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The President, Vice Presidents, Secretaries and Treasurer of the Meeting.

From the Association at large.— (Six Fellows to be elected on the flrst
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SUBCOMMITTEES.

Reception :—N. T. LuPTON, Chairman; T. A. Kercheval, Mayor; S.D.
Morgan, J. M. Lea, T. A. Atchison, W. A. Cheatham, G. P. Thruston, W,
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L. Broun, A. J. Baird, John Trimble, Wm. Graham, T. C. Wright, F. D.
Moore, Fred Shepherd, J. S. Young, R. A. Young, N. S. Brown, Paul F.
Eve, W. E. Ward, J. R. Buist, W. T. Berry, J. A. Pigue, W. B. Bate,
‘Wm. Morrow, W. H. Jackson, W. G. Harding.

Railroads :—E. W. CoLE, Chairmaen; E. B. Stahlman, R. G. Butler,
James Geddes, Jas. H. Collins, M. B. Toney.

Finance :—JAMES WHITWORTH, Chairman; M. Burns, John Kirkman,
Thos. O’Connor, J. W. Allen, Samuel Prichitt, William H. Evans, J. M.
Hamliiton, B. F. Wilson, Dempsey Weaver, Charles E. Hillman, L. H.
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Excursions: —J. M. SaFForRD, Chairman; D. H. McGavock, J. H.
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J. H. Eakin, A. Gattinger, R. C. Foster, Robert Ewing, W. P. Jones,
J. W. Hoyte, John F. Wheless, V. L. Kirkman, M. B. Howell, C. S.
Briggs, J. S. Barrow, T. M. Steger. '

Entertainments :—TnoMas D. Fite, Chairman; Felix J. Demoville, A.
G. Adams, Frank W. Green, H. B. Buckner, F. Furman, Edgar Jones,
‘Wm. Porter, Geo. O'Bryan, John P. White, James W. Manier.

Printing :—ALBERT ROBERTS, Chairman; W. E. Eastman, J. W. Hunter,
J. C. Burch, Anson Nelson, J. O. Griftith, John Frizzell.

Telegraph and Mail :—G. W. TRABUE, Chairman, J. S.- Carels, A. C.
Ford.

Microscopes :—T. O. SuMmMERS, jr., Chairman; G. S. Blackie, Alex.
Winchell,
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MEETINGS.

Xxv

MEETINGS AND OFFICERS OF THE ASSOCIATION (Continued).

MEET- VICE PRFSIDENT,
ING. DATE. PLACE. PRESIDENT. SECTION 4A.
2ith | Aug. 11, 1875, | Detroit, Mich., J. E. Hilgard, H. A. Newton,
25th | Aug. 23, 1876, | Buffalo, N. Y., Willlam B, Rogers, | Charles A. Young,

VICE PRESIDENT,

CHATRMAN OF
PERMANENT

CHAIRMAN OF
PERMANENT

CHATRMAN OF
PERMANENT

SECTION B, BUBSECTION C, BUBSECTION D, BUBSECTION B,
CHEMISTRY, ANTHROPOLOGY. MICROSCOPY.
J. W. Dawson, S. W. Johnson, L. H. Morgan, — ——
Edward 8. Mors‘e, ® George F. Barker, | L. H. Morgan, R.-H, Ward,
PERMANENT GENERAL SECRETARY OF S8ECRETARY OF
SECRETARY. SECRETARY, BECTION A, SECTION B.
S. P. Langley,
F. W, Putnam, 8. H. Scudder, g E. S. Morse,
T. C. Mendenhall,
F. W. Putnam, T. C. Mendenhall, | A. W. Wright, Albert I, Tuttle,

SECRETARY OF SECRETARY OF BECRETARY OF
PERMANENT PERMANENT PERMANENT
BUBKECTION C, SUBSECTION D, BUBSECTION E, TREASURER.
CHEMISTRY. ANTHROPOLOGY, MICROBCOL'Y.
F. W. Clarke, F. W. Putnam, —_— W. 8. Vaux.
H. C. Bolton, 0. T. Mason, E. W. Morley, W. 8. Vaux.




COMMONWEALTH OF MASSACHUSETTS.

IN THE YEAR ONE THOUSAND EIGHT HUNDRED AND SEVENTY-FOUR.

AN ACT

To INCORPORATE THE ‘ AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE.”

Be it enacted by the Senate and House of Representatives, in General Court
assembled, and by the authority of the same, as follows :

SectiON 1. Joseph Henry of Washington, Benjamin Pierce of Cam-
bridge, James D. Dana of New Haven, Jumes Hall of Albany, Alexis
Caswell of Providence, Stephen Alexander of Princeton, Isaac Lea of
Philadelphia, F. A. P. Barnard of New York, John S. Newberry of Cleve-
land, B. A. Gould of Cambridge, T. Sterry Hunt of Boston, Asa Gray of
Cambridