberry, Ohio; H. A. 
Newton, Connecticut; Benjamin Peirce, Massachusetts ; 
John Rodgers, United States Navy, Indiana; Fairman 

Rogers, Pennsylvania; R. E. Rogers, Pennsylvania; W. B. 

Rogers, Massachusetts; L. M. Rutherfurd, New York; 

Joseph Saxton, at large; Benjamin Silliman, Connecticut; 

Benjamin Silliman, Jr., Connecticut ; Theodore Strong, New 
Jersey; John Torrey, New York; J. G. Totten, United 

States Army, Connecticut; Joseph Winlock, United States 
Nautical Almanac, Kentucky; Jeffries Wyman, Massachu- 
setts; J. D. Whitney, California, their associates and suc- 

cessors duly chosen, are hereby incorporated, constituted, 
and declared to be a body corporate, by the name of the 
National Academy of Sciences. 

Sor. 2. And be it further enacted, That the National 
Academy of Sciences shall consist of not more than fifty 

ordinary members, and the said corporation hereby consti- 

tuted shall have power to make its own organization, in- 

cluding its constitution, by-laws, and rules and regulations } 
to fill all vacancies created by death, resignation, or other- 

wise ; to provide for the election of foreign and domestic 
members, the division into classes, and all other matters 
needful or usual in such institutions, and to report the same 

to Congress. : 
Sect. 3. And be it further a That the National 

Academy of Sciences shall hold an annual meeting at such 
place in the United States as may be designated, and the 

* Academy shall, whenever called upon by any department 
of the Government, investigate, examine, experiment, and 

report upon any subject of science or art, the actual expense 
| Of such in 2 entons, examinations, experiments, and re- 
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ports to be paid from appropriations which may be made for 
the purpose, but the Academy shall receive no compensation 

whatever for any services to the Government of the United 
States, 

SOLOMON FOOT, 
President of the Senate pro tempore. 

GALUSHA A. GROW, _ 
Speaker of the House of Representatives. 

Approvep March 3, 1863. 

ABRAHAM LINCOLN, President. 



II. 

CONSTITUTION AND BY-LAWS 

OF THE ACADEMY. 

PREAMBLE. 

Empowerep by the Act of Incorporation adopted by 
Congress, and approved by the President of the United 

States, on the 8d day of March, A. D. 1863, the National 
Academy of Sciences do enact the following Constitution 

and By-Laws :— : 

ARTICLE I. 

Of Members. 

Srctron 1. The members of the Academy shall be 

designated as Members, Honorary Members, and Foreig® 
Associates. 

Srcr. 2. The Academy shall consist of the fifty mem 
bers named in the Act of Incorporation, and of such other 

citizens of the United States, as shall from time to time be 

elected to fill vacancies, in the manner hereinafter provided. 

Sect. 3. Every member shall, upon his admission, take 
the oath of allegiance prescribed by the Senate of the 
United States for its own members, and, in addition thereto 
an oath faithfully to discharge the duties of a member of 
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the National Academy of Sciences to the best of his sca oe 
He shall also subscribe the laws of the Academy. 

Sect. 4. The members of the Academy shall be ar- 
ranged in two Classes, according to their special studies, 
viz.: A, the Class of Mathematics and Physics, and B, the 
Class of Natural History. The corporate members may 
select the Class in which they desire to be arranged. 

Sect. 5.* The members of the Classes shall arrange 
themselves in Sections, by inscribing their names under one 
of the following heads : — Ciass A. Mathematics and Phys- 
tes. Sections: 1. Mathematics ; ; 2. Physics; 3. Astron- 

omy, Geography, and Geodesy; 4. Mechanics; 5. Chemistry. 

Crass B. Natural History. Sections: 1. Mineralogy and 
Geology ; 2, Zodlogy ; 3. Botany; 4. Anatomy and Physi- 
ology; 5. Ethnology. 

But the Academy retains the power of transferring a 
member from one Section to another by a unanimous vote. 

Srcr. 6. A member of any Section may be elected 
a member of any one other Section by a vote of a majority 
of the members thereof present, subject to the approval of 

the Academy, but shall thereby acquire no new right of 
Voting as a member of a Class. 
The Academy may also, by a vote of three fourths of the 

Members present, appoint a member of any Section a mem- 
ber of any one other Section which is unable to elect for 
itself. Such member shall acquire no new right of voting 
48 4 member of a Class. 

Szcr. 7, The Academy may elect fifty Foreign Asso- 

Giates, who shall have the privilege of attending the meet- 
ings of the Academy, and of reading and communicating 
Papers to it, but shall take no part in its business, and shall 
Rot be subject to its assessments. 

* Amended January 4, 1865. t Amended August 25, 1865. 

. 
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They shall be entitled to a copy of the publications of the 

Academy. 

ARTICLE II. 

Of the Officers. 

Sect. 1. The officers of the Academy shall be a Pres- 
ident, a Vice-President, a Foreign Secretary, a Home Set- 
retary, and a Treasurer, all of whom shall be elected for 

aterm of six years, by a majority of votes present at the 

first stated session after the expiration of the current terms 

provided that existing officers retain their places until their 

successors are elected. In case of a vacancy; the election 

for six years shall be held in the same manner, at the next 
stated session after the vacancy occurs. : 

Scr. 2. The officers of the Classes shall be a Chait 
man and a Secretary, who shall be elected at each January 

session. The nominations shall be open, and a majority 
of votes shall be necessary to elect. 

Srcr. 3. The officers of the Academy and the Chairme? 
of the Classes, together with four members, two from each 

Class, to be annually elected by the Academy, at the Jant- 
ary session, by a plurality of the votes, shall constitute ® 

Council for the transaction of such business as may 
assigned to them by the Constitution or the Academy- 

-  Secr. 4. The President of the Academy, or, in casé 
of his absence or inability to act, the Vice-President, shall 
preside at the meetings of the Academy and of the Councils 
shall name all committees, except such as are otherwis? 
especially provided for; refer investigations required by. 

the Government of the United States to members specially 
conversant with the subject, and report thereon to the Acad- | 
emy at its next January session; and, with the Council, ’ 

shall direct the general business of the Academy. a 

™ 
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It shall be competent for the President, in special cases, 
to call in the aid, upon committees, of experts, or men of 
remarkable attainments, not members of the Academy. 

EcT. 5. The Foreign and Home Secretaries shall con- 
duct the correspondence proper to their respective depart- 
ments, advising with the President and Council in cases 
of doubt, and reporting their action to the Academy at its 
January session. It shall be the duty of the Home Secre- 

tary to give notice to the members of the place and time 
of all meetings, and to make known to the Council all 
vacancies in the list of members. 

The minutes of each session shall be duly engrossed 
before the next stated session, under the direction of the 
Home Secretary. 

EcT. 6. The Treasurer shall attend to all receipts and 
disbursements of the Academy, giving such bond, and fur- 
nishing such vouchers, as the Council may require. He 

shall collect all dues from members, and keep a set of 
books, showing a full account of receipts and disbursements. 

€ shall present at each stated session a list of the mem- 

bers entitled to vote, and a general report at the January 
Session. He shall be the custodian of the corporate seal of 

ARTICLE IlIl. 

Of the Meetings. 

Sect. 1* The Academy shall hold two stated sessions 

in each year,—one in the city of Washington, on the 

Wednesday next succeeding the third Sunday of January, 

and one in August, at such time and place as the Academy 

hall have determined upon, in private meeting, on the last 
day of the preceding January session. 

* Amended August 25, 1865. 
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Srct. 2. The names of the members present at each 

daily meeting shall be recorded in the minutes; and the 

members present at any meeting shall constitute a quorum 

for the transaction of business. 
Sect. 3. Scientific meetings of the Academy, unless 

otherwise ordered by a majority of the members present, 

shall be open to the public; those for the transaction of 

business closed. 

Srcr. 4. The Academy may divide into Classes for 

scientific or other business. In like manner, the 

may divide into Sections. 
Secr. 5. The Classes shall meet during such periods 

of the stated sessions of the Academy as may be fix 
by the Academy. Special meetings of a Class may be 
ealled by the Council at the request of five members of 

the Class. 
Sret. 6. The stated meetings of the Council shall be 

held at the times of the stated or special meetings of the 

Academy. Special meetings shall be convened at the call 

of the President and two members of the Couneil, or of fout 
members of the Council. 

Sect. 7. No member who,has not paid his dues shall 

take part in the business of the Academy. 2 

ARTICLE IV. 

Of Elections, Resignations, and Expulsions. 

Sect. 1. All elections shall be by ballot, unless other 

wise ordered by this Constitution; and each election 584 

be held separately. ? 

_Secr. 2. Whenever any election is to be held, the pr 
siding officer shall name a Committee to conduct it, to cot 

lect the votes, count them, and repért the result to the. 
Academy. The same law shall apply in the Classes. 
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Secor. 8, Nominations for officers shall be made at the 
close of the first daily meeting of a stated session ; and no 
candidate shall be voted for unless thus nominated. 

Sect. 4.* For election of members, the Council shall 

first decide the Class in which the vacancy shall be filled. 

Each Section of that Class may then select one or more 
candidates, after a discussion of their qualifications, and 
present their claims to the Class, who shall select three to 

be presented, in the order of their preference, to the Acad- 

emy; from these three the Academy shall elect by a ma- 
jority of the members present. The member elect shall 
be assigned to the Section in which he has been proposed. 
The Academy may nominate candidates in any Section 

which fails to propose them for itself, provided that it shall 
first be decided by a vote of two thirds that such nomination 
is proper and advisable. 

Sror. 5. Every member elect shall accept: his member- 
ship personally or in writing, before’the close of the next 
stated session after the date of his election. Otherwise, on 
proof that the Secretary has formally notified him of his 

election, his name shall not be entered on the roll of members. 
Secr. 6. Elections of Foreign Associates shall be con- 

ducted as follows ; — 
Section shall report to its Class, nominating a can- 

didate whose special researches need not belong within the 

Province of the Section, but must be comprised within the — 

Tange of the Class, 

From these candidates each Class shall select one name 

to be presented to the Academy, and from these two names 

the Academy, after full discussion, s shall make the election, 

at such time as it may have previously —— for the 

purpose, 

* Amended August 25, 1865. 
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Sror. 7. A diploma, with the corporate seal of the Acad- 

emy and the signatures of the officers, shall be sent by the 
appropriate Secretary to each member on his acceptance of 

his membership. : 
Sect. 8. Resignations shall be addressed to the Presi- 

dent and acted on by the Academy. No resignation of 

membership shall be accepted unless all dues have been 
paid. 

Srcr. 9. Members resigning in good standing will retain 
an honorary membership ; being admitted to the meetings of 

the Academy, but without taking part in the business. Hon- 
orary members will not be liable to assessment. 

Sect. 10. If any member be absent from four consecu- 

tive stated sessions of the Academy, without communicating 

to the Academy a valid reason for his absence, his name 

shall be stricken from the roll of members. 
Sect. 11. Members and officers habitually neglecting 

their duties shall be impeached by the Council, and at once 
notified thereof in. writing by the Home Secretary. 

Secr. 12. Impeachments of members or officers shall 

first be tried before the Council; which may be convened 

specially for such purpose. If it decides that the impeach- 
ment is proper, such impeachment shall be tried in private 
session before the Academy at its next-stated meeting. 

Sect. 18. The expulsion of a member shall be formally 
and publicly announced by the President at the stated ses 
sion during which such expulsion shall take place. 

ARTICLE V. 

Of Scientific Communications, Publications, and Reports. 

Secr. 1. Papers on scientific subjects may be read at 
the meeting of the Academy or of the Classes or Sections 
to which the subject belongs. 
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Sect. 2. Any member of the Academy may read a pa- 

per from a person who is not a member; and shall not be 

considered responsible for the facts or opinions expressed by 
the author, but shall be held responsible for the propriety of 
the paper. 

Sect. 8. The Academy shall provide for the publication, 
under the direction of the Council, of Proceedings, Memoirs, 

and Reports. 

Sect. 4. Propositions for investigations or reports shall 

originate with the Classes to which the subjects belong, and 

be by them submitted to the Academy for approval ; except 

requests from the Government of the United States, which 

shall be acted on by the President, who will in such cases 
report, if necessary, at once to the Government, and to the 
Academy at its next stated session. 

Srcr. 5. The judgment of the Academy shall be at all 
times at the disposition of the Government, upon any matter 

of Science or Art within the limits of the subjects embraced 
by it. 

Szor. 6, An Annual Report to be presented to Congress 

shall be prepared by the President, and before its presenta- 
tion submitted by him, first to the Council, and afterwards to 

the Academy at its January meeting. 
Scr. 7. Medals and Prizes may be established, and the 

means of bestowing them accepted, by the Academy, upon 

the recommendation of the Council; by whom all the neces- 

Sary arrangements for their establishment and award shall 

be made. 

ARTICLE VI. 

Of the Property of the Academy. 

Secr. 1. All investments shall be made by the Treas- 

Urer, in the corporate name of the Academy, in stocks of the 
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Sect. 2. No contract shall be binding upon the Acade- 

my which has not been first approved by the Council. 

Secr. 3. The assessments required for the support of 

the Academy shall be fixed by the Academy on the recom- 

mendation of the Council. 

ARTICLE VII. 

Of Additions and Amendments. 

Additions and Amendments to the Constitution shall be 

made only at a stated session of the Academy. Notice of a 

proposition for such a change may be given at any stated 

session, and shall be referred to the Council, which may 

amend the proposition, and shall report thereon to the Acad- 

emy at its next stated session, with a recommendation that 

it be accepted or rejected. Its report shall be considered by 

the Academy in Committee of the Whole, and immediately 

thereafter acted on. If the addition or amendment receiv? 

two thirds of the votes present, it shall be declared adopted, 

and shall have the same force as the original law. 

EXPLANATORY CLAUSE. 

In consequence of differences of opinion in relation to the 

interpretation of Section 4 of Article IV. of the Constitu- 

tion of the Academy, the following resolution was 

August 5, 1864:— 

« Resolved, That the Academy is of opinion that Section 4 

of Article IV. of the Constitution is to be interpreted to mean 

that any Section of either Class making a nomination shall 

be restricted in the choice to persons eminent in the pranch 

or branches of science understood to be included in the title 
of the Section.” 



BY-LAWS. 

OF THE OFFICERS. 

I. In the absence of the Chairman or Secretary of a 

~ Class, a member shall be chosen to perform his duties tem- 

Porarily, by a plurality of the viva voce votes, upon open 

nomination. _ 

II. The accounts of the Treasurer shall be referred to 

an Auditing Committee of three members, to be appointed 

by the Academy at the meeting at which the accounts are 

‘Presented ; which committee shall report before the close of 
that session, and shall then be discharged. 

OF THE MEETINGS. 

Ill. A Committee of Arrangements for each stated ses- 

sion of the Academy, of five members, shall be appointed by 

the President, the Class Secretaries to be ex officio two of 

the members of the Committee. This Committee shall meet 

Rot less than two weeks previous to each session. It shall 

be in session during the meetings, to make arrangements for 

the reception of the members; to arrange the business of 

fach day; to receive the titles of papers, reports, etc: 5 and 

to arrange the order of. reading, and in general to attend to 

all business and scientific arrangements. A 

IV. At the meetings the order of business shall be as 
follows : as : ; 

2* 
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1. Chair taken by the President, or, in his absence, the 

' -Viee-President. 

2. Roll of members called by Home Secretary. 
3. Report by Treasurer of members entitled to vote. 
4. Minutes of the preceding meeting read and approved. 
5. Stated business. 

6. Reports of President, Secretaries, Treasurer, Classes, 

and Committees. 

7. Business from Council. 

8. Other business. 

9. Communications from members. 

10. Communications from persons not members. 

11. Announgements of the death of members. Bio- 
graphical notices read. 

12. Rough minutes read for correction. 

VY. The rules of order of the Academy shall be those of 

the Senate of the United States, unless otherwise directed. 

VI. It shall be in order for twelve members to require 

that any matter of business be discussed in Committee of the 

- Whole, for amendment; the vote upon amendments to be 

taken in the-whole. Academy; and the amended proposition 

or propositions to be similarly voted on. 

VII. The scientific meetings shall be convened at twelve 

-o’clock, M., in order to allow time for the business meetings 

of the Academy, and for the meetings of Classes, Sections, 

and Committees. 

OF ELECTIONS AND OBITUARIES. 

VII. No more than ten Foreign Associates shall be 

elected at any one stated session. 

IX. The death of members shall be announced by the 

President on the last day of each stated session, when 4 
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member shall be selected by the Academy to furnish a bio- 
graphical notice of the deceased at the next stated session. 

If such notice be not then furnished, another member shall 
be selected by the Academy in place of the first, and so on 
until the duty is performed. 

X. The deaths of such eminent scientific men of the 
country as have taken place since the last session of the 

Academy shall be announced by the President. The names 
shall be selected by the Council. 

XI. All discussions as to the claims and qualifications of 

eandidates, whether at meetings of the Sections, the Classes, 

or the Academy, will be held strictly confidential, and re- 

marks and criticisms then made may be communicated to no 

person who was not a member of the Academy at the time 

of the discussion. 
é 

‘OF SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, 
AND REPORTS. 

XIL An analysis of the memoits and reports read in the 

meetings of the Classes shall be given by the Secretaries of 

‘the Classes to the Home Secretary for publication in the 

Proceedings of the Academy. ‘or any failure in this duty, 

the delinquent officer shall be impeached by the Home Sec- 

the time of their reading shall not be published without a 

Special vote of the Academy. 
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XIV. Memoirs shall date in the records of the Academy 

from the day of their presentation to the Academy, and the 

order of their presentation shall be that on which they were 

registered, unless changed by consent of the author. 

XV. The publication of any communication to which 

objection is made by the Section to which the subject 

belongs shall be suspended until a second time authorized 

by a vote of the Academy. 

XVI. Papers from persons not members, read before the 

Academy, Classes, or Sections, and intended for publication, 

shall be referred, at the meeting at which they are read, to 

a Committee of members competent to judge whether the 

paper is worthy of publication. Such Committees shall 

report to the Academy as early as practicable, and not 

later than the next stated session. If they do not then 

report, they shall be discharged, and the paper referred to 

another Committee. 

XVII. Abstracts of papers published in the transactions 

of other societies or in journals may be communicated orally 

to the Academy ; and if, on submitting any such communi 

cation to a Committee, its publication be approved, it may 

be ordered for publication on a vote of the Academy. 

XVIII. Short communications or abstracts of memoits 

may be sent by any member to the Home Secretary, who 

shall, if requested by the author, without delay circulate 

‘ them among the members. 

XIX. An Annual of the Academy shall be prepared by 

the Secretaries, and published on the first day of each yeat 

XX. The printing of the Academy shall be under the 

charge of the Secretaries and the Treasurer, as a Committee 

of Publication, who shall report in relation thereto at each 

January meeting of the Academy. 
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XXI. The Annual Report of the Academy may be ac- 
companied by a memorial to Congress, in regard to such 

investigations and other subjects as may be deemed advisa- 
ble, recommending appropriations therefor when necessary. 

XXII. The Home Secretary shall present to the Council 
estimates for books and stationery, binding, &c., required for 
the use of the Academy. 

OF THE PROPERTY OF THE ACADEMY. 

XXIII. The proper Secretary shall acknowledge all do- 
nations made to the Academy, and shall report them at the 
next stated session. 

XXIV. The books, apparatus, archives, and other prop- 
erty of the Academy shall be deposited in some ‘safe place 
in the city of Washington. A list of the articles deposited 

shall be kept by the Home Secretary, who is authorized to 

employ a clerk to take charge of them. 
may; A stamp corresponding to the corporate seal of 

the Academy shall be kept by the Secretaries, who shall be 
responsible for the due marking of all books and other ob- ~ 

Jécts to which it is applicable. 
Labels or other proper marks, of similar device, shall be 

Placed upon objects not admitting of the stamp. 

CHANGES IN THE BY-LAWS. 

XXVI. Any By-Law of the Academy may be amended 

°F repealed on the written motion of any — members, 

Signed by them, and presented at a stated session of the 

Academy ; provided the same shall be approved by a ma- 

Jority of the members present at the next stated session. 



III. 

ORGANIZATION OF THE ACADEMY. 

1865. 

ALEXANDER Dattas Bacue, President. 

James Dwicut Dana,* Vice-President. 

Louis Acassiz, Foreign Secretary. 
Wotcorr Gress, Home Secretary. 
Farrman Rogers, Treasurer. _ 

COUNCIL FOR 1865. 

The Officers of the Academy and the Chairmen of the 
Classes ex officio. 

Bens. A. Goutp. Lewis M. RuTHeRFURD. 

J. L. Le Conte. J. Perer Lestey. 

OFFICERS OF THE CLASSES. 

. 1865. 

CLASS OF MATHEMATICS AND PHYSICS. 

Bengamin Perrce, Chairman. 

J. E. Hivearp, Secret, 

* Resigned August 23, 1865. ‘ 
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CLASS OF NATURAL HISTORY. 

Louis AGassiz, Ohairman. 

Spencer F. Batrp, Secretary. 

SECTIONS. 

CLASS OF MATHEMATICS AND PHYSICS. 

Section I. Mathematics. 

J. G. Barnarp. 

H. A. Newron. 

THEODORE STRONG. 

And under Art. I. Sect. 6, 
Beng. A. Goutp. 

Witir1am CHAUVENET. 

BENJAMIN PEIRCE. 

JOSEPH WINLOCK. 

J. H. C. Corrin. 

Section II. Physics. 

A. D. Bacur. i W. H. C. Bartterr. 

F. A. P. Barnarp. A. A. Humpnrers. 
Josepn Henry. Oapren N. Roop. 

And under Art. L., Sect. 6, f 

Wotcorr Grsss. 

Section III. Astronomy, Geography, and Geodesy. 

STEPHEN ALEXANDER. ALexis CASWELL. 

J. H. C. Corrm. Cuartes H. Davis. 

Arnotp Guyot. Bens. A. GOULD 

Joun Ropeers. 

And under Art. L, Sect. 6, 
Wintiam Cuavuvenet.  Josera WINLOCK. 

Husert A. NewrTon. 

Lewis M. RUTHERFURD. 
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Section IV. Mechanics. 

J. H. ALEXANDER. J. EF. FRAZER. 

J. E. Hinegarp. D. H. Magan. 

Farrman Rocers. JOSEPH SAXTON. 

Montcomery C. Metcs. 

And under Art. I., Sect. 6, 

BeEnJAMIN PEIRCE. J. G. BARNARD. 

JOsEPH Henry. F. A. PP. BARNARD, 

Seorion V. Chemistry. 

Wotcorr Gisss. Bens. Sri an, JR. 
Joun Torrey. 

CLASS OF NATURAL HISTORY. 

Section I. Mineralogy and Geology. 

J. P. LEstey. Leo LesQueEREUX. 

James HAtLu. J. S. NEWBERRY. 

J. D. Wuitney, 

And under Art. L, Sect. 6, 

ARNOLD Guyot. 

Section II. Zodlogy. 

Lovts AGAssiz. . James D. Dana. 

Spencer F. Barrp. Aveustus A. GOULD. 

JARED P. KirkKLanp. JoHN L. Le Conte. 

Section II. Botany. 

Grorce ENGELMANN. Asa GRAy, 
And under Art. L, Sect. 6, 

Joun Torrey. Leo LesQueRevx. 
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Section IV. Anatomy and Physiology. 

S. Were MiITcHeELt. Joun C. Darton. 

Section V. Lthnology. 

Wm. D. Wuitnvey. 



IV; 

COMMITTEES OF THE ACADEMY. 

iL. 

Committee on Weights, Measures, and Coinage. 

(Appointed May 4, 1863, at the request of the Hon. S. P. Chase, 

Secretary of the Treasury of the United States, dated April 24, 1863.) 

JosEPH Henry, Chairman. 

J. H. ALEXANDER. ARNOLD GuyYOT. 

FarrMan ROoGeERs. Bens. SrLtimMan, JR. 

Wotcorr Gres. Wa. CHAUVENET. 

Joun Torrey. 
A. D. Bacur. (By resolution of the Academy.) 
Joun Ropcers. (Jan. 5, 1864.) 
L. M. Ruruerrurp. (Jan. 5, 1864.) 

And by authority of Art. IT., Sect. 4, 

Samuet B. Ruaeues. 

Mr. Henry, Chairman of the Committee on Weights 
Measures, and Coinage, reported to the Academy on behalf 
of the Committee, January 9, 1864, and offered the follow- 

ing resolution, which was adopted : — 
Resolved, That the Committee on Weights, Measures, and 

Coinage have leave to continue their labors and business 
now in progress, with power. 
(A copy of the Report was submitted to the Secretary of — 

the Treasury.) 
' 
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Il. 

A Committee on the Question of Tests for the Purity of 
Whiskey. 

(Appointed January 14, 1864, at the request of the Acting Surgeon- 

» January 5, 1864.) 

B. Smrtman, Jr., Chairman. 

Joun TORREY. 

R. E. Rocrrs. 

J. H. ALEXANDER. 

March 12, 1864. A communication was sent from the 
Committee to Acting Surgeon-General J. K. Barnes, recom- 

mending that an appropriation of $3,500 be made to meet 
the expenses of the investigation. 
March 25, 1864. A letter was received from Acting 

Surgeon-General Barnes, stating that an appropriation of 

$3,500 had been authorized by the Secretary of War, and 

that Surgeon R. S. Satterlee, U.S. A., Medical Purveyor at 

New York, would be instructed to pay accounts for neces- 

‘ary purchases, etc., upon approval by the Committee. 
Committee reported Jan. 6, 1865, and were discharged. 

A copy of the report was transmitted to the Surgeon- 
General. 

ss. 

Ii. 

A Committee on the Expansion of Steam. 

‘February 29, 1864. The Hon. Gideon Welles, Secre- 
‘ary of the Navy, invited the appointment of a committee of 

three members of the Academy, to act jointly with three 

_ Members named by the Department and with three pactanets 

_ Of the Franklin Institute of Pennsylvania for the promotion 
of the Mechanic Arts, to conduct, witness, and report upon 

ae 

1 
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experiments which may be agreed upon by the Commission 

on the Expansion of Steam. The experiments are to be 

reported as early as practicable to the Department, and to 

be submitted also to the National Academy of Sciences for 

its judgment and suggestions. 

March 10. The Committee of the Academy was 4p 

pointed, to consist of 

-  Farrman Rocers. F. A. P. Barnarp. 

JOSEPH SAXTON. 

[The Navy Department named as its members of the 

joint Commission, 

Horatio ALLEN, Chairman. . 

Apmirat C. H. Davis. B. F. IsHerwoop. 

The Franklin Institute named as its members of the 
joint Commission, 

J. H. Towne. J. V. Merrick. 

R. A. Tirenman.] 
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MEMBERS OF THE ACADEMY. 

Agassiz, Lours, Cambridge, Mass. 
ALEXANDER, Jonn Henry, _ Baltimore, Md. 
ALEXANDER, STEPHEN, Princeton, N. J. 
Bacur, ALEXANDER DaLLas, Washington, D. C. 

Barnarp, Frepericx A. P., New York, N. Y. 

Barwarp, Jonn G. U.S. A., Washington, D.C. 
U.S. A., West Point, N. Y. 

Barn, Spencer F., Washington, D. C. 

Caswett, ALEXIS, Providence, R. I. 
Cuavvenet, Witty, St. Louis, Mo. 

Corriy, Joun H. C., U. S. N., Newport, R. I. 

Daron, Jonn Catt, New York, N. Y. 

Dana, James Dwicut, New Haven, Conn. 

Davis, Cuaries Henry, U. S. N., Washington, D.C. 

Excetmann, Grorce, St. Louis, Mo. 

Frazer, Joun Fries, Philadelphia, Penn. 

Gisss, Wotcort, Cambridge, : 

Goutp, Beysamin AprHorr, Cambridge, Mass. 

Goutp, Augustus App1son, Boston, Mass. 

Gray, Asa, Cambridge, Mass. __ 

Gvror, Arnot, Princeton, N. J. 

JAMES, Albany, N. Y.- 

Henry, Josern, Washington, D. C. 

Hitearp, Junius E., Washington, D. C. 

Hoxrnezrs, Anprew A., U.S. A., Washington, D. C. 

Kirtianp, Jarep P., Cleveland, Ohio. 
3* 
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Le Contr, Joun L., Philadelphia, Pa. 

Lewy, Josrern, Philadelphia, Penn. 

Lestty, J. PETER, Philadelphia, Penn. 

Lesqurreux, Leo, Columbus, Ohio. 

Lonestretn, Miers Fisuer, Derby, Penn. 
Manan, Dennis H., U.S. A., West Point, N. Y. 
Mercs, Montcomrery C., Washington, D. C. 

Mircuett, S. Werr, Philadelphia, Penn. 

Newserry, Joun Strona, Cleveland, Ohio. 

Newton, Husert A., New Haven, Conn. 

Prrrce, BENJAMIN, Cambridge, Mass. 

Roperrs, Jon, U.S. N., Washington, D. C- 
Rogers, FarrMan, Philadelphia, Penn. 

Roop, Oaven N., New York, N. Y. 

RourHeRrurD, Lewis M., New York, N. Y. 

SAxTon, JOSEPH, Washington, D. C. 

SILtiman, Benzamiy, JR., New Haven, Conn. 

Strone, THEoporz, New Brunswick, N. J. 
Torrey, Jon, . New York, N. Y. 

Wuitney, Jostan Dwient, San Francisco, Cal. 
Wuitney, Wu. Dwieut, New Haven, Conn. 

WinLock, Josepn, Cambridge, Mass. 

HONORARY MEMBER (Sect. 9, Art. 4). 

‘JEFFRIES WYMAN, Cambridge, Mass. 

There are at present, January 1, 1866, two vacancies ia 
the Academy. Of the fifty members originally appointed 

by Act of Congress, five have died since the first Session of 
the Academy, namely, Joseph S. Hubbard, Joseph G. Tot 

ten, Edward Hitchcock, Benjamin Silliman, Sr., and James 
M. Gilliss. Two members have been stricken from the roll 
in accordance with Sect. 10 of Art. IV. One member has 
ee 
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Vi. 

FOREIGN ASSOCIATES. 

Sm Wma. Rowan Hamitton.* 

Kart Ernst Von Baer. 

Micuart Farapay. 

J. B. Erie pe Beaumont. 

Sm Davin Brewster. 

G. A. A. Prana.* 

Rozert Bunsen. 
F. W. A. ARGELANDER. 

Micuet CHAsLes. 

Henry Mitne-Epwarps. 

Sir Ropericx I. id minsrece: 

Victor REGNAULT. 

* Since deceased. 





VIL. 

ANNUAL REPORT OF THE PRESIDENT 

FOR 1865. 





ANNUAL REPORT. 

Wasuincton, D. C., February 13, 1865. 

Sm: I have the honor to submit herewith a report of the 
operations of the National Academy of Sciences during the 
past year, in conformity with the requirements of the act of 
incorporation, approved March 4, 1863. 

Very respectfully, 
A. D. Bacug, 

President National Academy of Sciences. 
Hon. Scnurier Courax, Speaker of the House of Representatives. 

Nationat AcapEemYy or SCIENCEs, 

ashington, D. C., February 11, 1865. 

Sm: In accordance with the provisions of the Constitution 

of the National Academy of Sciences, (Article V., Section 6,) 

following report of the proceedings and labors of the 

Asaiemy during the year 1864 is respectfully submitted to 

Congress : 

Since the presentation of the first annual report, (March 

28, 1864,) thiee Committees have been appointed by the 

President of the Academy, to examine into and report upon 

Subjects submitted to the Academy by different departments 

of the government of the United States. 
On the 5th of January, 1864, a letter was received from 
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the Acting Surgeon-General, J. K. Barnes, inviting the 
Academy to investigate and report upon the best methods of 

testing the purity of whiskey employed for medicinal pur- 
poses. A Committee was in consequence appointed, consist- 
ing of the following members : — 

B. Srrimman, Jr., Chairman. 

Joun Torrey, J. H. ALEXANDER, 

R. E. Rogers, J. L. Le Conte. 

On the 12th of March, 1864, the Committee addressed 4 

communication to the Acting Surgeon-General, recommend- 
ing that an appropriation of three thousand five hundred 

dollars ($3,500) be made to meet the expenses of the in- 

vestigation. The recommendation of the Committee was 

promptly adopted by the Acting Surgeon-General, and the 

sum asked for placed in the hands of R. S. Satterlee, United 

States Army, Medical Purveyor at New York, subject to the 

order of the Committee. On careful examination of the sub- 

ject, however, the Committee became satisfied that no money 

was needed, and presented ‘to the Academy, January 6, 1865, 
a report, a copy of which is herewith submitted. 

The report of the Committee was adopted by the Academy, 
and a copy was transmitted to the Surgeon-General. 

On the 29th of February, 1864, a communication was 
received from the Hon. Gideon Welles, Secretary of the 

Navy, inviting the appointment of a committee of three 

members of the Academy, to act jointly with three members 
named by the department, and with three members of the 

Franklin Institute of Pennsylvania for the Promotion of the 

Mechanic Arts, to conduct, witness, and report upon expert 
> Silene, ape may be —— upon by the committee, on ae. 

; steam. The nts are to be re — 
enya pat tthe Nay Department, and to be sub- 
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mitted also to the National Academy of Sciences for its 
Judgment and suggestions. The President of the Academy 

appointed a Committee, consisting of the following members: 

Farrman Rogers, F. A. P. Barnarp, 

JosEePH SAXTON. 

The Navy Department named as members of the joint 
commission, — 

Horatio Auten, Chairman. 
C. H. Davis, Rear-Admiral U. S. N. 
B. F. Isnerwoon, Chief of Bureau of Steam Engineering. 

The Franklin Institute named as members of the joint 
commission, — 

J. H. Towns, J. V. Merrick, 

R. A. TInGHMan. 

On the 5th of January, 1865, the Committee of the Acad- 
emy, through Mr. Saxton, reported progress.. It is believed 

the results of this investigation will be of great value 
in a scientific as well as practical point of view. (Ap- 
pendix B.) 

On March 30, 1864, the Honorable S. P. Chase, Secre- 
tary of the Treasury, invited the appointment of a Commit- 

tee for the examination of aluminum bronze and other alloys 
for the manufacture of cent coins. The Committee appoint- 

ed by the President consisted of the following members : — 

Joun Torrey, Wotcorr Gress, 

Joseru Henry, F. A. P. Barnarp. 

At the request of the department, A. D. Bache was add- 

ed to this Committee. 
On the 6th of August, 1864, the Committee presented a 

Teport to the —* which was adopted and ordered to 
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be transmitted to the Secretary of the Treasury. A copy 

of this report is herewith submitted. 
On April 30, 1864, the President received oral authority ~ 

from the Assistant Secretary of the Navy to appoint a Com- 

mittee to examine and report on the explosion of the United 

States steamer Chenango, which occurred in the harbor of 
New York on the 15th of April, 1864. 

The Committee appointed consisted of 

J. F. Frazer, Chairman. : 
Farrman Rogers, L. M. RurHerrurp. 

The Committee presented to the Academy, on the 5th of 
August, 1864, a very elaborate report accompanied by draw- 

ings, a copy of which had been previously transmitted to the 

Navy Department. The report and a drawing are herewith 
submitted. 

In addition to the above-mentioned reports, which belong 
to the year 1864, it is proper to mention in this place the 

report of the Committee on National Currency, appointed 

September 5, 1863, upon the application of the Honorable 

S. P. Chase, Secretary of the Treasury. The Committee 

reported progress on the 7th of January, 1864, when the 
following resolutions were adopted : — ‘ 

Resolved, That said Committee be empowered to communl- 

cate directly with the Secretary of the Treasury, and to take 
order in reference to the matters intrusted to them. : 

Resolved, That the President of the Academy communi- 
cate the foregoing resolution to the honorable Secretary of 
the Treasury. E 

On January 5, 1865, the chairman of the Committee re- 
ported that the Committee had made reports to the Secretary , 

of the Treasury, as directed by the Academy. From the 
nature of the subject intrusted to the consideration of the. 
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Committee, it will be readily understood that the reports sub- 
mitted to the Secretary of the Treasury were strictly confi- 
dential in their character. They were therefore not read to 
the Academy, and for the same reasons are not appended to 
this report. J 

Since the presentation of the first report the Annual of the 
National Academy for the years 1863-64 has been prepared 
and published. Copies of the Annual have, in accordance 
with a formal vote of the Academy, been distributed to the 
members of both houses of Congress, and also to the heads 
of the departments under the government of the United 
States. 

At the two sessions of the Academy held during the year 
1864, twenty-five original memoirs were read, making in all 
about forty which have been presented to the Academy dur- 
ing the three stated sessions which have been held since the 
Meeting for organization. 

The following list gives the titles of the memoirs read 
during the past year: — 

1. On the Individuality among Animals, with reference to 
the Questions of Varieties and Species, by Louis Agassiz. 

2. On the Elements of the Mathematical Theory of 
Quantity, by Benjamin Peirce. 

3. On the Discussion of Magnetic Observations made 
at Girard College Observatory in the Years 1840-1845, 
Parts IV., V., and VI.; Horizontal Force; Investigation of 
the Eleven-year Period of the Solar Diurnal Variation and 
Annual Inequality, and of the Influence of the Moon, by 
A. D. Bache, 

4. On the Force of Fired Gunpowder, and the Pressure 
‘o which Heavy Guns are actually subjected in firing, by 
F. A. P. Barnard. 

5. Reduction of the Observations of the Fixed Stars made 
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by J. J. Lepaute d’Agelet at Paris, during the Years 1783 - 

1785, with a Catalogue of the corresponding Mean Places 

referred to the Equinox of 1800, by B. A. Gould. 

6. On the Metamorphoses of Fishes, by Louis Agassiz. 

7. On the Saturnian System, by Benjamin Peirce. 

8. Notes on the Parallelogram of Forces and on Virtual 

Velocities, by Theodore Strong. 
9. On the Geographical Distribution of Fishes, as bearing 

upon their Affinities and Systematic Classification, by Louis 

Agassiz. 

10. On thé Discussion of Magnetic Observations made at 

Girard College Observatory in the Years 1840 - 1845, Parts 
I., VUI., and IX.; Vertical Force; Investigation of the 

Eleven-year Period of the Solar Diurnal Variation and 

Annual Inequality, and of the Influence of the Moon, 

by A. D. Bache. ; 

11. Description of an Anemograph designed for the Uni- 

versity of Mississippi, by F. A. P. Barnard. 

12. On Materials of Combustion for Lamps in Light 

houses, by Joseph Henry. : 
13. On Photographs of the Solar Spectrum, by Lew 

M. Rutherfurd. . 
14. On Tangencies of Circles and Spheres, by J. G 

Barnard. 
15. On Observations of the Planet Venus near the times 

of her Inferior Conjunction, September 28, 1863, and subse- 

quently, by Stephen Alexander. 
16. Brief Note on the Forms of Icebergs, by Stephe? 

Alexander. 

17. Memoir of the late Henry Fitz, by Lewis M. 

18. On the Distribution of certain important Diseases in 

the United States, by Augustus A, Gould. 
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19. On the Integration of Differential Equations of the 
first Order and higher Degrees, by Theodore Strong. 

20. Criticism on the Forms of Ships, by Captain J. Cole. 
(Presented by Theodore Strong.) 

21. On the Light visible on the Moon’s Surface, and that 
seen adjacent to her Edge, when the Sun is either partially 

or totally eclipsed, by Stephen Alexander. 

22. On the Influence of the Hour of the Day on the Re- 

sults of Barometic Measurements of Altitudes, by Arnold 

uyot. 
23. On Shooting Stars, by H. A. Newton. 
24. A Method of determining the Errors of a Vertical 

Divided Circle, by Simon Newcomb. (Presented by Ben- 

jamin Peirce. ) 
25. Considerations relative to various Phenomena pre- 

sented by certain Comets, by Stephen Alexander. 

None of these memoirs have been published, in conse- 
quence of the want of funds; and it is feared that a longer 

delay in publication will prevent the Academy from receiv- 
ing valuable communications which would be presented in 

case the Academy should be able to commence the publica- 

tion of its memoirs. - 
The current expenses of the Academy, and the cost of 

publishing the Annual, have been defrayed from the contri- 
butions of members. 
The Academy, through the courtesy of the chairman of 

the Pacific Railroad Committee of the Senate, bas been per- 
Mitted to occupy rooms in the Capitol during each of the 

sessions held at Washington. 

The vacancies in the Academy have been filled by the 

election of Professor Leo Lesquereux, Dr. John C. Dalton, 

and Professor §. F. Baird. 
Academy at the session of January, 1865, elected as 

4* 

os 
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Foreign Associates, Alexander Braun, G. B. Airy, Richard 

Owen, Friedrich Wohler, R. I. Murchison, and Victor 

Regnault. 

The Council for the year 1865 consists of Messrs. B. A. 

Gould, Lewis M. Rutherfurd, J. L. Le Conte, and J. P. 

Lesley. 

The next session of the Academy will be held at North- 

ampton, Mass., on the 23d of August, 1865. 

Respectfully submitted. 

A. D. BACHE, 

President National Academy of Sciences. 

Hon. Scuuxyrer Cotrax, Speaker of the House of Representatives. 



‘VII. 

LIST OF PAPERS PRESENTED TO THE 
ACADE? ? 

TO JANUARY 1, 1866. 

1. On the Individuality among Animals, with reference 

to the Questions of Varieties and Species, by Louis 

gassiz. 
2. On the Elements of the Mathematical Theory of Quan- 

tity, by Benjamin Peirce. 
3. On the Discussion of Magnetic Observations made at’ 

Girard College Observatory, in the Years 1840-1845, 
Parts IV., V., and VI.; Horizontal Force ; Investiga- 

' tion of the Eleven-year Period of the Solar Diurnal 

Variation and Annual Inequality, and of the Influence 

of the Moon, by A. D. Bache. 
4. On the Force of Fired Gunpowder, and the Pressure 

to which Heavy Guns are actually subjected in firing, 

by F. A. P. Barn 
5. Reduction of the Observations of the Fixed Stars 

made by J. J. Lepaute d’Agelet at Paris, during the 

Years 1783-1785, with a Catalogue of the corre- 

sponding Mean Places referred to the Equinox of 

1800, by B. A. Gould. 
6. On the Metamorphoses of Fishes, iy: Louis Agassiz. 

?. On the Saturnian System, by Benjamin Peirce. 

8. Notes on the Parallelogram of Forces and on Virtual 

Velocities, by Theodore Strong. 
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9. On the Geographical Distribution of Fishes, as bearing 

upon their Affinities and Systematic Classification, by 

Louis Agassiz. 
10. On the Discussion of Magnetic Observations made at 

Girard College Observatory in'the Years 1840 — 1845. 

‘Parts VII, VIIL, and IX.; Vertical Force ; Inves- 

tigation of the Eleven-year Period of the Solar 

Diurnal Variation and Annual Inequality, and of the 
Influence of the Moon. 

11. Description of an Anemograph designed for the Uni- 

versity of Mississippi, by F, A. P. Barnard. 

12. On Materials of Combustion for Lamps in Light-houses, 
by Joseph Henry. 

13. On Photographs of the Solar Spectrum, by Lewis M. 

Rutherfurd. 

14. On Tangencies of Circles and Spheres, by J. G. Bar- 
nard. 

45. On Observations of the Planet Venus near the Times of 

her Inferior Conjunction, September 28, 1863, and 

subsequently, by Stephen Alexander. 
16. Brief Note on the Forms of Icebergs, by Stephen 

Alexander. : 

17. Memoir of the late Henry Fitz, by Lewis M. Ruther 

furd. 

18. On the Distribution of certain important Diseases in the 
United States, by Augustus A. Gould. 

19. On the Integration of Differential Equations of the first 

Order and higher Degrees, by Theodore Strong. 
20. Criticism on the Forms of Ships, by Captain J. Cole. 

(Presented by Theodore Strong.) 
21. On the Light visible on the Moon’s Surface, and that 
geen adjacent to her Edge, when the Sun is either” 

partially or totally eclipsed, by Stephen Alexander- 
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22. On the Influence of the Hour of the Day on the 

Results of Barometric Measurements of Altitudes, 

(not read), by Arnold Guyot. 
23. On Shooting Stars, by H. A. Newton. 

24. A Method of determining the Errors of a Vertical 

Divided Circle, by Simon Newcomb. (Presented by 

Benjamin Peirce.) 
25. Considerations relative to various Phenomena presented 

by certain Comets, by Stephen Alexander. 

26. Memoir of Lieut. E. B. Hunt, by F. A. P. Barnard. 

Papers presented to the Academy at the January Session, 

1860. 

27. On a Chronograph for measuring the Velocity of Pro- 

_  jectiles, by J. E. Hilgard. 
28. On the Homologies and Classification of the Cephalo- 

pods, by L. Agassiz. 
29. On the Geographical Distribution of North American 

Birds, by S. F. Baird. 

30. Note on the Changes that have taken place in the Bar | 

of Charleston Harbor since the sinking of Obstruc- 

tions in the Main Channel, as developed by the 

United States Coast Survey, by J. E. Hilgard. 

31. On the Tables of the Moon, by Benjamin Peirce. 

32. On the Metamorphoses of some Malacopterygians, by 

L. aASS1Z. 

83. On Chemical Classification, by Wolcott Gibbs. 

34. On the Dimensions and Proportions of American Sol- 

diers, by B. A. Gould. 

35. On a Method of exhibiting certain Statistics of Hos- 

pitals, by J. L. Le Conte. 

36. On the Glacial Phenomena, and Present Configuration 

of the State of Maine, by L. Agassiz. 
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37. On a Regulator for maintaining Uniform Motion, and 

an Apparatus for recording Time-Observations 

Type, by J. E. Hilgard. 
88. On the Progress of the Geological Survey of ~; 

fornia, by J. D. Whitney. 

39. On the Mineral Lands of the United States, and the 
Relations of the Government to their Management, 
by J. D. Whitney. 

40. On the. Origin and Formation of Sedimentary Rocks, 
by J. S. Newberry. 

41. On the Origin and Distribution of Petroleum in the 

United States, by J. S. Newberry. 
42. The Theory of the Sling, by Benjamin Peirce. 
43. The Fucoids of the Coal Measures, by Leo Lesquereux. 
44, Letter from Mr. Agassiz. 

45. Observations of the Right Ascensions of Stars within, 

one degree of the North Pole, by B. A. Gould. 
46, On Observations of Tides at the Island of Tahiti, 

made for the United States Coast Survey, by J. E. 
Hilgard. 

' 47. Discussion of Magnetic Observations made at Eastport, 
Maine, during the Years 1861-1864, by the United 

States Coast Survey, by J. E. Hilgard. 
48. On Rifled Guns, by W. H. C. Bartlett. 
49. A New Theory of the First Principles of the Differ- 

ential Calculus, by Theodore Stron 
50. On the Ages of United States ‘Vdinitete Soldiers @s 

deduced from the Statistical Bureau of the Sanitary 
Commission, by B. A. Gould. 

51. On a Photometer, by O. N. Rood. 

_ 52. On the Structure of the Moon, by S. Alexander. 
53. On the Systems of Mountain Upheaval to which og 

Continent of North America owes its present 
figuration, by J. D. Whitney. 
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54, Abstract of Geological Investigations made in China 
and Mongolia, by Raphael Pumpelly. (Communi- 
cated by J. D. Whitney.) ; 

95. Examination of Shells obtained by the Sounding-Lead 
in the Coast Survey of New York and New Jersey, 
with some Nautical Hints, by Augustus A. Gould. 

56. On the probable immediate Cause of the Glacial Epoch 
of the Post-Tertiary, by A. Guyot. 

57. On the Lower Silurian Oils of Kentucky and Ten- 
nessee, by J. S. Newberry. 

58. Suggestions relative to the Annular Eclipse of the Sun, — 
of October next, by S. Alexander. 

59. On Certain Converging Series expressing the Ratio of 
the Diameter to the Circumference of the Circle, 
by William Ferrel. (Communicated” by Benjamin 
Peirce.) 

60. On a Tide-Meter, by J. M. Batchelder. (Communi- 
cated by Benjamin Peirce.) 
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BIOGRAPHICAL NOTICE 

OF 

JOSEPH GILBERT TOTTEN. 

Mr. Presipent anp GENTLEMEN oF THE ACADEMY :— 

In conformity with a clause of the Constitution of this 

Academy, and in obedience to your instructions, I am here 
to render the tribute of a formal biographical notice in com- 

memoration of one who was numbered among our most 

venerable and most honored associates. If, in the language 

of one of our body, on a previous and similar occasion, “ it 

is no unreasonable assumption that public benefit and indi- 
vidual incentives may be derived from the history of any 
man whose scientific services have rendered him worthy of 
admittance to your number,” that assumption must have a 

peculiar force when it applies to one who has “ finished his 

course,” and has filled a life, protracted beyond the usual 

term, with scientific labors of no ordinary variety and mag- 
nitude, 

It is but little more than two years since we first met for 

_ the great and important work of organizing this National 

Academy, and with us—of our number, if not personally 

present — were “both the gray-headed and very aged men.” 

But, alas! these, like autumnal leavesyare rapidly falling 

away, and already the places of a Totten, a Hitchcock, and 
a Silliman know them no more, save in the records of their 

lives and deeds, and in the grateful memories of their associ- 

ates. What a trio of names, glorious in the annals of sci- 

ence, is this! Well may they be incentives to us who yet 
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remain to strive that we may worthily replace them, and 

establish for this Academy a reputation for usefulness and 

science which their honored bearers have acquired for them- 

selves. 

Although there.may be many among us more capable 

than myself of doing justice to the memory of our departed 

colleague, I feel grateful that the lot has fallen to me- 

Placed under his command on my first entrance into the 

military service, —almost in my boyhood, — my relations 
with him, both personal and professional, have ever since 

been continuous and intimate. Under obligations to him o 

no ordinary nature, I could not do otherwise than regard 
him with reverence and affection. If I fail, therefore, it 

shall not be because my heart is unmoved, nor because I 

am insensible to the magnitude of my task. 

JosepH GiLBert Torren was born in New Haven, 

Connecticut, on the 23d of August, 1788. His grandfather, 

Joseph Totten, came from England before the war of the 

Revolution, and engaged in mercantile pursuits in New 

York. Attached to the cause of the mother country, be left 

that city, after the acknowledgment of our independence, 

for Annapolis, Nova Scotia. It would appear that his two 
sons remained in this country, since one of them, Peter G. 

Totten, married in 1787 Grace Mansfield of New Haven, ® 
very beautiful woman, who died a few years after her mee 

riage, leaving two children, —the subject. of this memo 
and a daughter, Susan Maria, who married Colonel Beatty; 
an English officer, and who is still living, a widow, in Lon 

don. After the death of Mrs. Totten, which occurred whe? 
her infant son was but three years old, the father, having 

been appointed United States Consul at Santa Cruz, West 
Indies, took up his future abode on that island, leaving bis 
son under the care of his maternal uncle, Jared Mansfield, 
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a graduate of Yale College, 1777, and a learned mathe- 
matician. The boy continued to be a member of Mr. Mans- 
field’s family until the latter removed to West Point, having 
been appointed Captain of Engineers and a teacher in the 
United States Military Academy, then just organized by 
act of Congress of 1802. Young Totten’s first teacher was 
Mr. Levi Hubbard, brother to the Rector (at that time) of 
Trinity Church, New Haven ; afterwards his education was 
carried on under the personal superintendence of his uncle. 
Of the period of his school-boy life we have some glimpses, 
through the-recollections of an old friend and schoolmate, 
Mr. Ralph Ingersoll of New Haven, who speaks of him as 
a bright, noble youth, of fine mind, fond of study, and always 
at the head of his compeers, gentlemanly in his deportment, 
and greatly beloved. 
Young Totten went to West Point with the family of his 

uncle in 1802. He was soon after appointed a cadet. He 
remained at West Point one term, that of 1803, and per- 
haps part of that of 1804. He was promoted to a second 
lieutenaney in the corps of Engineers, July 1, 1805. 

The venerable General J. G. Swift, recently deceased, 
his brother engineer officer and life-long friend, describes 
him at West Point as “a flaxen-headed boy of fourteen 

years of age, a good scholar, and to me a most interesting 

companion,” 

Captain Mansfield, having been appointed Surveyor-Gen- 

eral of Ohio and the Western Territories, November 4, 1803, 
induced his nephew to accompany him to the West as 
a0 assistant on that first systematic survey of any of the 
new States of the Union. Here that faculty which so dis- 

- tinguished him through life, of keen observation of whatever 
‘Was most interesting connected with or incidentally brought 
Under his notice ‘by his professional pursuits, displayed 
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itself at this early age in a noteworthy manner. The ves- 

tiges of an earlier race than the red man, which have since 

been made the subject of the researches of a Squier and a 

Davis, of a Lapham and of a Haven, and to which, during. 
‘recent times, fresh: attention has been directed by the devel- 

opments of the high antiquity of the human race in Europe 
as shown by similar relics over the surface of that country 

and by the lacustrine remains in Switzerland, attracted his 
notice and were made the subjects of survey. Although 
these investigations were not published, they are, I believe, 

the first we have record of; those of Caleb Atwater, who 
is called by Squier and Davis “the pioneer in this depart 
ment,” not having been published until 1819. Full descrip- 
tions and measurements of several of these mounds, partic- 

ularly that of Circleville, were made and sent to his friend, 

J. G. Swift. To most youths of his age those remains of 

structures, built 

« while yet the Greek 
Was hewing the Pentelicus to forms 
Of symmetry, and rearing on its site 
The glittering Parthenon,” 

would have been passed over with vague curiosity or listless 
indifference. Not so with young Totten. Although not 
able, perhaps, to perceive all the ethnological importance ~ 
which has since been attached to them, he could yet appre 
ciate them as objects of high interest, as vestiges of the rot 

which had inhabited the country, and give his time to their 

examination and measurement. 

During the two years which he passed in the office of 

his uncle at Ludlow’s station near Cincinnati, he was 
_ eompanion of several young men who subsequently became 

_ Conspictous, among whom were Nicholas Longworth, Sam- 

uel Perry, Daniel Duke, Thomas Pierce, and Peytot 
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Symmes, all of whom are now dead. His tastes, however, 

led him back to the army (from which he had resigned 
shortly after his promotion), and, February 23, 1808, he 
.Was reappointed a Second Lieutenant of Engineers, his com- 

mission bearing the same date as that of his subsequent 
friend, brother engineer officer, and professional associate, 

Sylvanus Thayer, of national fame as for so many years 

Superintendent of the Military Academy, and as the officer 
to whom is mainly due its present high grade among the 

military and scientific institutions of the world. Lieutenant 

Totten commenced his career as a military engineer un- 

der Colonel Jonathan Williams, the first chief of the corps, 
and was engaged on the construction of Castles Williams 
and Clinton, ‘New York harbor. : 

At the commencement of the war with England Lieutenan 
Totten was assigned to duty as Chief Engineer of the army 
under Brigadier-General Van Rensselaer, in the campaign of — 

1812, on the N iagara frontier, and in that capacity took a 

Conspicuous part. in the battle of Queenstown. He was sub- 

sequently Chief Engineer of the army under the command 

of Major-General Dearborn, in the campaign of 1813, and 
of the army under Major-General Izard and Brigadier-Gen- 

eral Macomb, in the campaign of 1814, on Lake Champlain. 
Having been promoted to a Captaincy in 1812, he was in 
June, 1813, brevetted Major, for “meritorious services,” 

and September .11, 1814, Lieutenant-Colonel, for “ gallant 
conduct at the battle of Plattsburg”; his efficient services as 
an engineer in the defensive arrangements of that field 

having contributed powerfully to the successful issue. 

The termination of the war may be considered as the 

Close of one period in the life and services of General” 

Totten, and the commencement of another; or rather it 
may be said, that the events of which we have traced a 
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faint outline were but the preparation and training of his 

mind for the real work of his life. Reared under the eyes 

and guardianship of a relative distinguished for his math- 

ematical attainments, receiving as extensive a military 

and scientific education as West Point at that early day 
could give, called by his position in Surveyor-General 
Mansfield’s office, not only to exercise the science which 

the duties involved, but to take extended views of our 

country as to the interconnection of its parts, and their 
relations to commerce or war, then practically taught the 

duties of a military engineer in what concerns the defence 

of harbors, and finally carried through the ordeal of actual 

war in the campaigns of armies in the field, he was now 
prepared for the great work of his life,— the fortification 
of our seaboard frontier. When I call this the great work 

of his life, I am not unaware that it is but a part of 

that work, — still the most important part, and one to which 
his other labors may be considered incidental. 

A brief reference to the condition and progress of sea 

coast defence at that period is here appropriate. Previous 
to the Revolution, our seaport towns had not grown into 

large cities, nor were there great naval establishments 
military depots to invite the enterprises of an enemy: 
During that contest, the harbors of Boston, New York, 

Philadelphia, Charleston, &c. had been, to a certain extent 
“fortified” against naval attack, by slight earthen batteries, 
in some few cases by small and (as we would now call them) 
insignificant earthen forts. A work of palmetto logs and 
sand on Sullivan’s Island, Charleston harbor, mounting bat 
30 guns, decisively repulsed, early in the Revolutionary W4% 
the attack of the British fleet, under Sir Peter Parkers 
consisting of two frigates and six sloops-of-war, carrying 

. 270 guns, destroying four of the smaller vessels, and 
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inflicting a loss of 205 in killed and wounded (eleven times 
as many per gun employed against them as the English 

lost at Trafalgar) ; thus decisively demonstrating the value 

of fortifications, and the superiority of land batteries to 

ships. But with an immense sea-coast line and sparse 

population, it was impossible to hold our seaports against 

the great naval power of the mother country, and the war 

of the Revolution was mainly a contest of land forces. 

After the attainment of our independence, the importance 
of fortifying our harbors impressed itself on the mind of 

General Washington, and the political agitations which grew 

out of the French revolution, and which threatened to 

involye the new-born Power of the West, prompted early 

action in this direction. In that day war, though a science, 

had not grown into one which makes tributary to it all 

other sciences, as it has since done. Fortification, indeed, 

had reached a high degree of perfection, but the elaborate 

treatises on that subject scarcely touched the subject of 

harbor defence, so little art was apparently supposed to 
be involved in throwing up batteries to defend the entrances 

of ports. The art of a Vauban and Cormontaigne was little 

concerned in the war from which we had just emerged, 

and the circumstances were too dissimilar, the theatre too 

large and too thinly populated, the armies engaged too 

small, to afford to the precepts of a Lloyd or a Temple- 

hoff much apparent applicability. While the war devel- 

oped generals of unquestionable ability in the spheres in 

which they acted, it seemed to be conceded, that for military 

Science, and especially for the art of fortification, we must 

look to Europe. Hence we find so many of the early 

harbor defences of our principal seaport towns to have been 

built under the direction of foreign officers who had found 

employment among us, and who did not always possess the 

knowledge of the art to which they laid claim. 
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The importance of a Military Academy for the training 
of officers for the military service, and especially for the 

engineers and artillery, had been acknowledged even 
om the very outset of thé struggle for independence, 

We find even the Continental Congress appointing a com- 

mittee “to prepare and bring in a plan of a Military Acad- 

emy,” and the first Secretary of War, General Knox, in an 

official report to the President, discusses the subject at 
much length. The establishment of such an_ institution 
is known to have been a favorite object.of General Wash 
ington, and in his annual message in 1793 he suggests 
the inquiry, “ whether a material feature in the improve- 
ment” of the system of military defence “ ought not 
afford an opportunity for the study of those branches of 

the art which can scarcely ever be attained by practice 
alone”; and in 1796 he states that “the desirableness of 

this institution had constantly increased with every e¥ 
view he had taken of the subject.” 

An act of Congress of 1794 had provided for a Corps 
of Artillerists and Engineers, to consist of four battalions 

to each of which eight Cadets were to be attached, and 
made it the duty of the Secretary ef War to procure 
books, instruments, and apparatus for the benefit of said 
corps; and in 1798 Congress authorized the raising of 

an additional regiment, increased the number of Cadets 
to fifty-six, and empowered the President to appoint four 

of this “ Corps.” Of the four teachers, none were appoid 
prior to January, 1801, at which time Mr. George Barro? 
was appointed teacher of Mathematics, and the institutio?, 

“which was nothing more than a mathematical school for 
the few Cadets then in the service,” was nominally estab 
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Tt was soon discovered that the regiment of Artillerists 
and Engineers could not combine with effect the two duties 
assigned to its members, and a law was therefore framed 
Separating them into two corps, and declaring that the 

Corps of Engineers should be stationed at West Point, New 
York, and should constitute a Military Academy. This act 
of March 16, 1802, which is the organi¢ law of the Corps of 
Engineers and of the Military Academy, provided for the 
appointment of a certain number of officers and Cadets,* 

(not to exceed twenty in all,) and declared that “ the prin- 
cipal Engineer, or, in his absence, the next in rank, shall 

have the superintendence of the Military Academy, under 
the direction of the President of the United States.” 

It is not my purpose. here to follow further the his- 
tory of that institution; I have alluded to its initiation as 
4 step taken to provide for an acknowledged want of the 
period, — an institution for teaching the military sciences 
to young men entering the army, and for creating a com- 
petent Corps of Engineers. It was soon found, howevers 
that the duties of Engineer officers were inconsistent with 
their remaining at West Point, and themselves constituting 

“a Military Academy.” Most of them were soon called 
to duties along the seaboard, in constructing our fortifica- 

tions, while, as the wants of theservice and of the Academy 

have been more clearly seen, the number of Cadets has 

been increased, to supply not only the Engineers and Artil- 

lery, but officers of all arms of the service, and the various 
Professorships and departments of instruction now exist- 
ing have been established. 

As the duties of the Corps became more and more exten- 

sive, its chief, though charged with the administration of its 

* Besides ten Cadets of Engineers, forty Cadets “of Artillery” 
ized by this law; making fifty Cadets in all. 



60 

affairs, could not be constantly present at the Academy, and 

it ultimately became apparent that the immediate superin- 

tendency of such an institution was incompatible with his 

proper functions. In 1817, an officer selected from the 

corps (Brevet-Major Sylvanus Thayer, to whom allusion 

has already beén made) was appointed permanent Superin- 
tendent of the Academy, and made subject only to the 

orders of the President of the United States. + 

Major (afterwards Colonel) Jonathan Williams, a near 
relative of Dr. Franklin, whom he accompanied, as Se¢- 

retary, to France, where he studied the military sciences, 

and made himself acquainted with the standard works on 

fortification, was the first Chief Engineer of the United 

States under the law of 1802. He was an officer of de- 

cided merit, much beloved by his subordinates, and is justly 
styled the father of the Corps of Engineers and of the 

Military Academy. 
While exercising his superintendence of the Academy, he 

devoted himself personally to the fortification of New York 
harbor, and most of the forts which constitute the inner line 
of defence of that harbor — Fort Columbus, Castles Williams 
and Clinton (Castle Garden), and a work similar to the last 

named, located two or three miles higher up the river (Fors 
Gansevoort) — were planned by him, and built under bis 

immediate supervision. 
Castle Williams was the first “ casemated ” battery erected 

in this country (built in 1807~— 10), and was planned after 

the system of Montalembert, with which, as we have see” 

Colonel Williams had made himself acquainted in France 
This and other works of Colonel Williams, though they 

_ have been superficially and ignorantly criticised, were really 
Meritorious, and do not suffer by comparison with Europe” 
structures of the same or even much more recent dates. 
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The indications of an approaching war with England, 

and the obvious inadequacy of existing fortifications, had led 

to renewed exertions, and prompted the works just men- 

tioned and others at all our seaports, so that when the war 

broke out there was not a town of any magnitude upon the 

coast not provided with one or more batteries. But most of 

the works so thrown up before the subject had been studied 

and systematized as a whole were defective in design, small, 

weak, and being built, for present economy, of cheap mate- 

rials and workmanship, very perishable. In the main, how- 

ever, they answered their purpose, — more, perhaps, through 

an undue respect for them on the part of our foe than 

through their intrinsic strength. It was not till after the 

close of the war with England that a permanent system of 

coast defence was entered upon by our government. In- 

deed, without the experience of that war it is doubtful 

whether a measure, always so unpopular, and ‘generally so 
little understood as a national system of fortifications, could 

have gained the support of Congress, and of the people. 

“ Board of Engineers ” was constituted in 1816, with instruc- 

tions to make examinations of the sea-coast, and to prepare 

plans for defensive works, subject to the revision of the Chief 

Engineer and the sanction of the Secretary of War. 

Up to this period the Military Academy had maintained 

sort of embryo existence, without definite form or a pre- 

scribed system. The annual term of study lasted from 

April to November, all the intermediate months being vaca- 

tion. No fixed number of terms was necessary to gradua- 

tion, nor was it prescribed what should be studied. Some 

Cadets remained but a single term before being commis- 

sioned; others, several years. Although this period pro- 

officers who afterwards became highly distinguished 

‘in engineering (as well as in other branches of military art), 
6 
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it is not surprising that the government yet entertained the 

common notion that only in Europe, and especially in 

France, could high military science be found; nor that, in 

undertaking so vast and costly a work as the fortification 

of our sea-coast, distrust should have been felt in the un- 

aided abilities of our own engineer officers. A distinguished 

French engineer, General Simon Bernard, was invited to 

this country, and as “ Assistant ” in the Corps of Engineers, 

(an office created for the purpose by Congress,) made a 
member of the board which, as first constituted, November 

16, 1816, consisted of himself as President, Colonel William 

McRee, and Lieutenant-Colonel J. G. Totten. In 1817, 

Colonel Totten was relieved, and appears to have been sta- 

tioned at Rouse’s Point, Lake Champlain, in charge of forti- 

fications at that place, and the board to have been com 

of Brigadier-General J. G. Swift, Chief Engineer, Brig 
dier-General Bernard and Colonel McRee; but Colonel 

Totten was again made a member in 1819, and (both Gen- 

eral Swift and Colonel McRee having resigned) the pe? 
manent board came to consist of Bernard and Totten aloney 

and the labor of. working out the fundamental principles 
the system, and of elaborating the projects of defence for the 

great seaports thus devolved mainly upon these two officers, 

though naval officers of rank and experience were associated 

with them whenever their examinations included positions 

for dock-yards, naval depots, or other objects which con- 

cerned the naval service. 

Though the advent of a foreign officer, and his assignment 

to this duty, under the anomalous designation of “ Assist- 

ant” in the Corps of Engineers, naturally caused some feel- 
ing, yet it can scarcely be doubted that the influence of the 

proceeding was beneficial. If in Swift, McRee, Tottem 
Thayer, and many others, were found high engineering 
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abilities and acquirements, it is no less true that professional 
association with such a man as Bernard was calculated to 
stimulate to higher attainments and more zealous exertion. 
The spirit of emulation alone would induce our own officers 
to prove to the country that they were not inferior to others. 
To high military and scientific acquirements and great ex- 

perience in his professional duties, General Bernard united 
to the qualities of an amiable and accomplished gentleman 
the tact to adapt himself to his peculiar position without 
wounding the pride of those with whom he was thus associ- 
ated. The prestige of his name aided powerfully in sustain- 
ing, with the administration and with Congress, the meas- 
ures which the board found necessary to recommend, and 
in establishing firmly, as a part of our national policy, the 
System of sea-coast defence by fortifications. In recounting 
the origin and growth of the system, it is but just to give 
that name an honorable mention. 

By the Board of Engineers of which I have been speak- 

ing a series of reports was drawn up, which, mostly from 
the pen of our departed associate, form his best memorial, 
and exhibit in a masterly manner the principles of sea-coast 
and harbor defence, and their application to our own coun- 

try. Ina paper of this kind it will not be out of place to 
give some idea, at least, of the arguments and views con- 
tained in these documents. An elaborate report of 1826, 

from which I quote, gives a general résumé of the principles 
which have guided the labors of the board, and of the re- 
sults arrived at. 
“The means of defence for the seaboard of the United 

States, constituting a system, may be classed as follows: 
First, a navy ; second, fortifications ; third, interior communi- 
cations by land and water; and fourth, a regular army and 
well-organized militia. 
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“ The navy must be provided with suitable establishments 

for construction and repair, stations, harbors of rendezvous, 

and ports of refuge, all secured by fortifications defended by 

regular troops and militia, and supplied with men and ma- 

terials by the lines of intercommunication. Being the only 

species of offensive force compatible with our domestic insti- 

tutions, it will then be prepared to act the great part whic 

its early achievements have promised, and to which its high 

destiny will lead. 

“ Fortifications must close all important harbors against 
an enemy, and secure them to our military and commercial 

marine ; second, must deprive an enemy of all strong posi- 

tions where, protected by naval superiority, he might ne 
permanent quarters in our territory, maintain himself during 

the war, and keep the whole frontier in perpetual alarm ; third, 
must cover the great cities from attack ; fourth, must prevent 
as far as practicable the great avenues of interior naviga~ 

tion from being blockaded at their entrances into the oceans 

fifth, must cover the coastwise and interior navigation by 

closing the harbors and the several inlets from the sea which 

intersect the lines of communication, and thereby further aid 

the navy in protecting the navigation of the countrys *" 

sixth, must protect the great naval establishments. 
- & Interior communications will conduct with certainty the 

‘Necessary supplies of all sorts to the stations, harbors of ref 

uge, and rendezvous and the establishments for construction 

and repair, for the use both of the fortifications and the 

navy; will greatly facilitate and expedite the concentration 
of military force and the transfer of troops from one point 
to another; insure to these also unfailing supplies of eve'Y 
description, and will preserve unimpaired the interchange 
domestic commerce even during periods of the most active 
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“ The army and militia, together with the marine, consti- 
tute the vital principle of the system. 
“From this sketch it is apparent that our system of de- 

fence is composed of elements whose numerous reciprocal 

relations with each other and with the whole constitute its 

excellence; one element is scarcely more dependent than 

the whole system is on any one. Withdraw the navy, and the 

defence becomes merely passive; withdraw interior commu- 

nications from the system, and the navy must cease in a 

measure to be active for want of supplies, and the fortifica- 
tions can offer but a feeble resistance for want of timely 

reinforcements; withdraw fortifications, and there only re- 
mains a scattered and naked navy.” 

The relation of the navy to fortifications is one of those 

subjects not always well appreciated, and hence the cause of 
mischievous notions and much misrepresentation. No pains 

is spared in these reports to make this subject clearly under- 
stood. After the quotation just given, Colonel Totten re- 
marks : — 

“It is necessary to observe, in the first place, that the 
relations of fortifications to the navy in a defensive system 

is that of a sheltering, suecoring power, while the relation of 

the latter to the former is that of an active and powerful 

auxiliary; and that the latter ceases to be efficient as a 

ee of the system the moment it becomes passive, and 
Id in no case (we allude to the navy proper) be relied 

‘on as a substitute for fortifications. This position may be 
easily established. 

“Tf our navy be inferior to » that of the enemy, it can afford, 

of course, unaided by fortifications, but a feeble resistance, 

single ships being assailed by whole fleets; if it be equal, or 

superior, having numerous points along an extended frontier 

to protect, and being unable to concentrate, because ignorant 

6* 
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of the selected point of attack, every point must be simul- 

taneously guarded: our separate squadrons may therefore be’ 

captured in detail by the concentrated fleet of the attacking 

power. If we attempt to concentrate under an idea that @ 

favorite object of the enemy is foreseen, he will not fail to 

push his forces upon the places thus left without protection. 

This mode of defence is liable to the further objections of 

being exposed to fatal disasters, although not engaged with 

an enemy, and of leaving the issue of ‘conflict often to be 

determined by accident, in spite of all the efforts of courage 

and skill. If it were attempted to improve upon this mode 

by adding temporary batteries and field works, it would be 

found that besides being weak and inadequate from. their 

nature, the most suitable positions for these works must often 

be neglected, under a necessary condition of the plan, that 

the ships themselves be defended ; otherwise they must either 

take no part in the contest, or be destroyed by the superior 

adversary.” 

It is hardly to be expected that a system affording 50 much 

room for discussion, and by its importance inviting it, should, 

especially in this country, escape adverse judgment. Mili- 

tary and naval men, congressmen, and even cabinet officers 

have assailed it, called in question the principles on which it 

is based, or denied the judiciousness of their application 

The forms and sources of assault have been varied, but 

there has been really no great difference in the substance, of 

which, perhaps, as good an expression as any may be found 

in these dogmas, forming the pith of a criticism from 7° _ 
@ source than the Secretary of War, Mr. Cass, approved by 
the President, General Jackson : — 

“1st. That for the defence of the coast, the chief reliance 

should be on the Navy. 
- 2d. That in preference to fortifications, floating batteries 
should be introduced wherever they can be used. 
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“3d. That we are not in danger of large expeditions, and 

consequentl : 

“4th. That the system of the Board of Engineers com- 

prises works which are unnecessarily large for the purposes 

which they have to fulfil.” 

Owing to these strictures, the House of Representatives, by 

resolutions of April 9, 1840, called upon the War Department 

for a report of a full and connected system of national defence. 

The duty was committed by the Secretary of War to a 

board of officers of the army and navy, among whom was 

Colonel Totten, and by whom the report was drawn up. It 

was entirely approved by the Secretary of War, Mr. Poin- 

sett, and is universally admitted to be one of the most able 

and comprehensive expositions of the whole subject of sea- 

coast defence extant, and a complete refutation of the objec- 

tions made to our existing system. The discussion of the 

first and principal proposition — that of defence by the Navy 

— is so interesting and instructive, that, though long, I ven- 

ture to quote it : — 
“The opinion that the navy is the true defence of the 

country is so acceptable and popular, and is sustained by 

such high authority, that it demands a careful examination. 

“Before going into this examination, we will premise that 

by the term ‘navy’ is here meant, we suppose, line-of-battle 

ships, frigates, smaller sailing vessels and armed steamships, 

omitting vessels constructed for local uses merely, such as 

floating batteries. 

“ For the purpose of first considering this proposition in its 

simplest terms, we will begin by supposing the nation to pos- 

sess but a single seaport, and that this is to be defended by a 

fleet alone. 

“ By remaining constantly within this port, our fleet would 

be certain of meeting the enemy, shoul
d he assail it. But if 
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inferior to the enemy, there would be no reason to look for a 

successful defence ; and as there would be no escape for the 

defeated vessels, the presence of the fleet, instead of avert- 

ing the issue, would only render it the more calamitous. 
“Should our fleet be equal to the enemy’s, the defence might 

be complete, and it probably would be so. Still, hazard, 
some of the many mishaps liable to attend contests of this 
nature, might decide against us; and in that event, the con- 
sequences would be even more disastrous than on the pre- 
ceding supposition. In this case the chances of victory to 
the two parties would be equal, but the consequences very 

_ unequal. It might be the enemy’s fate to lose his whole 
fleet, but he could lose nothing more ; while we ina similar 
attempt would lose not only the whole fleet, but also the 
object that the fleet was designed to protect. 

“Tf superior to the enemy, the defence of the port would _ 
in all respects be complete. But instead of making an at- 
tack, the enemy would, in such case, employ himself in cut- 
ting up our commerce on the ocean ; and nothing could be 
done to. protect this commerce without leaving the port m4 
condition to be successfully assailed. 

“In either of the above cases, the fleet might await the 
enemy in front of the harbor, instead of lying within. But 
ho advantage is apparent from such arrangement, and yet would be superadded the risk of being injured by tempests; 
and thereby being disqualified for the duty of defence, oF of 
being driven off the coast by gales of wind; thus for a time 
removing all opposition. 
“In the same cases, also, especially when equal or sU- 

perior to the enemy, our fleet, depending on having correct 
nd timely notice as to the position and state of preparation 

of the enemy’s forces, might think proper to meet him at 
the outlet of his own port, or intercept him on his way: 

- ™~ 
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instead of awaiting him, within or off our own harbor. 
Here it must be noticed that the enemy, like ourselves, 
is supposed to possess a single harbor only ; but having 
protected it by other means, that his navy is disposable for 
offensive operations. If it were attempted thus to shut 
him within his own port, he, in any case but that of decided 
inferiority, would not hesitate to come out and risk a battle ; 
because if defeated, he could retire under shelter of his 
defences to refit, and if successful, he could proceed with 
4 small portion of his foree—even a single vessel would 
suifice —to the capture of our port now defenceless, while, 
With the remainder, he would follow up his advantage over 
our defeated vessels, not failing to pursue into their harbor, 
should they return thither. 

“Actual superiority on our part would keep the enemy 
from volunteering a battle; but it would be indispensable 
that the superiority be steadily maintained, and that the 
Superior fleet be constantly present. If driven off by tem- 

Pests, or absent from any other cause, the blockaded fleet 
Would escape, when it would be necessary for our fleet to 

fly back to the defence of its own port. Experience 
abundantly proves, moreover, that it is in vain to attempt 
to shut a hostile squadron in port for any length of time. 

It Seems, then, that whether we defend by remaining at 

* home, or by shutting the enemy’s fleet within his own 

harbor, actual superiority in vessels is indispensable to the 
Security of our own port. 
“With this superiority, the defence will be complete, 

Provided our fleet remains within its harbor. But then, 

all the commerce of the country upon the ocean must be 
left to its fate 3; and no attempt can be made to react of- 

ively against the foe, unless we can control the chances 

of finding the enemy’s fleet within his port, and the still 
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more uncertain chance of keeping him there; the escape 

of a single vessel being sufficient to cause the loss of our 

harbor. Let us next see what will be the state of the 

question on the supposition of numerous important ports 

on either side, instead of a single one; relying on our 
part still exclusively on a navy. 

“In order to examine this question, we will supposé 

our adversary to be fortified in all his harbors, and pos 
sessed of available naval means, equal to our own. This 

is certainly a fair supposition; because what is assumed 

as regards his harbors is true of all maritime nations, 

except the United States; and as regards naval means, it 
is elevating our own strength considerably above its pres 
ent measure, and above that it is likely to attain for years 

“ Being thus relatively situated, the first difference that 
strikes us is, that the enemy, believing all his ports to 

be safe without the presence of his vessels, sets himself 
at once about making our’ seas and shores the theatre 

of operations, while we are left without choice in the mat 
ter; for if he thinks proper to come, and we are not pre 
ent, he attains his object without resistance. : 
“The next difference is, that while the enemy (sa¥!93 

only the opposition of Providence) is certain to fall upo? 
the single point, or the many points he may have selected, 

ere will exist no previous indications of his partic 
choice, and, consequently, no reason for preparing oUF 
defence on one point rather than another; so that 

chances of not being present and ready on his arrival at° 

directly in proportion to the number of our ports, that * 
to say, the greater the number of ports, the greater the 
number of’ chances that he will meet no opposition what- 

ever. . 

Another difference is, that the enemy can choose the 

~ 



71 

mode of warfare as well as the plan of operations, leaving 
as little option to us in the one case as in the other. It 

will be necessary for us to act, in the first instance, on 

the supposition that an assault will be made with his entire 

fleet ; because, should we act otherwise, his coming in that 

array would involve both fleet and coast in inevitable defeat 

and ruin. Being in this state of concentration, then, should 

the enemy have any apprehensions about the result of a 

general engagement, should he be unwilling to put any- 
thing at hazard, or should he, for any other reason, prefer 
acting by detachments, he can, on approaching the coast, 

disperse his force into small squadrons and single ships, 
and make simultaneous attacks on numerous points. These 

enterprises would be speedily consummated, because, as 
the single point occupied by our fleet would be avoided, 

all the detachments would be unopposed ; and aftér a few 
hours devoted to burning shipping, or public establishments, 
and taking in spoil, the several expeditions would leave 
the coast for some convenient rendezvous, whence they 

might return, either in fleet or in detachments, to visit other 

Portions with the scourge. 

“Is it insisted that our fleet might, notwithstanding, be 
80 arranged as to meet these enterprises ? 

“ As it cannot be denied that the enemy may select his 

Point of attack out of the whole extent of coast, where 

is the prescience that can indicate the spot? And if it 

cannot be foretold, how is that ubiquity to be imparted that 
shall always place our fleet in the path of the advancing 

foe? Suppose we attempt to cover the coast by cruising 

in front of it, shall we sweep its whole length? —a dis-. 
tance scarcely less than that which the enemy must traverse 

in passing from his coast to ours. Must the Gulf of Mex- 

leo be swept as well as the Atlantic? or shall we give 
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up the Gulf to the enemy? Shall we cover the South- 

ern cities, or give them up also? We must unquestionably 

do one of two things; either relinquish a great extent 

of coast, confining our cruisers to a small portion only, 

or include so much that the chances of intercepting an 

enemy would seem to be out of the question.” 

The report then goes on to discuss the uses for defen- 

sive purposes of gunboats, floating batteries and steam 

batteries, as distinguished from the navy proper: Ad: 

mitting their usefulness, and, even in some cases, their 

necessity, it argues with great force, that they are not # 

substitute for, and cannot supersede fortifications, and 1 

sums up its argument concerning naval defence with the 

following broad propositions, to which it challenges opp 

sition : — 

“Ist. If the sea-coast is to be defended by naval means 

exclusively, the defensive force at each point deemed worthy 

of protection must be at least equal in power to the at- 

attacking force. 
“2d. As from the nature of the case there can be 7° 

reason for expecting an attack on one of these points rather 

than on another, and no time for transferring our state of 

preparation from one to another after an attack has — 

declared, each of them must have assigned to it the requisite 
means; and, 

“3d. Consequently this system demands a power i0 the 
defence as many times greater than that in the attack # 

there are points to be covered. 
: “There has been but one practice among nations as 10 

the defence of ports and harbors, and that has been a res0™ 
to fortifications. All the experience that history exhibits § 

on one side only; it is the opposition of forts oF other 
works, comprehended by the term fortification, to attack bY 

i 
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vessels, and although history affords some instances wherein 
this defence has not availed, we see that the resort is still the 

same. No nation omits covering the exposed points upon 

her seaboard with fortifications, nor hesitates in confiding 

in them.” 
The most prominent cases of such successful attacks, viz. 

Copenhagen, Algiers, San Juan de Ulloa, &e., are then de- 
scribed and discussed, to show that the deductions drawn 

from them are erroneous, or that they are not cases in 

point, or that the disastrous result has been owing to the 

neglected condition, imperfect armament or unskilfal and 

inadequate defence of the forts. 

The report, of which I have given some of the main 
points, may be said to have silenced opposition to our sys- 

tem of fortifications for the next ten years; but, in a form 

modified by the alleged changes in the condition of the 
country, increase of population, construction of railroads, 

&e., it again found expression in a resolution of Congress in 

1851; and the Secretary of War, to enable himself to re- 

Spond, called upon numerous distinguished army and navy 

officers for an expression of their opinions. The following 

questions were addressed to several of the principal En- 

gineer officers, among whom the Chief of Corps, General 
Totten : — 

“1st. How far the invention and extension of railroads 
have superseded or diminished the necessity of fortifications 
on the seaboard ? 

“2d. In what manner and to what extent the navigation 

of the ocean by steam, and particularly the application of 

steam to vessels of war, and recent improvements in artil- 

lery, and other military inventions and discoveries, affect 
is question ? 
“3d. How far vessels of war, steam batteries, ordinary 

7 
x 
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merchant ships and steamers, and other temporary expedi- 

ents, can be relied upon as a substitute for permanent forti- 

fications for the defence of our seaports ? 

“ 4th. How far the increase of population on the northern 

frontier and of the mercantile marine on the northern lakes 

obviates or diminishes the necessity of continuing the sys 

tem of fortifications on these lakes?” 

General Totten’s response to these critical interrogations 

is, as usual with him when this great subject has to be dealt 

with, full and exhaustive. The following pithy paragraphs 

exhibit his views on the influence of railroads. 

“ Suppose a hostile fleet to lie in front of the city of New 

York, — which nothing would prevent, if the channels of ap- 

proach were not fortified, — in what way could the 100,000 

or 200,000 new men poured into the city and environs by 

railroads, although armed with muskets and field-pieces, aid 

the half-million of people already there? It seems to me 

very clear that these additional forces would, like the popu 

lation of the city, be utterly powerless in the way of resist- 

ance, with any means at their command; and, if resistance 

were attempted by the city, would but serve to swell the list 

of casualties, unless they should at once retreat beyond the 

range of fire. If the enemy’s expedition were intend 

according to the second supposed mode of attack, for inva 

sion, or occupation for some time, of a portion of the coun 

try, then, in many places, this resource of railroads would 

be of value, because then the duty of defence would fall 

upon the army and militia of the country; and these com 

munications would swell their numbers. i 

“But of all circumstances of danger to the coast, this 
chance of an attempt by an enemy to land and march a°Y 

distance into a populous district is least to be regarded, 
whether there be or be not such speedy mode of recei¥iMS 
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reinforcements, and our system of fortifications has little to 

do with any such danger. In preparing against maritime 
assaults, the security of the points to be covered is consid- 
ered to be greatly augmented whenever the defence can be 

so arranged as to oblige an enemy to land at some distance ; 

for the reason that opportunity is thereby allowed, in the 

only possible way, for the spirit and enterprise of the peo- 
ple to come into play. 

“Instead of being designed to prevent a landing. upon 
any part of the coast, as many seem to suppose, and some 
allege in proof of extravagant views on the part of the sys- 
tem of defence, the system often leaves this landing as an 

Open alternative to the enemy, and aims so to cover the 

Teally important and dangerous points as to necessitate a 

distant landing and a march towards the object through the 
people. It is because the expedition would easily accom- 

_plish its object without landing, and without allowing the 
Population to partake in the defence, that the fortifications 

are resortéd to. For instance, without Fort Delaware, or 

some other fort low down on Delaware Bay, an enemy could” 

Place his fleet of steamers in front of Philadelphia by the 

time his appearance on the coast had been well announced 

throughout the city. And in spite of all New Jersey, Dela- 

Ware, and lower Pennsylvania, he could levy his Gonthier” 

tions, and burn the navy-yard and shipping, ‘and be away, in 
4 few hours. But being obliged, by the fort above men- 

tioned, to land full forty miles below the city, the resistance 
to his march may be safely left to the courage and patriot 

=a that will find ample time to array themselves in opposi- 

Concerning the application of steam to vessels of war he 

gays : — 

“The application of steam to vessels of war acts upon the 
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question of sea-coast defence both beneficially and injuri- 

ously. It acts injuriously in several ways; but chiefly, first, 

by the suddenness and surprise with which vessels may fall 

upon their object, and pass from one object to another, in 

spite of distance, climate, and season; and, secondly, by 

their ability to navigate shallow waters. 

“The first property, by which squadrons may run into 
our harbors, outstripping all warnings of their approach, 

affords no chance for impromptu preparations ; accordingly, 

whatever our preparations are to be, they should precede 

the war. It seems past all belief that a nation having in 

commission —as France and England always have —® 

large number of war-steamers, ready for distant service in 

twenty-four hours, receiving their orders by telegraph, 

capable of uniting in squadrons, and in two or three days at 
most speeding on their several paths to fall upon unde- 

fended ports,—it is not to be expected, I say, that they 

should delay such enterprises until temporary resorts could 
be got ready to receive them. And yet there are those who 
insist that we should leave defensive measures to a state of 
war, — that we should let the day supply the need! 
-“Tnadequate as all such measures must prove; there would 

not be time to arrange even these. By the second property, 
due to their light draft of water, these vessels will oblige 

the defence to be extended in some form to passages °F 
channels or shoals that were before adequately guarded by 

their shallowness. The bars at the mouth of the MississipP" 

_ formerly excluded all but small vessels of war, and the 
strong current of the river made the ascent of sailing Ve" 
sels exceedingly uncertain and tedious. Now these bee 
and currents are impediments no longer. And all the armed 

steamers of Great Britain and France might be formed 12 

array in face of the city of New Orleans before a rumor of 
their approach had been heard. 
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“Had the English expedition of 1814, attended by a 

squadron of armed steamers, arrived at the mouth of the 

Mississippi, a few transports might have been taken in tow, 

and in a few hours the whole army would have been before 
the city. Or twelve or fifteen such steamers could have 

carried the whole army up in half a day, without the delay 

of transports. Will it be contended that the attack in that 

form would have been repulsed with the means then in 

General Jackson’s hands? Would the landing, or even the 

presence on board these steamships, of the British troops 

have been necessary to burn the city or put it under contri- 

bution? Is there anything now, but the existence of forts 

on the river, to prevent the success of such an attack by fif- 

teen or twenty steamers of war, allured there by the vastly 

increased magnitude of the spoil ?” * 
While the enemy’s means of attack are thus enhanced by 

the use of war-steamers, General Totten contends that they 

cannot be relied upon, as a Substitute for fortifications, for 

defence. ' 

“TI do not assert,” he says, “that armed vessels would 

not be useful in coast defence. Such an idea would be 

absurd. T shall even have occasion to show a necessity for 

this kind of force, in certain exceptional cases. It is the 

general proposition, viz. that armed vessels, and not fortifi- 

cations, are the proper defences for our vulnerable points, — 

a proposition the more dangerous, because seemingly in such 

accordance with the well-tried prowess and heroic achieve- 

ments of the navy that we have now to controvert. 

* The experience of the Rebellion has proved the trath # General 

Totten’s words. The moment the forts were passed, the city of New 

Orleans Was, notwithstanding the land forees unde 

modore Farragut’s mercy. I have alluded elsewhere to the failure 

of the forts. 3 

7* : 
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“ Boston, New York, Philadelphia, Baltimore, Charleston, 

and New Orleans are, we will suppose, to be guarded, not by 

forts, but by these vessels, on the occurrence of a war with 

a nation possessing large naval means. We know that it is 

no effort for such nations to despatch a fleet of twenty line- 

of-battle ships and frigates, or an equal number of war 

steamers, or even the combined mass, — both fleets in one. 

“ What, then, shall we do at the above-named ports several- 

ly? Each is justly felt to be an object worthy of an enemy's 

efforts, and each would be culpable in sending elsewhere any 

part of the force required for its own defence. Each, there- 

fore, maintains a naval force equal, at least, to that the enemy 

is judged to be able to send promptly against it. Omitting 

any provision for other places scarcely less important, what 

is the result? It is, that we maintain within the harbors of, 

or at the entrance to, these places, chained down to this pas- 

sive defence, a force at least six times as large as that of the 

enemy. 
“ He does not hesitate to leave his port, because it will be 

protected in his absence by its fortifications, which also afford 

him a sure refuge on his return. He sails about the ocean, 

depredating upon our commerce with his privateers and 

small cruisers, putting our small places to ransom, and in 

other ways following up appropriate duties ; all which is ac- 

complished without risk, because our fleet, although of enor 

mous magnitude, must cling to ports which have no other 

defence than that afforded by their presence. They cannot 

combine against him singly, for they cannot know where he 

is; and must not, moreover, abandon ‘the object which they 

were expressly provided to guard. 
“It would really seem that there could not be a more im- 

politic, inefficient, and dangerous system, as there could not 

certainly be a more expensive one.” 
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T have thus extensively quoted from the reports of Gen- 
eral Totten, because they are themselves the best expressio 

of the life labors and services of the subject of our memoirs 

and because I think they treat of matters which should be, in 

an eminent degree, interesting to the members of this National 

Academy, and which, moreover, should demand its attention. , 

To preserve the continuity of my subject, I have followed 
these reports down to a late date. It is necessary now to 

Tevert to an earlier period. It has already been observed, 

that, as soon as the original Board of Engineers had suffi- 

ciently matured the general system of defence, and complet- 

ed plans for the works first required, its members applied 
themselves to the duty of construction. In 1828, General 

(then Colonel) Totten took charge of the construction of 

Fort Adams, Newport harbor, and continued on this duty, 

making his residence in the town of Newport, until Decem- 

ber, 1838, the date of his appointment as Chief of the Corps 

of Engineers. This work, the second in magnitude of the 
fortifications of the United States, is one of the best monu- 

ments of his genius as a military engineer. From its pe- 

culiar relations to the land defence, it called for the applica- 

tion of most of those rules of the art, and many of those 

Special arrangements which form the themes of treatises 

upon “fortification,” and which, generally, have but a very 

limited application to works of harbor defence. In these 

Tespects it has no parallel with us, and in the treatment of 

the case and happy adaptation of means to the end, Colonel 
Totten exhibited a mastery of all the details of the art, which 
Proves his technical skill and minute knowledge to be fully 

-€qual to the power of broad generalization I have already 

endeavored to illustrate. But Colonel Totten found here 
Yet another field for professional usefulness, — another track 

‘o explore. The art of the civil engineer (I use the phrase 
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in its application to mere construction, whether it be of a mili- 

tary or civil work) was yet in its infancy in this country. 
Our resources in building materials were almost unknown, 

their qualities and adaptabilities to different purposes of 

construction undeveloped. ‘Thus far the matter had excited 
little attention ; the building material, whether brick or stone, 

lime or timber, nearest at hand was indiscriminately used, 

and its aggregation left much to the skill of the mechanic. In 

commencing constructions on so great a scale, it was of the 

first importance that the work should be both durable and 

economical; a result only to be attained by the most careful 

selection of materials, and the most skilful manipulation. 

Besides, our forts called for arrangements unknown in -_ 

branches of building, — arrangements for which the execution 

and the most suitable materials had to be studied out ab 

tnitio, since on many of these points there were neither 
experience nor extant rules to guide. 

In the years 1830 and 1831 a series of experiments wa® 

instituted by Colonel Totten at Fort Adams, on the e* 

pansion and contraction of. building stone by natural 
changes of temperature, and the effects of these variations 
on the cements employed to secure the joints of ston? 
copings. An account of them was prepared under his di- 
rection by Lieutenant (now Professor) W. H. C. Bartlett, 
a member of this Academy, and published in the America" 
Journal of Science for July, 1832. The methods employed 
were at once simple and ingenious, and the result was 
as to leave no doubt that in this climate the joints of coping 
formed of stone of four or five feet in length will always be 
insecure, no matter what description of cement may be ¢™ 
ployed to close them. 

ly to the experimental examination of the subject by Colonel 

a 
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Totten, the walls of our most expensive works of masonry 

were protected by copings cemented at their joints; and 

while the failure of the cement was constantly noticed, the 
cause of the failure was not understood. The experiments 

showed that the changes of longitudinal dimensions of granite 

coping-stones, five feet only in length, under the extreme 

temperatures to which they were exposed at Newport, would 
be sufficient to pulverize the hardest cement between them, 

or to leave cracks in it thicker than common pasteboard. 

With marble as a material, these destructive effects are con- 

siderably increased, and with sandstone, nearly doubled. 

About the same time, Colonel Totten caused some experi- 
ments to be made to ascertain the relative stiffness and 

strength of the following kinds of timber, viz. White Pine, 

(Pinus strobus), Spruce (Abies nigra), and Southern Pine 

(Pinus australis), also called Long-leaved Pine. 
These experiments, made by his assistant, Lieutenant Re, 

S. Brown,’of the Corps of Engineers, were published in the 

American Journal of Science and Art, and afterwards, hav- 

ing been revised by the author, in the Journal of the Frank- 

lin Institute, a note being added, the calculations extended, 

and practical inferences drawn therefrom. This memoir and 

additions are found in Vol. VIL., new series, Journal of the 

Franklin Institute, 1831. Lieutenant Brown’s account con- 

cludes with the following remarks : — 

“In Tredgold’s carpentry, and other similar works, may 
be found the constant numbers (a) and (c) for nearly all the 

kinds of wood useful in the arts; but besides that the num- 

bers are in many instances calculated from insufficient ex-~ 

periments, most of the specimens used in the trials were 

of European growth, and of course the results obtained are 

inapplicable to American timber, though bearing the same 

Rame. Itis much to be desired that numerous and accurate 

i 
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experiments be made in this country by those having the 

requisite zeal and opportunities ; our architects will then 
know with certainty the qualities of the different kinds of 
woods they are using, and instead of working at hazard and 

in the dark, as they now too often do, they will be guided by 
the sure light of practical science to certain and definite 
results. If these experiments contribute ever so little to the 
attainment of so important a result, the object of their pub- 
lication will be fully accomplished.” 
A subject of such vital importance in the art of construc- 

tion as the composition of mortars could not fail to invite, of 
rather compel, the researches of Colonel Totten. No species 
of masonry is subject to such severe deteriorating influences 
as the walls and arches of fortifications, especially in our 
climate ; so severe, indeed, that they almost drive the engineer 
to despair. Next only to the importance of having the 
building stones or bricks of a suitable character, is that of 
uniting them by a Strong and durable mortar. Few persons 
Whose attention has not been called to the subject conceive 
its magnitude, the variety of materials it embraces, and the 
laborious investigations to which it has given rise. Colonel 
Totten commenced his researches at an early date, and con- 
tinued them actively during the whole period of his connec- 
tion with Fort Adams. 

His work ‘on “Hydraulic and Common Mortars” was pub- 
lished in 1838 by the Franklin Institute of Philadelphia. 
It contains, besides original experiments and observations 
on mortars, hydraulic cements and concretes, translations of 
essays by Treussart, Pitot, and Courtois, the best French 
writers on the same subject, and constitutes to this day an au- 

“thority relied on by American engineers. Colonel Totten’s 
experiments extend over the period from 1825 to 18383 
they are especially valuable for the variety of limes and 
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cements, and the tests of different modes of slaking the lime, 
mixing the mortars, and preparing the cements and concretes. 
The mortars were tested, after periods ranging from five 

months to four years and five months, for tenacity, by the 

force required to separate two bricks joined together by 

means of them, and for hardness by the weight which they 

would support, applied over a small circular area. The ex- 

periments on concretes or factitious stones are equally com- 

prehensive, being directed to the composition and consistency 

of the cement, whether best used as a stiff mortar or a semi- 

fluid grout ; to the effect of additions of common lime and 

sand or rounded pebbles and gravel, and to ascertaining the 

proportion of each that would be used to the best advantage. 

The results developed by these investigations are of the 

greatest value, and having been applied in the construction 

of the fort, have now had the test of many years’ experience, 

It would be almost impossible to enumerate the various ob- 

Jects of Colonel Totten’s researches while at Newport. There 

is scarce a subject connected with the art or science of the 

engineer, civil or military, which did not engage his. atten- 

tion, and of which he has not left some record. The thick- 

hess of sustaining walls, the thrust of arches, among the 

More important, and the composition of stuecoes, of paints, 
lackers, washes for stone or brick work, among the less so, 

may here be mentioned. ' 

Perhaps no period of his life is so interesting and so 

affectionately remembered by his professional associates. 

eed, a large proportion of the young officers of the corps 

~ Of those days passed a portion of their time under his com- 

Mand, and acquired their first professional experience in the 

performance of duties under his eye and direction. The dis- 

Position to cultivate science, physical and natural, led him to 

original researches, while his influence stimulated and led to 
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improvement the educated young men who from time to 
time came into his military family. Fond of exercise, 

bodily and mental, he sought in natural history, as in geol- 
ogy, mineralogy, and conchology, objects for the long walks 

and drives conducive to health, while the arrangement of 

the specimens, their care and classification, and the study of — 
the habits of the animals which occupied the shells, gave 

scope to his wonderful powers of observation. Instead of 

finding his young officers a trouble, he was fond of their 
companionship, suggesting modes and objects of experiment, 

and encouraging them to do so likewise, thus cultivating 
originality of thought. His laboratory was at their service, 
and his companionship and example at their disposal. After 
a day’s labor he retired to this laboratory, glad to have with 
him such of the young companions of the day as desired 
to jom him. The honored President of this Academy can 
recollect, year after year, the computations, under Colonel 

Totten’s direction, of the thickness of revetments, the analysis 
of minerals collected in the field, classifications of shells 

gathered in days’ walks on the sea-shore, discussions of the 
curious structure of geological specimens in the neighbor- 

Newport, and of the curious mineralogical speci- 
mens of the upper portion of Rhode Island, which he en- 
couraged them to find. So upon the fort itself, the various 
researches fyhich I have described were marked out for 
Successive experimenting, with a generosity to his assistants 
which almost persuaded them that they were original with 
them. The determination of the measures used in laying 
out the fort and the practical apparatus employed in the 
Measurements, received his careful study. The practical 
character of these works impressed themselves upon the 
minds of the young officers, and furnished the fitting comple- 
ment to the theoretical training received at West Point. 
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Not least pleasant among the memories of this period of 
Colonel Totten’s life, to those who had the good fortune to be 
associated with him, is the recollection of the social enjoy- 

ments of his house. Married in 1816 to Catlyna Pearson, 
of Albany, he was surrounded by a young family, among 
whom his happiest moments were spent, and to whom he 
was everything that such a relation can imply. None could 
be happier in his social intercourse. Genial and eminently 

hospitable, he cultivated as a duty those smaller amenities of 

society by which the cares of life are lightened, and its joys - 

augmented. His house was the home of his friends, and 
was seldom without some one of them. Though dignified 
and courteously reserved in his intercourse with the external 

world, few more highly enjoyed real humor, or could with 

more true bon-hommie give themselves up to the gayety of 

the moment. In his relations to his young officers he was 

kind and affable, encouraging freedom of expression, and 

inviting inquiry in everything that related to professional 
Matters, while there was always that in bis manner which 

inspired the most profound respect and forbade undue levity” 

of conduct in his presence. 

Before quitting the scene of so important a portion of 

Colonel Totten’s official labors, it is proper to remark that, in 

addition to the duties of his particular charge, he as a mem- 

ber, and for the last six years President of the Board of 

Engineers, was engaged in the planning of the new works 
for which Congress from time to time made the necessary 

appropriations.* To this duty he usually devoted the win- 

* By the Regulations, the local engineer officer, pon whom the 

construction of the proposed work was to devolve, was ex officio a 
of brought during the winter 

months engineer officers from various parts of the country, — from the 

shores of the Gulf, Seni the seaboard of North and South Carolina 
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ter months, during which all construction on Fort Adams 

was suspended. In the execution of his designs he was 
usually assisted by young officers of the corps, who found 

therein a practical application of the theoretical knowledge 

acquired at West Point instructive and useful. 

The works of harbor improvement on the seaboard and 
on the lakes were likewise under the control and direction of 
the Engineer Bureau; and Colonel Totten, though not directly 

engaged therein, was not infrequently called on to inspect 
and advise concerning them. Most of these, and especially 
those of the Lake shores, afforded curious and_interesting 
problems in this branch of civil engineering, and his re- 
ports and notes on these subjects, yet extant, are additional 
proofs of the wide range of his professional knowledge and 
of his powers of accurate observation and of skilful deduc- 

tion from the phenomena of nature. 

Colonel Totten was appointed Colonel of the Corps of 
Engineers and Chief Engineer, Dec. 7, 1838. At this time 
the construction of Fort Adams was so far advanced towards 
completion as to need no longer his personal supervision, and 

_ the city of Washington became thenceforth his home and 

the seat of his official duties. Identified as we have see? 
with the origin and growth of the great system of sea-coast 
defence of the United States, it was eminently proper that 
he should become the head of that bureau of the War De- 
partment to which its execution was committed, and no one 
could be more eminently fitted for that important station. 

At the date of his appointment the system of coast de- 
fence had been for about twenty years in progress of ¢o0- 
struction, and during that pete’! sist of those ports and 

and Georgia, as well as from nearer points, and added not a little to 
‘the charm of the professional and social life of the young engineer 
Officers at Newport. 
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harbors of the United States deemed most important to 
ourselves or most assailable by a naval foe had been, at 

least, partially fortified. At many such points, indeed, no 

new work had been as yet constructed, owing to the ex- 
istence of forts or batteries more or less adequate built 
before or during the war of 1812. These works, where 

Possible, were absorbed into the new system with some re- 

pairs and alterations. Among such points may be mentioned 

the harbors of Portland, Portsmouth, New London, Phila- 

delphia, Baltimore, and Charleston. New and powerful 

Works had, however, been built or far advanced to comple- 
tion, for the defence of Boston, Newport, New York, Hamp- 

ton Roads, the Savannah River, Pensacola, Mobile, and 
New Orleans. But the strictures on the system, to which 
we have before made reference, proceeding from such an 

authority as the Secretary of War and sanctioned by the 
President, had not failed to shake the confidence of Con- 
gress and of the people. For several years the annual 

appropriations had been wholly denied or made so inade- 

quately that the work had languished and at some points 

had been wholly suspended. But however much opposition 

may grow_up in time of profound peace, no sooner is there 

4 probability of seeing a foe at our doors than all eyes are 

turned to these protecting works, and the most urgent de- 

mands are made that our seaport towns shall be speedily 

put “in a state of defence.” Such an impulse was given 

by the Maine boundary and McLeod questions, soon after 

the advent of Colonel Totten to the Chief Engineership. In 

fulfilling the urgent duty which thus devolved upon him, he 

did ot content himself with the mere issuing of orders 

his office at Washington. He made it his business to 

inspect personally the works, and in less than two years, be- 

sides the enormous office labor he found necessary to attend 
4 
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to on the first assumption of charge of the bureau, he had 

visited every fort and battery on the sea-coast of the United 
States. His inspections were not superficial and_ hasty; 
they were most thorough and searching. His investigations 
embraced, at the same time, the general scope and purpose 
of the work, its adaptability to its great objects, and the 
minutest detail in its construction. It was now that the 
country derived the full benefit of his indefatigable re- 

searches while at Newport. 

I have already alluded to the lack of knowledge and ex- 
perience in this country of the art of construction, especially 
in its applications to the peculiarities of fortification. To 
supply this lack was a great end of Colonel Totten’s labors at 

Fort Adams. At few other points did the locality or cit- 
cumstances of the construction render practicable such re- 
searches. This remark will apply particularly to the works 
on the Gulf of Mexico. The regions bordering the Gulf 
were, at the close of the war of 1812, but recent acquisi- 

tions to the territory of the United States. Sparsely popu- 
lated and isolated from the rest of the Union as (before the 
application of steam to the navigation of the Mississippi) 
they were, they would be defended, if defended at all; only 
by the aid of fortifications. The fact that New Orleans 
had been almost wrenched from our grasp, and the impres- 

sion then everywhere felt that if it had been captured it 
would not have been relinquished, stimulated the government 
to secure the possession of this important place and of other 
strategic points on the Gulf by immediate fortification. Ac- 

cordingly designs for works — mostly prepared by General 
— were among the first labors of the Board of En- 

gineers, and the forts on the river and lake approaches 10 
New Orleans, at the entrances to Mobile Bay and Pen- 
‘Sacola harbor, were almost simultaneously commenced. 



89 

Around New Orleans especially the Engineers had to con- 
tend with formidable difficulties. The deadly climate, the 
treacherous soil, on which no art could build a structure so 

massive as a fortification that should not sink one or more 

feet, warping and dislocating the walls and arches, the 
difficulties of procuring the services of mechanics and labor- 

ers, the want of building materials, &c. all combined to 

make construction exceedingly difficult, to forbid any of its 

niceties, and to hinder all research or experiment. Some of 

‘these works had been entirely finished at the period we 

e arrived at, others nearly so, and left to “settle” before 

the weight of the earthen parapets was added. 

Considering all these unfavorable circumstances, these 

works had been built in a manner creditable to the energy 

and skill of the engineers; but a few years’ neglect, aided 

bya damp and tropical climate, had given many of them an 

appearance which, to the superficial observer, promised any- 

thing but efficiency. Indeed, it was a popular belief in New 
Orleans at this time that Fort Jackson on the Mississippi had 

sunk so much that its guns could not be brought to bear on 

the river, —a belief doubtless due to the unnecessarily high 

levees by which it had been surrounded to protect its site 

from inundation, and to the rapid growth of vegetation on 

and about the fort. Such was the condition of this work 

when Colonel Totten first visited it in 1841, and the author of 

this paper, who had but recently taken charge of it, has yet 

4 vivid recollection of the thorough inspections of this and 

other works, the tedious voyages in open boats through the 

intricate “bayou” navigation about New Orleans, in com- 

pany with his chief, as well as the copious and most minute 

instructions which he received. Destitute of American ex- 

Perience on such points, the designer had followed European 

Precedents, or the constructing engineer had been left to his 
3* 
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own devices as to much that relates to the interior arrange- 

ments. The wood-work of magazines, inadequately venti- 
lated, had rotted and fallen in ruins; the covering of the 

bombproof casemates, imperfectly understood, had failed to 

exclude water, which percolated through the piers and 
arches or gathered in muddy pools on the floors. The work 
to be done to bring the forts to speedy efficiency was vast; 
embrasures and floors of casemates were to be raised to 

compensate the settlement the works had undergone; earth 

to be removed from the arches, in order to repair or renew “si 
roofing; magazines and quarters to be refitted, and all this 
before a gun could be mounted in a proper manner. On all 
these points Colonel Totten was rich in the experience of = 
long researches, and ready at once to give the proper di- 

rections. Following his detailed instructions, the works 

speedily reached such a condition of efficiency : as to permit 
the mounting and service of their guns.* 

What the writer here relates from his own experience at 
New Orleans serves but to illustrate the indefatigable labors 
and personal agency of Colonel Totten at this period, along 
the whole seaboard of the United States, in bringing all its 
ports and harbors into a defensible condition. Nor should I 

confine these attributes to any particular During 
the whole time of his Chief Engineership he aaa the 
same laborious supervision. Generally, once in about every 

two years, he inspected every fort of the United States, and 
scarcely was the local engineer officer more thoroughly 

familiar with each detail of his own particular works than 

* When Forts Jackson and Philip on the Mississippi i were attacked 
‘by the fleets of Commanders Farragut and Porter, they were not pro- 

ided with the armaments intended for them, and the garrisons wer? 
demoralized by a long bombardment. It is not in place to discuss this 
“subject here. 
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was the Chief Engineer with those of all under charge of 

the Engineer Bureau. Besides attending to the routine 

duties of his office at Washington, he found time to design 
plans for new works, as well as for alterations or enlarge- 

ment of old ones. An admirable draughtsman, executing 

-his work with a delicacy and finish that defied competition 
on the part of his subordinates, he would be usually found, 

if visited at his office, engaged at his drawing-table. In- 

deed, if he had a fault as Chief Engineer, it was the habit 

of doing everything himself. It was contemplated by the 

Regulations that all plans of fortifications should be made by 

4 Board of Engineers, and General Totten, in one of his 

reports, alludes to the fact that this has not always been the 

case in these words: “In rare cases it has happened that 

plans have been made under the particular direction of the 

‘Chief Engineer, owing to the difficulty, at moments, of draw- 

ing the widely dispersed members of the board from their 
individual trusts.” It may be said too, in justice to him, 
that when he assumed the control of the bureau, it was almost 

indispensable to take much upon himself, in the direction 

ut the repairs and prosecution of many of the works, owing 

to the great pressure thrown upon the corps by the circum- 

stances of the period, and the want of a sufficient number of 

experienced officers. . 
The excitement produced by the anticipation of war with 

England was followed by an actual war with a weak neigh- 

bor, — a war inaugurated by the same influences which, in 

& more potent form, produced the Rebellion, or rather of 

which the Rebellion was but the legitimate and natural se- 

quel. Called on by General Scott, who reposed in his pro- 

fessional ckill the most unbounded confidence, Colonel Totten 

assumed, in 1847, the immediate control of the engineering 

Operations of the army destined to invade the Mexican capi- 
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tal, directing in this capacity the siege of Vera Cruz. For 
his successful services he was brevetted a Brigadier-General, 

29, 1847, “for gallant and meritorious conduct at 
the siege of Vera Cruz.” Having thus successfully accom- 
plished the special task for which he had been selected, he 
left the army and resumed his station at Washington. 

In addition to the onerous duties of his office, involving, 

besides the labors described, the Inspectorship and Super- 

vision of the Military Academy, his position and high repu- 
tation subjected him to calls for incidental labors, by the gov- 

ernment, by the States, or by municipal bodies. A few 

months prior to his appointment as Chief Engineer, 1838, 
he was, at the invitation of the Secretary of the Navy, or 
dered to visit the Navy-Yard at Pensacola,and to prepare plans 
for dry-docks, wharves, sea-walls, and other improvements. 

Save a wretched failure in the shape of a wharf, the place 
——a navy-yard in name—had been, up to this period, des- 
titute of everything that characterizes such an establishment, 

except an imposing row of officers’ quarters, and some few 
storehouses. A board of naval officers had been convened 

two years previously to consider the wants of the yard, and 
had recommended an extensive system of improvements, i- 
volving, among other things, no less than four dry-docks. 
Such constructions, reaching thirty or more feet below the 
level of low water in the loose sand of the bay shores, were 
difficult, demanding all the resources of the engineer, and it 
was on account of General Totten’s eminent abilities and high 
authority in such matters that the Navy Department 

recourse to his services. He made a report on the manner 

of construction, with plans which, if I mistake not, have been 

@ guide in the subsequent operations. Unfortunately, to this 

day no permanent dry-dock exists, a floating wooden one 
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having, through some influence, been substituted, at enor- 
mous expense, for the intended masonry structure.* . 

The Legislature of the State of New York having, 
March 30, 1855, passed “An Act for the appointment of 
a Commission for the preservation of the harbor of New 
York from encroachments, and to prevent obstructions to the 
necessary navigation thereof,” the commission so appointed 

invited and obtained the co-operation, as an “ adviso sory coun- 
cil,” of General Totten, Professor Bache, and Commander 

Davis, U. S. Navy. The nature of the services thus ren- 

dered is best understood by reference to the iit of the 
Commissioners themselves. 

“The distinguished reputation of General Totten, Professor 

Bache, and Commander Davis for scientific/attainments, their 

diversified experience in the construction of hydraulic works, 

and long observation of the influence of tidal currents in the 

formation and removal of shoals, indicated them as the best 

qualified to assist the Commissioners in the discharge of 
their duties, while their high personal character precluded 
the possibility of their advice being affected by other than 

the single purpose of arriving at a just decision on the ques- 
tions submitted to them”; and again, after a particular allu- 

Sion to the services of Professor Bache: “It is the gratify- 

ing duty of the Commissioners to present to the notice of 

the Legislature the important services which have been 

gratuitously rendered to the State by General Joseph G. 

* The “ questionable shape” and suspicious object of ee bien 

craft — set — and ste out into the bay by the Rebels in 

- n the part of Colonel Brown and the aed 

garrison of Fort Picken: pare us of the famous “ Battle of the 

Kegs” of the Revolution. The probable ie was to sink it in the 

el to prevent the entrance of our gu But Colonel Brown’s 

interference A iors the accomplishment a the design. It was 

y the rebels, and set fire to by Colonel Brown’s orders. 
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Totten, Chief Engineer of the United States Army, and 

Commander Charles H. Davis, of the United States Navy, 

who, with Professor Bache, formed the advisory council of 

the Commissioners. Animated by the single desire of pre- 

serving the port of New York in all its usefulness, they | 

brought to the consideration of the subjects referred to 

them the diversified experience of many years spent in the 

examination and improvement of harbors. The several re- 

ports they have made on the exterior lines, on the improve 

ment of Hell Gate, and on the preservation of Gowannus 

Bay, are profound dissertations on the forces and actions of 

currents, and, while they evince, in some degree, the extent 

“of the labors of those gentlemen, they demonstrate how just 

is the public estimate of their scientific attainments.” 

Following the example of New York, Massachusetts 

soon organized a similar Commission for the port and 
of Boston, on which the same gentlemen were invited 
serve, receiving similar testimonials of the high value of 

their services. 
Of the many scientific men of the country who were 

associated with him in such duties (of whom most usually 

was our eminent President), none exhibited greater neal 
and assiduity, few took a more prominent and useful part. 

The: resolutions of the Lighthouse Board, on the occasion 

of his decease, which are appended to this memoir, would 
be, with slight modifications, applicable in reference to all 

his connections of a similar nature. Inflexible in his 
tegrity, uncompromising in his notions of duty, and wateb- 
ful to the highest degree for all the interests of the goveT? 
ment in all that concerned his charge, it is not strange i 

the shameless Floyd soon found him an obstacle to his pee 

liar operations. He was virtually banished from his offices 
or at least relieved from its duties, which he did not resume 
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until Floyd left the War Department. He took this oppor- 
tunity — perhaps the very first and only release during his 
lifetime from the unceasing demand of duty —to visit Europe 

in company with Mrs. Totten, travelling through France, 

Italy, Germany, and England. Endued with those keen 

perceptions and that harmonious adjustment of faculties 

which render the mind susceptible to the beautiful, whether 
in nature or art, he was, in the true sense of the term, an 

artist. For music, for painting, for sculpttre, he had a high 

relish and a most accurate and discriminating judgment. 
By such a one the treasures of art and antiquity of Europe 

can only be adequately appreciated and enjoyed, as we know 

they were appreciated and enjoyed by General Totten. He’ 

did not fail, however, to take the opportunity to examine, as far 
as he was able, the fortifications of Europe, of the character 

and peculiarities of which, however, he had little to learn. 

On his return he was sent by Floyd to the Pacific coast, with 
directions to inspect the fortifications in construction, and to 

report on the defensive requirements of that region. This 

duty and the report thereon he executed in his usual 

thorough and exhaustive manner. It furnished him with 

the opportunity to acquire the same personal knowledge of 

all that concerned the seaboard defence of our newly ac- 

quired territories on the Pacifie which he already possessed, 
beyond any other man, in reference to the Atlantic and 

Gulf coasts. 

In the year 1851 General Totten inaugurated and con- 

tinued through the years 1852, 1853, 1854, and 1855 a 
series of experiments at West Point, “ on the effects of firing 

With heavy ordnance from casemate embrasures,” and also 

“on the effects of firing against the same embrasures with 

Various kinds of missiles.” It will be interesting, and con- 
ducive to a better understanding of the objects and results of 

\ 
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these experiments to say a few words as to the origin and 

meaning of the term “ casemate,” and to give an account of 

General Totten’s previous labors in connection with the 

“casemate embrasure.” The word is fiom the Spanish 

casa-mata (a compound, most likely, of casa, house, and, 
matar, to kill; though it is said also to mean a low or hidden 

house ; but the etymology is not settled), and seems to have 

been used to signify a countermine as well as a concealed 

place, arranged in connection with a fortification, for contain- 

ing and using a piece of artillery. According to Bardin 

it appears to have been applied to the double or triple tier 

of uncovered gun platforms used by the early Ttalian and 

Ge 
vaulted galleries along the scarp wall. The term finally 
came to mean, in fortification, any vaulted room under the 

earth work of the rampart or glacis, whether intended for 

service of guns or for quarters of troops or for containing 
stores. A gun casemate is such a vault abutting against = 

scarp or counterscarp wall through which an “ embrasure ” 

is pierced to permit the discharge of the gun; and in the 

naval service the term has been adopted to signify the part 
of an iron-clad vessel containing the guns, and which is, for 
that reason, especially protected by the iron-plating. Hence 
the essential notion of the word seems to involve one oF 

more of the attributes of concealment, shelter, and destruc- 

tive purpose. 

The use of the casemate, in some of its forms, for flank- 
ing purposes goes back to Albert Durer and San Micheli, in 
the early part of the sixteenth century, and it was resorted t 
by Vauban in his second and third systems, of which the 
tower-bastions are casemated throughout. But it was Te 
served for the Marquis de Montalembert, in the latter pat 

* Dictionnaire de Armée de Terre, &c. 
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of the eighteenth century, to give it an extraordinary develop- 

ment, and to make the casemate the essential element of a 

system of fortification. This “most intrepid of authors upon 

fortification ” (as he is styled by Chasseloup) boldly attempted” 

to apply to his art the same principles by which Napoleon 
won his victories, — the concentration of superior forces upon 

the decisive points. In his projects we find upon all parts ‘ 

where there must be a decisive contest of artillery an ex- 

traordinary concentration of guns, amounting in some cases 
to ten times those of the attacking batteries, the construction 

of which it is intended to prevent, or which shall be promptly 

overpowered, if constructed. This concentration he effected, 

and could only effect, by the use of casemates, upon which, 

numerous and well constructed, he bases all the strength of 

his fortifications. 
No author on this art has displayed greater genius or a 

greater affluence of resources, and no author has given oc- 

casion for so much acrimonious discussion. Rejected by the 

French, the principles of Montalembert have been made the 

basis of the modern German, or “ Polygonal,” system. 

For sea-coast fortification the casemates of Montalembert 

had a singular applicability, and he has the merit, at least, of 

being the first writer who has seen in this branch of the art 

a subject of particular treatment, and who had given special 

designs for forts and batteries “ for the defence of ports.” 

In no warlike structure was there so great a concentration 

of artillery as in a ship of war, such as it was fifty or even 

twenty years ago. And as there is no limit to the number 

of ships which may be brought to bear upon a shore battery 

save that of the range of artillery and the area of navigable 

Water, it is easy to see to what overwhelming hostile fire such 

a work may be subjected. On the other hand, it frequently 

happens that the site otherwise most advantageous for a bat- 
‘ 
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tery is low and contracted, rendering any accumulation of 

guns impracticable, if mounted on an ordinary rampart, and 
exposing the unprotected gunners to the fire of the sharp- 

shooters with which the enemy’s topmasts are filled.* 
It is no small merit of Montalembert to have devised a 

method of mounting guns which should meet this case. Not- 

withstanding that the French Corps of Engineers rejected the 

system in its intended application, and disclaimed, as an engi- 

neer, its author, it nevertheless constructed, in 1786, for the 

defence of the roadstead and harbor of Cherbourg, forts which 

are in reality almost copied from his designs.t Following 
the example of the French, other European nations have 
adopted, for the defence of their seaports, works of the 

same character, of which the forts of Cronstadt and Sebas- 
topol, once made familiar to us, in their outward appearance, 

by the Pictorials, are recent specimens, and, as we have 

already seen, Colonel Williams introduced them into our 

country in 1807, by the construction of Castles Williams 
and Clinton, and Fort Gansevoort, New York harbor. 

An objection urged against casemates, and a grave one, 

since it is aimed at one of their most important attributes, iS, 

that the embrasures of masonry are dangerous to the gun- 

ners, from their outward flaring surfaces reflecting into the 
interior the enemy’s missiles. Montalembert was well aware 

of this objection, calling the embrasure, in its ordinary form, 
a “murderous funnel,” (entonnoir meurtriére,) and his sage 

* The topmasts of many of the vessels of Commodore Farragat’s 

fleet in the attack on Forts Jackson and St. Philip contained boat 
howitzers, destined to fire canister at the gunners of the low batteries 

' of those works. 
t The celebrated Carnot, then an officer of sonig engineers, but 

who adopted the views of Montalembert, writes to him, “You have 
MO Wisk hx sdvetiaries Gus anaissica that wett-comeacncied OM 
Mates are a good thing,” &e. (Zasrnow, Histoire de la Fortification.) 
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city did not fail to prescribe the best remedy by rules in- 

tended to reduce to a minimum the external opening. He 

directed that the throat should be no larger than necessary 

to receive the muzzle of the gun and to endure the shock of 

its discharge, that it should not be more than two feet from 

the exterior surface of the wall, that the cheeks should be 

parallel to the sides of the sector of fire ; and to render prac- 

ticable these arrangements, he invented the “affut @ atguille” 

(carriage with tongue), which has served as the type of nearly 

all subsequent casemate gun-carriages. It is strange, that, 

even while adopting the plans of Montalembert, Euro- 

pean engineers should have almost wholly overlooked these 

Maxims, and that it was reserved for our own illustrious 

engineer to make their application, and, in perfecting the 

casemate and the embrasure, to become a co-worker with 

Montalembert, by bringing the casemated water-battery to 

its highest degree of perfection. 
I now revert to General Totten’s labors in this connection, 

and in reference thereto I quote from his report to the 

Secretary of War :— 

“The first casemated battery was completed in 1808. It 

has two tiers of guns in casemates, and one in barbette. 

The exterior openings of the lower embrasures are 4’ 8” by 

6 feet, giving an area of 28 square feet; and of the second 

tier, 3/ 8” by 5 feet, area 183 square feet, the horizontal 

traverse of the guns being limited to 44 degrees. 

“Within three or four years of the time just mentioned 

two other casemated batteries were built, each having @ 

Single tier of guns in casemates, with exterior openings 

of 4’ 5” by 5 feet, area 22 square feet; one with horizontal 

Scope of about 42 degrees, and the other of about 45 de- 

grees, 
“In 1815 the author of this report was called on to pre- 
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pare a project for the defence of an important channel ; and 

having been convinced, while employed as an assistant in the 
construction of two of the batteries just mentioned, that the 

principles and the details by which the embrasures and the 

dependent casemates had thus far been regulated were erro- 
neous and defective, set about a careful study of the condi- 
tions to be fulfilled in providing for the heavy guns of that 
period, mounted on a casemate carriage that had already 
been approved and adopted. The result was an embrasure, 

having an exterior opening of 4 feet wide by 2! 6” high at 
the outside line of the cheeks, and three feet high at the key 
of the covering arch, the throat being 1’ 10” wide. This 
provided for all the depression and elevation of the gun that 

the carriage permitted, and also for a horizontal scope of 

full 60 degrees. Covered with a lintel instead of an arch, 
the height of the exterior opening might be a little less 

than three feet. ; 
“The plan of this embrasure shows that the interior 

opening is 5’ 6” wide, and that the plane of the throat 1 
within 2 feet of the outside of the wall, which just at the 
embrasure is five feet thick. 

“A slight modification fitted this embrasure, when applied 

to flanking or interior defence, to receive at first a carronade 

of large calibre, and of later years, a howitzer instead. When 
these latter were liable to be assailed by musketry, the outer 
cheeks were made en eremailliere (notched), — a long-know" 
device. 

“Tt was with timidity and hesitation that the cheeks and 

this embrasure were placed so near the track of the ball, 

when fired from the casemate, with the maximum obliquity, 
and the results of an early trial with experimental embra- 

sures at Fort Monroe gave some sanction to the doubt 
The first two undér trial were built of lime mortar, and 
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were soon shaken to pieces by the blast of the gun. An- 
other one, however, constructed of bricks laid in cement- 

mortar, sustained without injury several hundred discharges. 

These last results have been confirmed wherever there has 

been practice from our embrasures, which, with immaterial 

differences, have since 1815 been constructed in all our 

casemated batteries according to the preceding descrip 

It will be seen from the foregoing quotations how thor- 

oughly General Totten, in adopting the casema ted battery, was 

imbued with the spirit of its illustrious originator. If, as is 

likely, he was aware of the latter’s rules on this subject, he 

was the first to appreciate their essential importance, and to 

prove the practicability of their application. It is probable, 
however, that the close study of the subject, critical obser- 

vation and keen sagacity which so distinguished him on all 

occasions, and which taught him to accept nothing as the 

best which was susceptible of improvement, led him to 

recognize as “murderous funnels” the embrasures of rou- 

tine, —to create anew the rules of Montalembert, and to 

make, for the first time, a successful application of them. 

He reduced the throat to nearly an absolute minimum: he 

placed it at two feet from the outer face of the wall, dimin- 

ishing the external openings from eighteen, twenty-two, and 

twenty-eight, down to about ten square feet, while he in- 

creased the sector of fire of the gun from forty-five to sixty 

degrees ; thus adding one third to its field of fire, and conse- 

quently to its value. 
The embrasures, thus modelled in 1815, remained un- 

changed until the year 1858, but the casemate continued a 

subject of study and experiment during most of his life. 

The perfecting of ventilation, the determination of the di- 

mensions and height of the piers, of the span and rise of 

: Q* : * 
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the arches, their thickness and manner of covering, SO as 

to obtain perfect drainage and to avoid the injurious ef- 

fects of frost, &c., were problems of prolonged research and 

skilful solution, establishing for General Totten the right.to 

be considered the author of the American casemate. 

In connection with these researches may be mentioned 

those also which were directed to the determination of the 

manner of mounting guns “en barbette.”* As the dimen- 

sions of sea-coast ordnance increased, more and more elab- 

orate structures became necessary for their mounting and 

management. The planning and construction of the car 

riages belonged to the Ordnance Bureau, but it was General 

Totten’s task to adapt the platforms and parapets thereto- 

None but the engineer or artillerist can thoroughly under- 

stand the difficulty and complexity of the problems therein 

involved. To provide a platform which shall support, with- 

out the slightest deflexion, the weight, and resist the shock 

of discharge, while it provides for the training or pointing 

of the gun, — which is so adapted to the parapet as to allow 

the maximum horizontal sector of fire and to afford the 

most perfect cover to the gunners consistent with allowing 

all the depression demanded by the circumstances of the 

ease, — such are the conditions to be fulfilled, separately, for 

each calibre of gun. After years of experience, and ‘after 

our sea-coast ordnance had attained its highest development 

prior to the introduction of the rifled gun and fifteen-inch 
columbiad, General Totten embodied his results in a litho- 

graphic sheet exhibiting to the eye of the engineer for every 

kind of gun and for every probable case the particular 50 

lution. This single sheet exhibits strikingly the characteris- 

ties of the author’s mind,—the profound study which he 

brought to bear on every subject, the scrupulous accuracy 

_ * A barbette gun is one which is fired over a parapet. 
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of his determinations, which neglected no appreciable mag- 

nitude, and the thoroughness and generality of his solu- 
tions 8. 
When the embrasure of 1815’ was designed, ships’ arma- 

ments contained no gun heavier than a twenty-four or thirty- 

two pounder. As the calibres increased it became a matter 

of doubt whether the five feet thickness of wall immediately 

about the embrasure was sufficient. At the same time the 

progress made in the art of forging large masses of iron had 

suggested that by its use the funnel form of the mouth 

might be entirely done away with, and the exterior opening 

reduced to an absolute minimum. Nothing but experiment 
could lead to sound conclusions, and the experiments re- 

ferred to on a former page were instituted, the princi- 

pal objects of which were (in General Totten’s own lan- 

guage) :— | 
I. “To ascertain the effects of firing with solid balls, with 

shells, and with grape and canister, from heavy ordnance 
at short distances, upon various materials used in the con- 
struction of casemate embrasures. ; 

II. “To determine whether these embrasures might have 

aform that would shut out most of these missiles, and re- 

Sist for a time the heaviest, without lessening the sector of 

fire, horizontal and vertical, of the casemate gun. 

TIL “To determine the degree to which, without injury 

from the blast of the gun, or lessening its scope of fire, ioe 

throat of the embrasure, and also the exterior opening, 

might -be, lessened. 
IV. “To determine whether all smaller missiles might 

hot be prevented from passing through the throat into the 

battery ; and whether the smoke of the blast might not also 

be excluded by simple and easily managed shutters.” 

Targets were constructed, representing the wall ofa forti- 
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fication pierced with its embrasures. All varieties of mate- 

rials were employed in the walls, and every suggested 

method of constructing the embrasure was tried. Gene 

Totten’s report shows that the minutest detail of construc- 

tion was directed by himself, and that he personally super- 

intended the experiments. They were carried on at inter- 

vals during four successive years, the results of each year 

suggesting the object of experiment for the next. 

It would be out of place here to follow the report through 
its detailed accounts of the firings, or even to attempt to 
sum up the conclusions arrived at, referring as they do to 

such a variety of subjects; but those concerning the thick- 

ness of the scarp-wall and the use of wrought-iron may be 

properly quoted as among the most important. 
“The general conclusion from these trials is, that, whether 

of cement concrete, of bricks, or of hard stones, the portion of 
the wall at and around each embrasure having the thickness 

of five feet only should be no larger than is indispensable 

for the adaptation of the gun and carriage to the embrasure; 

if restricted to a small area, this thickness will suffice, — 

not otherwise. 5; 
“The thickness of five feet will resist a number of these 

balls, impinging in succession on that space, provided the 

bond expand promptly above, below, and on each side, into a 

thickness greater by some two and a half feet or three feet 

or more. Were the wall no thicker generally than five feet, 
being reinforced only by piers some fifteen feet apart, it 
would soon be seriously damaged by battering at short dis- 
tances.” 

And in reference to iron it is stated: “ First, It may be 

fairly assumed, that a plate eight inches thick of wrought 
iron of good quality, kept in place by a backing of three 
feet of strong masonry, will stop a solid ball from an eight- 
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inch columbiad, fired with ten and a quarter pounds of 

powder from the distance of two hundred yards. The plate 
of iron will be deeply indented at the point of impact, the 
ball carving for itself a smooth bed of the shape and size of 

one hemisphere, in which it will be found broken into many 

pieces easily separable, and it will besides be somewhat bent 

generally. The masonry behind will be much jarred, and, 

unless strongly bonded, be considerably displaced ; moreover, 

unless the thickness of three feet is well tied into thicker 

masses immediately adjacent on the sides and above and 

below, the general damage will be severe. 2 
“Second, This plate will be much the stronger for being 

in a single mass, and not made up of several thinner plates. 

The continuity effected by bolts and rivets of the made-up 

plates is broken even by weak assaults, so that afterwards 

the stronger, instead of a joint opposition, finds only a suc- 

cession of feeble resistances. 
“Third, A thickness of two inches is ample for shutters 

designated to stop the largest grape-shot. With this thick- 

ness they will be neither perforated nor deformed by any- 

thing less than cannon-balls or shells. These shutters also, 

for the reason just given, should be made of a single thick- 

ness. The firings show the necessity of concealing entirely, 

even from the smallest iron missile, their hinges and fasten- 

ings, : 

“Fourth,A wrought-iron plate of half an inch in thick- 

hess is adequate to protect the outer margins and the offsets 

of embrasures from injury by grape or canister shot.” 

These facts established, the effect of the form and dimen- 

sions of the embrasures in carrying in the smaller missiles 

Was investigated; the recorded results will enable us to 

appreciate the force of Montalembert’s expression, “ mur- 

derous funnels,” as even its author could not do. 

. 
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“Suppose a hundred-gun ship to be placed within good can- 
ister range of a casemated battery of about the ship’s length 

and height, to the fifty guns of the ship’s broadside there would 
be opposed about twenty-four guns in two tiers in the bat- 
tery. The ship would fire each gun once in three minutes 
or ten times in half an hour ; the fifty guns would therefore 

make five hundred discharges within that time. 
“With one hundred and fifty-six balls in each thirty- 

two-pound canister (weighing in all thirty-one and a half 

pounds) there would be thrown seventy-eight thousand balls 
in thirty minutes. Supposing one half to miss the fort,— 
which, considering the size of the object, and the short dis- 
tance, is a large allowance, —there would still remain the 

number of thirty-nine thousand balls to strike a surface of 

(say) six thousand square feet, that is, — 
“On each square foot, . . : . 63 balls. 
“ Or within the exterior opening of one of the 

embrasures of our second target, of which 
the area is 8.9 square feet, there would 
Oh ee ee. se 

“Within the European embrasure above men- 
tioned, having fifty-four square feet of 

opening,* there would be received in half 
an how 35... a ; . 3851 balls.” 

And if the ship carried modern eight-inch guns, and fired 
canister of musket-balls, these figures would be in the three 
cases fifty-one, four hundred and fifty-three, and two thou- 
sand seven hundred and fifty-four. These theoretical con- 
clusions were verified by the experimental firing with grape 
and canister, and it is thus seen how greatly superior Gen- 
eral Totten’s embrasure of 1815, which is but little large? 

* Reference is made to the embrasure of an European work built 
within the last twenty-five years, 
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than that of the second target, is to the European one, and 
how thoroughly he had, at that early day, mastered the sub- 

ject. He had indeed perfected the embrasure so far as it 
could be done with masonry alone 

But the quantity of small tiation which even that em- 
brasure would receive is dangerously great, and would be 
much diminished if the funnel form of the mouth could be 
done away with, and the throat reduced to an absolute mini- 

mum. ‘This could be accomplished only by the use of iron, 
and the conclusions I have just quoted furnish the data 
necessary to its successful application. 

The throat (still placed two feet back from the outer fin 
of the wall) being formed of iron plates, it became practi- 

cable to cut away the flaring surfaces of masonry, so as to 

present others parallel or perpendicular to the face of the 

wall, and by this change of form to exclude all missiles not 
directed within the limits of the throat itself. Still more 
completely to accomplish the object, wrought-iron shutters of 

two inches thickness (as determined by the experiments) 

were applied, by which, except at the moments of aiming 

and firing, the embrasure was entirely closed. , 

Such is the history of the casemated battery and case- 

mate embrasure in the United States. We have seen that 

the perfection to which they have been brought is due to 

General Totten, and to General Totten alone. Nor is it to 

= experiments which I have been describing, laborious, 

ilful, and thorough as they were, that we may solely at- 

thats such results. We must look back to the time when, 

a First Lieutenant of Engineers, he saw and aided in the con- 

struction of our first casemated fort, and when he, fully ap- 

Preciating its merits and recognizing the defects which a 

disregard and want of appreciation of the illustrious projec- 

tor’s own principles had entailed upon it, set himself to the 

task of enhancing the one and correcting the other. 



\ 

108 

The ten years which have elapsed since 1855 have wit- 

nessed changes in the character of sea-coast and naval artil- 

lery, and an increase in the calibres and weight of their pro- 

jectiles, which no one at that date would have anticipated ; 

hence some doubt may be entertained whether our casemated 
masonry works are adequate to contend with iron-clad ves- 

sels armed with the modern artillery. This is a question 
which it remains for experiment or experience to decide. It 

has, as yet, not been demonstrated that a masonry fort, con- 
structed as our more recent works are, will not, armed with 

the powerful guns now being introduced, endure the contest 

quite as long as its iron-clad antagonist can protract it. 
In this connection it is due to General Totten to say, that 

he has himself been ever the most strenuous advocate of 

“big guns,” the most urgent instigator of their production. 
The writer well remembers when, seated with him on the 

piazza of the officers’ quarters at Fort Jackson, our ey® 

resting on the mighty stream flowing past us, upon the de- 

fence of which our thoughts and conversation had been turn- 

ing, he exclaimed, “We must have a twenty-inch gun.” 

The idea was novel to me at that time, and I exhibited 

some surprise. He went on to say, that, thoroughly to pre 
. Vent the passage or attempted passage of an armed steam 

ship, there must be not only danger, but almost a certainty 

of destruction. “Let us have guns such that (to use his ow? 
phrase) ‘every shot shall be a bird’” The invention of at 
mored ships, not then foreseen, has increased the necessity 
of having such guns as he, on other grounds, so strongly ad- 
vocated. He expressed the greatest confidence that a gu" 
of the dimensions he named would yet be made and intr 
duced into our batteries, and added the interesting statement, 
that in his earlier days he had found much difficulty in im- 
Pressing upon the members of boards on which he bad 

* 
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served the necessity of having guns in our harbor defences 
larger than twenty-four pounders. To the labors and genius 
of a Rodman we owe the actual invention of the art of 

constructing fifteen and twenty inch guns; but without the 

unceasing stimulus of General Totten’s known and urged 

views, it is doubtful whether Rodman’s labors would have 

been called for or sustained. 
The preceding pages have been mainly devoted to the 

illustration of our departed associate’s career as an officer 

and as the Chief Engineer of the United States; before 
turning our attention to other spheres of his usefulness, it 

seems fitting to quote from one of his eulogists the following 

Summary of his official characteristics. 

“In wielding the influence of his office as Chief Engi- 
neer, the prominent traits exhibited by General Totten were 

strict justice and scrupulous integrity. No sophistry, no 

blandishments, no arbitrary exercise of superior authority, 
could turn him in the least from his steadfast adherence to 

his own sense of duty. Avoiding all useless collisions: with 

his official superiors, showing due respect to their station, he 
never failed to call their attention to any errors committed 

by them with respect to the department under hi charge ; 

nor did he ever leave them any excuse for wrong- _ 

doing by remaining silent; even when he knew that: his 

Suggestions would not only be ill-received and of no use, 

but might be visited by the exercise of those petty vexa- 
tions which official superiors can employ against those un- 
der them who thwart their misdoings. 

“The individual traits of General Totten were strongly 
marked. Powerfully built, of a constitution of the most 

Vigorous’ stamp, cool, potent, and persevering, of sound 
judgment and men of intellectual capacity, Nature 
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seemed to have endowed him for the profession that he 

had chosen. His attention to the performance of his pro- 
fessional duties amounted to a devotion. 

“ Whilst steadily adhering. to what had been well settled 
by experience, and withstanding the ill-directed efforts of that 

class of men, of whom some are to be found in all bodies, who 

seize upon every novelty and press it into the service of their 
own crude notions, he was far from rejecting well-reasoned 
projects of improvement, and encouraged, as his own im- 

mediate works show, every step towards real progress. Al- 
though not belonging to the class of mere inventors, he had 
that invaluable faculty to one holding a position of so great 
public responsibility, of detecting the fallacies with which 

this class too frequently deceive themselves as well as 

others.” ~ ; 

In 1863, under the law uniting into one the two Corps of 
Engineers and Topographical” Engineers, General Totten 

was advanced to the full grade of Brigadier-General. A 
few days before his death the Senate unanimously confirmed 

his nomination by the President to be “ Major-General by 
brevet, for long, faithful, and eminent services.” Never 

_ were such distinction and such commendation more fitly 
bestowed. 

Giving the precedence in order to duties most intimately 
connected with his profession, I now turn to General Totten’s 
important labors in establishing and maintaining our present 
lighthouse system. 

The attention of Congress having been called to the pres*” 
ing necessity for introducing certain reforms, administrative 

and executive, into the lighthouse system of the United 
States, that body, after full discussion of the subject, passed an act (approved March 3, 1851) stipulating that, from and 
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after that date, in all new lighthouses and all lighthouses 

requiring illuminating apparatus, the lens or Fresnel sys- 

tem should be adopted. 

Another chapter of the same act provided for the appoint- 
ment of a commission to be composed of two officers of en- 

gineers of the army, and such civil officers of high scientific 
attainments as might be under the orders or, at the disposi- 
tion of the treasury department and a junior officer of the 
navy as secretary, whose duty it should be to inquire into 
the condition of the lighthouse establishment of the United 

States, and to make a general detailed:report and programme 
to guide legislation in extending and improving our present 
system of construction, illumination, inspection, and super- 
intendence. 

The board, as constituted by the President, consisted of 
Commander W. B. Shubrick, General J. G. Totten, Colonel 
James Kearney, Captain S. F. Dupont, U. S. N., Professor 
A. Dallas Bache, Superintendent U. S. Coast Survey, and 
Thornton A Jenkins, U. S. N., as Secretary. 

Its labors were directed first to demonstrating the evils, 
irregularities, and abuses which had crept into the lighthouse 
service under the management of the Fifth Auditor elute 
Treasury, (the late venerable and highly respected Stephen 
Pleasonton,) among which were found to be those arising 

™ defective principles of construction, renovalion, - 
repair of: lighthouses, inadequate protection to sites and 
badly planned and poorly constructed sea-walls. oe seed 
Teadily be understood how the peculiarly practical a“ of 

General Totten, brought to bear upon these and 

Subjects of inquiry, developed and demonstrated the neces- 
sity of at once employing proper scientific sy: — and plans 

of construction. His assistance in collecting data was found invaluable, and his jucid, clear mind was equally to be trusted 

in detecting faults and in devising the remedy- 
i 
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Without entering into a detailed account of the labors of 
this Board of Inquiry it is sufficient to state that the mass 
of evidence collected by it was so irresistible in proof of ex- 
isting errors, that Congress, under date of August 31, 1852, 
passed an act which created a permanent Lighthouse 

Board, to which was confided all the duties of the establish- 
ment. General Totten was appointed to this board, and 
served as a valued and honored member, with but a short 
interruption, until his decease. Its early labors were ardu- 
ous and onerous. A new system was to be founded where 
before had been none;— order should come from chaos, 
€rror was to vanish before science, economy to succeed to 
wastefulness, darkness to give place to light. The task, 
great as it was, fell upon no shrinking hearts or feeble 
brains. The work avas accomplished ; and long before his 
lamented death General Totten had the satisfaction of wit- 

nessing the labors of himself and his associates crowned 
with full success. The board in its deliberations derived ; 

great benefit from his presence and participation, and relied 
with entire assurance upon the correctness of his judgment 
upon all subjects concerning which he would express a0 
opinion.’ He served almost continuously as chairman of 
the Committee of Finance, and the decisions of that com- 
mittee owe not a little of their sound wisdom to the search- 
ing scrutiny joined to the generous and liberal views of its 
chairman. He was also a member of the Committee oD 
Engineering, in which department his peculiar merit was 
most conspicuous. The principal works with which his 
name is associated and which claim our attention, are the 
lighthouses on Seven-Foot Knoll, near Baltimore, Md., and on Minot’s Ledge, off Cohasset, Mass 
The former is an iron pile structure standing in some te? 

‘feet of water. It was erected at a time when the science 
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of iron pile construction was in its infancy, and was one of 

the first works of the kind undertaken by the board. 

Hence it was a matter of deep interest and solicitude. It 

was successfully completed, and the lighthouse stands to- 

day a signal reward for the thought and labor bestowed 
upon its conception and construction. 

The lighthouse at Minot’s Ledge was a work of far 

greater difficulty, and to its proper location and plan Gen- 
eral Totten lent the resources of his great experience and 

exhaustless knowledge. As his intimate acquaintance with 
the whole coast of the United States, acquired while acting 

as a member of the Board of Engineers, and during his 

annual inspections as Chief Engineer, enabled him, with the 

aid of the Coast Survey, to indicate with almost unerring 
certainty the proper location and character of all new light- 

houses, so his practical knowledge of construction, in laying 
the foundation of our sea-coast fortifications and the sea- 

_ Walls by which the sites of many of them had to be pro- 

tected, prepared him to grapple with the-difficulties of con- 
structing a masonry tower in this exposed situation, and to 

bring to their solution all the known and tried resources of 

engineering. : 

Minot’s Ledge is situated about twenty miles southeast of 

Boston. It is the outer rock of a very dangerous group 

called the “ Cohasset Rocks,” lying at the very wayside of 

Navigation to the harbor of Boston. A lighthouse of iron 

had been erected here a few years previous to the organiza- 

tion of the Lighthouse Board, but it was carried away in 

a fearful storm which swept along the coast of New Eng- 

land on the 16th of April, 1851. : 

Not only the commercial interests of the country, but hu- 

Manity demanded that it should be replaced, and Congress 

Promptly made an appropriation for this purpose, stipulating 
10* 
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that the tower should be erected on the outer Minot, and ' 

confiding its construction to the Topographical Bureau. 

This bureau, having publicly advertised, received sixteen 
distinct proposals to erect the proposed structure, but finally 

recommended, in view of the difficulties to be overcome, and 
the fearful fate of its predecessor, that it should be located 
on one of the inner rocks. In accordance with this recom- 

mendation, an act of Congress was passed authorizing the 

Secretary of the Treasury to “select instead of the outer 
Minot’s Ledge, any more suitable site.” Before further ac- 
tion had been taken, the whole subject fell into the hands of 
the newly created Lighthouse Board. A joint resolution 
of Congress was then passed (1854) giving to this board 
the decision as to the location and the mode of construc- 
tion. 

The question of location being thus widely reopened, 
committee of the board was sent to make a personal eX- 

amination of the locality. General Totten was, of courses 
*a member of this committee, and was not long in making 
up his mind that the outer and not the inner Minot was 
the proper site. His arguments on this subject proved con- 

clusive with the board. He urged that if the light were 
placed on any of the inner rocks the desired object would 
be but partially accomplished, since in a dense fog or thick 
Snow-storm vessels might approach within a few hundred 
feet, without being able to see it, and thus be lost upon the 
outer ledge. 

When the question of practicability was broached, his 
professional pride seemed to be roused. He argued that, 

_ after what had been done on the coast of England in the 
erection of the Eddystone lighthouse a century 220; and 
More recently of the Bell-rock and Skerryvore lights, # 

would be a humiliating admission that the requisite sciene® 
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and skill were not to be found in this country to erect a 
. . ° ° 

similar structure where, as all admitted, one was so much 
ed 

He carefully studied the accounts of the construction of 

the Eddystone, Bell-rock, and Skerryvore lighthouses, by 
Smeaton, Robert Stevenson, and Allan Stevenson, but the 
fact that the Eddystone was begun at high-water mark, that 

the ledge of the Bell-rock was extensive and elevated sev- 

eral feet above low-water, and that the Skerryvore presented 

still less difficulties, while the surveys show that the outer 

Minot’s ledge was very contracted and that the proposed 

structure must commence even below low-water, did not 

deter him from advocating and designing a work for this 

formidable position more difficult to accomplish than any- 
thing which had ever preceded it. é 

The plans which he prepared were drawn with his usual 

minuteness of detail. The problem was one peculiarly fas- 

_ Cinating to engineers, — the uniting into a single mass the 

several component stones of the structure so that no one 

can be detached from the rest, that each shall be a bond 

of connection to those adjacent, that the whole shall be 

an integral, having a strength ample to defy the most pow- 

erful foe to human structure, the fury of the ocean’s winds 

and waves. Though not himself the constructor of the 

work, yet to have insisted against authoritative adverse 

i build- 

_ its completion, entitles him, even were this his only work, 

to recognition among the Smeatons and Stevensons and 

Brunells, as one of the great engineers of the age- 

For the execution, he selected Captain (now Brevet Brig- 

; ) Barton S. Alexander, of the Corps of Engi- 

* 
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neers, an officer whose experience, energy, boldness, and 

self-reliance eminently fitted him for the task. It is for 

him to recount the history of the work, to give to the 
world the interesting narrative of difficulties met and over- 

come, of patience requited and energy triumphant. Gen- 

eral Totten watched its progress with unflagging interest, 

making frequent visits to the superintending engineer, aid- 

ing him with his counsels and encouraging him in his dif- 

ficulties. He lived to enjoy the proud satisfaction of in- 

specting the finished structure; and when at last from its 

towering summit flashed o’er the troubled waters the beacon- 

light of safety to the tempest-tossed mariner, he might well 

exclaim, with the Latin poet, though in a nobler sense and 

in a less boastful spirit, —“ Exegi monumentum ere peren- 

nius.” : 

General (then Colonel) Totten was named in the act of 

Congress organizing the Smithsonian Institution in 1846 as 

one of the Regents to whom the business transactions of that 
celebrated establishment are intrusted. At an early meeting 
of the Board of Regents he was appointed one of the Ex- 
ecutive Committee, and was continued in these offices by 

repeated election to the time of his death, a period of nearly 

eighteen years. He evinced a lively interest in the organiza- 

tion of the institution, and after a careful study of the will 
and character of Smithson, gave his preference to the pro 

gramme prepared by Professor Henry, which was finally 

adopted. His advocacy of the plan was the more important 

since he was well acquainted with the scientific character of 

James Smithson, and had himself, as we shall see in a sub- 

sequent statement, been engaged in a line of research similar 

to one of those pursued by the founder of this institution- 

In the reconstruction of the interior of the main part 

the Smithsonian building which had partly been completed 
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in wood, but which had given way, he strongly urged the 

employment of firé-proof material, to the adoption of which 
the preservation of the valuable collections of the Institution 
is indebted. In the discharge of his duty as one of the Ex- 
ecutive Committee, he acted with the same conscientious 
regard to the sacredness of the trust which characterized 
all his official labors, and critically examined all the accounts, 
assured himself as to the proper expenditure of the funds, 

- and advised as to the general policy to be pursued. In him 
the Secretary ever found a firm supporter, a sympathetic 
friend, and a judicious adviser. Unostentatious, unselfish, 

and only desiring to advance whatever cause he might be con- 
nected with, he gave the most valuable suggestions as if 
they were of little moment, and in such a way that they 

might appear to be deductions from what others had said or 
done, being more anxious that his suggestions should be 

“leg carried out than they should be accredited to him- 

As a recreation from the more arduous studies of his pro- 

fession, he devoted in the early part of his life his spare 
hours to Natural History, paying much attention to the Mol- 

lusea of the Northern coast of the United States ; and he was 
perhaps, the first, or at least one of the first, to introduce 

into this country the use of the dredge for the search of 

these animals, thus not only obtaining many species which 

would otherwise have escaped attention and getting fresh 

and unmutilated specimens |of species previously known only 
from dead imperfect shells, but enabling us to learn some- 

thing of the habits and associations of the animals, —infor- 

Mation of much greater scientific value than the Tacarery: 

of a few new species. His observations and studies = 

Conchology were embodied in an article entitled “ Descrip- 
tions of some Shelly belonging to the Coast of New England, 
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published in the American Journal of Science and Arts for 

1834 and 1835, and Dr. A. A. Gould was largely indebted 
to him for material employed in his “ Invertebrata of Mas- 
sachusetts,” many of the species of shells contained in which 

were first found to inhabit our coast by General Totten 

others were new species discovered by him, though described 
by Dr. Gould, while some nine or ten specimens were not 
only discovered but described by him. The descriptions of 

species and remarks evince his powers of observation and 

critical acumen, and almost all of the forms described have 

stood the test of subsequent examination, and the validity of 

their specific distinction been confirmed, although several of 

them are among the most common shells of the coast; 0B 
account of their small size, they had been previously over- 

looked or neglected, but their insignificance in size did not 

diminish their interest in the eyes of one who viewed nature 

in all her manifestations as worthy of contemplation. One 
of the most: beautiful and almost the smallest of the bivalves 

of our coast, called by him Venus gemma, has since been 
dedicated to him under the name of Gemma Totienit by 
Mr. William Stimpson. 

General Totten cojlected principally on the shores of New 

England, and his explorations with the dredge were almost 

entirely made in the vicinity of Newport, R. L, and of 

Provincetown, Mass. A list of the shells of Massachusetts 

was contributed by him to one of the preliminary reports we 
the Natural History of that State. The principal species 
described by him are as follows: Madiola glandula (now 
known as Mytilus decussatus), Venus gemma (Gemma Tot- 

tenii), Solemya borealis, Bulla oryza, Natica immaculata, 
Turbo minutus (Kissoa minuta), Turritella interrupta ( 
mizia ottangy Acteon trifidus (Chemmitzia trifida,) and 
Pasithea ni -named species’ he described from 
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young shells, and afterwards finding the adult shell, which is 

very different, called it Cerithium reticulatum. It has for 

many years been called Cerythium Sayi, but a late author 

has again credited it to him, under the name of Brittium 
nigrum. 
A species of Succinea (S. Totteniana) was dedicated to 

General Totten by Mr. Isaac Lea of Philadelphia. 
Conchologists are also indebted to General Totten for the 

discovery of means‘for the preservation of the epidermis or 

periostraca of shells, which is in many species so liable to 

crack, and this recipe has been received with much appro- 
bation by many collectors who have found it to supply a’ 

want much felt. The valuable collection of rare shells which 

he made at this period of his life he presented to the Smith- 
sonian Institution, without the usual condition that it should 

be preserved separately, but to be used most advantageously 
for the advancement of sciencé to complete the general col- 

lection of the Museum, or for distribution as duplicates to 

other establishments. 

In the “ Annals of the Lyceum of Natural History of New 

York” for 1824 (Vol. L pp. 109-114) he published “Notes 
on some new Supports for Minerals, subjected to the Action 

of the Common Blowpipe.” ‘These researches on the use and 

power of the blowpipe appear to have been incited by an 

article of James Smithson, the subsequent founder of the 

ithsonian Institution, and the memoir of Totten commences 

with a reference to and rehearsal of the experiments of that 

gentleman, as detailed in a letter to the editor of the Annals 

of Philosophy. Smithson, it was remarked, had communt- 
cated several ingenious modifications of Saussure’s process 

with supports of splinters of sapphire, which process, he ob- 

serves, “has been scarcely at all employed ; owing partly to 
the excessive difficulty, in general, of making the particles 
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adhere, and in consequence of the almost unpossessed degree 

of patience required, and of the time consumed by nearly in- 

terminable failures.” Detailing the processes of Mr. Smith- 

son, three in number, and the success of that gentleman, he 

adopted a modification of Smithson’s third process, having 

recourse, as a support, to a portion of the mineral itself, which 
he designed to expose to the action of the flame. “ Instead, 
however, of taking upon the point of platinum wire a very 
minute portion of the paste made of the powdered mineral,’ 
according to Mr. Smithson’s method, he “formed a paste by 
mixing the powder with very thick gum-water and rubbing 
a little of it under the finger, formed a very acute cone, some- 
times nearly an inch in length, and generally about a twen- 

tieth of an inch in diameter at the base.” To the apex of 
such cones, the most minute particles would adhere under 

the strongest blast of the blowpipe, and being insulated by 
the destruction of continuity of the particles of the cone, the 
flame could be directed upon it with undiminished fervor. 
Experiments were made on a number of minerals, confirm- 
ing those of Mr. Smithson, and greatly extending the power 
of the blowpipe, and he was thus led to add to the three 

classes divided in relation to this instrument a fourth, namely; 
“such as are fusible, per se, in microscopical particles.” 

The attention of the inhabitants: near the shores of the 
great lakes of the North had often been arrested by the sud- 

den disappearance in the spring of the ice on the surface- 
The lakes would be covered with a continuous sheet of solid 
ice in the evening, and in the next morning all would have 
vanished. Wild speculations had been entertained as to the 

of this phenomenon previous to the investigation 
of the subject by General Totten, who presented. an article 
on the subject to the American Association for the Advance 
ment of Science at the Springfield meeting in 1859. 
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From this it appears that his attention had been directed 
to it forty years before at Plattsburg, N. Y. Ice is com- 

posed of a congeries of prismatic crystals, whose axes are at 
right angles to the surface of the mass. “Examinations then 

and afterwards made of floating fresh-water ice have shown 
that the natural effect of the advancing year is gradually to 

transform ice, solid and apparently homogeneous, into an 

aggregation of these irregular prismatic crystals, standing in 

vertical juxtaposition, having few surfaces of contact, but 

touching rather at points and on edges, and kept in place 

at last merely by want of room to fall asunder. Until this 
ge has somewhat advanced, the cohesive strength of ice 

of considerable thic! is still adequate to sustain the weight 
and shock of the travel it had borne during the winter, but 

becoming less and less coherent by the growing isolation of 

the prisms, or more and more ‘rotten’ as the phrase is, though 

retaining all its thickness, the ice will at last scarcely support 
4 small weight, though bearing upon a large surface; the foot 
of man easily breaking through, and very slight resistance 

being made to the point of a cone.” The points of contact 

of the particles being destroyed, each will drop into the po- 
sition in the water below required by the place of its own 

centre of gravity, — that is to say, it will be upon its side, ex- 

posing large surfaces to the action of the warm water. With 

the ice in such condition, a heavy wind will cause the dis- 

Tuption of the particles and the speedy disappearance would 

be the consequence. This remark of General Totten as to 

the crystallization of ice has since been extended to nearly all 

substances, which in becoming solid assume the crystallized 
form. The axes of the ersytals tend to assume @ position at 

right angles to the surface of cooling. 

As illustrative of the mind of General Totten, it may be 
stated, that he seldom failed to give valuable hints for the 

Il 
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improvement of processes or inventions which were brought 

before him in the course of the discharge of his numerous 

official duties, — among these was an instrument for ascer- 

taining the daily amount of evaporation from a given sur- 
face by means of the descent of water contained in an 

inverted graduated tube, the open end of which was im- 
mersed in the basin from which the evaporation took place. 
With a slight correction for variation in barometrical pres- 
sure, this instrument gives, with more precision than any 
other with which we are acquainted, the amount of evapora- 
tion, 

I have, Gentlemen, thus faintly and inadequately sketched 
the life and services of our departed friend and associate ; 

but, faint and inadequate as my sketch may be, I feel confi- 

dent that every one will recognize in it the lineaments of a 

great and true man. Labors so protracted, results so im- 
portant and varied, it is the destiny of but few to achieve, 
and for him who achieves them may justly be claimed 4 
high niche in the temple of Fame, and the grateful homage 
of the patriot and of the seeker after Truth. One of the 
oldest of the corporators of this Academy, it was permitted 
him only to contribute his past labors and his shining eX- 
ample. But these are indeed a rich legacy. Proud, indeed, 

may this youthful institution be that it éan enroll among its 
members the name of JosePpH GILBERT Torren, — proud, 
too, may each one whom I now address— each one of its 

members —be, if he shall achieve but a far less claim to rec 
ognition among men of science. To the aged among us, — 
those who were young with him, and like him have crowned 

a life of toil by honorable achievements, —I need not speak. 

They require no example, and they may feel in contemplat- 

ing his history an additional assurance that their own works 

4 
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too “shall praise them.” To the more youthful or to the 
middle-aged, who have just commenced, or but partially 

‘accomplished, the steep ascent which leads to honorable fame, 

his life is precious in its teachings. 
He was a patriot in the broadest and best sense of the 

term. To his country he had given himself, and every fac- 

ulty of his being was devoted to her honor and welfare, — 
realizing almost literally the thought of Rousseau, “the 

child on entering life ought to see his country, and to the 
hour of his death to see but her.” 

Like all who have left lasting results for the benefit of 
their country or of mankind, he was a hard worker. But 

ill-regulated labor, however arduous, could never have ac- 

complished what he accomplished. Beyond all men I ever 

knew, he was systematic ; and few indeed are the examples 
of a life, in all things, so perfectly regulated. The beautiful 
order which pervaded all that he did is scarcely less worthy 
of study and admiration than the achievements to which it 

80 materially contributed. 

€ was no trifler with the realities of life, who dallied 

with them for his pleasure or who wielded them as instru- 

ments of ambition or self-interest. To him as to all true 

men, the meaning of life was concentrated in one single 

word, Dury. This “chief end of man,” which is to glorify 

God by obedience to his laws in the use of the faculties he 

has bestowed, was his ruling principle, — the celestial cyno- 

sure to which his eye was ever directed, and from which no 

allurement of lower motives could divert it. Nor was his 

sense of duty of that frigid, repulsive nature which reduces 

the conduct of life to a formula, and, substituting rules for 

emotions, seems but a refined selfishness. He was warm 

and sympathetic, finding his chief happiness in the pleasures 

of domestic and social intercourse, but singularly susceptible 
to everything that ministers to innocent enjoyment. 
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Perhaps no more striking illustration than his history 
affords could be found of the truth that the path of duty is 

the path of happiness. His life was eminently a happy one, 
and his, indeed, was that “peace of mind which passeth un- 
derstanding.” Though devoted from his youth to the mili- 
tary service of his country, and doomed to the vicissitudes 
of a soldier’s lot, he was permitted to a greater degree than 
most men to enjoy the blessings of the domestic circle. 
There, indeed, he sat enthroned, the idol of a family of 
whose supreme affection and immeasurable devotion he was 
the object. . Nor dare we call those blows by which a Heav- 

enly Father reminds us that this world is not our “abiding 

place,” and teaches us to look beyond to “an house not made 
with hands, eternal in the heavens,” as sources of unhappl- 
ness to him who receives them as from the hand of One 
“who chasteneth whom he loveth.” One by one he lived 
to see all his three sons, two of his four daughters, and 
finally the companion of the joys and sorrows of so many 
years, precede him to the grave. 

Beautiful beyond all else that earth presents is that con- 

Jugal companionship, so touchingly depicted by Burns, which, 
beginning i in youth, is permitted to continue unbroken till 
the Psalmist’s period of life is overpassed. During the later® 
years of their lives, Mrs. Totten, no longer bound to the do- 
mestic hearth by the cares of a growing family, became truly 
an inseparable companion. Never, when it was at all prac- 
ticable to have her with him, did he ride or walk, or make @ 
journey, or perform one of his periodical tours of inspection, — 
Without her companionship ; nor could one see them together 
without feeling that they presented a model of whatever is 
amiable and lovely in the conjugal state. If he was to her the 
embodiment of all that is most worthy of respect and love in 
tan, not less marked was his deference to her. In her own 
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sphere — as woman, wife, mother — she was supreme, and 

her judgment his law. When, but two years before his own 

death, she was somewhat suddenly called away, it seemed as 
if he regarded it as a message from on high, “set thy house 
in order, for thou shalt die and not live.” No murmur es- 

caped his lips, and no long-continued sadness clouded his 
brow, but there was an unwonted gentleness and quietude in 

his demeanor, —a softening as it were of his nature,— 

which revealed how deeply “the iron had entered his soul.” 

His health and bodily strength seemed to continue little im- 

paired, and his devotion to the duties of his office undimin- 

_ ished. But once, during a life protracted beyond the usual 
Span, had that powerful frame submitted to the sway of sick- 
hess, and he seemed to have unusual promise of a still fur- 
ther protracted life. But such promises proved deceitful. 

Early in March, 1864, he was attacked with pneumonia. 
His illness was not at first deemed alarming, and, indeed, at 

one time he was supposed to be convalescent, but a relapse 

ensued, and on the 22d of April he expired, having borne 
the sufferings of his sickness with cheerfulness and resigna- 

tion, and retained to the last the perfect use of all his men- 

tal faculties. He had long been a member and communi- 

Cant of the Episcopal Church, and died in the Christian’s 

hope of a joyful resurrection. 

Gentle, kind, and good, mild, modest, and tolerant, wise, 

sagacious, shrewd, and learned, yet simple and unpretending 
48 a child, he died as he had lived, surrounded by hearts 

gushing with affection, and the object of the respect and 

love of all with whom he had ever been associated. 

The greatest of sculptors, the greatest of painters, a 

man unsurpassed in boldness and griginality of thought, and 

whose name is eae those of the few whose genius over- 

ll 
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passes the limits of country and claims homage from all 
mankind, — MicuarL ANGELO, — in a work stamped with 
the maturity of his powers, carved a figure known to the 
world as “I Pensiero,” or Thought. . There exists in art no 

other personification of meditation, — no other type of self- 

collectedness and profound thought. 

The sculptor arrayed it not as a philosopher, as a monk, 
as an artist, as a theologian, as a scholar, nor even a8 a pope. 

And yet these different types of thinkers were not wantifig 
in the past or present of the age and country of a Raphael, 
of a Correggio, of a Leonardo da Vinci, of a Dante, of a 
Savonarola, of a Marco Polo, of a Columbus, of a Machia- 

velli, of a Galileo, of a St. Francis de Assis, of a St. Thomas 

Aquinas, of a Julius IL., of a Leo X., and of a Clement 
VIL « d 

How, then, has Michael Angelo arrayed his personified 

“Thought”? In the garb of a Soxprer, upon the breast 
the cuirass, upon the brow, wrapt in meditation, the iron 

casque of the man of war. The great sculptor has divined 
the mysterious cause why, among all people, among all 
classes, and in all epochs, the soldier is honored. Instinct 
teaches the people, and genius taught Michael Angelo, that 
among so many glorious examples, among so many immo 
victims, so many illustrious martyrs or devotees of thought, 
ill ; aN age or a country, the soldier stands forth pre- 
cslitacnale 3 in all ages and in all countries, the victim always 
ready, the defender always armed, the servant, the apostles, 
and the martyr. 

It is the Christian version of the ancient allegory which 
made Minerva issue from the brain of Jupiter: Minerva, oF 
wisdom armed, the helmet upon her brow, the sword in her 

‘Will the foregoing paragraphs, which I have translated 



127 

somewhat freely from the “Soldat” of Joachim Ambert, a 
work devoted to the illustration of the Soldier's career, be 

deemed an immodest or extravagant glorification of the pro- 

fession of arms? Far be it from me to exalt unduly that 

profession, but I would at least make a claim for it, the more 

necessary since popular apprehension tends to lose sight of 

the thinker in the man of force and of blood, that, more than 

any other, it embraces all sciences and all branches of human 

kfowledge, and leads its followers into vast and diverse fields 

of thought. Let the illustrious dead be our witnesses ; that 

idea which the genius of a Michael Angelo inspired and em- 

bodied in marble, that idea which the lives of a Cesar, a 

Frederic, a Washington, a Napoleon, and a Wellington have 

justified ; the union of Force and Tuouent finds yet an- 

other and a varied illustration in the accomplished soldier 

and profound thinker whose life and works we now com- 

memorate. 
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AP PENS: 

S RESOLUTIONS OF THE LIGHTHOUSE BOARD. 

Resolved, That the members of the Lighthouse Board feel 
Most deeply the loss sustained by the branch of the public 

Service under their charge in the death of Brevet Major- 
General Joseph Gilbert Totten, who has been one of the 
Most useful and active members of the Board from its first 

appointment in pursuance of law in 1851, under the Secre- 
' | tary of the Treasury, as a temporary Board of Inquiry into 

the Lighthouse Establishment of the United States, through 
all the years of organization of the establishment and of its 
€xecutive duties. 

esolved, That the high scientific attainments, the admira- 
ble administrative qualities, the perfect knowledge of gen- 

eral principles, and attention to every minute detail of the 

System, impressed the mental and moral qualities of Gen- 

eral Totten upon his associates in a way to make his mind 

eminently a leading one of the Board, while his suavity, pa- 

lence, perfect amiability, and retiring modesty rendered 

; him one of the most charming of associates in executing 

Work to which he was so much more than sufficient. 

Resolved, That in the discharge of the duties of inquiry 
of the first Board, the resulting organization, the ~epaon 

of the present system of lighting by lenses, the subject of 

“onstruction, theoretical and practical, and the use of mate- 
' ; 
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rials, the experience and experimental knowledge of Gen- 
eral Totten were of the highest value to the Board, and his _ 
careful application of the sciences were of the greatest im- 

portance to the Lighthouse System; and that in the large 

qualities of common sense in all the transactions of the 

Board, general as well as technical, and in his high sense of 

justice directing great mental power, the Board constantly 

felt.the support of General Totten as one to be relied upon 

for guidance in all difficult questions of administration. 
Resolved, That the affectionate qualities of General Tot- 

ten’s heart so endeared him to his colleagues, that in now 

expressing themselves in regard to his death, they are fully 

prepared to share to the utmost the deep grief of his family, 

to whom they offer their sincere condolence for the loss of 

one not to be replaced, but to be ever mourned as the true, 
devoted, and sincere friend. 

Resolved, That a copy of these resolutions be transmitted 

to the family of General Totten, and to the Honorable Sec 
retary of War, and to the Honorable Secretary of the Treas 
ury. 

Resolved, That these proceedings be published in the 

Washington newspapers. ‘ 
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AN ACT 

TO INCORPORATE THE NATIONAL ACADEMY OF SCIENCES. 

Be it enacted by the Senate and House of Representatives 

of the United States of America in Congress assembled, That 
Louis Agassiz, Massachusetts; J. H. Alexander, Maryland ; 

S. Alexander, New Jersey; A. D. Bache, at large; F. A. P. 

Barnard, at large; J. G. Barnard, United States Army, 

Massachusetts; W. H. C. Bartlett, United States Military 

Academy, Missouri; U. A. Boyden, Massachusetts; Alexis 

Caswell, Rhode Island; William Chauvenet, Missouri ; 

J. H. C. Coffin, United States Naval Academy, Maine; 

J. A. Dahlgren, United States Navy, Pennsylvania; J. D. 

Dana, Connecticut; Charles H. Davis, United States Navy, 

Massachusetts; George Engelmann, St. Louis, Missouri ; 

J. F, Frazer, Pennsylvania ; Wolcott Gibbs, New York; 

J. M. Gilliss, United States Navy, Kentucky; A. A. 

Gould, Massachusetts; B. A. Gould, Massachusetts ; Asa 

Gray, Massachusetts; A. Guyot, New Jerseys James 

New York; Joseph Henry, at large; J. E. Hilgard, at 

large, Illinois; Edward Hitchcock, Massachusetts; J. S. 

Hubbard, United States Naval Observatory, Connecticut ; 

A. A. Humphreys, United States Army, Pennsylvania 

J. L. Le Conte, United States Army, Pennsylvania; J 
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Leidy, Pennsylvania; J. P. Lesley, Pennsylvania; M. F. 

Longstreth, Pennsylvania; D. H. Mahan, United States 
ilitary Academy, Virginia; J. S. Newberry, Ohio; H. A. 

Newton, Connecticut ; Benjamin Peirce, Massachusetts; 

John Rodgers, United States Navy, Indiana; Fairman 
Rogers, Pennsylvania ; R. E. Rogers, Pennsylvania; W. B. 
Rogers, Massachusetts; L. M. Rutherfurd, New York; 
Joseph Saxton, at large; Benjamin Silliman, Connecticut; 

Benjamin Silliman, Jr., Connecticut ; Theodore Strong, New 
Jersey; John Torrey, New York; J. G. Totten, United 
States Army, Connecticut; Joseph Winlock, United States 
Nautical Almanac, Kentucky ; Jeffries Wyman, Massachu- 

setts; J. D. Whitney, California, their associates and suc- 

cessors duly chosen, are hereby incorporated, constituted, 
and declared to be a body corporate, by the name of the 
National Academy of Sciences. 

Sect. 2. And be it further enacted, That the National 
Academy of Sciences shall consist of not more than fifty 
ordinary members, and the said corporation hereby consti- 
tuted shall have power to make its own organization, in- 
cluding its constitution, by-laws, and rules and regulations; 
to fill all vacancies created by death, resignation, oF other 
wise; to provide for the election of foreign and domestic 

members, the division into classes, and all other matters 

needful or usual in such institutions, and to report the same 
to Congress. 

Sct. 3. And be it further enacted, That the National 
Academy of Sciences shall hold an annual meeting at such 

_ place in the United States as may be designated, and eo 
_ Academy shall, whenever called upon by any department 
of the Government, investigate, examine, experiment, and 
_ Feport upon any subject of science or art, the actual expense s 
of such investigations, examinations, experiments, and Te 
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ports to be paid from appropriations which may be made for 
the purpose, but the Academy shall receive no compensation 

whatever for any services to the Government of the United 

States. 
singer cea FOOT, 

esident of the Senate pro tempore. 

bd GALUSHA A. GROW, 

Speaker of the House of Representatives. 

ApproveD March 3, 1863. 

ABRAHAM LINCOLN, President. 
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CONSTITUTION AND BY-LAWS 

OF THE ACADEMY. 

PREAMBLE. 

_ Empowerep by the Act of Incorporation adopted by 

Congress, and approved by the President of the United 

States, on the 3d day of March, A. D. 1863, the National 

Academy of Sciences do enact the following Constitution 
and By-Laws. 

ARTICLE I. 

= OF Meslers, 
Section 1. The members of the Academy shall be 

designated as Members, Honorary Members, and Foreigt 
Associates. 

Sect. 2. The Academy shall consist of the fifty mem- 
‘bers named in the Act of Incorporation, and of such others, 
citizens of the United States, as shall from time to time 
elected to fill vacancies, in the manner hereinafter provided. 

Secr. 3. Every member shall, upon his admission, take 
the oath of allegiance prescribed by the Senate of the 
___ United States for its own members! and, in addition thereto, 

_ an oath faithfully to discharge the duties of a member of 
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the National Academy of Sciences to the best of his ability. 
He shall also subscribe the laws of the Academy. 

Sect. 4. The members of the Academy shall be ar- 

ranged in two Classes, according to their special studies, 

viz.: A, the Class of Mathematics and Physics, and B, the 

Class of Natural History. The corporate members may 
select the Class in which they desire to be arranged. 

Secor. 5.* The members of the Classes shall arrange 
themselves in Sections, by inscribing their names under one 

of the following heads: —~ Crass A. Mathematics and Phys- 
tes. Sections: 1. Mathematics; 2. Physics; 3. Astron- 

omy, Geography, and Geodesy; 4. Mechanics ; 5. Chemistry 
and Mineralogy. Crass B. Natural History. Sections: 1. 
Geology and Paleontology; 2. Zodlogy; 3. Botany; 4. 

Anatomy and Physiology; 5. Ethnology and Philology. 
But the Academy retains the power of transferring a 

member from one Section to another by a unanimous yote.. 

Secr. 6.+ A member of any Section may be elected 
& member of any one other Section by a vote of a majority 

of the members thereof present, subject to the approval of 

the Academy, but shall thereby acquire no new right of 

Voting as a member of a Class. 

The Academy may also, by a vote of three fourths of the 
Members present, appoint a member of any Section a mem- 

ber of any one other Section which is unable to elect for 

itself. Such member shall acquire no new right of voting 

48 a member of a Class. 

Secr. 7. The Academy may elect fifty Foreign Asso- 
Ciates, who shall have the privilege of attending the meet- 

ings of the Academy, and of reading and communicating 

; -* Amended January 4, 1865; January 24, 1866, and January 24, 

1867. 

_ t Amended August 25, 1865. 
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papers to it, but shall take no part in its business, and shall 

not be subject to its assessments. 

They shall be entitled to a copy of the publications of the 

Academy. 

ARTICLE II. 

Of the Officers. 

Sect. 1.* The officers of the Academy shall be a Pres- 

ident, a Vice-President, a Foreign Secretary, a Home Sec- 

retary, and a Treasurer, all of whom shall be elected, for 
a term of six years, by a majority of votes present at the 

first stated session after the expiration of the current terms, 

provided that existing officers retain their places until their 

successors are elected. In case of a vacancy, the election 

for six years shall be held in the same manner at the ses 
sion when such vacancy occurs, or at es next stated session 

thereafter, as the Academy may direc 
Sect. 2. The officers of the ie shall be a Chair- 

man and a Secretary, who shall be elected at each January 

session. The nominations shall be open, and a majority 

of votes shall be necessary to elect. 
Sect. 3. The officers of the Academy and the Chairmen 

of the Classes, together with four members, two from each 

Class, to be annually elected by the Academy, at the Janu- 

ary session, by a plurality of the votes, shall constitute 9— 

Council for the transaction of such business as may 
assigned to them by the Constitution or the Academy. 

Sect. 4. The President of the Academy, or, 12 

of his absence or inability to act, the Vice-President, shall 

_ preside at the meetings of the Academy and of the Council 5 
: : : om, name all committees, except such as are otherwise 

* Amended scores! 24, 1866. 
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especially provided for; refer investigations required by 

the Government of the United States to members specially 

conversant with the subject, and report thereon to the Acad- 

emy at its next January session; and, with the Council, 

shall direct the general business of the Academy. 

It shall be competent for the President, in special cases, 

to call in the aid, upon committees, of experts, or men of re- 

markable attainments, not members of the Academy. 

Sect. 5. The Foreign and Home Secretaries shall con- 

duct the correspondence proper to their respective depart- 

ments, advising with the President and Council in cases of 

doubt, and reporting their action to the Academy at its Janu- 

ary session. It shall be the duty of the Home Secretary to 

give notice to the members of the place and time of all meet- 

ings, and to make known to the Council all vacancies in the 

list of members. 

The minutes of each session shall be duly engrossed be- 

fore the next stated session, under the direction of the Home 

Secretary. 
Srcr. 6. The Treasurer shall attend to all receipts and 

disbursements of the Academy, giving such bond, and fur- 

nishing such vouchers, as the Council may require. He 

shall collect all dues from members, and keep a set of 

books, showing a full account of receipts and disbursements. 

He shall present at each stated session a list of the mem- 

bers entitled to vote, and a general report at the January 

Session. He shall be the custodian of the corporate seal of 

the Academy. : 
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ARTICLE Ill. 

Of the Meetings. 

Sect. 1.* The Academy shall hold two stated sessions 

in each year, — one in the city of Washington, on the Wed- 

nesday next succeeding the third Sunday of January. , and 

one in August, at such time and place as the Academy shall 

have determined upon, in private meeting, on the last day of 

the preceding January session. 

Sect. 2. The names of the members present at each 

daily meeting shall be recorded in the minutes; and the 
members present at any meeting shall constitute a quorum 
for the transaction of business. 

Secr. 3. Scientific meetings of the Academy, unless 

otherwise ordered by a majority of the members present, 

shall be open to the public; those for the transaction of busi- 

ness closed. : 

Secr.4. The Academy may divide into classes for scien 

tific or other business. In like manner the Classes may 4 

vide into Sections. 2 

Secr. 5. The Classes shall meet during such periods 
of the stated sessions of the Academy as may be fix 

by the Academy. Special meetings of a Class may be 

called by the Council at the request of five members of the 
Class. 

Sect. 6. The stated meetings of the Council shall be 

held at the times of the stated or special meetings of the 

Academy. Special meetings shall be convened at the call of 

_ the President and two members of the Council, or of four 

members of the Council. 

Sect. 7. No member who has not paid his dues shall 

__ take part in the business of the Academy. 
ae * Amended Angust 25, 1865. 
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ARTICi SA £7. 

Of Elections, Resignations, and Expulsions. 

Sect. 1. All elections shall be by ballot, unless other- 
wise ordered by this Constitution ; and each election shall be 

held separately. 

Sect. 2. Whenever any election is to be held, the presid- 

ing officer shall name a Committee to conduct it, to collect 

the yotes, count them, and report the result to the Academy. 

The same law shall apply in the Classes. 
Secr. 3. Nominations for officers shall be made at the 

close of the first daily meeting of a stated session; and no 

candidate shall be voted for unless thus nominated. 

Sect. 4.* For election of members, the Council shall 

first decide the Class in which the vacancy shall be filled. 
Each Section of that Class may then select one or more can- 
didates, after a discussion of their qualifications, and present 

their claims to the Class, who shall select three to be present- 
ed, in the order of their preference, to the Academy ; from 

these three the Academy shall elect by a majority of the 

members present. But no election shall take place at the 
Same session at which the-presentation to the Academy is 

made. The member elect shall be assigned to the Section 

in which he has been proposed. The Academy may nomi- 

nate candidates in any Section which fails to propose them 

for itself, provided that it shall first be decided by a vote of 

two thirds that such nomination is proper and advisable. 
Secor. 5. Every member elect shall accept his member- 

ship, personally or in writing, before the close of the next 

Stated session after the date of his election. Otherwise, on 

Proof that the Secretary has formally notified him of his 

§ * Amended August 25, 1865, and January 23, 1867. 

Peay : 
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election, his name shall not be entered on the roll of 
members. \ 

Sect. 6. Elections of Foreign Associates shall be con- 
ducted as follows : — 

Each Section shall report to its class, nominating a candi- 

date whose special researches need not belong within the prov- 
ince of the Section, but must be comprised within the range 

of the Class. 

From these candidates each Class shall select one name 
to be presented to the Academy, and from these two names 

the Academy, after full discussion, shall make the election, 

at such time as it may have previously appointed for the 

purpose. 
Sect. 7. A diploma, with the corporate seal of the Acad- 

emy and the signatures of the officers, shall be sent by the 

appropriate Secretary to each member on his acceptance of 

his membership. 
Sect. 8. Resignations shall be addressed to the Presi- 

dent and acted on by the Academy. No resignation of 

membership shall be accepted unless all dues have been 
paid. 

Sect. 9. Members resigning in good standing will retain 
an honorary membership ; being admitted to the meetings of 
the Academy, but without taking part in the business. Hon- 
orary members will not be liable to assessment. 

Secr. 10.* If any member be absent from four consect- 
tive stated sessions of the Academy, without communicating 

_ to the Academy a valid reason for his absence, his name 

_ Shall be removed from the roll of members, but may at 20Y 
time, upon a written request by the member, be inserted by 

a vote of two thirds of the Academy in the list of honorary 
se 55 

* Amended January 23, 1867. 
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Scr. 11. Members and officers habitually neglecting 

their duties shall be impeached by the Council, and at once 

notified thereof in writing by the Home Secretary. 

Sect. 12. Impeachments of members or officers shall 

first be tried before the Council; which may be convened 

specially for such purpose. If it decides that the impeach- 

ment is proper, such impeachment shall be tried in private 

session before the Academy at its next stated meeting. 

Secr. 13. The expulsion of a member shall be formally 

and publicly announced by the President at the stated ses- 

sion during which such expulsion shall take place. 

ARTICLE V. 

Of Scientific Communications, Publications, and Reports. 

Secr. 1. Papers on scientific subjects may be read at 

the meeting of the Academy or of the Classes or Sections to 

which the subject belongs. 

Secr. 2. Any member of the Academy may read a pa- 

per from a person who is not a member; and shall not be 

considered responsible for the facts or opinions expressed by 

the author, but shall be held responsible for the propriety of 

the paper. 
Sect. 3. The Academy shall provide for the publication, 

under the direction of the Council, of Proceedings, Memoirs, 

and Reports. : 

Srcr. 4. Propositions for investiga 

originate with the Classes to which the subjects belong, and 

be by them submitted to the Academy for approval; except 

requests from the Government of the United States, which 

shall be acted on by the President, who will in such cases 

-Teport, if necessary, at once to the Government, and to the 

Academy at its next stated session. 

tions or reports shall 
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Secor. 5. The judgment of the Academy shall be at all 
times at the disposition of the Government, upon any matter 
of Science or Art within the limits of the subjects embraced 
by it. 

Sect. 6. An annual Report to be presented to Congress 
shall be prepared by the President, and before its presenta- 

tion submitted by him, first to the Council, and afterwards to 
the Academy at its January meeting. 

Secor. 7. Medals and Prizes may be established, and the 
means of bestowing them accepted, by the Academy, upon 
the recommendation of the Council ; by whom all the neces- 
sary arrangements for their establishment and award shall 
be made. 

ARTICLE VI. 

Of the Property of the Academy. 

Sect. 1. All investments shall be made by the Treasu- 
rer, in the corporate name of the Academy, in stocks of the 
United States. 

Sect. 2. No contract shall be binding upon the Academy 
which has not been first approved by the Council. 

Secr.3. The assessments required for the support of the 
Academy shall be fixed by the Academy on the recommen- 
dation of the Council. 

ARTICLE VII. 

Of Additions and Amendments. 
Additions and Amendments to the Constitution shall be 

made only at a stated session of the Academy. Notice <6 _ Proposition for such a change may be given at any stated gt 
Sion, and shall be referred to the Council, which may amend the p Toposition, and shall report thereon to the Academy at 
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its next stated session, with a recommendation that it be ac- 

cepted or rejected. Its report shall be considered by the 

Academy in Committee of the Whole, and immediately 

thereafter acted on. If the addition or amendment receive 

two thirds of the votes present, it shall be declared adopted, 

and shall have the same force as the original law. 

EXPLANATORY CLAUSE. 

In consequence of differences of opinion in relation to the 

interpretation of Section 4 of Article IV. of the Constitution 

of the Academy, the following resolution was passed August 

3, 1864 :— 

“Resolved, That the Academy is of opinion that Section 4 

of Article IV. of the Constitution is to be interpreted to mean, 

that any Section of either Class making a nomination shall 

be restricted in the choice to persons eminent in the branch 

or branches of science understood to be included in the title 

of the Section.” 



BY-LAWS. 

OF THE OFFICERS. 

I. In the absence of the Chairman or Secretary of a 

Class, a member shall be chosen to perform his duties tem- 

porarily, by a plurality of the viva voce votes, upon open 
nomination. 

I. The accounts of the Treasurer shall be referred to 

an Auditing Committee of three members, to be appointed 

by the Academy at the meeting at which the accounts are 

presented ; which committee shall report before the close of 

that session, and shall then be discharged. 

OF THE MEETINGS. 

III. A Committee of Arrangements for each stated ses- 

sion of the Academy, of five members, shall be appointed by 
the President, the Class Secretaries to be ex officio two of 

the members of the Committee. This Committee shall meet 
_ not less than two weeks previous to each session. It shall 
be in session during the ‘meetings to make arrangements for 
the reception .of the members; to arrange the business of 

each day; to receive the titles of papers, reports, ete. 5 and 

_ to arrange the order of reading, and in general to attend to 
all business and scientific arrangements. 

, At the meetings the order of business shall be 45 _ 
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1. Chair taken by the President, or, in his absence, the 
Vice-President. 

2. Roll of members called by Home Weithitaen: 
3. Report by Treasurer of members entitled to vote. 

4. Minutes of the preceding meeting read and approved. 

5. Stated business. 

6. Reports of President, Secretaries, Treasurer, Classes, 

and Committees. 
7. Business from Council. 
8. Other business. 

9. Communications from members. 
10. Communications from persons not members. 
11. Announcements of the death of members. Bio- 

graphical notices read. 

12. Rough minutes read for correction. 

V. The rules of order of the Academy shall be those of 

the Senate of the United States, unless otherwise directed. 

VI. It shall be in order for twelve members to require 
that any matter of business be discussed in Committee of the 

Whole, for amendment; the vote upon amendments to be 

taken in the whole Academy; and the amended proposition 

or propositions to be similarly voted on. : 

VIL. The scientific meetings shall be convened at twelve 

_ @clock M. in winter, and ten A. M. in summer, in order to 

— allow time for the business meetings of the Academy, and 

for the meetings of Classes, Sections, and Committees. 

OF ELECTIONS AND OBITUARIES. 

VIII. No more than ten Foreign Associates shall be 

elected at ‘any one stated session. 

IX. The death of members shall be announced by the 

President on the last day of each stated session, when a 
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member shall be selected by the Academy to furnish a bio- 
graphical notice of the deceased at the next stated session. 

If such notice be not then furnished, another member shall 

be selected by the Academy in place of the first, and so on 
until the duty is performed. 

X. The deaths of such eminent scientific men of the 
country as have taken place since the last session of the 

Academy shall be announced by the President. The names 

shall be selected by the Council. 

XI. All discussions as to the claims and qualifications of 

candidates, whether at meetings of the Sections, the Classes, 

or the Academy, will be held strictly confidential, and re- 

marks and criticisms then made may be communicated to no 

person who was not a member of the Academy at the time 

of the discussion. 

ON SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, 

; D REPORTS. 

XH. An analysis of the memoirs and reports read in the 
meetings of the Classes shall be given by the Secretaries of 
the Classes to the Home Secretary for publication in the 

proceedings of the Academy. For any failure in this duty, 

the delinquent officer shall be impeached by the Home Sec- 

retary. 
XIII. The Secretaries shall receive memoirs at any time, 

and report the date of their reception at the next session. 
_ But no memoir shall be published unless it has been 

before the Academy, Class, or Section, and ordered to es 

published by the Academy. Papers shall be published 19 

the order in which they were registered, but papers whit 

have not been sent to the Secretary within a month from 

1¢ time of their reading shall not be published without @ 
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XIV. Memoirs shall date in the records of the Academy 
from the date of their presentation to the Academy, and the 

order of their presentation shall be that on which they were 

registered, unless changed by consent of the author. 

XV. The publication of any communication to which 

objection is made by the Section to which the subject 

belongs shall be suspended until a second time authorized 

by a vote of the Academy. 

XVI. Papers from persons not members, read before the 

Academy, Classes, or Sections, and intended for publication, 

shall be referred, at the meeting at which they are read, to 

a Committee of members competent to judge whether the 

paper is worthy of publication. Such Committee shall 

Teport to the Academy as early as practicable, and not 

later than the next stated session. If they do not then 

Teport, they shall be discharged, and the paper referred to 
another Committee. 

XVII. Abstracts of papers published in the transactions 

of other societies or in journals may be communicated orally 

to the Academy ; and if, on submitting any such communi- 

cation to a Committee, its publication be approved, it may 

be ordered for publication on a vote of the Academy. 

XVIII. Short communications or abstracts of memoirs 

may be sent by any member to the Home Secretary, who 

shall, if requested by the author, without delay circulate 

them among the members. 

XIX. An Annual of the Academy shall be prepared by 

the Secretaries, and published on the first day of each year. 

XX. The printing of the Academy shall be under the 

charge of the Secretaries and the Treasurer, as 4 Committee 

of Publication, who shall report in relation thereto at each 

— meeting of the Academy. 
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XXI. The Annual Report of the Academy may be ac- 
companied by a memorial to Congress in regard to such 
investigations and other subjects as may be deemed advisa- 

ble, recommending appropriations therefor when necessary. 

XXII. The Home Secretary shall present to the Council 
estimates for books and stationery, binding, &c., required for 
the use of the Academy. 

OF THE PROPERTY OF THE ACADEMY. 

XXIII. The proper Secretary shall acknowledge all do- 
nations made to the Academy, and shall report them at the 
next stated session : — 

XXIV. The books, apparatus, archives, and other prop- 
erty of the Academy shall be deposited in some safe pe 
in the city of Washington. A list of the articles deposited 

shall be kept by the Home Secretary, who is authorized to 
employ a clerk to take charge of them. 

XXV. A stamp corresponding to the corporate seal of 
the Academy shall be kept by the Secretaries, who shall be 
responsible for the due marking of all books and other ob- 
jects to which it is applicable. 
~ Labels or other proper marks, of similar device, shall ” 
placed upon objects not admitting of the stamp. 

CHANGES IN THE BY-LAWS. 

XXXVI Any By-Law of the Academy may be amended 

or repealed on the written motion of any two members, 

signed by them, and presented at a stated session of the 

Academy; provided the same shall be approved by aed 

jority of the members present at the next stated session 
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ORGANIZATION OF THE ACADEMY. 

1866. 

ALEXANDER Datias Bacue, President. 

JosepH Henry, Vice-President. 

Lovis Acassiz, Foreign Secretary. 

Wotcortr Grsss, Home Secretary. 

Farrman Rocers, 7reasurer. 

COUNCIL FOR 1866. 

The Officers of the Academy and the Chairmen of the 

Classes ex officio. 

Bens. A. Govutp. M. C. Mercs. 

J. L. Le Conte. W. D. Wurrser. 

OFFICERS OF THE CLASSES. 

1866. 

CLASS OF MATHEMATICS AND PHYSICS. 

Bexsamin Perrce, Chairman. 

J. E. Hearn, Secretary. 
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CLASS OF NATURAL HISTORY. 

Lovis Acassiz, Chairman. 

Spencer F. Barrp, Secretary. 

SECTIONS.* 

CLASS OF MATHEMATICS AND PHYSICS. 

Section I. Mathematics. 

J. G. BARNARD. 

H. A. Newron. 

THEODORE STRONG. 

And under Art. I., Sect. 

Bens. A. GouLp. J. H. C. Corrin. 

Witi1am CHAUVENET- 

BensaMIN PEIRCE. 

JoserpH WINLOCK. 

Section II. Physics. 

F. A. P. Barnarp. W.-H. C. BARTLETT. 

JosepH Henry. ai Mes Houmpurers. 

Ocpren N. Roop. 

And under Art. I., Sect. 
Wotcorr Gress. 

Section III. Astronomy, Geography, and Geodesy: 

SterHen ALEXANDER. ALExis CASWELL. 

J. H. C. Corrim. 

ARNOLD Guyot. 

Joun Ropcers. 

And under Art. I., Sect. 6 

- Witriam Ga Geek 

Cuaries H. Davis. 

Bens. A. GOULD. 

Lewis M. RuTHEeRFURD- 

JoserpH WINLOCK. 

Husert A. Newron. 

___* At date of publication of the Annual, April, 1867: 
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Secrion IV. Mechanics. 

J. E. Hinearp. D. H. Manan. 

FarrmMan Rocers. JOSEPH SAXTON. 

J. F. Frazer. Montaomery C. Metres. 

And under Art. I., Sect. 6, 

BENJAMIN PEIRCE. J. G. BARNARD. 

‘ JosepH Henry. F. A. P. BARNARD. 

Section V. Ohemistry and Mineralogy. 

Wotcorr Gress. BENJAMIN SILLIMAN, JR. 

Samvue.t W. JOHNSON. 

CLASS OF NATURAL HISTORY. 

Section I. Geology and Paleontology. 

‘ J. P. Lester. Leo LesQuerEvx. 

; James Hatt. J. S. NEWBERRY. 

J. D. WHITNEY. 

And under Art. I., Sect. 6, 

ArnoLp Guyot. 

Section Il. Zoélogy. 

Lovis AGAssiz. James D. DANA. 

Spencer F. Barrp. ALexanpeEr E. R. AGassiz. 

JARED P. KirtLanp. Joun L. Le Conte. 

‘ Section III. Botany. 

Grorce ENGELMANN. JOHN TORREY. 

And under Art. L., Sect. 6, 
Leo LesQuEREUXx. 

3 
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COMMITTEES OF THE ACADEMY. 

hi 

Committee on Weights, Measures, and Ooinage. 

(Appointed May 4, 1863, at the request of the Hon. S. P. Chase, 
Secretary of the Treasury of the United States, dated April 24, 1863.) 

Joseru Henry, Chairman. 

J. H. ALEXANDER. Arnotp Guyor. . 

Farman Roaers. BenJAMIN SILLIMAN, JR. 

Woxcorr Gress. Ww. CHAUVENET. 

Joun TorRREY. 

A. D. Bacne. (By resolution of the Academy-) 

Joun Ropcers. (Jan. 5, 1864. 

L. M. Rurnerrcrp. (Jan 5, 1864.) 

And by authority of Art. IL, Sect. 4, 

Samvet B. RuGGLEs. 

Mr. Henry, Chairman of the Committee on Weights, Meas- 

ures, and Coinage, reported to the Academy on behalf of 

the Committee, January 9, 1864, and offered the following 

Tesolution, which was adopted : — 

Resolved, That the Committee on Weights, Measures, and 

Coinage have leave to continue their labors and business 

Row in progress, with power. 

The Committee presented a final report January 27, 1666. 

: The report was adopted, a copy ordered to be transmitted 

cS to the Secretary of the Treasury, and the Committee dis-. 
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II. 

A Committee on the Expansion of Steam. 

February 29,1864. The Hon. Gideon Welles, Secretary 

of the Navy, invited the appointment of a committee of three 

members of the Academy, to act jointly with three members 

named by the Department and with three members of the 

Franklin Institute of Pennsylvania for the promotion of the 

Mechanic Arts, to conduct, witness, and report upon experi- 

ments which may be agreed upon by the Commission on the 

Expansion of Steam. The experiments are to be reported 
as early as practicable to the Department, and to be submit- 

ted also to the National Academy of Sciences for its judg- 

ment and suggestions. : 

March 10. The Committee of the Academy was @P- 

pointed, to consist of 

FarrmMan RoGers. F. A. P. BARNARD. 

JOSEPH SAXTON. 

[The Navy Department named as its members of the 

joint Commission, 

Horatio Atten, Chairman. 

C. H. Davis, B. F. IsHer woop. 

The Franklin Institute named as its members of the joint 

ission, 

J. H. Towne. J. V. MERRICK. 

R. A. Tirenman. | 

- The joint Commission reported, January 26, 1866, that the 
__ €xperiments are still going on in New York, but that, owns 

_ to the great number of trials necessary to eliminate practical 
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sources of error, the report of the Commission is not yet 

completed. 

II. 

A Committee on the Practicability and best Mean’ of Improv- 

ing the Navigation of the River and Reclaiming the Har- 

bor of San Juan del Norte, Nicaragua. 

(Appointed August 10, 1866, at the request of the Minister of the 

Republic of Nicaragua through the State Department.) 

A. A. Humpenrers, Chairman. 

(C. H. Davis. J. E. Hirearp. 

And under Art. IT., Sect. 4, 
Henry MitcHELL. 

The Committee reported to the Academy January 26. 

The report was adopted, and a copy transmitted to the Secre- 

tary of State. 

TY. 

A Commitice on the Galvanic Action from the Association 

of Zinc and Iron. 

(Appointed January 8, 1867, at the request of the Quartermaster- 

General.) 

Josern Henry, Chairman. 

J. H. C. Corriy. JosErH SAxTON. 

The Committee reported January 24,1867. The report 

Was adopted, and a copy transmitted to the Secretary of War. 

At the request of the Secretary the Committee was con- 

tinued and requested to report upon the best material for 

constructing head-blocks for marking soldiers’ graves. 

3* 
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¥. 

A Committee to investigate and report upon the Subject of 

Magnetic Deviations in Iron Ships. 

(Appointed May 20, 1863, at the request of the Navy Department.) 

Cuartes Henry Davis, Chairman. 

JosepH Henry. Bens. PEIRCE. 

Wotcorr Gress. FarrMAN ROGERS. 

J. E. Hiregarp. JOHN RODGERS. 

And by authority of Art. IT., Sect. 8, 
Wma. P. TRowsriDGE. 

The Committee reported January 7, 1864. The report 

was adopted and the Committee continued. January 26, 

1866, the Committee reported further, that a number of com- 

passes upon national vessels had been corrected and investiga- 

tions made. On motion, the Committee was continued. 

Vi 

A Committee on Testing and Estimating the Strength of 
- Distilled Spirits. 

(Appointed, at the request of the Secretary of the Treasury, February 

7, 1866 
JosepH Henry, Chairman. 

J. E. Hirea 

M. C. Mees. 

JOSEPH SAXTON. 

= F. A. P. Barnarp. 

Joun Torrey. 

_ FF. A. P. Barnard and John Torrey were appointed a sub- 

committee to make a series of special investigations. The 

ae Committee reported January 26, 1867. The report was 
adopted, and a copy transmitted to the Secretary of the 
— 
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MEMBERS OF THE ACADEMY. 

: Acassiz, Louts, Cambridge, Mass. 

_ AGassiz, ALexanpeR E. R., Cambridge, Mass. 

ALEXANDER, STEPHEN, Princeton, N. J. 

Barnarp, FrepericK A.P., New York, N. Y. 

Barnarp, Joun G., U. 8. A., Washington, D. C. 

Bartiert, W. H. C., U. S. A., West Point, N. Y. 

Barro, Spencer F., Washington, D. C. 

CasweELt, ALExis, Providence, R. I. 

Cuauvenet, WILLIAM, St. Louis, Mo. 

Corriy, Joun H. C., U.S. N., Washington, D. C. 

| Darron, Joun Caxt, New York, N. Y. 

Dawa, James Dwient, New Haven, Conn. 

Davis, Cuartes Henry, U. S. N., Washington, D. C. 

ENGELMANN, GEORGE, St. Louis, Mo. 

Frazer, Joun Fries, Philadelphia, Penn. 

Gizss, Wotcort, ambridge, Mass. 

Govtp, Bensamix AptHorr, Cambridge, Mass. 

: Guror, Arnoip, Princeton, N. J. 

: Hatt, James, Albany, N. Y. 

Heyy, JOSEPH, Washington, D. C. 

» Hearn, Juxivs E., Washington, D. 
U. S. A., Washington, D.G 

Philadelphia, Penn. 
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Lesquerevx, Leo, Columbus, Ohio. 

Manan, Dennis H., U.S. A., West Point, N. Y. 

Marsa, Georce P., Burlington, Vt. 

Meres, Monrcomery C., Washington, D. C. 

Mircue tt, 8S. Werr, Philadelphia, Penn. 

Newserry, Joun Stronc, New York, N. 

Newron, Husert A., New Haven, Conn. 

Perrce, BENJAMIN, Cambridge, Mass. 

Ropeers, Jonn, U.S. N., Charlestown, Mass. 

Rogers, FarrMAN, Philadelphia, Penn. 

Roop, Open N,, New York, N. Y. 
Ruruerrurp, Lewrs Morris, New York, N. Y- 

Saxton, JoserH, Washington, D, C. 

Sittman, Bensamrn, New Haven, Conn. 

Srrone, THEODORE, New Brunswick, N. J- 

Torrey, Jonny, New York, N. Y. 

Wurrney, Jostan Dwicut, San Francisco, Cal. 
Wuirtney, Wa. Dwienut, New Haven, Conn. 

WINLOOK, JOSEPH, Cambridge, Mass. 

HONORARY MEMBERS (Sect. 9, Art. 4)- 

Wyman, JEFFRIES, Cambridge, 

Lerwy, Josern, Philadelphia, pink 

LonestretH, Fisher Miers, Darby, Penn. 
Gray, Asa, Cambridge, Mass. - 

Of the fifty members originally appointed by Act of Com 

gress, eight have died since the first Session of the Acade- 

my, namely, Joseph S. Hubbard, Joseph G. Totten, Edward 

; jamin Silliman, Sr., James M. Gilliss, At 
gustus A. Gould, Alexander Dallas Bache, and John Henry 
Alexander. 
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FOREIGN ASSOCIATES. 

Sm Wma. Rowan Hamitton.* 

Kart Ernst von Bakr. 

MicuarEt Farapay. 

L. Evre pe Beaumont. 

Sm Davip BrRewstTER. 

GA. A. Prat” 

Ropert Bunsen. 

F. W. A. ARGELANDER. 

Micuet CHASLES. 

Henrt Miine-EpWarps. 

ALEXANDER BRAUN. 

Greorce B. Arry. 

Ricuarp Owen. 

Frieprich W6#uLER. 

Sir Roperick I. Mcrcnison. 

Victor ReGNavLt. ' 

C. H. C. BurMEIsTER. 

C. A. F. Peters. . 

Justus von Liste. 

* Since deceased. 
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ANNUAL REPORT. 

Wasninertor, D. C., March 19, 1866. 

Sm: In conformity with the requirements of the act of 
incorporation, approved March 4, 1863, I have the honor to 

submit herewith a report of the operations of the National 
Academy of Sciences during the past year. 

Very respectfully, 

JosEpH Henry, 
Vice-President National Academy of Sciences. 

Hon. Scnuyter Corax, Speaker of the House of Representatives. 

NatTionaL ACADEMY OF SCIENCES, 

Washington, D. C., March 19, 1866. 

Sm: In accordance with the requirements of the Consti- 
tution of the National Academy of Sciences, (Article V., 
Section 6,) the following report of the proceedings and labors 

of the Academy during the year 1865 is respectfully sub- 
mitted to Congress. 

Since the presentation of the last Annual Report, (Feb- 

Tuary 13, 1865,) no new subjects of investigation have been 
Presented to the Academy by the departments of the gov- 

fmment of the United States, and consequently no new 
Committees have been appointed. 

eee on Weights, Measures, and Coinage, ap- 

— 3 ai 
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pointed May 4, 1863, at the request of the Hon. S. P- 

Chase, Secretary of the Treasury of the United States, 

were instructed by the Academy, at its session in August 

last, to present a report at the January session of 1866. 

The report, although belonging to the business of the year 

1866, is hereto appended. (See Appendix A.) 

On the 29th of February, 1864, a communication was 

received from the Hon. Gideon Welles, Secretary of the 

Navy, inviting the appointment of a committee of three 

members of the Academy, to act jointly with three members 

named by the Department, and with three members of the 

Franklin Institute of Pennsylvania for the Promotion of 

the Mechanic Arts, to conduct, witness, and report upon 

experiments which may be agreed upon by the Committee 

on the Expansion of Steam. The experiments are to be 

reported as early as practicable to the Navy Department, 

and to be submitted also to the National Academy of Set 

ences for its judgment and suggestions. : 

The President of the Academy appointed a Committee 

consisting of the following members: — 

Farrman ROGERs, F. A. P. BARNARD, 

JosEPH SAXTON. 

The Navy Department named as members of the joint 

Commission, — 

Horatio ALLEN, Chairman. 
Cuartes H. Davis, Rear-Admiral United States Navy: 

B. F. Isnerwoop, Chief of Bureau of Steam Engineer 

ing. : 

The Franklin Institute named ag members of the joint 

I. V. Merrick, 

R. A. TirenMman. 
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_ the compasses of a number of national ve 

corrected and investigations made. Also, that, at the request 
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On the 5th of January, 1865, the Committee of the 

Academy, through Mr. Saxton, reported progress. The 

Committee has not yet presented a report, but the experi- 

ments have been conducted during the past year at great 

expense of time and labor, and it cannot be doubted that the 

results will be of much practical value. It is particularly 

desirable that the subject should be investigated with the 

greatest care and thoroughness, and that the conclusions 

drawn should be based upon a large and extensive range of 

experiments. 

On the 8th of May, 1863, at the request of the Navy 

Department, a Committee was appointed to investigate and 

report upon the subject of Magnetic Deviation in Iron Ships. 

This Committee consisted of the following members : — 

A. D. Bacueg, Chairman, BenJAMIN PEIRCE, 

JosepH Henry, Cuartes H. Davis, 

Wotcorr Grpss, FarrmMan ROGERS, 

And by authority of Art. I., Sect. 8, 

W. P. TROWBRIDGE. * 

This Committee presented a report to the Academy 

January 7, 1864, when, on motion, the report, with the 

accompanying documents, was accepted, and the Committee 

continued. (See Annual Report of President, 1863, pages 

A copy of the report was forwarded to the Navy Depart- 

ment February 11, 1864. 

At the last session of the Academy, held January 24, 

1866, Mr. F. Rogers reported, from the Committee on Mag- 

netic Deviations, that its labors are still continued, and that 

ssels have been 

of the members, Admiral Davis had been appointed Chair- 
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man in place of Mr. Bache, who has been unable to serve 
on account of illness, and Com. John Rodgers and Mr. 

J. E. Hilgard had been added to the Committee. On mo- 

tion, the Committee was continued, and requested to report, 

if possible, at the next session of the Academy. 

Since the presentation of the last report, the Annual of 

the National Academy for the year 1865 has been prepared 
and published ; copies of this, in accordance with a formal 

vote of the Academy, have been distributed to the members 

of both houses of Congress, and also to the heads of the 
departments and bureaus under the government of the 

United States, 

At the two sessions of the Academy held during the year 

1865 thirty-three original communications were read. The 
following are the titles of these communications : — 

1. On a Chronograph for Measuring the Velocity of 
Projectiles, by J. E. Hilgard. 

2. On the Homologies and Classification of the Cephalo- 
pods, by L. Agassiz. 

3. On the Geographical Distribution of North American 

Birds, by S. F. Baird. 

4. Note on the Changes that have taken place in the ag 
of Charleston Harbor since the Sinking of Obstructions 

the Main Channel, as developed by the hee States Coast 

Survey, by J. E. Hilgard. 
5. On the Tables of the Moon, by Benjamin Peirce. 

6. On the Metamorphoses of some Malacopterygians, by 
L. Agassiz. 

7. On Chemical Classification, by Wolcott Gibbs. 
8. On the Dimensions and Proportions of American Sol- 

diers, by B. A. Gould. 
=» ‘8. On a: Method of Exhibiting certain Statisties of Hospi- 

ee by J. L. Le Conte. 
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10. On the Glacial Phenomena and Present Configura- 

tion of the State of Maine, by L. Agassiz. 
11. Ona Regulator for Maintaining Uniform Motion, and 

an Apparatus for Recording Time Observations in Type, by 

J. E. Hilgard. 

12. On the Progress of the Geological Survey of Cali- 
fornia, by J. D. Whitney. . 

13. On the Mineral Lands of the United States, and the 

Relations of the Government to their Management, by J. D. 

hitney. 

14. On the Origin ‘and Formation of Sedimentary Rocks, 

by J. S. Newberry. 
15. On the Origin and Distribution of Petroleum in the 

United States, by J. S. Newberry. 

16. The Theory of the Sling, by Benjamin Peirce. 

17. The Fucoids of the Coal Measures, by Leo Lesque- 
reux, : ; 

18. Letter from Mr. Agassiz. 
19. Observations of the Right Ascensions of Stars within 

one Degree of the North Pole, by B. A. Gould. 
20. On Observations of Tides at the Island of Tahiti, 

made by Captain John Rodgers, of the United States Navy, 

for the United States Coast Survey, by J. E. Hilgard. 

21. Discussion of Magnetic Observations made at East- — 

port, Maine, during the Years 1861-1864, by the United 
States Coast Survey, by J. E. Hilgard. 

22. On Rifled Guns, by W. H. C. Bartlett. 

23. A New Theory of the First Principles of the Dif- 

ferential Calculus, by Theodore Strong. 
24. On the Ages of the United States Volunteer Soldiery, 

as deduced from the Statistical Bureau of the itary 

Commission, by B. A. Gould. 
25. On a Photometer, by O. N. Rood. 

4* 
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26. On the Structure of the Moon, by S. Alexander. 

27. On the Systems of Mountain Upheaval to which the | 

Continent of North America owes its Present Configuration, 

by J. D. Whitney. 

28. Abstract of Geological Investigations made in China 

and Mongolia, by Raphael Pumpelly. (Communicated by 

J. D. Whitney.) 

29. Examination of Shells obtained by the Sounding-Lead 

in the Coast Survey of New York and New Jersey, with 

some Nautical Hints, by Augustus A. Gould. 
30. On the probable immediate Cause of the Glacial 

Epoch of the Post-Tertiary, by A. Guyot. 
31. On the Lower Silurian Oils of Kentucky and Ten- 

nessee, by J. S. Newberry. 

32. Suggestions relative to the Annular Eclipse of the Sun, 

of October next, by S. Alexander. 
33. On Certain Converging Series expressing the Ratio of 

the Diameter to the Circumference of the Circle, by William 

Ferrel. (Communicated by Benjamin Peirce.) 
34. On a Tide Meter, by J. M. Batchelder. (Communi 

eated by Benjamin Peirce.) 
Of the communications heretofore presented, five are 1 

cluded in the first volume of the Memoirs of the National 

Academy of Sciences, now being printed by order of the 

Senate of the United States. ‘The minor papers will be col- 

lected and published in a smaller volume, under the title of 

Proceedings. 

The current expenses of the Academy, and the cost of 
publishing the Annual, have been, as before, defrayed — 
the contributions of members. 

‘The vacancies in the Academy have been filled by the 

_ election of William D. Whitney and S. Weir Mitchell. 

The Council for the year 1866 consists of M. C. Meigs 
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B. A. Gould, J. L. Le Conte, and W. D. Whitney, together 
with the officers of the Academy, members ex officio. 

The next session of the Academy will be held at North- 

ampton, Mass., on the first Tuesday in August, 1866. 

Respectfully submitted. 

JOSEPH HENRY, 

Vice-President National Academy of Sciences. 

Hoy. Scuuyrer Corrax, Speaker of the House of Representatives. 

APPENDIX A. 

Report of the Committee on Weights, Measures, and Coinage 

to the National Academy of Sciences, January, 1866. 

The Committee are in favor of adopting, ultimately, a 

decimal system ; and, in their opinion, the metrical system 

of weights and measures, though not without defects, is, all 

things considered, the best in use. The Committee therefore 

gzest that the Academy recommend to Congress to 

authorize and encourage by law the introduction and use of 

the metrical system of weights and measures ; and that, with 

a view to familiarize the people with the system, the Acade- 

my recommend that provision be made by law for the im- 

Mediate manufacture and distribution to the custom-houses 

and States of metrical standards of weights and measures ; 

to introduce the system into the post-offices by making a 

Single letter weigh fifteen grammes instead of fourteen and 

Seventeen hundredths, or half an ounce; and to cause the 

new cent and two-cent pieces to be so coined that they shall 

Weigh, respectively, five and ten grammes, and that their 

diameters shall be made to bear a determinate and simple 

-_Yatio to the metrical unit of length. 
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Vill. 

LIST OF PAPERS PRESENTED TO THE 
ACADEMY, 

TO JANUARY 26, 1867. 

1. On the Individuality among Animals, with Reference % 

the Questions of Varieties and Species, by Lous 
Agassiz. 

2. On the Elements of the Mathematical Theory of Quan- 
tity, by Benjamin Peirce. ee 

3. On the Discussion of Magnetic Observations made at 
Girard College Observatory, in the Years 1840-1845, 

Parts IV., V., and VI.; Horizontal Force; Investiga- 
tion of the Eleven-year Period of the Solar Diurnal 

Variation and Annual Inequality, and of the Influence 
: of the Moon, by A. D. Bache. 

4. On the Force of Fired Gunpowder, and the Pree 
to which Heavy Guns are actually subjected in Firing, 
by F. A. P. Barnard. 

5. Reduction of the Observations of the Fixed Stars made 
by J. Lepaute d’Agelet at Paris, during the ef a 

© 1783-4785, with a Catalogue of the corresponding 
, Mean Places referred to the Equinox of 1800, by 
B. A. Gould. 

6. On the Metamorphoses of Fishes, by Louis Agassiz. 
7, On the Saturnian System, by Benjamin Peirce. ae 
_ 8. Notes on the Parallelogram of Forces and on Virtual 
Velocities, by Theodore Strong. 
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9. On the Geographical Distribution of Fishes, as bearing 

upon their Affinities and Systematic Classification, by 

Louis Agassiz. 

. On the Discussion of Magnetic Observations made at 

Girard College Observatory in the Years 1840-1845, 

Parts VIL, VIIL, and IX.; Vertical Force; Inves- 

tigation of the Eleven-year Period of the Solar Diur- 

nal Variation and Annual Inequality, and of the 

Influence of the Moon. 

11. Description of an Anemograph designed for the Univer- 

sity of Mississippi, by F. A. P. Barnard. 

12. On Materials of Combustion for Lamps in Light-houses, 

by Joseph Henry. 
13. On Photographs of the Solar Spectrum, by Lewis M. 

Rutherfurd. 

14. On Tangencies of Circles and Spheres, by J. G. Bar- 

nard, 

15, On Observations of the Planet Venus near the Times of 

her Inferior Conjunction, September 28, 1863, and 

subsequently, by Stephen Alexander. 

16. Brief Note on the Forms of Icebergs, by Stephen 

Alexander. 
17. Memoir of the late Henry Fitz, by Lewis M. Ruther- 

: furd. : 

18. On the Distribution of certain important Diseases in the 

United States, by Augustus A. Gould. 

19. On the Integration of Differential Equations of the first 

Order and higher Degrees, by Theodore Strong. 

Criticism on the Forms of Ships, by Captain J. Cole. 

(Presented by Theodore Strong.) 

On the Light visible on the Moon’s Surface, and that 

- seen adjacent to her Edge, when the Sun is either 

partially or totally eclipsed, by Stephen Alexander. 

— J) 
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22. On the Influence of the Hour of the Day on the Results 

of Barometric Measurements of Altitudes, (not read,) 

by Arnold Guyot. 
23. On Shooting Stars, by H. A. Newton. 

24. A Method of determining the Errors of a Vertical 

Divided Circle, by Simon Newcomb. (Presented by 

Benjamin Peirce.) 

25. Considerations relative to various Phenomena presented 

by certain Comets, by Stephen Alexander. 

26. Memoir of Lieut. E. B. Hunt, by F. A. P. Barnard. 

27. On a Chronograph for Measuring the Velocity of Pro- 

jectiles, by J. E. Hilgard. 

28. On the Homologies and Classification of the Cephalo- 

pods, by L. Agassiz. ; 

29. On the Geographical Distribution of North American 

Birds, by 8. F. Baird. 
80. Note on the Changes that have taken place in the Be 

of Charleston Harbor since the Sinking of Obstructions 

in the Main Channel, as developed by the United 

States Coast Survey, by J. E. Hilgard. 

31. On the Tables of the Moon, by Benjamin Peirce. 

32. On the Metamorphoses of some Malacoptery gians, by 

L. Agassiz. 
33. On Chemical Classification, by Wolcott Gibbs. 

34. On the Dimensions and Proportions of American Sol- 

diers, by B. A. Gould. 
35. On a Method of Exhibiting certain Statistics of Hos 

.  pitals, by J. L. Le Conte. rue 
36. On the Glacial Phenomena and Present Configurabon 

of the State of Maine, by L. Agassiz. 

. = 37. On a Regulator for Maintaining Uniform Motion, and = 

_ an Apparatus for Recording Time Observations in : 

‘Type, by J. E. Hilgard. 
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38. On the Progress of the Geological Survey of California, 
by J. D. Whitney. 

39. On the Mineral Lands of the United States, and the 

Relations of the Government to their Management, 
by J. D. Whitney. 

40. On the Origin and Formation of Sedimentary Rocks, 

by J..S. Newberry. 

41. On the Origin and Distribution of Petroleum in the 

United States, by J. S. Newberry. 
42. The Theory of the Sling, by Benjamin Peirce. 

43. The Fucoids of the Coal Measures, by Leo Lesquereux. 

44, Letter from Mr. Agassiz. ; 
45. Observations of the Right Ascensions of Stars within 

one Degree of the North Pole, by B. A. Gould. 

46. On Observations of Tides at the Island of Tahiti, 
made for the United States Coast Survey, by J. E. 

gard. ; 

47. Discussion of Magnetic Observations made at Eastport, 

Maine, during the Years 1861-1864, by the United 

States Coast Survey, by J. E. Hilgard. 

48. On Rifled Guns, by W. H. C. Bartlett. ; 

49. A New Theory of the First Principles of the Differen- 

tial Calculus, by Theodore Strong. 

50. On the Ages of United States Volunteer Soldiery as 

deduced from the Statistical Bureau of the Sanitary 

. Commission, by B. A. Gould. 

51. On a Photometer, by O. N. Rood. 

52. On the Structure of the Moon, by S. Alexander. 

53. On the Systems of Mountain Upheaval to which the 

“Continent of North America owes its present Con- 

figuration, by J. D. Whitney. 

54. Abstract of Geological Investigations made in China 

and Mongolia, by Raphael Pumpelly. (Communi- 

cated by J. D. Whitney.) 
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55. Examination of Shells obtained by the Sounding-Lead 

in the Coast Survey of New York and New Jersey, 
with some Nautical Hints, by Augustus A. Gould. 

56. On the probable immediate Cause of the Glacial Epoch 

of the Post-Tertiary, by A. Guyot. 
57. On the Lower Silurian Oils of Kentucky and Ten 

nessee, by J. S. Newberry. 

58. Suggestions relative to the Annular Eclipse of the Sun, 

of October next, by S. Alexander. 

59. On Certain Converging Series expressing the Ratio 
of the Diameter to the Circumference of the Circle, 

by William Ferrel. (Communicated by Benjamin 

Peirce.) 

60. On a Tide Meter, by J. M. Batchelder. (Communi- 

eated by Benjamin Peirce.) 
61. On the Silver Reduction Process of Nevada, with Sta- 

tistical Tables, and Metallurgical Data, by B. Silliman. 

62. On a New General Method of Volumetric Analysis, by 

Wolcott Gibbs. 

63. On Sodium Amalgam, and its Application in Saving 

Precious Metals, by B. Silliman. 

64. On the Limits and Character of the Vision of American 
Soldiers, as deduced by the Statistical Department of 

the U. S. Sanitary Commission, by B. A. Gould. 
65. On the Primary Triangulation of the Coast of New 

England, in connection with the U. S. Coast Survey, 

by A. D. Bache. 

66. On the Relation of Language to Ethnology, by W- D- 
Whitney. 

67. On Certain Mineral Districts of Arizona, by B. Silli- 

man. 

c fe 68. On California Petroleum, and the Products of its Dis- 

* 

tillation, by B. Silliman. 
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o co . Observations on the Annular Eclipse of October, 1865, 
made at Lebanon, IIL, by Stephen Alexander. 

70. On a Photometric Method, by Ogden N. Rood. 
71. On a Normal Map of the Solar Spectrum, by Wolcott 

Gibbs, 
72. On Traces of Glaciers under the Tropics, by L. 

Agassiz. 

* 78. On the Secular Acceleration of the Moon’s Mean Motion, 

by John N. Stockwell 

74, On the Origin of Solar Heat, by Benjamin Peirce. \. 
5. On the Morphological Value. and Relations of the 

Human Hand, by B. G. Wilder. 
76. On the Correlation of Gravity and Temperature, by 

P. E. Chase. 

- Grounds of Analogy between Linguistic Science and 
the Physical Sciences, by W. D. Whitney. 

78. On the Limitation of Homologies, by L. Agassiz. 
| 79. On a New Method of Optical Analysis, by Wolcott Gibbs. 

80. On Recent Soundings in the Gulf Stream, by Henry 
Mitchell. 

81. On Repeated Linear Substitutions, by J. E. Oliver. 
82. On some Points in the Geological Structure of South- 

ern Minnesota, by James Hall. 

83. A New Theory of Planetary Motion, by Theodore 

~] I 

Stro 
84. On th Tinie Evaluation of Surd Forms, by William 

Watson. 
85. On the Study of Young Animals, and its Bearing upon 

the Progress of Palwontology and Zodlogy, by Alex- 
_____ ander E. R. Agassiz. 

86. On ms ‘ene of the Satellites of Saturn, by Benjamin 

3 87. a Remar Rainbow, by Benjamin Peirce. 

MISSOURI 
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88. Investigation in Regard to Sound, in its Economical 

Applications, by Joseph Henry. 

89. On the Geographical Distribution of Fishes in the 

Waters of the Amazon, by Louis Agassiz. 

90. On the Stature of American Soldiers, by B. A. Gould. 

91. On the Influence of the Hour of the Day on the Heights 

obtained by Barometric Measurements, by Arnold 

Guyot. 
92. On Astronomical Photography, by Lewis M. Ruther- 

furd. : 

93. On the Reduction of Photographic Observations, with a 

Determination of the Position of the Pleiades from 

Photographs by Mr. Rutherfurd, by B. A. Gould. 

94. Ona Table for Facilitating the Conversion of Longi- 

tude and Latitude into Right Ascension and Declina- 

tion, by Wm. Ferrel. 

95. On the Nephila Plumipes, or Silk Spider of South 

Carolina, by B. G. Wilder. 

96. On the Systematic Value of Rhynchophorous Coleop- 

tera, by J. L. Le Conte. f 

97. On the November Meteors, by Hubert A. Newton. 

98. On the Total Eclipse of the Sun of August 7th, 1860, 

in Connection with some Remarks of the Annular 

Eclipse of October, 1865, by Stephen Alexander. 

99. On some of the Phenomena presented by the Planet 

Venus when near her Inferior Conjunction, by Stephen 
Alexander. : 

100. On the Relative Longitude of Europe and America, 

and the Velocity of Galvanic Signals in the Atlantic 

Cable, by B. A. Gould. 
101. On the Principles of the Classification of Fishes, bY 

-.. * Lonis Agassiz. ‘ 

102. Recent Observations on the Glacial Phenomena of 

the Basin of the Great Lakes, by J. §. Newberry: 
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BIOGRAPHICAL NOTICE 

OF 

JAMES MELVILLE GILLISS. 

Mr. Presipent AND GENTLEMEN OF THE ACADEMY : — 

Tue year which has just elapsed has been more sparing 

of our number than its predecessors; yet death has taken 

one from the ranks of the Academy who could ill be spared, 

and on the 9th of February last the tidings went forth from 

this capital to all parts of the land, that a great bereavement 

had come upon the science of America. A month before 

we had met Gilliss ‘here in the vigor of his manhood, the 

fullness of his energy, and the manly dignity so characteristic 

of his bearing. 

“ QO, had it been but told you then 

To mark whose lamp was dim, 

From out these ranks of nae men 

Would you have singled him 

His life has been in some respects its own sufficient record, 

for its impress has been given and will long remain; yet in 

other respects the time is not yet come for the full por- 

trayal of his many services to science and to his country, — 

for these are still too recent for complete recital, and their 

enumeration and description might tend to impair their best 

influence. Loyalty to his country, his government, his 

science, his friends, — stern integrity, unflinching resolve, 

and earnest piety were the predominant traits of his moral 

nature. A keen sense of duty, which never permitted to 
5* 
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himself those indulgences which his charity readily conceded 
to others, was blended with exquisite sympathy and kindli- 

ness. In his remarkable character the two extremes met of 

austerity and geniality; but the sternness was for himself, 

the tenderness was for his fellow-men. 

James Metvitte Gitxiss was born in Georgetown, D. 

C., on the 6th of September, 1811, the oldest son of George 

and Mary (Melville) Gilliss. His father was in the acdean: 
of the United States government, and had been so since its 

transference to this city. The family was originally of Scot- 

tish origin, but had been in this country for several genera- 

tions.* At the age of fifteen years Gilliss entered the mare 

as midshipman, and made his first cruise in the “ Delaware, 

under Captain Downes. Returning after an absence of 

three years, during which he served also in the “ Concord 
and the “ Java,” he passed his examinations with honor, and | 
received in 1831 the grade of passed midshipman. 

Even at this early age the aspirations which guided "= 
whole career began to manifest their influence. In a -_ 

written long years afterwards to his friend Dr. Gerling 

Marburg, he says : — 

* For most of my information regarding Captain Gilliss’s ag 
T am indebted to the Rey. Isaac W. K. Handy, D. D., of Orange a 

Va., who has kindly supplied it to me from the MS. of “ The Ann 

and Memorials of the Handys and their pervighes ”” soon to be pub- 
lished. The line of descent was as follow 

A. Thomas Gilliss, an _ settler of the) Eastern Shore of Mary- 
land and native of Scotlan } 

B. Capt. Thomas Gillis, born at Monokin (now Princess see 
1668, ae 12, married as his third wife Anna, widow of Capt. J 

nd daughter of beleas Dashiell. 
Children by 3d wife : 

7. Joseph. — 
8. Sarah (m. Major Thomas Irving). 
. Tetons jc aoe suet Handy). 

ee 10. Anne (m. John Iry 
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“Very shortly after I came to Washington for duty as a 

Passed Midshipman, members of Congress were told in my 
presence, ‘There is not an officer of the navy capable to 
conduct a scientific enterprise.’ The charge was intended 

prejudicially to the service to which I belonged, and was the 
more humiliating because the speakers were unknown, and 
defence was not possible. But from that hour no effort has 

been spared by which the standard of intelligence in the ser- 

Vice might be increased and its reputation enhanced.” 
How much the scientific reputation of the navy may have 

been directly or indirectly advanced by the exertions of our lost 
colleague, I will not undertake to estimate ; but thirty years 

have wrought a wondrous change, and the response which 

the logic of history would furnish to any disparaging remark 

to-day needs no added encomium of mine. 

So keenly was the young officer touched by the assertion, 
whether true or not, that on the instant he resolved to dis- 

prove it in his own person. Such is his account, and from 

that moment he was wont to date his scientific impulses; yet 

C. Joseph ice of Somerset Co., Maryland, (7th child of Thom- 

as,) married : 
E ‘Abas, eansinegh of Col. Isaac Handy. 

2. Betty Irving 
Children : — 

1. Thomas Handy, b. 1768, a. 1851, 

2. Esther (m. Dr. W. Cheney). 

Anna. 

6. Sarah (m. —— Polk). 

z wie 

Dd. as Gillis, of Georgetown, D. = (4th child of Joseph,) 
‘Married Mary Melville, their third child be 

£. James Melville Gilliss, born hiekuakie 6, 1811...’ 
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those who knew him best can hardly believe that to so slight 

an incident we owe the rousing of his strong powers, and the 

commencement of that useful scientific career by which he | 

accomplished so much for our country, and which terminated 

only with his life. 

Desiring to perfect his own culture, he applied for leave 

of absence to prosecute his studies, and in 1833 entered the 

University of Virginia, resolved, so far as lay in his own 

power, to bring to his country’s service the highest scientific 

culture attainable. His residence at the University, how- 

ever, was of less than a year’s duration. Excessive study 

impaired his health, and a severe inflammation of the eyes 

confined him for many weeks to a dark room. Upon his 
partial recovery he made a fourth cruise, ending in October, 

1835, after which he resumed his studies in Paris, and pur- 

sued them there for about six months, before returning to 

his professional duties. 

In the following year, Mr. Gilliss was ordered from Phila- 

delphia, where he had been on duty, to Washington, as a 

sistant to Lieut. (now Commodore) Hitchcock, who was then 

in charge of the Depot of Charts and Instruments. This 

institution had been established by the Navy Department six 
years previous, through the influence of Lieut. (now Admiral) 

_ Goldsborough, for the care and distribution of the charts and 

instruments required by national vessels. Among the duties 

of the officers was the rating of chronometers. The determi- _ 

nation of time was at first made by sextant and circle observa- 

tions ; in 1831 a small transit-instrument was mounted for this 

purpose ; and when in 1833, Lieut. (now Commodore) Wilkes 

was assigned to its charge, he removed the office to the vicinity 

of his own residence, about 1,200 feet north of the Capitol, — 

erected a small wooden observatory fourteen feet by thir 

teen, in which he mounted a 4-inch transit-instrument De 
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larger dimensions, lent the office by the Coast Survey. This 
instrument was made by Troughton, and had a clear aper- 

ture of 33, with a focal length of 63 inches. 

In a very short time after the arrival of Gilliss in Wash- 

ington, he was placed in full charge of this establishment, 

and here he made his first astronomical observations, these 

his being at first solely for determining time, like all those of 
predecessors. A year later, during the winter of 1837-38, 

he observed an extensive series of transits of the moon and 

moon-culminating stars for the determination of longitudes in 

connection with a survey of Savannah River ; but these ob- 

servations appear never to have been reduced. 

At this time he was married to Miss Rebecca Roberts, the 

daughter of John Roberts, Esq., of Alexandria, D. C., with 

whom he passed a life of uninterrupted domestic happiness. 

For more than twenty-seven years, his interests and cares 

and aims were hers ; and he owed much to her encouragement 

and sympathy in his intellectual as well as his domestic life. 

In 1838 the exploring expedition sailed under the com- 

mand of Capt. Wilkes, and for the purpose of determining ~ 

differences of longitude by means of moon-culminations, oc- 

cultations, and eclipses. Special instructions were drawn up 

by him for the observations of these phenomena, and applica- 

tion was specially made by him to the department that Lieut. 

Gilliss “should not be permitted” to leave the depot during 

the absence of the expedition. The late Mr. W. C. Bond, 

who had a transit-instrament mounted at his house in Dor- 

chester, was also engaged for the same purpose, the instruc- 

tions to him and - —_— _— sees These instruc- 
tions al t ti meteorologi 

observations, ond he availed inion of this opportunity to 

procure a portable 3}-inch achromatic, equatorially mounted, 

a variation-transit for use in measuring the magnetic declina- 
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tions, a balance magnetometer, a dip circle, two clocks, and a 

chronometer for sidereal time. The instructions from the See- 

retary of the Navy (Mr. J. K. Paulding) were dated 1838, 
August 13, and Gilliss’s observations began in the very next 

month. Here commences his astronomical career. Young 

as he was, he must be considered the first representative of 

practical astronomy in America. Astronomical observations 

had been made for a century, it is true. Men, his seniors, 

now living, and others still not long deceased, had made 

them before him, and were able to aid him with counsel and 

even experience. Among these I may mention Hassler, the 

founder of the Coast Survey, Bache, our own beloved and 

revered President, whose absence we are mourning, Prof. 

Bartlett, our honored colleague, Messrs. W. C. Bond, R. T. 

Paine, Patterson, Olmsted, and Loomis. But it was Gilliss 

who first in all the land conducted a working observatory, he 

who first gave his whole time to practical astronomical work, 

he who first published a volume of observations, first pre- 

pared a catalogue of stars, and planned and carried into effect 

the construction of a working observatory as contrasted with 

one intended chiefly for purposes of instruction. 

“ From that time,” (September, 1838,) says Gilliss,* “ till 

the return of the expedition in June, 1842, I observed every 

culmination of the moon, and every occultation visible at 

Washington, which occurred between two hours before sunset 

and two hours after sunrise. The transit was extremely defi- 

cient in optical power, and would not define stars smaller than 

the second magnitude when the sun was two hours above the 

horizon. The number of transits recorded exceeds 10,000, 

embracing the moon, planets, and about 1,100 stars- The 

average annual number of culminations of the moon observed 

ie was 110, and of lunar occultations about 20.” 
___ ® Senate Report No. 114, 28th Congress, 2d Session, p- 6- 

ra 
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The difficulties under which he labored, and the zeal with 

which he pursued his aim, may be inferred from the modest 

Preface to the volume containing his observations at this little 

observatory, which were not reduced and published until 

four years after their completion. It will be borne in mind 

that these observations of moon-culminating stars constituted 

but a part of his duties during all this period, — that the in- 

struments and charts of the office were to be cared for, the 

magnetical and meteorological observations assiduously pros- 

ecuted, and many official details to be attended to. [ore- 

over the amount of his astronomical work was understated 

by him in his report as above cited, inasmuch as his printed 

volume of observations gives the places of 1,248 fixed stars. 

Of these stars 6,823 transits are published, as also 865 tran- 

sits of the moon, 37 of planets, and 84 occultations. 

As this volume* is now rare, it may not be amiss for me 

to quote the greater portion of the Preface. 

“With but little experience in the manipulation of fixed 

instruments; without a book relating to the subject in any 

manner, except ‘ Pearson’s Introduction’ and ‘ Vince’s As- 

tronomy,’ or an acquaintance in the astronomical world from 

whom suitable advice could be obtained, literal compliance 

with the directions of the Department was the only course 

to be pursued at the commencement of the observations. 

Indeed, as I had never seen a volume of the annals of Euro- 

pean observatories, there could be no reason to suppose they 

did not embody every requisite to be complied with in re- 

cording observations ; and it was not until the latter part of 

1840 I became aware that the exact state of astronomical 

* Astronomical Observations made at the Naval Observatory, 

Washington, under orders of the Hon. Secretary of the Navy, dated 

August 13, 1838, by Lt. J. M. Gilliss, U.S. N. Printed by order of 

the Senate of the U. S., Washington, 1846. 
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science demanded more than a simple record of the transits, 

after the errors of the instrument had been rectified. For 

information and counsel on this, as well as other important 

points, I most respectfully tender my thanks to Rev. Rich- 

ard Sheepshanks, and to S. C. Walker, Esq., gentlemen 

whose devotion to and labors in the cause of astronomy have 

established for them most enviable fame. 

“ Limited to the Nautical Almanac and the catalogues con- 

tained in the volumes mentioned, for observable objects, MY 

attention was early arrested by discrepancies between the 

clock errors resulting from standard stars and some of those 

comprised in the list of moon-culminations ; discrepancies 

amounting in several cases to more than two seconds of time, 

which, being confirmed by the observations of consecutive 

nights, were consequently altogether beyond the limits 

probable errors. Receiving about this time, through the 
kindness of Mr. William Simms, a copy of that vade mecum 

of astronomers, ‘The Catalogue of the Royal Astronomical 

Society,’ it occurred to me, that, whilst carrying out the © 

jects of the exploring expedition, the mites which I could 

add to the data for more correctly locating ‘the landmarks 

of the universe’ would not be entirely unworthy of collection 5 

and, with this object in view, I determined henceforward to 

increase the number of stars to be nightly observed, so a8 ss 
embrace one in each three and a half to four minutes be 

tween the times of transit of the first and last moon-culminat- 

ing star, — the interval fixed on being the time ordinarily 

occupied by the transit of one star over all the wires, and 

setting the finder for its successor. This was all I could 

hope to accomplish with the, means in my power, unless 
_ careful estimations of the apparent magnitudes of each star 

observed should enable me to detect, at the termination of 

_ the series, variations in their brightness, or to confirm the 
degree of lustre already assigned to them. 



61 

“ All the observations of the volume, excluding a part of 
those on three dates, (as stated in the foot-notes,) were made 

by myself. Absence on two of these days was caused by 
illness ; and it is proper to state, that, with the above excep- 

tions, there was not a visible culmination of the moon which 

occurred when the sun was less than an hour above the 

horizon, during the entire period embraced by the observa- 

tions, or an occultation after the 15th June, 1839, except one 

which I did not personally observe, although my residence, 

till the middle of May, 1839, was two miles distant from the 

observatory. [Earlier in the afternoon or later in the morn- 

ing than just specified, the transit-instrument would not show 

stars of the 2—3 magnitude. 

“ Occupation during the day in attention to the duties origi- 

nally allotted to the office, and the want of sufficient assist- 

ance, prevented any attempt at reduction of the constantly 

accumulating materials prior'to the summer of 1843. 

“Tt remains but for me to express my gratitude that the 

prosecution of these observations should have resulted in the 

foundation of a permanent naval observatory, and have ob- 

tained for me, though for a brief period, the privilege of 

association with many of the most distinguished astronomers 

of the present century.” . 

In describing the results attained, the mention of a serious 

obstacle ought not to be omitted, — the very inadequate con- 

struction of the little building in which the observations 

were made. The observing slits of the roof of the ten-foot 

structure which served as his observatory extended only to 

Within three feet of the ridge-pole on each side, thus pre- 

cluding all observations between 26° and 53° North declina- 

s tion, a region which actually includes a portion of the 

Moon’s path. This was partially remedied by extending 

6 : 
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the aperture for about 53° on the Southern side, which was 
found to be the utmost that the strength of the edifice per- 
mitted, and it was found necessary to compensate even this 
gain by introducing transverse bars of iron, and nearly one 
seventh part, 12 out of 88, of the standard stars of the Nau- 
tical Almanac still remained hidden from view. 

The magnetic and meteorological observations carried om 

at the same time by Capt. Gilliss were probably as laborious, 
and were certainly as conscientiously prosecuted as the astro- 
nomical ones. They were subsequently reduced and pub- 
lished, the last volume appearing in the same year with that — 
containing the astronomical results. 

I have said that Gilliss’s volume of observations was the 
first one published on our side of the Atlantic, and have 

shown how, in spite of many and serious obstacles, his com- 

scientious assiduity and unwavering zeal accomplished not 
only all that his instructions required, but much more than 
this. It remains to speak in this connection of the charac 

ter of the observations and their results. 
I need not remind you, gentlemen, how many an accom- 

plished practical astronomer lacks that delicacy of the 

senses, and those other physical powers, by which alone the 
most refined observations may be attained. Even the bem 
observers have not always the highest qualification in these 

respects; for a quick ear, a sharp vision, and a delicate touch 

are by no means all that constitute the highest skill in an 

observer. The refined methods of observing, the adroit 
precautions against incidental errors not dependent upo® 

the senses, the ingenious devices for detecting, measurings o. 
and allowing for errors unavoidably incurred, as distine 

guished the simple endeavor to avoid them,—™ 
A endeavor of which the success must necessarily be mor? 

re ay the limits of our senses, however basil: 
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the attempt at measuring and eliminating these errors is 
found to be, — these are unquestionably the highest charac- 
teristics of the practical astronomer; and experience has 

shown that these will more than compensate for the dimmed 

eye, the unsteady hand, and the impaired susceptibilities of 
advancing years. The whole spirit of modern practical as- 

tronomy tends in this direction. Never otherwise could 
that great dictum of the immortal Struve have passed into 
an astronomical theorem : “ Whatever may be seen may be 
measured.” It is by this principle that the modern forms 

and appliances of the choicest astronomical instruments are 

regulated, and the modern methods of observation pre- 

scribed. No longer are azimuthal errors supposed to be 

eliminated by adjustment upon a meridian mark, or collima- 

tion-errors removed by analogous processes, or clock-rates 

assumed as constant through protracted intervals of time, 

nor the graduations of any instruments implicitly relied on 

for delicate determinations, nor positions based upon the 
most massive structures assumed to remain constant. The 
chief effort of the skilful observer of to-day is directed rather 
to the elimination and the measurement than to the avoid- 
ance of error; for human sense is but fallible, while human 

intellect and art are at least a reflex, if not a spark, from 
the divine altar. 

Yet despite all this, it would be folly to attempt to por- 
tray the indescribable advantage to an observer which is 
afforded by delicacy of the senses. Training will do much’ 

- but the culture of delicate perceptions must accomplish more 
than the training of average ones. And it was Gilliss’s pe- 
culiar privilege to be endowed with a wondrous acuteness 
of the perceptive powers of eye and ear, as manifested in his 
astronomical observations. No one at all conversant with — 

_ observations can examine the printed record, however casu- 
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ally, without a vivid perception of this marked peculiarity. 
Before it was my privilege to know him and to appreciate 

his manly truthfulness and scrupulous honor, I once heard 
another astronomer impugn his observations in this respect. 

I asked whether the recently published volume of observa- 
tions were good and creditable to Astronomy in America. 

“Yes,” was the reply, “they are very good, too good for 

Gilliss’s reputation. No man could have made such good 
ones.” Jn fact it is rarely that the record of a transit over 

the middle thread of his reticule does not accord, to the near- 

est tenth, with the mean of observations over the five threads. 
It is true that few men could have made such observa- 

tions; but happily there are tests, unsuspected then, so 
searching that cavil is impossible. Not only do the original 
records exist, in such a form as to preclude any idea that 

they could have been tampered with, —not only have sub- 
sequent observations confirmed those of Gilliss and made 

manifest their high precision, — not only was our colleague 

spared to enrich the annals of astronomy with yet more results 

of just such quality, in the other hemisphere, but a touch- 

stone exists, potent as Ithuriel’s spear. I refer to the So 

called personal scale, by which the counting and assortment 
of the last figures, in a very large number of observations, 

enables the inquirer to determine the degree of precision of 

these last figures by the law of probabilities. This search- 
ing test was applied to this volume of observations by Prof- 

Peirce, and with results signally confirming the faith of Gil- 
liss’s warmest admirers. In the long list of observers, living 

and dead, whose results were thus critically and searching!y 
tested, Gilliss held the second place (and scarcely second 

_ indeed) for the close precision with which his tenths of see- 

: ends had been noted, —a degree of accur
acy only attainable 

me 
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Superposed upon physical perceptions much more delicate 
than those of most men. Indeed, a moderate amount of 
scrutiny will detect the growth and development of his 
powers in this respect from year to year. 

Walker tested the same work in a different and more la- 
borious way. He reduced more than a thousand observa- 

tions over the lateral threads in order to compare their 
Tesults with those given by the central one, and with similar 

results. At a meeting of the American Association for the 
Advancement of Science, he publicly stated, that, after an 

extensive series of analogous examinations, made for the pur- 

pose of deciding the relative weight to be assigned to the 

results of different observers, he had found transit-observa- 

tions of only one astronomer, Argelander, which manifested 

€qual precision with those of Gilliss. 

Such were the observations made by Gilliss in the years 
1838 — 42, beginning at the age of twenty-seven, without pre- 

Vious training other than he had given himself, without 
astronomical acquaintances, and, what was more than all, 
Without scientific sympathy until the observations had been 
Prosecuted for more than two years. 

The printed volume contains nearly 700 octavo pages, 

Comprising the detailed observations of each year, with the 
ils of their reduction, the work of each year being spe- 

cially referred to the mean equinox of its commencement; 
and at the close, a General Catalogue of the mean right-as- 

censions of 1,248 stars, formed from these annual tables, — 

together with their precessions, proper motions, and polar dis- 
tances, derived from the British Association Catalogue, and 

Added for convenience in making one of his own results. 

€ come now to one of the noblest achievements of 

: Gilliss’s life, — the construction and equipment of the Naval 
Observatory. To understand the exact bearing and amount 

6* 
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of his services in this connection, it will be well to revert to 

previous efforts in the same direction, and I will take the 

liberty of making use, without apology, of a summary of 

this history, which I prepared a few years since for another 

purpose. 
The claims which science —and especially those depart- 

ments of scientific inquiry which cannot be prosecuted 

without the aid of implements inaccessible to most private 

men — may legitimately make upon a civilized community, if 

not, indeed, upon its government, are too patent to most 

thoughtful men, for the want of any proper observatory in 
the United States thirty years ago not to have been a source 
of regret, and an occasion for effort to those interested in the 

intellectual development of our nation. When we consider 

that not only had England and France led the way, and, for 
centuries, practically acknowledged the title of the eldest of 
sciences to national encouragement and support, but that 

searcely a principality or petty duchy existed on all the con- 

tinent of Europe so insignificant, or so poor, that it did not 

support an astronomical observatory, we cannot but feel 

astonishment at the unwillingness manifested” by the then 

inant school of legislators to promote astronomical re- 
search by providing some means at the national expense- 

It was, to be sure, not as a system of wise economy an 

large policy like that to which this Academy probably owes 

_ its origin, and on which its claims to national support might 
be entitled to acknowledgement ; nor even to that still largeT 
and more comprehensive statesmanship, which recognizes in 

the promotion of scientific research a sure and efficient 
mode of developing the partion resources, both intellectual 

: te Sohonriesinl shes th foundation and support of an obser- 

_ Wator se A expense was urged. But it was 

insite on aby its p sikeoonien on the ground that the impor 



— 

67 

tance of astronomical observations to the world at large, 

especially their manifest bearing upon commerce, rendered 

it the bounden duty of the United States, as a mercantile 
nation, to contribute their part toward those observations 

and computations for which all other civilized countries 

strove to do their share, and that a decent national pride 

should render us unwilling to rely exclusively upon Europe 

for data indispensable to navigators, even did it not lead us 

to desire that our republic should emulate her monarchies 

in the advancement of the highest civilization. Curiously 

enough, the so-called constitutional arguments brought for- 

ward in opposition to such plans did not possess sufficient 

force to prevent the equipment of that. expedition for gen- 

eral geographical exploration to which, through a singular 

change of circumstances, the establishment of a government 

observatory was ultimately due. The essential importance 
of a central observatory for the exploration and survey of 

our own territory, for the determination of the geographical 

position of our own ports and inland towns, was also made 

prominent ; yet it seems almost incredible that only thirty 

years ago, not merely did such arguments as these fail of all 
effect, but even those men who entertained larger and more 
elevated views seem not to have thought it worth their 
while to develop them. But such was the case, and the few 

instances in which any exertions were made in this direc- 
tion afford us admirable examples of seed sown upon stony 

ground, — not to allude to another scriptural comparison 

Perhaps yet more appropriat 
The first of these efforts “vil probably be found in the 

first message sent to Congress by John Q. Adams, after his 

_ iauguration as President of the United States, in March, 

1825. In this message “he earnestly recommended the 

€stablishment of a National Observatory, as, also, of a Uni- 
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form Standard of Weights and Measures, of a Naval Acad- 
emy, a Nautical Almanac, anda National University. But 
these recommendations were treated with neglect by Con- 

gress; although time has written a sufficient commentary on 

their wisdom and foresight. An excellent report on the 
subject, advocating the views of the President, was made by 

Mr. C. F. Mercer, chairman of the Committee of the House, 

to whom, in the ordinary routine, the subject was referred 
but the recommendations of the President, and of the Com- 

mittee, were suffered to lie unnoticed on the tables of both 

Houses ; and it was reserved for the Emperor Nicholas of 

Russia to follow those counsels which party rancor pre- 

cluded the Congress of the United States from adopting on 

the recommendation of their President, and by the estab- 
lishment of the noblest Observatory of the world to render 
the capital of his empire a capital of astronomical science.” 

The first structure in the United States which might claim 

the name of a fixed Astronomical Observatory was the ill- 

constructed little edifice of which I have already spoken, 14 

feet long, 13 feet broad, and 10 feet high, in which Gilliss . 

industriously labored for nearly four years, making the 
excellent observations of right-ascension already described, 

and furnishing the first volume of astronomical observations 

published in this hemisphere, and probably a more precise 
record of transits than has ever been made in America by 

any other person. 

In 1838, the year in which Lieutenant Gilliss commenced 
his observations, a small astronomical structure had been 

built at the Western Reserve College, in Hudson, Ohio, 
_ through the exertions of Professor Elias Loomis, and 
eae wert with a 4-inch equatorial telescope and a 3-inch 
a. , both of English manufacture. With these 

or Loomis made a number of astronomical obser- 
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yations ; but the duties of his office, as teacher, left him little 

opportunity for continued research. 

It was in this same year, 1838, that the money bequeathed 

by Smithson to found that noble institution which will render 

his name immortal was received by our minister in London. 

Mr. Adams, then a member of the House of Representa- 
tives, again exerted his most strenuous efforts to secure the 

establishment of an astronomical observatory as a part of 

the institution. He immediately waited on President Van 

Buren, and, in a long interview, urged his views of the sub- 

ject. A few months later, at the call of the Secretary of 

State, he reduced his views to writing, advocating the 

application of part of the fund to the establishment of a 

great observatory, and of a Nautical Almanac. Mr. Van 

Buren expressed his concurrence with the views, but never 

acted in the premises. 
Indeed, so bitter was the rancor of political partisanship 

at this time, and so intense the hatred entertained by the 

then dominant section of the country against Mr. Adams, 

that, to use the language of his biographer, opposition to the 

design became identified with party spirit, and to defeat it 

no language of contempt or of ridicule was omitted by the 

partisans of General Jackson. In every appropriation which 

it was apprehended might be converted to its accomplish- 

‘Ment, the restriction “and to no other” was carefully 

inserted. In the second section of an act passed on the 

10th July, 1832, providing for the survey of the coasts of 

the United States, the following limitation was inserted by 

the Naval Committee: “ Provided, that nothing in this act, 

or in the act hereby revived, shall be construed to authorize 

__ the construction or maintenance of a permanent Astronomt- 

eal Observatory.” Yet, at the time of passing this act, it 

Was well understood that a part of the appropriation it con- 
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tained must necessarily be applied to astronomical observa- 
tions. And, indeed, I may anticipate the order of this 
narrative by adding here that when, at last, Congress did 
appropriate the means for erecting an Astronomical Ob- 

servatory, and subsequently for its support, it was “under 

a fictitious name; the authors of the laws intending an 

Astronomical Observatory, and being well aware that the 
funds would be so applied, but causing the insertion of the 
proviso in the one case, and of the feigned name in the 

other, for the purpose of prevénting the institution from 
being attributed to the influence of Mr. Adams.* 

In 1840, precisely fifteen years after that first message to 

Congress in which he had advocated the establishment of a 

National Observatory by government, Mr. Adams, being 
Chairman of the Committee on the Smithsonian Fund, 

made a second report, in which, after recounting all the 
principal facts connected with the bequest and its acceptance, 
he again advocated the views which he had so often urged. 

But while the question was pending, a resolution was 
passed by the Senate appointing a Joint Committee on the 
Subject of the Smithsonian bequest. The House, in cour- 
tesy, concurred, and appointed on its own part the members 
of the Select Committee of which Mr. Adams was Chair- 
man to be members of the Joint Committee. It may readily 
be imagined that the two portions of the Committee were 
unable to agree ; and it was finally decided that each of the 
two component parts should present its own report; and 
while Mr. Adams reported a series of resolutions pre- 
seribing the investment and management of the fund, and 

directing that the first appropriation of interest-money should 
a _be “applied for the erection of an Astronomical Observatory, 

toon Memoir of the Life of J. Q. Adams. 
a “sixth Congress, Ist st Session, Rep. No. 277. 
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and for the various objects incident to such an establish- 

ment,” Mr. Preston, of South Carolina, the Chairman of 

the Senate Committee, presented counter-resolutions, con- 
taining the provision that no part of the funds should be 

applied to the erection of an Astronomical Observatory. 

This report of Mr. Adams is well worthy the perusal of 
every lover of the exalted science of astronomy, both for 

the richness of its information and the beauty of its eloquence. 

In 1840 and 1841, two observatories were. established, — 
the first at Philadelphia, by the High School of that city, 

and the second at West Point, by the United States Military 
Academy. The former was placed under the direction of 

the late Sears C. Walker, the other pioneer of practical 
astronomy in the United States, and of Professor E. O. 

Kendall; the latter under that of Professor Bartlett. To 

these astronomers we owe the first introduction into the 
country of those German instruments which the combined 

genius of Bessel, Struve, and Argelander, that wondrous 

triad, together with Fraunhofer, and his gifted co-laborers in 
the highest fields of optical and mechanical art, had devised 

and perfected. To these observatories at West Point and 

Philadelphia, or rather to the ability and assiduity of their 

directors, working in the hours of relaxation from profes- 

Sional duties, we owe the first important series of astro- 

Nomical observations made in the United States. It is to 

the stimulus given by. their observations, — especially the 
admirable ones of Mr. Walker, rendered peculiarly valu- 

able by his computations, for which they supplied the 

‘Material 3; and to their publications, particularly the able 

Teport on European Observatories, presented by Professor 

Bartlett to the Engineer Department on returning from 

@ journey to Europe for the purpose of ordering instru- 

Ments,— that we are doubtless indebted for much of that 
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public sentiment which, combined with other influences, 

at last brought about the establishment of the Naval 

Observatory. 
In 1841, after three years of zealous observations, Gilliss 

obtained authority to import a meridian-circle. This could 

not be erected in the little hut where he was then observing, 

and he availed himself of the opportunity to urge both upon 

the Navy Department and upon members of Congress the 

establishment of a permanent Observatory for the Navy, to 

be attached to the Depot of Charts and Instruments. Let 

me quote his own words from his official report after the suc- 

cessful accomplishment of this design. 

“As the observations progressed, the unsuitableness of 

the building, the defects of the transit-instrument, the want 

of space to erect a permanent circle, and the absolute ne- 

cessity of rebuilding the observatory in use, became each day 

more urgent, and, at my earnest solicitation, the Commis- 

sioners of the Navy recommended an appropriation for a 

permanent establishment in December, 1841. Even this, 

however, was not accomplished without difficulty. But the 

efforts of the honorable Secretary to advance science, and 

more especially those branches of it in which the Navy is 

interested, are well known to the country ; and immediately 

appreciating its importance, he brought this subject before 

Congress in his report to the President of December, 1841- 

. “Much delay occurred with the Naval Committees in Con- 

gress. The Hon. Francis Mallory, to whom it was referred 

by the House Committee, espoused the cause warmly, but 
the majority kept aloof from the depot (although so near) 

__- until the entire winter passed away. Finally, on the 15th 

ot — 1842, I succeeded in persuading the only member of 

_ the committee who was skeptical to visit the observatory> 
au i on that very day a unanimous report and bill were 
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presented to the House of Representatives. Believing the 
chances of success would be greater if a bill could be passed 
by the Senate, by the advice of Mr. Mallory, I waited on the 
Naval Committee of the Senate, but my entreaties for a per- 

Sy sonal inspection of our wants were put off from time to time. 
The question was probably decided by an astronomical event. 

. “Ata meeting of the National Institute, at which the Hon. 
William C. Preston was present, I gave notice of having 
found Encke’s comet with the 84 feet achromatic, the comet 
being then near its perihelion. A few days subsequently, I 

made what was intended to be a last visit to the chairman 

of the Senate Committee, and found Mr. Preston with him. 
As soon as I began the conversation about the little observa- 

tory, Mr. Preston inquired whether I had not given the 
notice of the comet at the Institute, and immediately volun- 

teered, ‘I will do all I can to help you.’ Within a week, © 
a bill was passed by the Senate. 

“Tt is hardly necessary to trace its progress in the House.. 

A majority was known to be favorable, but its number on the 

_ calendar, and the opposition of one or two members, were 

‘ likely to prevent action upon it; and that it did receive the 

_ Sanction of the House of Representatives at the last hour of 

the session of 1841 —42, the Navy is indebted to the un- 

tiring exertions of Dr. Mallory.” 

- Meanwhile Mr. Adams, on the 15th April, 1842, had pre- 
sented yet a third report from the committee on the Smith- 

Sonian fund in the form of a bill, providing for its adminis- 

_ fation on the same principles which he had advocated in 
: former years, and directing that the income already accrued 

should be invested as a capital, and its interest applied to the 

onstruction and maintenance of an Astronomical Observa- 

y- The bill failed; for as Mr. Adams’s biographer 

Zz 
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remarks, “ there was no purpose on which the predominating 

party were more fixed than to prevent the gratification of 

Mr. Adams in this well-known cherished wish of his heart.” 

Yet an Observatory, under a feigned name, and restricted to 

the Navy Department instead of being made a national in- 

stitution, was established by act of that very Congress at that 
very session, without a division, or indeed any opposition in 

either House; and four years later the Smithsonian Institu- 

tion was organized essentially on the basis so often urged by 

him, although omitting the Observatory element, which was 

then no longer desirable, inasmuch as the end had been ob- 

tained by other means. * 

The bill introduced by the Naval Committee of the House 

of Representatives was read twice and disposed of by refer- 

ence to the Committee of the whole on the State of the 

Union. But on the 23d of June, a bill identical in its lan- 

guage with the one thus laid to rest was introduced in the 

Senate, as related by Lieutenant Gilliss in the extract which 

I have presented from his report. This passed. through the 

several stages of legislation in due order, without hindrance 

or objection; went: to the House on the 30th July; was 
referred to the same committee as before; but as a Senate 

bill was treated with courtesy. It was reported back without 

discussion, passed by the House without debate, and on the 
31st August, 1842, became a law. 

Thus was established the. present Naval Observatory; 
owing, like all progressive steps in our country, at least, to the 
combination of many influences, and the gradual education 

of the community by a few leading intellects, —yet how large 

a share in the work was due to Gilliss, this history will show- 

: His useful observations, together with his excellent adminis- 

of the affairs of the Depot of Charts and Instruments, 

: _® Gilliss’s Report, p. 65. 
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had won the confidence of his official superiors, and impressed 
all whom he could induce to see. what he was doing. To 

his immediate influence must be attributed the official ree- 

ommendations of the Naval Commission in December, 1841 ; 

that of the Secretary of the Navy in the same month; the 

unanimous presentation of a bill in its favor by the Na- 

val Committee of the House, after much reluctance, and in 

spite of strong political prejudice against this very measure 

under another name; the winning to his views of the iden- 

tical Senator who had presented resolutions concerning, the 

Smithsonian fund, “providing that no part of the funds 

should be applied to the erection of an Astronomical Observ- 
atory,” and that persistent advocacy which culminated in the 

final passage of the bill on the last day of August, 1842, with- 

out discussion and without a division. 

Nine days later the Secretary of the Navy, “taking the 

Report of the Naval Committee, which accompanied the 

[House] bill, as the exponent of the will of Congress,” as- 

signed to Lieutenant Gilliss the duty of preparing the plans 
for a building and arranging for the instruments. How well 

_ he did his work I need not tell you. 
After consulting those Americans most conversant with 

astronomical subjects, he visited Europe to obtain the counsel 

_ Of foreign astronomers, and to make himself acquainted by 

Personal inspection with the latest improvements in the con- 

_ Struction of astronomical and magnetic implements. In 

March, 1843, he returned home, having ordered the instru- 

_ Ments under authority from the Secretary of the Navy, and 

_ began the erection of the Observatory. The building was 

Completed, the instruments mounted and essentially adjusted, 

and a library procured within eighteen months. 

_ On the 7th February, 1845, Gilliss presented a detailed. 

final report of his labors, which is published as Senate Docu- 
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ment No. 114, 28th Congress, 2d Session. It contains full 
descriptions, with minute drawings, of the instruments, and 

suggestions as to the ends to which they might be most use- 

fully devoted, and it is a curious fact that these instruments 

are essentially the same that, after the lapse of 21 years, 

are still in active and successful employment. The only im- 

portant change is the disuse and removal (by himself) of the 

Ertel Circle, —obtained by him while still at the little box on 

Capitol Hill, and subsequently mounted at the new Observa- 

tory,—in order to make room for the magnificent meridian- 

circle also ordered by him, but which it was never his privi- 

lege to look upon. This noble instrument, purchased by the 
Navy Department under authority of the present Superin- 

tendent, then Chief of the appropriate Bureau, is now in 

working cendition, and offers rich promise of contributions 

alike useful and honorable to science. 

_ The great work was thus accomplished. The first work- 

ing American Observatory had been built, — stimulating to 

quick emulation in the Observatory at Cambridge, and so on 

in the numerous other similar institutions which now orna- 

ment our land. Who should direct its activity ? Lieutenant 

Gilliss had brought about its existence, had planned it, se- 

lected and ordered the instruments, superintended the con- 

struction of the building, mounted and adjusted the instru- 

ments, and at the close of September, 1844, reported the 
work done and the Observatory ready for occupation. No 
breath of scandal had ever sullied his fame. He was the. 

sole working astronomer in the nation. His work had met 

the commendation of astronomers everywhere, so far as they 

had had opportunity to become acquainted with it. 

. It was not Gilliss who was assigned to its superintendence- 

e at, on the Ast October, orders to assume the charge of 

3 noble institution were issued by Hon. John Y. Mason, — 
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then Secretary of the Navy, to Lieutenant Matthew F. 
Maury, a young officer without scientific education or ex- 

perience, and with small scientific pretensions. A corps of 

three lieutenants, six midshipmen, and a machinist was as- 

signed him, and within the year four more lieutenants and 

three naval professors were added to this corps, in addition 

to the all-important, but unhappily very temporary services 

of the gifted and enthusiastic Walker. Surely with such 

an organization we might have looked for more than we 

received ; especially when we remember that Walker, 

Hubbard, Coffin, Ferguson, Keith, Yarnall were among its 

members. Honor to their names for what they did ac- 

complish. 

_ The influences which util this appointment.and the 

intensely mortifying treatment of Gilliss seem to have been 

ho very recondite ones, and can be readily imagined by any 

of you,— for it needs but a five years’ memory to recall 

those ancient days ; yet never in the course of fifteen years 

of friendship, an unrestricted intercourse, and a close in- 

_ timacy, did I hear one word of even pardonable bitterness, 

 ¢ither concerning this severe disappointment, or the neglect 

of astronomy by the officers to whom the Observatory had 

been assigned. “It was hard,” he would say, “ but an officer 

_ lust obey orders and not find fault with them.” On the 
_ Other subject he ever preserved a dignified reticence, and it 

is my firm belief that in his freest utterances he never spoke 
ne word expressive of the sentiments which we may natu- 

_ Tally suppose him to have entertained. 

From February, 1845, to July, 1846, Gilliss was occupied 

_ With the preparation of his observations for the press, as has 

been already mentioned, and at the close of this work he was 

4ssigned to duty upon the Coast Survey under Professor 

Seay While on this service he reduced for the use of the 
7% 
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Survey the entire series of moon-culminations previously 
observed and published by him. Fifteen manuscript folio 

volumes in the archives of the Survey contain this valuable 

work, the subsequent discussion of which by Walker, and 

still later by Peirce, led to the investigations by these geom- 

eters into the relative accuracy of Gilliss’s observations, con- 

_ cerning which I have already spoken. 
In May, 1847, Dr. Gerling, the eminent mathematician of 

Marburg, published a memoir, calling the attention of astron- 

omers to the fact that the universally adopted value of the 
solar parallax depended solely upon observations of the tran- 

sits of Venus in 1761 and 1769; and that, although the 

materials afforded by the observations then made had doubt- 

less been exhausted by the labor and skill with which Encke 

had deduced the value since adopted by astronomers, yet & 
constant so important_as this, which affords directly or in- 
directly the sole unit for the determination of all celestial 
distances, should not be subject to the possible uncertainties 

of any one method. Especially was it unfortunate that the. 

only method employed depended upon a phenomenon which 

recurred, doubly to be sure, yet only at intervals of more 
than a century ; and which would not again take place until 

after the lapse of more than a quarter of that period. 
The combination of observations of Mars at opposition, 

made from _terrestrial stations widely differing in latitude, 

had been frequently suggested ; but Dr. Gerling advocated 
especially the similar employment of observations of Venus 

at inferior conjunction, and especially when at, or near, the 

Stationary points, and of oppositions of Mars. His convie- 

ae focal in favor of this method rested principally on the con- 
ose a whereas, in transits of Venus, the —— 

. ined is the difference between the of 

the net once that of the sun,—the other methods yield 
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the planet’s parallax at once, —the element directly deduci- 

ble bearing to the solar parallax the following ratios : 

At transits of Venus, 2.57 

At oppositions of Mars, 1.92 on the average. 
“ “ee “ee ce 2.74 in extremely favorable cases. 

Inf. conjunctions of Venus, 3.57 i 

Stationary positions of Venus, 2.94 

Thus the observations of Venus promised to yield a 

better determination of the solar parallax than any opposi- 

tions of Mars; and those at the stationary or turning points 

of her apparent path, a result surpassing in accuracy that 

from the average of these oppositions by about $ of its 

whole amount. The natural objection that the sonjenciien 

of Venus must be observed by day, thus dispensing with 

the advantage of micrometer comparisons, and requiring 

meridian observations at midday, was recognized by Dr. 

Gerling, but the excellence and power of the newer meridian 

instruments were cited as compensating for this serious 

disadvantage. The observations during the stationary 

_ period were, however, chiefly urged. 

Before the publication of this memoir, in which the sub- 

ject was discussed at very considerable length, Dr. Gerling 

had, in April of the same year, (1847,) written to Gilliss, in 

acknowledgement of his volume of observations, and, in his 

letter of thanks, gave some account of his proposition. 

“I am of opinion,” said he, “that astronomers act unwisely 

in considering the solar parallax deduced from the transits 

of Venus in 1761 and 1769 sufficiently correct, and do not 

avail themselves of more modern methods of observation, 

for the purpose of gradually acquiring more accurate knowl- 

edge of it. It is true, indeed, that the oppositions of Mars 

were long ago proposed for this purpose ; but I am not 

‘aware that any effective use has been made of them since 
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1751, although the Nautical Almanac has regularly fur- 

nished an ephemeris. There is, however, a third method, 

which presented itself to me some time ago, and I cannot 

comprehend why it should have been so entirely neglected. 

I mean, by observations of Venus during the period of its 

retrograde motion, and, more especially, when the planet is 

stationary. 

“The delicate and faint crescent form of Venus, at the 

conjunctions, offers excellent opportunities for observation 5 

and from what I have been able to accomplish with my 

small instrument, I have every reason to believe that most 

excellent results are obtainable with meridian instruments, 

at observatories in opposite hemispheres, but lying nearly 

under the same meridian. Furthermore, at that time, 

Venus is almost twice as near to the earth as is Mars when 

in opposition, and observations upon it have the very impor- 

tant advantage that it is not absolutely essential they should 

be simultaneous, or nearly simultaneous. Again, when the 

planet is stationary, the observations of one meridian may 

be readily referred to another by interpolation, without risk 

of error, and, at this time, it is much nearer to the earth 

than Mars can be in the most favorable case. Finally,—the 

distance of the planet from the sun being about 29°, — mi- 
crometrical may be combined with meridional observations. 

In my opinion, then, it should be our object to multiply 

meridian observations of Venus about the periods when it is 

Stationary, and endeavor to obtain micrometrical measure 

ments from all parts of the earth; more especially from 

_ Voyagers.” 
After a summary of his views, Dr. Gerling continued: 

“The preceding synopsis of my paper will, I hope, reach 
in print after a while. Meantime, I beg you will exam 

ee ene — 
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you will interest American astronomers as far as you can, 

for I flatter myself that observations will be instituted this 

year at European observatories ; and, indeed, I am sure that 

a greater number of accurate meridian observations are 

likely to be made during the months of September, October, 
and November than is common. For the results and suc- 

cess of 1847, it is much to be desired that the few delicate 

meridian instruments in the southern hemisphere should be 

brought to co-operate with us; and this, perhaps, it is in 

your power to facilitate. Of equal consequence will be 

micrometer observations from the same section of the globe; 

but as the latter require no permanent observatory, and only 

a chronometer, a telescope fitted with a micrometer, and a 

knowledge of the neighboring stars, such observations may 

well be made by travellers. Whether there will remain 

time prior to the eastern period for the necessary instruction 

of voyagers to the southern hemisphere, I am not able to 
determine.” 

“This letter,” says Gilliss, in the history of his expedi- 

tions, “bears date 17th of April, but was not received until 

the early part of July, and the next eastern stationary term 

Was to occur in September. On conference with the late 

able astronomer, Professor S. C. Walker, he suggested the 

immediate publication of the letter, as the mode most expe- 
ditious of making it generally known, and, in accordance 
With his advice, printed copies of a translation were for- 

warded to all the astronomers and observatories of the, 

- United States, with as little delay as possible. There was 

too little time in which to perfect arrangements for more 

extended co-operation at that conjunction, and Dr. Gerling 

Was shortly notified that the distribution of his letter was 

Probably all that I should be able to do in the work for 

1847. But, to prove my interest in the prosecution of the 
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problem to its solution, I then proposed an expedition to 

Chile, to observe the planet near its stationary terms and 

opposition, in 1849, should my views receive encouragement 

rom astronomers to justify such an undertaking. Nearly 

on the same meridian as Washington is the island of Chilée,— 
a place of considerable trade with the nearer ports, and 

occasionally visited by American whale-ships. At all events, 

it was accessible without much difficulty, and I hoped to be 

able to induce the government to send me there, proposing 

to leave the United States in time to reach the island by the 
middle of March of that year, at latest. To avoid expense, 

which it was supposed would prove the first and main obstacle, 

I contemplated only one assistant, who, like myself, would 

be an officer of the Navy, and in the receipt of pay, whether 
abroad or at home, and would take instruments already 

belonging to, or under control of, the government. I 
proposed Childe, because it was the point farthest south on 
this continent at which a lengthened winter residence could 

be endured, in exposure, without incurring an outlay that 
might prove a serious impediment, and because I thought 
that a passage to it could be obtained in a whale-ship from 
one of our northern ports. It being inhabited by a civilized 
and most hospitable people, would tend to render a resi- 
dence of five or six months, in the latter part of the autumn 

and winter, not altogether uncomfortable. Its distance is 
about 5,000 miles, due south from Washington; and a com- 
parison of the observations I proposed to make there, with 
those to be obtained at the Washington Observatory, would ~ 

give us a determination of the parallax from data wholly 
_ American. This last reason I hoped would benefit me, 

. should i it be necessary to seek the interposition of Congress.” 

‘Then commenced a series of efforts, prosecuted with the 

wn energy of our lamented colleague, to prepare 

# 
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judicious plans and to interest both astronomers and lawgivers 

in the proposed enterprise. “ Remembering,” said he, in a’ 
letter to Gerling, in November following, “the vast outlays 

Europe has encountered in efforts for the faithful solution of 

this very problem, as well as in other hundreds of scientific 

enterprises, and the fact that America, which participates so 

largely in the benefits derived from the labors of astrono- 

mers, has hitherto contributed so trifling an amount to the 

common stock, Iam the more keenly sensible of the noble 

opportunity now within our grasp to present the world, from 

our own continent as a base, the dimensions of our common 

system. . . . . There is but one perceptible obstacle, — pecu- 

niary outlay, — yet when its very inconsiderable amount is 

contrasted with the grandeur and importance of the object to 

be attained, I cannot bring myself to believe that this objec- 
tion will be suffered to weigh, and I therefore repeat the re- 

mark made in my former letter, — give the proposition the 

- encouragement of scientific men, and I stand pledged for its 

successful equipment. At all events, regarding it as a pos- 

sible attainment only, two questions present themselves for 

consideration, and it is time they were discussed: first, Is 

the locality proposed (Childe) the best which can be selected 

for the contemplated object? And second, Will the instru- 

ments which have been specified to you permit the accom- 

plishment of that object in the most satisfactory or desirable 

Manner ? ” 
To the careful examination of these all-important questions 

_ Gilliss addressed himself with zeal, entering into sarreapent: 

3 and €nce on the subject with A 9 

gathering information and counsel from aes sie quar- 

ter. He soon found that the climate of Childe was ill-adapted 

to his purposes, and that the betier climate of Valparaiso 

Would in all probability more than compensate for the dimin- 
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ished length of base which it would entail. Some disadvan- 

tage arose from the eastwardly trend of the coast farther 

north, which would carry the observer to the eastward of 

Washington; but this he overruled as a minor objection, 

“ more especially as we have other observatories at Philadel- 

phia, West Point, and Cambridge, whose equipments justify 

the expectation that they will take part in the observations ; 

and there is but one to the westward of us at all likely to co- 

operate, viz. at Hudson, Ohio.” 
Encouragements soon began to arrive from the other side 

of the Atlantic. Gauss and Encke contributed the influence | 

of their great names, and Bache, Peirce, and Walker added 

their endorsements to the plan. Resolutions of approval 

and recommendation were passed by the American Philosoph- 
ical Society, of Philadelphia, and the American Academy 

of Arts and Sciences, of Boston; and each of these bodies, 

then the leading scientific tribunals of the land, appointed a 

committee to co-operate in furtherance of the undertaking. 

The Secretary of the Navy referred the matter to the action 

of Congress, and within a fortnight a report was made by 

the Hon. F. P. Stanton, of Tennessee, chairman of the Naval 

Committee, cordially approving of the plan. Gilliss had 
pledged himself that if the Navy Department would furnish 

the apparatus already within its control, and assistance from 

the officers under its direction, the total expenses of every 

kind for the expedition, exclusive of instruments, should not 

exceed $5,000. The Naval Committee reported an amend- 

ment to their bill, appropriating this sum, and giving the 
requisite authority to the Secretary of the Navy. The 
clause was sanctioned by both Houses of Congress, and the 

: : bill containing it was approved by the President on the 3d 

— 1848. Preparatory orders were at once issued 

. the Secretary, . all needful authority for mak- 
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Before a year had elapsed, the programme had been ma- 
tured, the formal concurrence of the committees of the two 

learned societies obtained, an equatorial telescope and a me- 

ridian-circle ordered and constructed, and Gilliss had re- 

ported to the Navy Department that the instruments and 

other portions of the equipment essential to the proposed 

observations were on their way to Chile, in charge of the 

officers assigned by the Department as assistants. Not a 

_ fortnight moré than the year had passed when Gilliss him- 
- self was on his way to Valparaiso, where he arrived by the 

way of Panama, in advance of the ship containing the in- 

struments and his assistants. 

The detailed account of the organization of the expedition 
is very interesting, and may be found presented at length by 

Gilliss himself, in the third volume of the Results of the Ex- 

pedition. The limits of this notice preclude any more 
minute description ; but the whole constitutes a most inter- 

_ sting chapter in the history of science in America, and one. 

no less important in its indirect influence than in its direct 
results. It was one of the earliest instances, if not the first, 

of deference by the legislative and executive authorities of 

the nation, to the views of the organized representatives of 

Science within its borders. Rarely before had they been 
‘Consulted when the weightiest scientific interests were at 

Stake, and almost as rarely had any formal expression of 

their convictions, however unanimous, availed to guide the 
Scientific policy of the nation. It was moreover the occasion 
of the first order to an American artist for a telescope of any 
Considerable dimensions, and to the truly patriotic spirit 

shown by Gilliss on that occasion, at the instance of our col- 
league, Mr. Rutherfurd, whose efforts in that direction are 

80 familiar to us all, may unquestionably be attributed much 

of that subsequent development of instrumental art of which 
8 
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we are now so proud, and which has already given such 

distinction to the names of Fitz, Spencer, Wiirdemamn, Clark, 

Tolles, and others, all happily yet remaining to us except the 

first-named, — the pioneer of all. Although well aware of 

the danger of too much detail, I cannot refrain from giving 

the history of this first large American Equatorial. The 

five-foot telescope purchased for the exploring expedition, 

and upon which Gilliss has depended for his observations, 

was found, to his dismay and embarrassment, to have been 

stored in a position exposed to the extremes of temperature 

and moisture, which had seriously, if not fatally injured the 

object glass. Already the Fox’s deflector had been found to 

be hopelessly injured, and the declinometer to have been 

given to a mixed commission for surveys in California. But 

in these difficulties the Smithsonian Institution, although 

scarcely more than organized, came to his relief. Professor 

Henry offered a seismometer and a complete meteorological 

outfit, and subsequently authorized the purchase, at the ex- 

pense of the Institution, of a complete set of portable instru- 

ments for magnetic determinations. But where in this 

unforseen emergency to look for the telescope, the indispen- 

sable implement for the proposed observations, became 4 

question of the most serious moment. Nearly one half of 

the appropriation was already pledged for the meridian-cir- » 

cle ordered from Berlin, and $1,000 at the least would be 

needed for the piers, buildings, &e. 

To the honor of the Smithsonian Institution, this admira- 

ble organization came again to Gilliss’s succor. Although all 

its available funds were in demand for current expenses, and 

for the erection of the expensive building, then slowly going 

. - “te so that any immediate appropriation of the requisite 

— out of the question, the Regents, at the instance 

rofe "Henry, manifested a deep interest in the under 
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taking, and at last offered the credit of the Institution by au- 
thorizing the purchase of an equatorial telescope of 64 inches 

aperture, provided it could be obtained at a stated price, 

with interest, on a credit of three years. 

Let me continue in Gilliss’s own words, —“ No importer 
to whom application was made was willing to order one 

from Germany on such terms. Messrs. Merz, the succes- 
, sors to Fraunhofer, at first declined selling without the 

_ ¢ash ; indeed their ordinary custom is to demand one half 

the price in advance; and the only maker in the United. 

States likely to execute properly the mechanical portions of 

so large an instrument refused to accept the offer. Just as 

Thad made arrangements to borrow on my own account the 

sum charged by Messrs. Merz, and import an equatorial 
from them, Professor Henry authorized me to increase the 

offer to Mr. Young, of Philadelphia, and eventually a contract 
was concluded with him, on behalf of the Smithsonian Insti- 

tution, the right being reserved to me to procure the object- 

lass and micrometer from such artists as might be pre- 

ferred. 

“ About this time notice was published by Mr. Rutherfurd, 

in Silliman’s Journal, of the performance of an object-glass 

made from imported materials by Mr. Henry Fitz, an opti- 

Cian at New York. Learning that several other lenses had 

SE aro on ee eee 

Walker. To be brief, the examination and conference re- 

sulted in an order to Fitz to grind a lens from Guinand’s 

glass, to be of the same diameter (six French inches) as that 
of the telescope at the High School Observatory in Philadel- 

Phia, and to forward it to Professor Kendall. If he and other 

Competent judges should pronounce it as good, im every re- 

pect, as. the High School lens, it would be purchased at the 
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Munich price, $500. If inferior, we should have the right 

to retain and use it, free of cost, until another could be im- 

ported from Bavaria.. 

“ Between the date of the order, November 27th, and the 

time that the tube was ready, April 15, 1849, Mr. Fitz pre- 

pared three lenses of that size. Veins developed themselves 

in one, only after it had been polished ; and a second proved 

scarcely less objectionable in its crystallization. Of the third 

submitted for trial, Professor Kendall wrote to me, May 1: 
‘I had the pleasure of making trial of the Fitz object-glass 
last evening, and was highly gratified with the result. I 

compared it with ours upon the moon, Jupiter, several 

double stars, and the bright star Vega, with its companion, 
using a variety of powers, and it is my opinion that Mr. 

Fitz has fully accomplished all that he undertook to per- 
orm. From this trial I am unable to pronounce which is 

the better glass.) The Fraunhofer did nothing which was 

not as well done by the Fitz glass... . . Indeed, we are 
all delighted with his success, and I am fully persuaded that 

between this and one you might order from Merz the 
chances would be decidedly in favor of the former, 

“ Gratification is a feeble word to express my pleasure at 
the success of the American optician, for I could not but 
think this first Yankee telescope of considerable size marked - 
an era in the progress of mechanical science in our country, 
for which I hoped future astronomers would render due 

credit to the expedition. That Mr. Fitz was thoroughly 
competent to figure and polish, I was fully convinced, on ex- 
amining the object-glasses previously made, and my only 

_ -Fregret was that he could not forthwith undertake the whole 

= task, and begin by manufacturing his own glass. But he 
had genius, and nothing would be more likely to stimulate 

! 10 undertake it than the success just met with. 
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“Thus, through the assistance of others, the Expedition 

would be most efficiently equipped; and the support of the 

Smithsonian Institution, at a very trying period, will always 

be remembered with the sincerest gratitude.” 

Two passed-midshipmen, Messrs. Archibald MacRae, and 

Henry C. Hunter were detailed as assistants, and a young 

civilian appointed as “ Captain’s clerk,” and thus the expe- 

dition was equipped. Before their departure they were 

stationed for a short time at the Observatory, for instruction 

by the officers in charge of the instruments, and employed in 

selecting stars to be designated in advance as objects of com- 

parison. Lithographed charts exhibiting the apparent paths 

of both Venus and Mars during the period of the proposed 

Observations in the years 1849-52, were sent to all the 

northern observatories, since the observations for parallax 

would be available only when combined with corresponding 

observations in the Northern Hemisphere. And inasmuch 

as the co-operation of all other institutions would be matters 

of favor or of scientific zeal, special instructions were issued by 

the Secretary of the Navy to Lieutenant Maury to cause the 

Tequisite observations to be made at the Naval Observatory. 

A circular was also prepared by Lieutenant Maury, and dis- 

tributed to the various observatories of the world, describing 

: the expedition, asking for their co-operation, and requesting 

that the results be sent annually to him at the Washington 

Observatory. ‘ 

The precise place of observation was left to be decided 

Upon Gilliss’s arrival in Chile, the only limits determined in 

advance being the parallel of Valparaiso and Concepcion. 

_ Tt was not till after his arrival in Chile that the city of San- 

tiago was fixed upon, as combining the greatest number of 

advantages ; and there, upon Santa Lucia, a small porphy- 

Titic knoll in the eastern quarter of the city, the observatory 

| 8* 
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was erected, which had previously been constructed in 

Washington. 

The Chilian government received the expedition with a 

cordial hospitality, placing at his disposal any unoccupied 

public ground, admitting free of duty all the effects of the 

officers as well as the equipments of the expedition, and 

from first to last facilitating the enterprise by every means 

in their power. On the 6th December, 1849, the equatorial 

was in position, on the 10th the series of observations of 

Mars was commenced, and it was continued for the fifty-two 

remaining nights which had been designated in the pro- 

gramme, with the loss of only four, on which the weather 

was unfavorable. Early in February the circle was ready 

for use, and a series of zone observations was commenced 

with it at 15° from the pole,— working toward the zenith 

on successive nights in belts 24’ wide, until compelled to re- 

turn below again in order to connect.in right ascension. 

“We were always occupied,” says Gilliss, “from five to six, 

and sometimes more, hours. Lieutenant MacRae and myself 

devoted alternate nights to these observations, very rarely 

having relief by clouds until after April 21. Indeed, be- 

tween Feb. 4th and that date, seventy-six nights, there were 

only four of them obscure. The rains of latter autumn and 

winter came none too soon for us.” 

Meantime, at the application of the Minister of Public 

Instruction, three young Chilians were instructed in astron- 
omy and the use of instruments; and magnetic and meteor- 

ological observations were systematically carried on- Mr. 

_ Hunter having been injured early in January by being throw? 
from a horse, was obliged to return to the United States, 
his place was supplied by Passed-midshipman S. L. Phelps, 

- : the: same who has since, as Lieutenant-Commander, rendered 

- _ such essential service to the country in naval operations upo? 
the oe and other Western rivers. 
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An accident to one of the micrometer-screws of the circle, 

rendering the simultaneous labor of both assistants necessary 

at the zones, their duties were fixed for each alternate night, 

while Gilliss himself employed the intermediate ones in ex- 

amining such of LaCaille’s stars between the zenith and the 
pole, as had never been twice observed. The pages of the 

astronomical periodicals of that time bear witness to the 

effectiveness of his scrutiny, by the record of many hundred 
 errors'detected in the Catalogue of LaCaille. On the recep- 
tion in June of new micrometer-screws from the makers in 

’ Berlin, the original system of observations was resumed. 

During the series of observations of Venus, Gilliss records 

several occasions when the cusps of Venus could be distin- 
guished by the unassisted eye. 

I will not dwell further upon the details of the observa- 
tions, for they are fully described in the magnificent volumes 
containing the results of the expedition. Let me simply 

sum up the work accomplished. Between the 6th Decem- 
ber, 1849, and the 13th September, 1852, series of micro- 

matic comparisons of Mars were made in forty-six days 
during the first, and ninety-three days during the second op- 

position, and micrometric comparisons of Venus on fifty-one 

days during the first, and twenty-seven days during the second 

inferior conjunctions ; the observations on each day being con- 

tinued through several hours, whenever the sky permitted, 

and the work being executed with the same delicacy and care 

which had characterized those earlier transit-observations on 
Capitol Hill in this city. In addition to this, very much 

else had been done; but these grand series of observations, 

executed in precise conformity to the programme laid down, 
warranted the confidence that his devotion had not been in 

Vain, and that the problem of the parallax would be solved. 

His two hundred and seventeen series of observations ex- 
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tended over nearly three years ;—if northern observations 
had accomplished half as much in correspondent observa- 
tions, the question must be decided, and the celestial unit of 

measure determined with new precision. 

What shall I say, Gentlemen of the Academy, of Gilliss’s 

emotions, when, after returning from his long absence to com- 
bine and discuss the result of his five years’ labor, he found 

the following correspondent observations awaiting him ? 

From the Washington Observatory, — eleven of Mars, of 
which six were recorded as wholly, and three others as par- 

tially unsatisfactory, and eight of Venus, two of which were 
noted as bad. From the Cambridge Observatory, — five 
of Mars, of which four were of one limb only. From the 
Greenwich Observatory, —four of Mars, three of them being 

designated as not good. From all other Northern observ- 

atories, none. His expedition was fruitless, so far as his 
primary object was concerned, but the consciousness was his, 

that he had done his duty. 
He caused his results to be elaborated, thoroughly dis- 

cussed, and all possible observations in the Northern and 
Southern Hemispheres to be collected and combined. No 
toil was spared in this work; and the recollection of the pain- 
ful struggles to attain, through punctiliousness of computa- 
tion, what had been hoped for from abundance and thor- 
oughness of observations, is yet among the most vivid 

within the range of my memory. But it was in vain. The 
processes of reduction, the reference to approximate ephe- 
merides, the determination of the comparison-stars, are al] on 

record, and it will be for the future historian, when the true 

_ values are established beyond question, to decide whether & 
_ better” ein from the materials pro- 
vided. 

sults attained that from the second op- iia ett 

‘ 
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position of Mars, as also from either conjunction of Venus, 

no tolerably probable result could be deduced, by reason of 

the almost total lack of observations; and that whatever 

result was deducible must be from the first Mars-opposition 

alone. The materials here too were entirely inadequate, 

though in comparison with those for the three other series 
they seemed large; but on closer scrutiny a great portion of 

them proved not to have been made with the needful care, » 

The only result to be deduced was altogether at variance 

with that which subsequent investigations have rendered 

probable. 

Fortunately for science, and happily for Gilliss’s own 
consciousness, his observations were not limited to those 

which it was his special duty to make. Even these on 

Mars and Venus, which failed of yielding their deserved 

fruit in affording those data which they were instituted to 

obtain, are yet of priceless value in the means which they 

afford, and which will doubtless soon be made useful for im- 

proving our knowledge of the orbits of our two neighboring 

planets. 
Among other astronomical fruits of the expedition to Chile, 

I may mention the following: 7,000 meridian observations 

of 2,000 stars, chiefly the standard stars used for determining 

the errors of instrumental adjustment, and the LaCaille stars 

already mentioned. These, with their instrumental and 

tabular reductions, and a resultant catalogue of their mean 

places’ for the’ equinox of 1850.0, form a part of Vol. IV. of 

the series of the results of the expedition. The remainder 

consists of observations of Mars and Venus not included in 

the Parallax volume, and observations of the moon and 

moon-culininating stars. This volume was left ready for 

_ the press at Gilliss’s death ; and his distinguished successor, 

_ Admiral Davis, gives me the gratifying informatio ormation that he 
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proposes now to strike off and bind up the catalogue by it- 

self, on account of its special utility to astronomers. 
Equal, if indeed not superior in value to these are the 

Zones, comprising more than 33,000 observations of about 

23,000 stars within 241° of the South Pole. These comprise 
stars to the ténth magnitude inclusive, more than five sixths 

of which, or about 20,000 had not before been observed. 
These will constitute the Fifth Volume, which will contain 

about 1,200 quarto pages. The reduction of the declinations 

has already been essentially completed, and Admiral Davis, 

under whose charge the work is now placed, estimates that 

two years’ more labor, with the present force, will prepare it 

for the press. I need not say with what satisfaction the 

publication will be welcomed by astronomers throughout the 
world. 

An unforseen and peculiar obstacle was encountered in 

the large azimuthal motion of the hill of Santa Lucia, which 

seemed to undergo a certain amount of rotation, alternating 
in direction as the scorching rays of the sun by day, or the 

frigid emanations of the near Andes by night, alternately 

exerted their maximum effect. This phenomenon seems to 

_ have been not only greater in degree, but entirely different 
in some respects from that other analogous phenomenon of 
diurnal azimuthal fluctuation, which there is now reason to 

believe very general, and of which I have spoken on other 
oceasions. Add to this the vnicteai lie of which he recorded 
one. hundred and twenty-four observations during the three 
years of his sojourn in Santiago, and which inevitably de- 
atroyed or changed the adjustments of the instruments, the 

+ asions, 
esis temporary 

and the exhausting nature of the observations, continued with 

t peeing: assiduity ty through seasons at once so cloudless 
ervating, and you acme some estimate of the 
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effort and energy implied. Such are the astronomical re- 
sults of this most honorable and useful expedition ; yet these 

constitute by no means all the information it collected. 

The observations on earthquakes are most valuable and 

extensive, comprising not merely those made under Gilliss’s 

immediate direction, but others also, instigated or collected 

by him, of the same phenomena at other places than Santi- 

ago, during his stay in Chile. Among these is an admirable 

series, not less complete than his own, observed by Sefior 

Troncoso at La Serena, the capital of the province of Co- 

quimbo, about 250 miles to the north of Santiago. These, 

and a collection of the accounts of the chief Chilian earth- 

quakes on record, are included in his first volume, and war- 

ranted in Gilliss’s opinion sundry important deductions, the 

chief of which, apart from those of a purely local nature, 

are:— That there are no permanent centers of disturbance, 

the apparent direction of the vibrations varying at each 

Occurrence. That a large proportion of the tremors are 

neither undulations nor vibrations, but rather rapid ver- 

tical displacements of the crust of the earth, almost, if 

not absolutely simultaneous over the disturbed district. 

_ And finally, the very curious one, that the season of the ~ 

_ year seems to exert some influence, —the average monthly 

shocks at Santiago during thirty-five consecutive months 

being 132 for April, while it reached in no other month so 

large a number as 144, and similarly at La Serena, the aver- 

age number during twenty-eight months being fifteen for 

November, eight for December, and for the mean of the 

other months less than four. 

The barometer and thermometer were recorded seven 

times in the twenty-four hours for the whole thirty-five 

Months, and hourly one day in each month. On three days 

in each month, one of these being the sogallr Scere M9 
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extended systematic observations of direction and intensity of 

terrestrial magnetism were carried on; and on the first of 

each month, during preappointed hours, the fluctuations of 

the magnetic declination were watched, simultaneously with 

corresponding observations by the Coast Survey on the 

Atlantic and Pacific coasts of the United States, to discover 

whether these fluctuations showed indications of synchronism 

in the two hemispheres. The last of the six quarto vol- 

umes which record the results of the expedition is already 

published, and devoted to the meteorological and magnetic 

observations, and their tabular discussion. 

The first volume of this series contains an elaborate 

treatise upon the physical and social characteristics of Chile, 

its commerce and its resources. The second volume begins 

with the narration of Lieutenant MacRae of a journey home- 

ward and back across the Andes and Pampas. After the com- 

pletion of the magnetic observations in Chile, they were 

placed in charge of Lieutenant MacRae, who was instructed 

to carry them across the Andes and the Argentine territory, 

returning home by the way of Buenos Ayres, making regular 

observations on his way for determining elevations, geograph- 

~ 8 1 positions, mag i Sac logi = ta, for each 3,0) 

feet of ascent and descent, and for each hundred miles of 

longitude ; and collecting at the same time, such other ge0o- 

graphical and statistical data as he could. These ingieae 

tions were well carried out by Lieutenant MacRae, but nee 
mountain-barometer having been broken on the way; and his 

chronometers so much injured as to impair his reliance oD 

them for longitudes, he offered on his return to retrace the 
. . 

_ journey at his own expense, and repeat the observations, 
provided a new set of instruments could be supplied. be one 

: was at once acceded to by the Secretary of the Navy, and se 

ou ays for the transportation authorized. The descriptio? 

aw 
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of the two journeys across the continent, with the accompany- 

ing tables of physical constants for a large number of sta- 
tions, and meteorological records during each transit, form a 

valuable contribution to the results of the expedition. And 

together with these are published reports by the most com- 

petent authorities whose aid Gilliss could enlist on his 

return, giving descriptions and classifications of the various 

objects of natural history collected during the three years. 

There is also an interesting chapter by Mr. Ewbank, upon 

the curious antiquities brought home from Chile and Peru. 

The third volume contains the observations for deducing 

the Parallax, together with their discussion as heretofore 

described. The fourth and fifth, as yet unpublished, are, 

as I have stated, to contain respectively the absolute de- 

terminations with the meridian-circle, and the invaluable 

circumpolar zones. 
If I have devoted much time and space to the descrip- 

tion of this interesting and valuable expedition, it is because 

few others on record have accomplished so much, in propor- 

tion to the means provided, and because the results have 

been especially honorable to all those who took part in 

it, from the legislators, who introduced the measure in 

Congress, to the Chilian government, who purchased the in- 

struments and equipments, when the contemplated work was _ 

done, and have established the first really National Observ- 

atory of the Western Continent. And moreover, in so far 

as the admirable Naval Observatory in this city may be 

regarded as a National Observatory, Gilliss’s name is no less 

inseparably connected with the one than with the other. 

Professor Moesta, a graduate of Marburg in Hesse, and a 

Chilian by residence, was appointed Director of the National 

Observatory of Chile, and has conducted it with honor to 

himself, and to the government which placed it in his charge. 

f § 



98 

On the Ist October, 1852, Gilliss left Santiago on his 

return homeward, and in the following month arrived in the 

United States, after an absence of three years and a quarter. 

During the four years next ensuing, he was engaged 

under orders from the Navy Department in reducing the 

observations, and the preparation of his narrative, and of the 
work on Chile. In September, 1855, however, a great blow 
fell upon him. The Naval Retiring Board, under orders to 

report to the Secretary of the Navy the names of all officers 

who were in their judgment incapable of performing all their 
duties both ashore and afloat, in order that they be placed 
upon the “reserved list” with furlough pay, reported the 

names of 201 out of the 712 officers in the several grades 

prescribed by law. Of these 201 names, 49 were stricken 

from the rolls, and the remainder placed upon the reserved 

list. Strange as it may seem, Gilliss’s name was among the 
number, the reason assigned—indeed the only one assign- 
able — being, that twenty years had elapsed since his last 

sea service. 
Gilliss felt this imputation keenly. His first volume only 

had appeared, and the Secretary promptly notified him that 
he would be retained on the same duty of preparing the 
remaining five for publication, and without diminution of 

his salary. Still a stigma was affixed, as he thought, and 
he fancied that disgrace, or at least humiliation, attached to 

his new position. He had fulfilled the first duty of an officer 
for all these years by implicitly obeying orders. No one of 
these orders had ever been solicited by him, excepting that 
for the charge of the expedition to Chile. Some of them had 

Se indeed been adverse to his known wishes, and in a published 

: letter sent to those learned societies which had enrolled 

among: their gaarolineny he earnestly, yet with remarka- 
: ess and courtesy of ge, set forth the injustice 
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with which he considered that he had been treated. He 
urged that a man of trained mind could no more forget 

the profession acquired in the vigor of his youth, than he 
could forget the art of swimming, mastered at the same 
period of life, and that the only ground on which his “ retire- 

ment” could be advocated or defended, namely, a presumed 

inability by reason of disuse to perform the duties of an of- 

ficer at sea, was utterly fallacious. Yet, waiving that point, 

how could an officer be justly set aside for alleged incompe- 

tency in his profession, when his life had been spent in 

active, energetic fulfilment of orders of his superiors, over 

which he had no control,— even had these orders not been 

given without solicitation on his own part. 

I pass this subject by, for it can do no good to dwell upon 

it. It is not for me, nor indeed for any of us, to pass judg- 

ment upon acts purely professional and technical ; and there 

can be no one more painfully aware how frequently great, 

individual injustice seems inseparable from the execution of 
plans judicious in themselves, and conducive to the public 

_ welfare. It is not an infrequent observation that wise laws 

do not always seem, to go hand in hand with equity. 

It may be well to state here that when, after the flight of 
Maury, in 1861, Gilliss had been assigned to the post which 
the scientific world had expected for him sixteen years be- 

re, he soon received a commission as Commander, and a 

little more than a year later he received his commission as 
Captain, in the regular order of his seniority. 

Early in the summer of 1858, while he was still engaged 

in the reduction of his observations, Gilliss, seeing the an- 
nouncement that European observers were preparing to visit 

Brazil for the purpose of observing the total eclipse of the 
sun in September following, and perceiving that no arrange- 

-Mhents were in progress for sending observers to the rainless 
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region on the western coast of South America, volunteered 

his services. On the 8th of June he addressed a letter to 

Professor Henry, as Secretary of the Smithsonian Institution, 

offering to undertake the journey; and the proposition meet- 

ing a ready response, arrangements were speedily made and 

carried into execution. The Coast Survey furnished instru- 

ments for determining geographical position and time, as 

also a tent; the Naval Observatory contributed two pocket- 
chronometers, and Mr. Fitz hurried to its completion, and 
lent for the enterprise,a 44-inch equatorial, mounted on a 

stand adjustable for different latitudes. Accompanied by a 

young friend from New York, Gilliss left that city on the 
5th of August, for Payta, in Peru, where they arrived on 

the 21st of the same month. 

It is intensely gratifying to the lover of science, in review- 
ing the history of this expedition, to note the international 
courtesies, the liberality, and the appreciation of scientific 
research, which it elicited on every side. Doubtless the per- 

sonal reputation of Gilliss, especially high in that direction 

where so much of his scientific efforts had been expended, 
contributed largely to these amenities ; and to his dignified 
yet modest bearing, together with his unfailing courtesy, 

unquestionably much was due. Still, such aid and ready 

assistance as the expedition received on every side clearly 

ifested an earnest desire to aid the scientific enterprise 

in every possible way. The United States Mail Steamship 

Company, the Panama Railroad Company, and the Pacific 
Mail Steamship Company, gave the use of their ships and 
cars, offering, moreover, every other assistance in their 

_ power. The British Steam-Navigation Company granted 
free transport with great cordiality, and instructed their 

Me agents to aid the objects of the expedition in every possible 

Way. “And so faithfully were these instructions carried out,” 
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says Gilliss, “ that I cannot too earnestly express my appre- 

ciation of the considerate kindness shown me by the manager 

and agents of the line at Callao, Valparaiso, and Panama, 

or of the captains while making the voyages on board their 

ships.” “During two weeks’ detention on the isthmus,” 

when returning, “ we were guests of the Pacific Mail Steam- 

ship Company.” On the day of his arrival at Payta, was 

' received, through the captain of a war steamer lying in that 

port, a message from the Admiral commanding the French 

fleet in the Pacific, offering to carry him to any point on the 

coast, or to facilitate the observations by any means at his 

disposal. The Peruvian Minister at Washington had given 

official letters commending the expedition to the interest of 

the local authorities. The cases containing instruments and 

personal effects were passed unopened through the Custom- 

House ; the captain of the port, the prefect of the province, 

the governors of the towns, and the inhabitants of the re- 

gions traversed, afforded all the official aid and all the per- 

sonal hospitality in their power. 

Finding that the atmosphere near the coast was very 

unfavorable about the hour of sunrise, at which time the 

eclipse would occur, it was decided to travel inland to 

some point near the Andes, and close upon the central 

line of totality. Leaving the zenith-telescope of the 

Coast Survey, and a chronometer, with the Captain of 

the French steamer, who proceeded with the steamer to a 

point about sixty miles south of Payta, where the central 

line of the shadow would first touch the continent, Gilliss 

himself, with Mr. Raymond, his companion, carrying the © 

smaller instruments, and after despatching the Fitz telescope, 

the tent and provisions, half a day in advance of them, took 

their way inland on mule-back. “ The country between the 

two places is a desert of sand, which is so drifted by the 

9* 
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strong daily winds, that the mule paths are obliterated almost 

as soon as made, and the traveller finds his way by the tall 

stakes that have been planted, and the skeletons of animals 

that have died on the road from heat and thirst.” Passing 

through the town of Piura, where they rested for a day and 

obtained important local information, they followed the dry 

beds of the so-called rivers, pitching their tent nightly. 

Water for the party, none of the best, was carried by the 

muleteers in calabashes. On the second day the guide lost his 

way, and it was not until noon of the fourth day from Piura, 
the fifth of their travel, that they reached the little town 

of Olmos, in just 6° South latitude, which had been chosen 

for the place of observation. But the journey had been too 

exhausting, and long before his arrival Gilliss was suffering 

from an intense fever. Here his energy and determination 

made themselves strikingly manifest. The fever assuming 

an intermittent type, he availed himself of its intervals to 

select a site for his tent, about One mile from the town, to 
obtain time for his chronometers and observations for lati- 

tude, and, while lying prostrate on the ground, he instructed 

his companion as to each part of the telescope, until it was 
properly mounted, for on the next morning the eclipse was 

to take place. Happily the fever had abated when morning 

came, and the eclipse was satisfactorily observed, with all 

the magnificent phenomena of a total obscuration, which 

lasted for more than a minute. Descending to the town 

early next day, they reached Payta on the sixth day there- 

after. The results of the observations of Messrs. Gilliss, 

Raymond, and the French officers, are published in the 
Smithsonian Contributions to Knowledge. 

_ The tedious, exhausting, and even hazardous journey 
across the Peruvian desert had been undertaken in spite of 

e — point on the sea-coast called Lambayeque was 
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but twenty-two Peruvian leagues from Olmos, the road pass- 
ing along a valley which offers resources throughout the 

whole distance. But Gilliss had been informed by the com- 
mander of the steamer that the surf at Lambayeque was 

heavy, and that the risk of landing there with instruments 
might produce detention. He was not the man to hesitate 

under such circumstances, and chose the desert, with its pri- 

vations and hardships, but its increased chances of success. 

The event confirmed the propriety of the choice ; for when 

Dr. Moesta, who came up from Chile for the same purpose, 
and endeavored to land at Lambayeque, the surf precluded 

all possibility of landing until the fifth. In spite of his best 

efforts, he could only reach a village five leagues south of 

Olmos before the 7th, the morning of the eclipse, and the 

morning was cloudy there. In December, Gilliss again 

reached New York, having availed himself of an opportu- 

nity of accompanying Dr. Moesta on his return to Chile, and 
thus revisiting for a few days the friends whom he had left in 

Santiago six years before. 
Meanwhile, as the various reductions and publications of 

the Parallax Expedition went on, Gilliss was not idle in 

other directions. As the time for the total eclipse of 1860 

approached, he suggested the noted expedition for its obser- 

vation which was despatched to Labrador under our col- 

leagues, Messrs. Alexander and Barnard, by Mr. Bache 

for the Coast-Survey, and that sent by Mr. Winlock of the 

Nautical Almanac to the Hudson’s Bay territory, under Pro- 

fessors Ferrel and Newcomb. He himself took charge of 

a third, to Washington Territory, also under the auspices 

of the Coast-Survey. He observed the eclipse with great 

success, assisted by his eldest son, now a captain in the 

army, but then in the Coast-Survey service, and Mr. A. T. 

Mosman, also of the Coast-Survey. The point originally 
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selected had been upon the Cascade Mountains near Puget’s 

Sound, since this eclipse also would occur nearly at sunrise, 

and it was feared that the mountain ranges might intercept 

the view. But on arriving at Fort Steilacoom the officers 

of the garrison relieved his apprehensions on this score by 

showing the inaccuracy of the topographical information 

previously obtained. A point was found only ten miles 

from the fort, upon a small open prairie, which commanded 

an excellent view of the sun at its rising, and, profiting by 

the experience gained at Olmos, and the greater force at his 

disposal, the observations made here were even more suc 

cessful. A very singular phenomenon, was here observed, 

which is most graphically described in Gilliss’s report. All 

the prismatic colors flashed with wondrous prillianey in cir- 

cular bands and rapid revolution over the black disk of the 

moon, changing their relative places like the figures of a 

kaleidoscope. The suspicion naturally arises that this phe- 

nomenon was physiological, but the contemporaneous view 

of the same spectacle by an observer at Fort Steilacoom, ten 

miles distant, using an opera-glass, seems to throw some 

doubt upon this explanation. 
On the memorable 15th of April, 1861, Commander 

Maury fled from his post at the Naval Observatory, leaving 

in his haste unquestionable proofs of treasonable correspond- 

ence with the public enemy. A day or two later, orders 

were issued to Gilliss to assume the charge of the Institu- 

tion, and poetic justice, though long deferred, was at last 

_ falfilled. The sudden transformation which took place was 
like the touch of an enchanter’s wand. Order sprang from 

_ chaos, system from confusion, and the hearts of the faithful 

_ few who had struggled on for years, hoping against hope; 

__were filled with sudden joy. Short time elapsed before their 

number was augmented by the advent of new astronomers, 
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and in the first week of January following, the reduced 
observations of the year were ready for the printer, —an 

unwonted sight, for the last volume printed contained the 

observations of 1849 and 1850, while only one seventh part 
of the Southern Zones, planned by Coffin and Hubbard, and 

observed between the years 1846 and 1849, had been re- 
duced, and but one thirteenth part published. 

You need no reminder, gentlemen, of the suddenness with 

which the American Navy sprang into existence, almost like 

Minerva in full panoply from the brain of Jove at the stroke 
of Vulcan. Apart from scientific duty, it fell to Gilliss’s 
share to provide for the equipment of all national vessels 
with charts and instruments; and this he did, until the pas- 

sage of the next supply-bill, from ‘the unexpended balance of 

Maury’s annual appropriation made in times of peace. But 

this was the least of his deserts: he did it from home re- 
sources ; he gave a new impulse to the industry and skill of 

‘mechanic artists and opticians in the United States, and for 

the first time laid down and carried out the principle that no 

instrument should be imported for the American navy which 

- could be manufactured as well at home. The workshops of 

the scientific artisans of whom we are so justly proud 

sprang into new activity, and the devices and admirable 

_ Workmanship then and thus evoked reflect upon Gilliss’s 

memory an honor second only to that due to the men whose 

_ ingenuity and enterprise responded to his summons, — men 

who need no mention here, for we delight to honor them. 

Spy-glasses, sextants, compasses, chronometers, barometers, 

and all the many minor instrumental equipments of the navy, 

_ Were so ordered that the navy, the artisans, and the public 

_ purse were alike gainers. The American Nautical Almanac, 

_ which had so long earned scientific reputation for us abroad, 

_ Was brought into use on board our own national vessels, and 
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for the first time officers held glasses of American make, to 

note the running of American log-lines. 

The energies of the Observatory were not merely stimu- 

lated, but became directed by a definite policy in the prose- 

cution of distinct aims. The reduction of the accumulated 

mass of the whole ten, and the greater part of fourteen 

years’ crude observations, was provided for, and plans for 

their publication were matured. The various astronomical 

institutions of the land were invited to systematic co-opera- 

tion for the prosecution of organized schemes of joint activ- 

ity. The long-deferred hope of determining the Parallax by 

simultaneous observations in Chile and in the United States 

was revived, and by a strange coincidence of circumstances, 

the last morning of his life witnessed the publication of the 

result deduced, according to the original plan, by the joint 

activity of the two observatories founded through his own 

exertions five thousand miles apart. The results deduced 

by Messrs. Ferguson and Hall from meridian and from mi- 

crometrie observations closely accord with each other, and 
with those deduced within the last few years by other meth- 

ods, —and a further discussion of materials from two other 

observatories shows a close corroboration of these values 

by one of them. 
While the first public announcement of these interesting 

deductions was issuing from the press, Gilliss breathed his 

last. The message for his departure could not have come 

more suddenly, yet it found him prepared, and with his lamp 
trimmed and burning. A month before, we had parted from 
him here in the full culmination of his meridian poweT, and 

most of us had felt the cordial pressure of his friendly 

grasp. It was but a day before that he had welcomed home 

his eldest son, freed from the horrors of a rebel dungeov- 
are but a few minutes since he had welcomed the new 
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day. We hoped from him yet much more for the welfare 
and the honor of our country. Yet we will not call his 

death untimely. He had lived to see the would-be destroy- 

ers of the republic melting away, like the night dew as the 

sun grows high, — to behold his country, amid struggles which 

his enemies had fondly deemed her death-throes, putting 
_ forth new tokens of life, and inaugurating a new era for her 

science as well as for her liberties. After years of discour- 

agement and disappointment, he had seen his own services 

recognized. While the institution in the other hemisphere 

whose successful foundation was due to his own ability and 

endeavor had become permanent and active, he had enjoyed 

the yet greater satisfaction of seeing the cloud disperse 

which had so long overshadowed that other institution which 

had been one of the dearest objects of his life, and whose 

reputation his earliest and his latest labors have alike iden- 

tified with his own. When charlatanism and disloyalty were 

' no longer predominant there, we may imagine the just pride 

with which he had entered its doors and assumed command. 

When he departed, the new day-star which has risen upon 

our nation was high enough in heaven to show him the 

auguries of the morning, yet it had not sufficed to throw 

_ those dark shadows which we must yet encounter, or to dis- 

E play the unwelcome forms which yet remain for our eyes. 

No lingering disease wasted his manly powers, nor was his 

active mind fettered in the dungeon of an exhausted body. 

His brain was full of large ideas, his heart teeming with 

kindly affections, when “ God’s finger touched him, and he 

slept.” 
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BIOGRAPHICAL NOTICE 

OF 

BENJAMIN SILLIMAN. 

In performing the duty assigned me by the Academy, — 

that of preparing a memoir of a venerable and lamented 

associate, Professor Silliman, I have found myself embar- 

rassed on two accounts: First, for the want of that personal 

acquaintance without which it is difficult to apprehend cor- 

rectly those habits of thought and traits of character which 

it is my purpose to develop; and secondly, from being 

called upon to appreciate scientific labors out of my own field 

of study, and where I am little familiar with the details of 

scientific progress, and therefore specially liable to err. I 

am quite aware how inadequate any sketch of his character 

from me must seem to those who knew him well. Under 

these circumstances the rectitude of my intention will = 

haps shield me from the severity of criticism. 

The facts and dates which I shall have occasion to use 

have been derived to a considerable extent from an article 

under the word “ Silliman” in the “ New American Cyclo- 

peedia,” understood to be sanctioned by the intimate friends 

of our deceased associate, and from a commemorative dis- 

course of President Woolsey, delivered in the Central 

Church in New Haven, November 28, 1864. 

Benjamin Silliman was born on the 8th of August, 1779, 

in the town of Stratford (now Trumbull), in the State of 

Connecticut. He was the son of General Gold Selleck 

id 
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Silliman. The Silliman family is supposed to be of Swiss 
origin, From the early settlement of the country they had 

been residents of the neighboring town of Fairfield. In July, 
1779, the British forces, under Governor Tryon, invaded the 
maritime towns in the vicinity, carrying consternation to the 

inhabitants, and conflagration and pillage to several of the 
towns and villages. The family of General Silliman sought 
refuge in the town of Stratford, somewhat removed from the 

coast. And it was there, as before stated, that the subject of 

this memoir was born. It may be proper to add, that Gen- 

eral Silliman graduated at Yale College in 1752, was a 
lawyer by profession, and an ardent patriot. During the 
Revolutionary struggle he rendered honorable service to his 

country, and evinced a devotion to the principles of liberty 

that might well become a descendant of the heroic and lib- 

erty-loving Swiss. 
We have not at hand the means of tracing the childhood 

and early youth of young Silliman. At the age of eleven 
years he was bereft of his father, and was left to the foster- 

ing care and guidance of his mother. It is a sufficient in- 

dication of his diligence and aptitude in learning, that he was 
fitted to enter Yale College at the early age of thirteen years. 
His older and only brother, Gold Selleck Silliman, who still 

survives him, was a member of the same class. They both 
graduated in 1796. 
We have now before us a young man of seventeen years 

of age, deeply imbued with religious sentiments, ‘honorably 

distinguished as a student, and emulous of rivalling him who 
was foremost in the pursuit of good learning. To these 
advantages he united those of a fine physical constitution, 

_ and a kindly and pleasing address. With such “ vantage- 
ground” to start from, we might confidently predict that, to 

a whatever field of study he might turn his attention, his life 

ie would — a success. 

a4 
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To talented and ambitious young men the profession of the 

law was then as now, and probably more then than now, the 

road to honor and fortune. Following in the footsteps of his 

father, young Silliman turned his attention to the study of 
the law. While prosecuting these studies, at an interval of 

three years from the time of his graduation, he received the 

appointment of Tutor in his Alma Mater. His last colle- 

giate year was spent under the Presidency of Dr. Dwight, 

who no doubt saw in his youthful pupil those elements of 

character which fitted him for the duties of a college teacher. 

His name first appears on the catalogue as a tutor in 1799. 

He held the office for three years. In connection with his 

duties as tutor, he continued to prosecute the study of the 

law, and was admitted to the bar of New Haven in 1802. 

But another field of labor awaited him for which no doubt 

the study of legal principles, and especially the law of evi- 

dence, had given him a most valuable preparation. 

Chemistry and Natural History had begun to attract the 

attention of educators. They had heretofore been regarded 

more as an adjunct to the medical profession than as a branch 

of general education. The science of Chemistry was then 

in its infancy. Its foundations had been laid, and it was des- 

tined to a rapid growth. Priestley had shown the existence 

and properties of Oxygen. The important doctrines of 

latent and specific heat had been discovered by Black. 

Cavendish had shown the existence of Hydrogen as a dis- 

tinct fluid, and had succeeded in the decomposition of water. 

Lavoisier had demonstrated the chemical changes involved 

in combustion and evaporation. Dalton had explained the 

properties of vapors and gases, and especially had dis- 

‘eovered the law of combination in definite proportions, and of 

_ chemical equivalents. Cuvier in the meridian of his glory 

was building up the great science of Comparative Anatomy, 

— 10* 
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and connecting the animal structure of long ages past with 

that of the living present. Davy and Berzelius and Gay 

Lussac were just entering on their several careers of dis- 

covery, which have rendered their names illustrious in the 

history of science. The science of Geology, as now under- 

stood, had then no existence. 

With these facts before him, President Dwight saw the 

importance of making Chemistry and the natural sciences a — 

part of general education. He discerned in his young friend 

those endowments and aptitudes of mind which promised 

success in these departments of science. He accordingly, in 

1802, urged upon Mr. Silliman the expediency of abandon- 

ing the profession of the law, and of devoting himself to 

science. The suggestion was adopted, and the corporation 

Yale College in that year elected “Benjamin Silliman, 

Esq., as the Professor of Chemistry and Natural History.” 

It is our impression that there were at that time only two of 

our collegiate institutions where instruction was given in 

Chemistry, — those of Harvard College and the University 

of Pennsylvania. 

Professor Silliman did not immediately enter upon the 

duties of his new office. He took time for preparation. 

Portions of two winters were spent in Philadelphia, a5 4 

student of Dr. Woodhouse, prosecuting his professional 

studies under advantages which probably no other American 

city could then furnish. Dr. Hare had at that time just 

invented and brought into use the Oxyhydrogen or Com- 

pound Blowpipe, which generated an intensity of beat 

hitherto unknown to the Laboratory, and gave to science 4 

‘new and efficient means of research. It was fortunate for 

both, perhaps, that Professor Silliman was engaged with 

_ him in many experiments with this instrument. His first 

course of lectures was given in the winter of 1804, and 
§ 
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repeated in 1805. With a view more fully to prepare 

himself for the duties of his professorship, he determined to 

avail himself of the advantages of foreign schools of science, 

and accordingly sailed for Europe in the spring of 1805. 

He remained abroad somewhat more than a year, attending 

lectures in London and Edinburgh, and devoting a portion of 

his time to travelling. In 1810 he published an account of 

his travels, entitled “ Journal of Travels in England, Hol- 

land, and Scotland in 1805-06, in 2 vols. 8vo,” which, in a 

subsequent edition, was printed in 3 vols. 12mo. This 

work is replete with useful and interesting matter, reflecting 

in an easy, perspicuous style the impressions of a diligent 

observer of men and things. It was widely circulated, and 

gave to the author an agreeable introduction to the reading 

public. 

During this residence abroad he had the opportunity of be- 

coming acquainted with many of the foremost scientific men 

of that period. Among others he mentions Dugald Stewart, 

Professors Hope, Murray, Playfair, Jamieson, and Seymour. 

In the preface to his Treatise on Chemistry, he acknowledges 

special obligations to his former teachers, Professors Murray 

and Hope of Edinburgh. Nor did he fail,—as who would ? 

—to embrace the opportunity of listening, in the House of 

Commons, to the eloquence of Pitt and Fox, Sheridan and 

Windham. 

On his return from Europe, in 1806, Professor Silliman 

resumed the duties of his professorship, embracing chemistry, 

pharmaceutics, mineralogy, and geology, which he continued 

to discharge with ability and rare popularity for a full half- 

century. He did not during this entire period have under 

his charge all these subjects, but it was only in 1855 that he 

relinquished ‘his post as a college teacher. Very few men 

in any department can show a scientific career so laborious 

and so long continued. 
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Of the results of the instructions given to his college 

classes, I shall speak further on. But I may here say, 

that it was not the habit of his mind to confine himself 

to any single inquiry, or to any narrow routine of study. 

Whatever of scientific interest presented itself in any direc- 

tion was sure to attract his attention. Though not to be 
placed in the list of great discoverers, he was among the 

earliest, in the progress of chemical science, to verify the 

discoveries of others, and so to illustrate and incorporate 

them in the body of science as to make them accessible to 

his pupil. The discovery of new truths is restricted to the 
fortunate few ; the diffusion of them belongs to the practical, 

diligent many. A brilliant reputation crowns the former; 
comprehensive usefulness is the reward of the latter. Pro- 
fessor Silliman, pursuant to the practical bent of his mind, 
appears to have made the diffusion of knowledge his chosen 

field of labor. He never lost sight of the general interest 

and public utility of science, yet this characteristic of his 

mind did not prevent him from prosecuting at times labori- 

ous original researches. In 1811 he instituted an extended 
course of experiments with Hare’s blowpipe, in which he 
succeeded, as he tells us, in melting lime, magnesia, rock- 
crystal, gun-flint, corundum gems, and a long list of the 

most refractory minerals, “the greater part of which,” he 
adds, “had never been melted before.”* A detailed ac- 
count of these experiments was published in the Transac- 
tions of the Connecticut Academy of Arts and Sciences, 
in 1812. 

On receiving intelligence of Sir Humphrey Davy’s dis- 
covery of the metallic bases of the alkalies, he immediately 

_ Fepeated his experiments, and “obtained, probably for the 
ae a. time in the United States, the metals potassium and 

ee ee L p. 99. 
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sodium.”* While conducting some experiments with a 

powerful Hare’s Galvanic Deflagrator, in 1811, he observed 

that the charcoal “ point, of the positive pole” instantly “ shot 

out” toward the negative pole. And on further examination 

he found that there was a corresponding cavity on the point 

of the negative pole. He hence inferred that there was an 

actual transfer of the matter of the charcoal points from one 

to the other. He further found, on careful examination, that 

the charcoal was fused. An account of this interesting dis- 

covery is given in the fifth volume of the Journal of Science. 

It is claimed for Professor Silliman that he was the first to 

establish t's transfer of the particles of carbon, and the first 

also to fuse carbon in the voltaic arch. 

Professor Silliman early felt the necessity of having some 

medium of communication between the cultivators of Physi- 

cal Science and Natural History in different parts of the 

country. He saw how much science abroad was indebted to, 

such journals as “ Thompson’s Annals of Philosophy ” in Eng- 

land, and the “ Annales de Chimie et de Physique” in France.. 

He resolved on establishing a similar journal in this country, 

which should present to the public at brief intervals the re- 

sults of scientific research, and by that means accomplish the 

two objects of diffusing information and stimulating inquiry. 

He accordingly, with pledges of assistance from a respecta- 

ble corps of contributors, commenced the publication of the 

“ American Journal of Science,” more popularly known as 

« Silliman’s Journal.” The first number bears the date of 

1819. For twenty years he was the sole editor, and the 

senior editor for eight years longer. He continued it under 

many embarrassments, and with far less patronage than its 

merits deserved. For a long time his own labors, which 

4 were never small, may almost be said to have been gratuitous ; 

* Am. Cyc., § Silliman. 
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and not unfrequently the expense of bringing out the num- 

bers became a charge upon his private funds, at least till 

generous friends came to his relief. Whatever this journal 

has done for American Science at home and abroad, and 
how much it has done every one knows, it was the creation 

of Professor Silliman. Under the management of a man of 

less energy, less confidence of hope, less devotion to the in- 
terests of science, less practical tact and administrative ability, 

the American Journal of Science would probably be remem- 

bered only as a premature and unsuccessful attempt to fol- 
low in the footsteps of older and more scientific nations. 

Professor Silliman wielded a prolific pen. In 1820 he 

published, in a duodecimo volume, the incidents and observa- 

tions of a journey from Hartford to Quebec. This journey 
was performed by slow and easy stages, and the volume 

abounds in pleasant descriptions of the different towns 
‘through which he travelled, with historical reminiscences 

and notices of geological formations. 

In 1829 he edited an edition of Bakewell’s Geology, and 
added, in an appendix, a copious compend of his own course 
of lectures to his college classes. In this compend the au- 
thor presents a clear and simple statement of the facts and 

principles of the science as they were then understood, bas- 

ing his arrangements, as he remarks, “upon the great out- 
lines of the Wernerian plan.” Without following any one as 
an authoritative guide, he evidently accords to Werner 

‘degree of merit which later writers, as I apprehend, have 
not found reason to bestow. He says, in his Preface, “It 
thas become fashionable to decry Werner ; but, without being 
his blind admirer, I may be permitted to ask, Who has done 

/ ‘more for Geology, and who has done it better?” 
ie she ss so long and so fiercely maintained re- 

ecting the Mosaic account of the Creation, he gave his 
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decided support to the defenders of Scripture. He saw no 
_necessary discrepancy on that subject between the teachings 

of science and the teachings of revelation. “ The writer,” 

he remarks in his preface, “ after studying the subject for 

many years, has formed the opinion that the geological facts 

are not only not inconsistent with sacred history, but that 

their tendency is to illustrate and confirm it.” With re- 

spect to the Mosaic account of the Deluge, he expresses him- 
self even more strongly. “ Geology,” he says, “ fully con- 
firms the Scripture history of that event.” 

In 1830 he published an elaborate treatise on General 
Chemistry, in two volumes, octavo, entitled “ Elements of 

Chemistry in the order of the Lectures given in Yale Col- 

lege.” It lays no claim to originality in the treatment of the 

subject. From the results of his own laboratory, and from 

his much reading, he gathered up all the known facts and 

laws of the science, and embodied them in a form which he 

deemed most convenient for instruction. His object, as ex- 

pressed in his own language, was “to unite copiousness 

with condensation, perspicuity with brevity, and a lucid 

order and due connection of subordinate parts with a gen- 

eral unity of design.” The work was, we believe, well 

received by the scientific public, and somewhat extensively 

used for the purpose of elementary instruction. In the 

judgment of a contemporary journal entitled to high con- 

sideration, “it was a work that was needed,” and that 

Was “ ws adapted to the vigil for which it was 

prepared.’ 
In 1851 Professor Silliman made a second visit to Europe. 

Forty-five years had wrought great changes in the scientific 

circles familiar to his first visit. Many whom he had once 

| known were no more. He had the happiness, however, of 

personally meeting many others whom he had long known 



120 

as scientific correspondents. The account of this visit was 

given to the public in three volumes, duodecimo, in 1853. 

It was a work well stored with careful observations and in- 

teresting narratives, thus recalling many agreeable reminis- 

cences in the minds of those who have visited the same 

scenes, and communicating much useful information to those 

who have not. To show the public appreciation of this work, 

we may remark that, while new works of the same general 

description have been constantly teeming from the press, this 

has already passed through six editions. 

I have thus briefly referred to the published works of 

Professor Silliman. But these do not, by any means, com- 

prise the whole of his scientific labors. His special field 

was the diffusion of science; and his special gifts and 

acquirements made him one of the most popular scientific 

lecturers in the country. His commanding presence, his 

urbanity of address, his wealth of knowledge, his ready and 

graceful. elocution, were all fitted to win the public favor, 

and secure for him a large and delighted audience wherever 

it was his pleasure to speak. Without being profound or 

original, he selected from the great storehouse of knowledge, 
_ all familiar to him, so judiciously, and threw such an enchant- 

ment around his theme, that all felt a kindling of enthusiasm 

as they listened. They drank in the doctrines of latent heat 

and chemical equivalents, saw through all the forms and laws 

of crystallization, and could plainly read in minerals, and 
fossils, and rocks of the fields, the geologic eras which 
stretch back into the immeasurable past, where no human 
eye ever saw. It was the power of personal inspiration 
that seemed to quicken their intellects. 3 
Between the years 1834 and 1845, Professor Silliman 

she courses of scientific lectures in nearly all the large 

ses of the country, ranging fom Boston to New Orleans. 
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He gave four courses before the Lowell Institute in Boston, 
“ Treated everywhere,” says President Woolsey, in speaking 

of these lectures, —“ treated everywhere with the highest con- 
sideration, weleomed by the numerous sons of Yale dispersed 

through this broad land, he had almost a triumphal progress, 

and widely diffused, it is believed, a taste for physical 
science.” 

Such is a brief summary of the scientific labors of our 

deceased associate. I can recall but few men who have 

labored so long, and done so much. But my task would be 

incomplete without some additional remarks illustrative of 
his character and services. 

In the general retrospect of his life, one cannot but be 

struck with the amount of labor which he performed. The 

superintendence of his journal, preparing its articles, carry- 

ing on its large domestic and foreign correspondence, and 
looking after its insufficient finances, was itself no easy task.. 
But to this he added almost daily lectures to his classes,, 

often requiring much preparation, and yet found time te 
prepare books of instruction, and lectures for the public. 

It seems to me that the utility of science, in its broadest 

sense, was always uppermost in his mind. He is always 
tracing abstract principles to their practical applications. In 

his several books and papers, he aims at the accomplishment 

of useful ends. His style of writing looks to this. It is 

direct, simple, perspicuous. Its only object seems to be to 

expound clearly the subject under consideration. It is busi- 

ness-like. It reads as if the author had too many important 

Matters on his hands to occupy himself in the mere refine- 

; _ ‘ments of style. 

_ We have already referred to the distinction between the 

discoverer of new truths and him who diffuses them abroad 

_ and gives to them their practical applications. The former 
it 
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is testing the powers of nature by the crucible and the bal- 
ance and all those reagents which bring into play the affini- 

ties of matter; the latter is acting upon the intellectual 

powers of the community, and putting in motion far and 

wide over the land those mental agencies which result in 

wider general knowledge, higher culture, sounder practical 

judgments, and more productive industry. It is sometimes 

difficult to say which of these two classes of laborers con- 

fers the largest benefits upon the world. Nor, indeed, need 

we attempt to decide upon their respective merits. It is 

sufficient that they are both necessary to the highest ends of 

science. It was the fortune of our friend to act, for the 
most part, as the diffuser of knowledge. And by what cri- 

terion shall we estimate the obligations which we owe to him 

in this respect. 

It was said of Dr. Black, by a very competent judge * of 
his scientific merit, that “ his influence on science was chiefly 
exerted through the medium of his pupils and of his inter- 

course with general society.” With equal truth may this be 
said of Professor Silliman, and especially when we consider 
the vast extent of his field of instruction. Among the pupils 

of half a century how many have caught the enthusiasm of 
the master and given their energies to science, and placed 

their names high on the list of its honored cultivators! How 
many hundreds and thousands of those who, in different cities, 

have listened to his eloquent lectures, have learned to ap- 
preciate science, and gather refined pleasure from its culture, 
and give to it their hearty patronage! How regularly and 
how widely has his Journal carried to the reading public 
intelligence of the latest discoveries, and the best practi 

ae ee of science ! 

= ing all this, who shall say that his efficient infla- 

: a | # Prof J.D. Forbes, Encye. Brit., 6th Dissertation, p. 927- 
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ence has not been felt in every institution of learning, in 
every profession, nay, in every workshop, and every culti- 

vated field in this broad land of ours. 
It is undoubtedly true, as has been stated by one of his 

accomplished colleagues, that “ his mind was of the rhetorical, 

not of the analytical cast.” He seldom expended his ener- 

gies in attempting to unravel the dark and tangled web of 

science. Profound, original thought was not the productive 

element of his mind. He followed in the footsteps of the ex- 

plorer, and quickly gathered up whatever was valuable in 

the way, and sent it forth on its mission of utility. In view, 
then, of what he has done for Chemistry, for Mineralogy, for 
Geology, and for the general diffusion of knowledge, we 

may well say that the name of Silliman will ever be an 
honored name in the annals of American Science. 

Thus much we think may be justly and pertinently said 

of the scientifie career of Professor Silliman. But he was 
more than a scientist: he was a RAM, a patriot, and a 

Christian. 
As a citizen we believe he was universally honored and 

beloved. He was in every good work. His kindly interest 

in those about him, his uniform urbanity, his readiness to 

oblige, made friends of all who had the opportunity of know- 

ing him. It will not be too much to say that his fellow-citi- 

zens by common consent regarded him as their first citizen. 

He was their representative man. His presence added dig- 

nity to every assembly. His counsels were listened to as 

words of patriarchal wisdom and authority. 

As a patriot it is well known how ardent he was in the 

defence of the Constitution and the laws, when they were 

imperilled by the machinations of disloyal men. When the 

conflict arose between slavery and freedom in Kansas, he 

threw the whole weight of his influence into the scale of 
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freedom. He saw clearly that the ambitious designs of the 
Slave power must be strenuously opposed and defeated at 

that point. He was satisfied, as many others were, that 

ukewarmness or indifference then might be fatal to the 
interests of freedom throughout the republic for generations’ 
to come. That was one of the turning-points in our national 
destiny. A profound regard for justice and the rights of 
humanity and the honor of the nation urged him to do every- 

thing in his power to prevent the further extension of slavery 
in the Territories. 
When the purposes of the slave power culminated in 

armed secesssion, there was but one course before him. It 

was to sustain the government and put down the rebellion by 
every means in the power of a great and free people. In 
the disruption of the government, and the establishment 
upon our borders of a political power based on human 
slavery as its “chief corner-stone,” he saw nothing but 
national humiliation, disaster, and ruin. His country, entire 
and undivided, its Constitution and equal laws securing free- 
dom and protection alike to all, —these were the objects of 

his profound regard. And higher objects than these the 
loftiest patriotism has, perhaps, never achieved. 

T have yet to speak of our associate as a Christian. With- 
out this, all that I have said and all that could be said would 
leave his real character unfinished, — nay, almost distorted 
and deformed. Carly in life he became convinced of the 
truth of revealed religion and of his personal duty in response 
to its mandates. He made a public profession of his faith in 
Christ while a tutor in college, and became a member of the 
College Church. For more than threescore years, in all 

___ the relations of life, he exemplified the virtue of the Christian 
character. At the time of his death he was, with one excep- 
tion, the oldest member of the College Church. If I may 

‘ 

= 
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judge from the testimony of others, the lustre of his Christian 
character grew brighter and brighter as he drew towards 
the end of his pilgrimage. The contemplation of nature, no 
Jess than the sublime teachings of Scripture, inspired him 
with true devotion. His death was but the beautiful termi- 
nation of a conscientious religious life. With physical pow- 
ers far less impaired than is usual to his age, and with 
mental powers still fresh and active, he died in the bosom of 
his family almost without warning, and without pain, on the 
morning of Thanksgiving day, November 24, 1864, in the 
eighty-sixth year of his age. He had just closed his accus- 
tomed service of prayer and praise, with a heart full of grati- 
tude to God for the blessings bestowed upon him, he was ut- 

tering words of endearment and affection to members of his 
family when the summons came, and he was numbered with 

the dead. In contemplating a scene so touching, who can re- 

frain from exclaiming, in the language of Scripture, “ Let me 

die the death of the righteous, and let my last end be like 
his”? 

Professor Silliman was twice married. He was most 
happy in his domestic life, and in the children and grand- 
children who will delight to honor his memory, and bear 

onward the torch of science which he has laid down. 
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BIOGRAPHICAL NOTICE 

OF 

DR. EDWARD HITCHCOCK, 

We cherish the memory of the good and wise, not because 

they are rare, for the world is full of them; they exist in 

every society and grade of society, in every business and 

profession, even in the limited circle of acquaintanceship of 

every respectable person. But we cherish the memory of 

the wise and good, because it is dear to us, because we have 

been taught, encouraged, aided, cheered, blessed, and en- 

nobled by them ; and their memory is a continuation of their 

living words and deeds, and we can make it an heirloom for 

our children. A man to be remembered is a man to be 

spoken of. Even in the most barbarous aboriginal stages of 

the history of mankind, men here and there appeared, whose 

biographies, could they be written, the world could make 

good use of. In our own days of high civilization, almost 

every active life deserves a record. But the law of natural 

selection rules in literature also, and the struggle for posthu- 

mous fame, like the struggle for animal life, is crowned only 

in the persons of the best competitors. One of these favored 

few we celebrate this evening. 

A man of religion, a man of science; in both, a docile stu- 

dent and an expert teacher; in both, enthusiastic and self- 

sacrificing ; in both, gentle, persuasive, affectionate, sympa- 

thetic; in both, shackled by traditions which he both feared 

and hated to break, yet vigorously holding up his shackles 
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and keeping abreast and in some respects ahead of the ad- 

vancing age. 

Such was Edward Hitchcock, one of the fathers of Ameri- 

can Geology, and one who continued to the close of a long 

life to be an original investigator. A man of ardent fancy, 

impulsive, curious and. credulous; docile and teachable be- 

yond any adult man of science I ever knew; modest to a 

marvel; yet, with all this, a man of sufficient self-reliance 

and determination for the most important practices of life, 

patient of difficulties, persevering and industrious for final 

success in any undertaking, sound in judgment and disci- 

plined in temper, a friend to all, and the friend of all, his 

whole career laid claims to eminence, which would have been 

pre-eminence in American Theology, had it not been for the 

interference of his science, or in American Science, had it 

not been for his devotion to the ecclesiastical and financial 
interests of the College, which he saved from premature de- 

eay, and refounded upon the deliberate sacrifice of his own 

ambition. 

Edward Hitchcock was born in 1793. His father was @ 

small farmer who had learned the trade of a hatter, had 
fought in the Revolutionary war, and was a deacon in a 

congregational church, a man of strong mind and steadfast 

piety; a genuine New England Puritan. 

mother was a high-bred New England woman, one of 
those perfect creations of divine skill by which the develop- 

ment of our race is guaranteed, —a woman of quick intelli- 

eens pure heart, and exquisite sensibility. The som was 

the born both to religion and to science. The keys of 
__ the spiritual and of the physical worlds were hid beneath his 
os pillow. He heard told every morning the tremendous 

: dreams of the Church, and became a poet. The Unitarian 
versy made him a thinker. The Comet of 1811 made 
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him an observer. Step by step his imagination and his un- 

derstanding were unfolded, alternately and together; and 

neither at the expense of the other. The times were pro- 

pitious. The nineteenth century opened when he was but 

eight years old, the age when the brain is fully formed and fit 

to begin its work. The harvests of New England are neither 

corn nor wine nor oil, but self-reliance and independence, 

economy and energy, intelligence, high aspirations, the 

power to learn and the right to teach, insight into the worth 

of ideas, and a scorn of facts which do not submit to univer- 

sal laws, a curiosity bounded only by the limits of the possi- 

ble, and a veneration for man as man, — the master, not the 

slave, of circumstance. These were the influential forces 

which worked around our young philosopher and poet, edu- 

cating him to become the intellectual teacher of his village 

(Deerfield) at the age of twenty-two, the religious teacher 

of the church at-Conway at the age of twenty-seven, Pro- 

fessor of Chemistry and Natural History at Amherst at 

the age of thirty-two, chief of the Geological Survey of 

Massachusetts at the age of thirty-seven, Doctor of Laws 

from Harvard, and representative of American Science as 

first President of the American Association for the Advance- 

ment of Science at the age of forty-seven.. At fifty-one he 

represented both science and religion as President of Am- 

herst College, and continued to be thus one of the foremost 

men of his age for twenty years longer, until his death in 

1864. A venerable life ! 

There is something. not a little awful in exploring the 

domains of a life that is not ours. It is a labyrinth illumin- 

ated with the faintest twilight; a group of caverns to be 

surveyed with ropes and torches, haunted by romance, and 

stocked with images to which the excited imagination of 

each spectator gives some different shape. The principles, 
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the motives, of another man’s soul are to me underground 

rivers, flowing in undiscernible abysses; and his thoughts 

flash before my eyes like Protei in the waters of the cavern 

at Adelsberg. What can I know of their birth, or of their 

true shapes and natures? I can see that many of them are 

blind ; but I must argue that they are all well fitted for their 

native home. The good and the bad, the wise and the fool- 

ish, all add alike to the beauty of the entire universe. The 

biographical critic therefore runs a thousand risks, either 

of impertinently maligning the creature, or of presumptu- 

ously arraigning the Creator. Neither is all gold that glit- 

ters; and the biographer must not expect to be believed 

when he returns to the daylight of crowded life and describes 

his Wier’s Cave as filled with exquisite carved statues of 

Washington, or the glittering crystals in the roof of his Mam- 

moth Cave as equalling, in their brilliancy, number, and 

effect upon the senses, the stars in a tropical sky. Too 

much sensational biography has been allowed. Individual 
souls are worth no more to the race than individual soldiers 

toan army. Even in camp the waste is ten per cent. But 

the moment the army moves, the waste becomes thirty per 

cent. and forty per cent. Such is the waste of souls in time 
of spiritual excitement, in revivals of literature or religion, 
and in the periodical advancements of national politics 

towards a perfect socialism. Yet the histories of nations 

lost, and the biographies of souls wasted, deserve better to be 

written, because fuller of adventure, and therefore of instruc- 

tion, than those of Rome and Cxsar. But the muse of his- 
tory can only write in presence of its monuments. What 
botanist could succeed, were he to study only the fallen 

trunks and macerated leaves of the forest? The monuments 
Of a life are its only guaranty of immortality ; dim, mystical 

S seemed though the hieroglyphics be from which 
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they that come after are to make out the complexity and 
grandeur of the character of him who has gone before. 

The man whose eulogy we read to-night has left us mon- 

uments enough. ‘They stand in long lines above his resting- 

place, like the Menhirs of Carnac, vistas of monoliths. Some 

men are satisfied if they erect but one, like that which now 

lies broken into four fragments at Loc-Maria-Ker in Brit- 

tany, along the ground. The intellectual energy of other 

men survives in some Druid circle sacred to a single deity. 

But Edward Hitcheock lived a various life, and wrote of all 

that touched the deepest consciousness of his age. His 

monuments stand in parallel ranges. In Religion he wrote 

five volumes and thirty-seven essays, pamphlets, and tracts. 

In Science he published fourteen volumes, five pamphlets, 
and seventy scientific papers, on Botanical, Mineralogical 
and Geological and Physical subjects, in journals and reviews. 
His works on Temperance are in three volumes and three 

smaller tracts. In early life he wrote a tragedy, the year 
the great Napoleon fell. And there are twenty-six titles 

given us of various other productions of his pen, which went 

to swell the current published literature of the times in which 
he lived. Other men write as much, and publish nothing. 
But who counts the half-cut stone still lying in the quarry 

as among the obelisks of Egypt? This man lived for his 
times, not for himself. He was no dilettante. The perfume 

of the flowering of his soul was not wasted on the desert air. 

He was no anchorite, but a true missionary both in religion 
and in science. He was not fond of that dolce far niente 

which confined the delights of the Decameron to a select 

circle of ladies, while the surrounding world was wretchedly 

_ perishing with the plague. He did not sympathize with the 

proud reticence of men of science who claim that the doc- 

. trine is esoteric; that to popularize science, degrades it. 
12 
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What he learned, he communicated, like an apostle. And if, 

like an apostle, his zeal led him to act or teach an error, he 

was ready afterwards, like an honest man, to make his recan- 

tation, and advance the general intelligence in that way also. 
But he was saved from making great or many errors by the 

patience and precision with which he worked. 
The best illustration of his precision is afforded by the 

history of his controversy with Mr. Blunt, the republisher 

of the Nautical Almanac in New York. In 1811 young 

Hitchcock had used the telescope of Deerfield Academy for 
observing the comet. “The subsequent winter,” he says, 
“was in good measure devoted to a reduction of his obser- 

vations, and, as he had access to few books, he was obliged 

to calculate by spherical trigonometry many elements which, . 

at this day, are found in the tables of practical astronomy. 
The mere effort to form an accurate idea of the numerous 

spherical triangles he had to construct was an admirable 

discipline, and their accurate solution not less so.” In -, 

ing these calculations he was obliged to use Blunt’s Alma- 

nac, on the opening monthly page of which this challenge 

was ostentatiously printed: “Ten dollars will be paid on the 
discovery of an error in the figures.” The young astronomer 
amused himself by collecting such errors, and mailed his 
collection to New York. In spite of the placard their value 
was unrecognized. He then published the list in the Amer- 
ican Monthly Magazine. Blunt’s ire was roused; he has- 
tened to explain that, although “one Edward Hitchcock had 

made the discovery of some few errors in the astronomical 
portions of his Almanac, the portion devoted to the practical 

_ use of sailors would be found to be perfectly reliable, and 
‘was a thousand times more important.” The young astrono- 
‘Mer was soon ready with another list, taken this time from 

_ the tables of lunar distances, practical enough on shipboard. 
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The publication of these twenty errors, and of thirty-five 

more six months later, were his only reply to the scurrilous 

attack of Mr. Blunt. True science received its proper re- 

ward. The boastful and stupid editor of the Almanac was 

compelled by public opinion to employ a competent person 

to recalculate the Almanac for 1819, and advertised the en- 

largement of his own ideas by prefacing in the new edition 

these more modest words: “It will afford much satisfac- 

tion and promote commercial advantages, if, on discovery of 

an error in any nautical work, publicity should immediately 

be given.” No allusion, however, to “one Edward Hitch- 

cock,” — merely a presentation copy, in which thirty-five new 

errors were immediately discoyered, announced, and acknowl- 

edged humbly by the editor. There is no estimating the 

value of such a bit of scientific history. When the young 

mountain poet of Israel encountered the giant Goliath of 

Gath, a slip of that young foot upon the rock, a quiver of 

the eyelid, would have changed the stream of history through 

all ages, and postponed the coming of Christ to save the 

world. But to the young poet himself, the prosperous issue 

_ of the adventure was more than the salvation of a world; 

for it made him the right arm of Israel, and the tongue of 

Christendom. The same law of the mutual intersubordina- 

tion of the whole to the part, and of the part to the whole, 

however denied by the school of Buckle, holds good under 

all the disguises of modern socialisms. The young Hitch- 

cock, in a moment of idle fancy, with the daring of a fresh 

observer who had never yet been punished for making a 

mistake, attacked one of the established institutions of the 

world, and, by his courage, clear sight, patience and good 

‘ nature, introduced a practical reform which was felt on every 

ocean round the world, and, at the same time, lifted himself 

to the platform occupied by recognized and experienced men
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of science, where he continued to observe with the same 

patient precision, and publish with the same courage all he 

knew. 

He says«in his autobiography, reviewing the list of his 

publications, that it seemed as if he had written and pub- 

lished too much, — that, had he spent more time in preparing 

his productions, their literary execution would have been 

more creditable, and the thoughts more mature and effec- 

tive; but the peculiar circumstances of his early life com- 

pelled him to a course which, probably, he adds, “ were I to 

live my life over again, I should pursue essentially the same.” 

But the subjects on which he wrote were novel, requiring 

original research, and the descriptions of them scientific 

accuracy rather than literary elegance. This is his self 

excuse, gratuitous and unnecessary ; for the style, especially 

of his later works, is sufficiently scholarly, and the order, as 

well as the expression, of his thoughts, lucid and complete. 

This, however, is no place for the reading of a critical 

review of his geological or of his religious works. I can 

only group them in such a way before your imagination as 

to paint the foreground, the background, arid the middle dis- 

tance of his soul’s life. In the foreground, the terraces of 

the Connecticut and Deerfield valleys, the fossil footprints 

on the quarries of Hadley, and the flattened pebbles of the 

gneiss ; the middle distance full of the local geology of 
Massachusetts and Vermont, Martha’s Vineyard, Portland 

and its vicinity, Texas, Western Asia, and the world at 

large, with a thousand physical and social subjects, all inter- 

esting to his active, serious, and affectionaté mind; and in 
- the background, Alps on Alps of sacred dogma and religious 

— aspi with glaciers interspersed of cosmic speculations, 
and aeeper vales of self-consecration, self-sacrifice, and 

__ beneficence, bearing their harvests of good fruit. 
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In the foreground of every life, distinguished from the 

common life of the crowd, lies some object characteristic and 

nominative, the seal and signature of that man’s demon, by 

which he shall be recognized and spoken of forever. The 

print of a bird’s foot on a slab of red sandstone is the totem 

of Edward Hitchcock. He was not the first to see these 

wonderful remains, nor even the first to see them with an 

eye of trained judicial and executive science. But though 

others built and owned the city, he carried off its gates upon 

his shoulders. His patience in examining these remains ; 

his economical skill in collecting them ;. the taste and large- 

ness of mind which he displayed in their arrangement, and 

the energy with which he pursued this new branch of 

Palxontology, until the world recognized its claims and 

learned its merits, entitle him to rank, at least, as the coequal 

of its true discoverer. Dr. Dean early convinced himself, 

and Dr. Hitchcock afterwards, that the vestiges were those 

of living creatures, birds wading on the estuary flats ; and 

both together convinced the world of it. But, besides this, 

there was much more to do. Specific differences were to be 

determined. He, Hitchcock, determined one hundred and 

twenty species. Comparison with foreign specimens was 

indispensable. He made the-finest cabinet in the world, 

and placed it at the disposal of students. He published 

plates and descriptions of its contents, so that geologists in 

other countries might discuss opinions. He exerted such an 

influence over the public mind that the State of Massachu- 

setts became the publisher of the new department. No 

controversies will ever avail to divorce the name of Edward 

Hitchcock from that of Ornithichnology. His name has 

become itself an imprint — not a bird-track, but a bard- 

track — upon the rock. Sedgwick and the Cambrians, 

Marchison and the Silurians, Hugh Miller and 
the Devoni- 

uae 
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ans, Rogers and the Appalachians, Lyell andthe Tertiaries, 
are not more household terms in the history of our science, 

than is “ Hitchcock and the New Red Sandstone” of the 
Connecticut River Valley, with its beautiful trap ranges, 
Mount Tom, Mount Holyoke, and the rest of them; and its 

Robinson Crusoe footsteps in the sand of an age so ancient 
that the silence of the dawn of an eternity seems brooding 

in it, — broken only by the weird cries of these birds, or the 

horrid croaking of batrachians huge as our pachyderms, 
among whom they fed. This ancient mystery reminds one 
of the horrid stories of the haunted house of Pottsville, 
where the inmates would be sitting at their work, the doors 
would fly open, sighings would pass along the air, footsteps 

would be seen pressed into the soft plush of the carpet, but 

not a form possessing the solidity and heaviness of life could 
be once observed. Although the majority of these vestiges 

seem to have belonged to quadrupeds, yet a few of them 
were probably the tracks of bipeds; and even if these 
bipeds shall turn out to be reptilian in their principal fea- 
tures, and to belong to some synthetic type, like that ex- 
pressed by the Solenhofen archxopteryx, the term “ bird- 
track” will continue to be used for all of a trifid form, and 
Hitchcock will remain the great expounder of the difference. 

His first account of them dates back thirty years. In 
1836 he published his first description of the footmarks of 
Birds (Ornithichnites) on the New Red Sandstone of Massa- 
chusetts, in the twenty-ninth volume of Silliman’s Journal. 

He followed it up with a description of those found in Con- 
necticut in the thirty-first volume ; a general table of fossil 
footsteps in sandstone and graywacke in the thirty-second 

_ Volume ; five new species in the first volume of the Transac- 
_ tions of the American Association ; still new species, with 

‘iptior ; of coprolites, in the forty-seventh volume of the 
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Journal; and an analysis of the coprolites in the forty-eighth 

volume. He described two more species in the fourth vol- 
ume of the new series of the Journal, still more in the 

twenty-first volume. His first quarto volume on the Fossil 

Footmarks of the United States, from the Transactions of 

the American Academy, appeared in 1848, and additional 

facts respecting the Otozoum Moodii in the Proceedings of the 

Association for 1855. His quarto report on the Ichnology 

of New England appeared in 1858, with further remarks, 

in the Proceedings of the Association for 1860, and new facts 

and conclusions in the Journal for 1863. These are his 

monuments. Most men would consider them sufficient for 

one life. In his they merely mark an episode; but there 

were others: an episode only of his scientific life. I leave 

the notice of it here, with the remark that he worked in it 

almost alone, and that he has left it standing unaltered by 

the labors of others. His publications on this theme are 

not only classical, but standard. His determinations are of 

accepted authority, which no controversial doubts as yet ob- 

scure. I pass now to others of which this cannot be said, — 

in which he has been a disciple rather than a master, — and 

which are rather characteristic of the genius of the geolo- 

gist, than influential in the progress of geology. 

I refer first to the study of the Drift. In Structural 

Geology this is the great question of the day. The subject 

has extraordinary difficulties. Could we determine the 

cause of the drift deposits, it would explain much that is 

puzzling in all the formations, down to the very base of the 

Laurentian. The wildest speculations meet at this point of 

Geology. It is the horse-latitudes of the voyage. Forty 

years ago the Swiss geologists shocked the world with the 

announcement that all the giant blocks of primary rock 

which travellers see lying stranded half-way up the Jura 
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had been carried thither by a forward expansion of the gla- 

ciers of the Alps, invading, oversliding, and deeply burying 

the entire plains of Switzerland. Twenty years ago Mr. 

Agassiz, having previously shown the Scotch and Welsh 

geologists the traces of a similar universal glacier, which 

once descended from their highlands and covered all Great 

Britain, appeared upon this side of the Atlantic to establish 

among us the grand mythology of universal ice. From 

Halifax to the Fond-du-lac, and from the Ottawa to the 

Ohio, he found its vestiges. And now he covers with it the 

entire water-plains of the Amazons, the Orinoco, and the La 

Plata, from the shores of the Andes to the sea, six millions 

of square miles of the earth’s surface, a part of it directly 

under the equator and close upon the level of the sea. 

But we are concerned, not with the truth of these ideas, 

but only with their introduction into America, and their 

partial adoption by Edward Hitchcock, towards the close 

of his life. I say their partial adoption, for in the discus- 

sions which ensued he exhibited his usual mixture of con- 

servatism and love of new ideas. He was, as a man, both 

timid and adventurous. Adventurous and progressive where 

he thought he could see his way ; hesitating and submissive 

to authority when himself in the dark. And this composi- 

tion of adverse habits, held in balance by circumstances, not 

by will nor by genius, made him a representative man,— a 

geologist in whose writings one can read the halting progress 

of American Geology, — its ignorance of its own past history, 
its premature intuitions, its ill-bred waywardness and levity, 
its abortive investigations, its double-minded instability, its 

feeble conservatism, its energetic radicalism, the fertility of 

‘its fancy, and the haziness of its judgment, its patience to 

wait, and its power to work, for what it is as ready to abandon 
o a moment for something new. 
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The subject of Surface Geology, involving, of course, the 
question of the Drift, early claimed his attention, for his 

Geology of the Connecticut was published in 1823, after it 
had appeared as an article in the very first volume of Silli- 
man’s Journal, one year previous to Eaton’s first report on — 

the Geology of the Erie Canal, and Olmsted’s first report of 
the Geological State Survey of North Carolina. At that 
time the only recognized agency to which the drift phenome- 

na could be ascribed, was that of moving waters. Deltas, 

terraces, drift boulders, and polished rock-surfaces were all 

explained in a vague and poetical way by diluvial floods. 
The grandeur of the phenomena was not appreciated, but 

their nature was. When, ten years afterwards, the brothers 

Rogers got the first true glimpse of Appalachian erosion in 

its immensity of breadth and height, the aqueous theory 

swelled to commensurate proportions, just as the ice theory 

has grown to suit the geographical development of the drift 

appearances. 
Had Dr. Hitchcock been more of a poet, and less of a 

Yankee, he would have adopted an hypothesis similar to 

that of the Rogerses, and been hampered by it all his life. 

But he soon detected traces of another agency, and although 

the absence of Alpine summits from New England, and the 

distance at which the northern icebergs melted from its 

coasts, deprived him of opportunities for coming to a lively 

consciousness of his suspicions, they prepared him to accept 

the first instructions on the subject which were sent to him 

from abroad. He always maintained that he got his first 

clear views of the joint action of ice and water from the 

researches of Sir James Hall, although Murchison, in his 

anniversary address before the London Geological Society 

in 1842, accords the honor of inventing the glacio-aqueous 

theory, as Hitchcock named it, to Peter Dobson, of Vernon, 
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in Connecticut, whose first public communication on the sub- 

ject appeared in the tenth volume of Silliman’s Journal, in 

1826, and whose letter to Dr. Hitchcock, in 1837, the latter 

never answered, but kept for six years among his papers, 

and only sent it for publication in the Journal in 1843, the 

year following that of Murchison’s public indorsement of 

Mr. Dobson’s views, as “a short, clear, and modest state- 

ment of the best glacial theory, — the essence of the modi- 

fied glacial theory at which geologists (says Murchison) 

have arrived after so much debate.” Mr. Dobson described 

certain red sandstone boulders, too angular to have been 

rolled by floods, and scratched upon their inner sides, “as 

having been dragged over rocks and gravelly earth in one 

steady position” ; adding, “I think we cannot account for 

these appearances unless we call in the aid of ice as well as 

water, supposing that they have been worn by being sus- 

pended, and carried in ice over rocks and earth under 

water.” 

These views of Mr. Dobson had been twenty years on 

record, but neglected, when they were thus quoted and com- 

plimented by the highest authority in Great Britain. It 

was at one of those epochs of excitement which occur peri- 

odically in the history of every science. Agassiz had ap- 

peared at Edinburgh; and, for him to come was to see and 

conquer. Neither Murchison nor Lyell at that time 

accepted his glacial hypothesis in its broad applications to 

the circumpolar earth and the entire drift. But from that 

day onward the younger geologists, with Ramsay at their 
head, worked at it con amore, and strengthened its claims to 

acceptation by annual fresh discoveries; but they have 

oe finished by assigning to it such incredible omnipotence, 
_ Claiming for it such impossible activity, as its great master 
has never auhorized. So that its reputation has peer ani 
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ously compromised, and, as was inevitable, a reaction has 

set in. Our business hereafter will rather be to shield the 

glacial theory from undue disparagement than to complain 

of its extravagancies. 

Dr. Hitchcock, with the enthusiasm of his nature, had 

at first expressed himself too favorably of this hypothesis. 

He retracted his expressions when called to account for 

them by Marchison. In an article which he sent to Silli- 

man’s Journal, July 5th, 1842, he insists that Murchison, 

in his Annual Address, ought not to have charged him with 

being an advocate of Agassiz’s ideas in an unmodified form ; 

for, “although the Etudes sur les Glaciers had, indeed, thrown 

a flood of light unexpectedly into his path, yet he had always 

thought, and still thought, that the moraines of America 

- were produced by icebergs, and not by glaciers.” “ What- 

ever impression,” he writes, “my language has conveyed, I 

now declare that I have never supposed it possible to apply 

the glacial theory of Agassiz to this country without modifi- 

cation. I stated [before the Association of Geologists at 

Boston, in April] my conviction that glacio-aqueous action 

has been the controlling power in producing the phenomena 

of drift, by which I mean the joint action of ice and water, 

without deciding which has exerted the greater influence.” 

These words give us a clear knowledge of the attitude of 

his mind in the presence of a discussion which filled the 

geological world with clamor at that time as it does to-day, 

and obliged every geologist to define his position. His slow 

and cautious disposition, disciplined by field work on the one 

hand, and by college lecturing on the other, restrained his 

imagination from adopting any large 
hypothesis, but confined 

him to a few familiar statements of mere fact. All he 

knew, or cared to know, or believed that any one would 

ever know, was, that a sheet of loose sand, gravel, and boul- 
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der rocks, bearing certain marks of moving force upon 
them, covered certain portions of the surface of the earth, 

and that this sheet had been spread out not wholly through 
the agency of water. “Whether the vast currents of water 
which must have been concerned were the result of the 

sudden melting of the thick belts of ice around the poles, as 

Agassiz supposes, or of the elevation of the regions around 

the poles, whereby an ocean was thrown over the land, 
agreeably to the views of De la Beche, or by the elevation of 

different parts of the continents from the ocean, while the 

greater part of those continents was beneath the waters, 
according to Lyell and Murchison, I do not feel competent 

to decide. I rest at present in the position that ice and 
water were both concerned, and am in doubt whether geolo- 

gists will ever be able to go much further and remain upon the 
terra firma of logical induction. But to have reached this 
principle, in which I fancy nearly all geologists now agree, 

seems to me an immense advance on this subject, and for this 
progress inmy own mind I feel greatly indebted to Agassiz.” 
In another sentence he adds: “It will be seen that my mind 
was entirely unsettled as to the origin of the ice and water 

which have produced the drift, and that I was quite as 
favorably inclined towards the peculiar views of Mr. Mur- 
chison as of any other geologist.” 

These views, if they can be called so, were repeated by 
Dr. Hitchcock at the Albany meeting, in 1843, during a 

lively discussion on the Drift which was introduced by Dr. 

C. T. Jackson, with these words: “Many eminent men in- 
cautiously embraced the new theory, which, within two or 
three years from its promulgation, has been found utterly 
inadequate, and is now abandoned by many of its former 

_ Supporters,”— a rash statement, as we all now see clearly 

— Dr. Hitchcock saw its rashness then. 
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At the Washington meeting in 1844 he read a paper on 

the Berkshire trains, discovered by Dr. Reid. All that he 

knew of the Drift he had published the year before in his 

annual State Geological Report. This was a special and 

remarkable case. It has never been elucidated. Dr. 

Hitchcock describes the phenomenon, but leaves it unex- 

plained. His conclusions are all merely negative, and 

exhibit, in a striking manner, the cautiousness and fidelity 

of his scientific methods. Ist. The blocks of the trains 

must have been scattered during the latter part of the drift 

period, and by the drift agent, whatever that was. 2d. It is 

impossible to explain the case by any merely aqueous theory 

of drift. 3d. It is equally impossible to explain it by ice- 

bergs; or, 4th, by river pack ice; or, 5th, by the medial 

moraine of a glacier ; or, 6th, by reference to the unexplained 

patches of angular fragments on the Falkland Islands, de- 

scribed by Darwin. “In short,” he concludes, “ I find so 

many difficulties on any supposition which I can make, that 

I prefer to leave the case unexplained until more analogous 

facts have been observed.” 

At the meeting of the British Association at Edinburgh, 

in 1850, he read a paper upon his favorite subject, the ter- 

races of the drift period, after he had made a visit to 

Wales, where he at once recognized the marks of the former 

existence of glaciers up to a certain height, above which he 

recognized the marks of mere drift agency, and to Switzer- 

Agassiz had taught respecting th 

grand glaciers of the Al But his Massachusetts expe- 

riences had so preposessed him with notions of modified d
rift, 

that he thought he could see how the moraine matter of 

the plain of Switzerland had been subsequently thrown into 

te He was therefore prepared, on his return to Eng- 

13 
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land, to accept Ramsay’s conjecture that there were two 
glacial epochs, — one before, and the other after the drift. 

The following year, 1851, he visited the White Moun- 

tains, and studied the effect of one of those tremendous 

stone-slides which have played so important a part in the 

reduction to its present level of the central massif of New 

Hampshire, upon the face of the rock in situ over which it 

passed. Seeing no glacial markings whatever, he concluded 

that any aqueous theory of diluvial scratches must be insuf- 

ficient. He had evidently come to feel the difference 
between the weight of a stone-slide, whether in or out of 
water, and the weight of a glacier or iceberg. 

Finally, in 1857, appeared his contribution to the quarto 

publications of the Smithsonian Institution, called Illustra- 

tions of Surface Geology, in which he sums up his knowl- 
edge of the Drift. In the first part he compares the terraces 
of the Connecticut Valley with those of other regions. In 
the second part he discusses the modes and consequences of 

river erosion; and in the third part he gives the results of 
his previous five years’ field work, devoted to the study of 
glacial strie and moraines in the valleys of Massachusetts 

and Vermont. These moraines, he says, seem to him, like 
the Swiss moraines, to have been modified and obscured 
subsequent to their creation by another agency, which he 

does not distinctly call that of the Drift, but, as he ex- 
presses it, “by the long-continued presence and the action of 
water, as the surface emerged from the deep.” Even at this 
late date, he had no distinct hypothesis to offer. He declared 

that he agreed more nearly with Mr. Redfield’s views than 

any others. He thought “that the phenomena of boulders 
and drift should be attributed to mixed causes, and that the 
_ theories which refer these phenoniena to the several agencies 

ie © ore glial eeaieediaaieecss 
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nearly coincident than is commonly imagined”! He found it 

(as Desor expressed it) “difficult to conceive how glaciers 

could exist and move in a wide and level country like the 

north part of the United States.” And he winds up with 

these fine words, worthy of the man and of pure science, 

unsatisfactory enough to the theorist, but full of instruction 

for the neophyte: “I am aware that I am in conflict with 

the views of eminent geologists on several points ; as I am, 

indeed, with my own opinions as held several years ago. 

And yet, for a long time, I have stood chiefly aloof from 

the various hypotheses that have been broached respecting 

Surface Geology. But I could not refuse to follow where 

facts seemed to lead the way. It becomes me, however, to 

be very modest in urging my conclusions upon others. If 

they cannot adopt my explications, I hope they will, at least, 

find my facts to be of some little service in reaching better 

conclusions.” 

I must now say a few words about a third subject of in-. 

vestigation which may possibly in future time conduce more 

to his reputation as an original observer and bold thinker in 

geology than any other: I refer of course to his extraordi- 

nary statements respecting the distortion of quartz pebbles 

in conglomerate rocks. It is possible that I may be giving 

to the father credit for what is due to the son. But the two 

worthy geologists of Amherst represent to the world as yet 

but one Hitchcock, so amicably have they married their 

hammers and clinometers together. 

It was at the last meeting held by the American Associa- 

tion for the Advancement of Science before the breaking out 

of the accursed rebellion in the States of this Union devoted 

to slavery, — the meeting of the summer of 1860, at New- 

port, — that a paper was read upon the conglomerate pe
bbles 

of the cliffs upon the southern shore of Rhode Island ;
 at- 



148 

tempting to show that they had been pressed out of their 
| globoid shape, flattened, elongated, curved into 

sickle-blades, and otherwise distorted, like fossil shells in 

semi-metamorphic rocks. 

The opinion was expressed that this process might be 

found to have been carried on in all rocks, to an extent only 

limited by their degree of metamorphism. Of course the 

few geologists present at the meeting were not prepared to 

recognize the fact of such distortion in the evidently water- 

worn slaty pebbles laid before them as specimens. Nor will 
any geologist, I believe, who may have had a large experi- 

ence solely among the conglomerate outcrops of No. IV., No. 

X., and No. XII. of the Paleozoic system, consent to this 
hypothesis of quartz distortion for an instant. I venture to 

assert that among millions of pebbles taken from the coal 
measure, or even from the middle silurian mountains, there 

cannot be discovered one bearing the marks of such distor- 
tion; although many of them offer plainly enough the evi- 
dences of wear and tear by fracture and the sliding of one 
stratum of the rock upon the other. 

But if the geologist who has lived among unmetamor- 
. phosed conglomerates shall enlarge his experience by pass- 
ing over into such a region as Vermont, where every magne- 

become either steatite, serpentine, tale-slate or 
dolomite, where every argillaceous clay has been changed 
into pholarite, or roofing-slate, and every sandstone into 

‘quartzite, he may come to listen more patiently to Hitch- 
cock’s theorem, — that gneiss is nothing more nor less than 
metamorphosed old conglomerates, wherein the pebbles have 

___ been pressed into laminz: composed of sections of the original 
_ ‘Matrix, themselves also pressed flat and thin. It is a bold 
_ assertion. It will demand abundant proof. The microscope 
2 ene ee —— 
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the folded veins of quartz in mica-slate, as no other hypothe- 

sis has done. It is consistent with the now accepted view of 

metamorphism by pressure, under the conditions of a moist, 

low heat. At all events, its ample discussion and copious 

illustration by Dr. Hitchcock and his son, in the pages of 

his report of the Geology of the State of Vermont, will re- 

main a part of the classics of our science. 

But the daring novelty of this excursion from the beaten 

track is heightened, when we see it as the short cut of an 

- old man to regain the head of the procession. So far from 

leading him into isolation from his fellows, his path lay prac- 

tically parallel with that of the best thinkers of the day. 

Most men of sixty-seven would tremble to adopt a new 

hypothesis. How few even at forty-five are able to be toler- 

ant of newer principles! But Hitchcock could follow where- 

ever Bischoff, Senarmont, Delesse, Daubrée, Sorby, and 

Sterry Hunt could climb. He could give up the igneous 

origin of granite, the extrusion of molten masses from a 

planetary nucleus of lava, the metamorphism of rocks by a 

high heat. He was no chamber geologist, and so kept his 

soul fresh in the open air that no new discovery could take 

him by surprise. “The opinion is now gaining ground,” he 

writes, “that in many cases, perhaps in nearly all, they are 

merely stratified rocks, which by heat, or the joint action of 

have lost their stratification and assumed 

They are, in fact, an extreme pro- 

He no longer believed in those 

ch no man has seen or can 

heat and water, 

new crystalline forms. 

duct of metamorphism.” 

semi-theological central fires whi 

see; in those figments of the imagination, a thin floating 

pellicle or wrinkling epidermis to the
 earth ; auniversal gran- ~ 

ite floor, beneath the lowest sediments, azoic and aboriginal ; 

a billowy deep of lava, g ing earthquake cataclysms, and 

ejections of interminable branching dikes of trap and por- 

13 
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phyry and syenite —which make the wall charts of Hall 
and D’Orbigny look now so old-fashioned, and which, in fact, 

the study of the Laurentian regions of the north, as well as 
the calculations of physicists, have proved to be mere myths 

and fables of an olden day. What is to replace them, we 
know not yet, nor how to do without them in our Structural 

Geology. The situation of the geological world, just now, is 
not unlike that of the theological, with its Schenkels and its 
Colensos, its Ecce Homos and its Leben Jesus. But this 

is certain, — the empire of truth is of perpetual divine right, 
and cannot be shaken, its motto being, Fiat justitia, ruat 

celum. What cannot be demonstrated, is fictitious; what 

has been disproved, is not useful. Better get our first con- 

glomerates from aerolites which we can collect and exhibit 

in our cabinets than from an aboriginal granite floor which 

no eye has ever seen, no hammer struck, no foot-rule meas- 

ured. Better redraw all the anticlinals and synclinals of 
our cross sections, than gabble about the plications of a crust | 

which seems to be a demonstrated mathematical absurdity. 

But the fine life-history of him whose eulogy we read to-night 
tells us a better way. Facts take time. It is not hard for 
honest folks to wait. All harvests are not for this genera- 
tion of sowers and reapers. It would be well for all of us, 

could our enthusiasm, like his, be tempered with conserva- 

tism, and our conservatism be fired by an equal expectation 

of better things to come. 
Here, gentlemen of the Academy, I must most unwillingly 

stop. I cannot give you, as I should like to do, a description 

of the geological survey of Massachusetts which occupied 
Dr. Hitchcock from 1830, when he was appointed to it, to 

1841, when he published his final report; and again from 
: 1852 almost until his death; nor of the geological survey 
acme which he reorganized i in 1856, and aati 
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in 1861. I cannot even tell you, in the few minutes that I 

feel are all I have to spare, how greatly we owe to his 

enlightened exertions that movement of the public mind 

which about forty years ago produced the early State sur- 

veys; nor how much to him should be ascribed the merit of 

originating, or rather pressing to concreteness, the abstract 

conception of the desirableness to science in America of some 

closer personal association of its votaries. To him, more 

than perhaps to any other man, is due the title of founder of 

the association of American geologists and naturalists which 

afterwards assumed the name of the American Association 

for the Advancement of Science, which will hold its next 

meeting next week at Buffalo. 

Neither can I describe Dr. Hitchcock as a teacher. His 

Elementary Geology, first published in 1840, reached its 

thirty-first edition in 1860, and was then rewritten to ex- 

press the progress which the teacher himself had made. His 

Geology of the Globe was published in 1853. 

Shall I allude to his scientific monuments at Amherst? I 

need only say to such of you as have not yet beheld them, 

Go and see what one man can accomplish! All honor to 

his fellow-workmen there! But what Amherst is, Hitchcock 

has made it, —so says all the world, and what all the world 

says must be true. He was the master-mind at that centre. 

Let Amherst erect a statue to him in front of his Museum, 

—a statue of pure, white Vermont marble, for he was an 

American Christian, —a statue lifted high upon a cubical 

plinth of Quincy granite, for he was a simple-hearted son of 

) usetts, —a statue facing Holyoke, for the oblique de- 

nudation of its summit, he discovered, and the marvellous 

beauties of its panorama were his heart's delight. America 

has reached the time when it needs the idolatry of hero- 

worship to counteract its excessive tendency to individual- 
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ization, and its intolerant democracy. And this man is one 

of America’s heroes. 
He was, I have said, in some respects even in advance of his 

age. His theology was gentle, tolerant, and liberal. He was 

one of the first to recognize the claims to the honest attention 

of good physical observers which those strange and apparent- 

ly abnormal physical phenomena make which went at first 

by the name of mesmerism, and which have been, since then, 

followed up and obscured by the fanatical and hurtful dis- 

honesties and shameless and tasteless profanities of the mod- 

ern round table. The evils attendant upon this strange 

psychological epidemic he was as quick to see as any man, 

and to recognize also its capacity for warping and marring 

the youthful science of this land; but no amount of material- 

istic denunciation from the side of specific science coul 

scare this fearless investigator from confessing his faith im 

what of fact there was, so far as he could discover it, nor 
from exercising the function of true science, — to wash his 

facts from the filth in which they were rolled, — to set them 

upon their appropriate shelves in the order of their worth. 
He was by nature not a materialist and a scoffer, but a 

spiritualist and a believer. He believed in immediate crea- 

tion by the fiat of God. He believed in the Hebrew poem 

of the creation as a substantial history. But even here he 
showed himself a man of genuine scientific spirit. He was 
obliged to interpret, and of course to criticise the Scriptures 
of his Church. But it is interesting to see how we always 
in this life return to our first loves. It was in his later years 
that he took up with zeal the defence of Genesis. He was 

_ forty-two and forty-four years old when he published, in 
1835 and 1837, his pamphlet on the connection of Geology 
: with Revelation, and his pamphlet on the historical and 
a ess + oe oe wet 1, ee 
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was fifty-eight years old, that he gave to the world the first 
edition of his book, “ Religion of Geology and its Connected 
Sciences,” while his book of “ Religious Truth Illustrated 
from Science” did not appear until six years later, when he 

was sixty-four years old. Of these and other works to effect 
an impossible harmonization of the developments of modern 
science with those of the ancient imagination others would 

speak to better purpose. 
By his early personal devotion to field-work, — by his long 

and successful college instruction of successive classes of 

young men,—by the purity and simplicity of his personal 
nature, which roused no jealousy and excited no suspicion, 
—pby his cheerful, modest, but enthusiastic publication at all 
times of every new fact which he observed, and every new 

idea which facts observed gave birth to, — and by his ready 
concurrence in every useful scientific enterprise, Edward 
Hitchcock shines a star of first magnitude in the heaven of 
American Science. 

Do you expect me now to speak of his religion? I am 
not capable of the task. I hold it true that the Christian is 

a higher type of man than the Savant. His theology I 

reckon as of no account: it is his Christianity that crowns 

his brows with light, and arms his hands with power. He 

may be a Unitarian, as Edward Hitchcock was in early life, 

or he may return, as Edward Hitchcock did in after years, 

to the Orthodox notions of his fathers: it makes less differ- 

ence than people judge of it. Science will settle all those 

discussions in good time. But no amount of natural science 

will stand a man instead of faith in a higher law and an in- 

visible world. No zeal for science will compensate for the 

lack of temperance, charity, and truth towards our brother 

man. It was the hold he had upon the Christian heaven 

that made this man, working among us like a brother, walk 
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among us like a father, trusted and beloved by all. I do 

not believe in his theology : it savors too much of the cen- 

tral nucleus of fire; it makes our earth-crust too insecure ; 

it is too full of old wives’ fables. But we must all believe 

in his religion, and feel how grandly it ennobled his science, 

and glorifies his happy memory. 
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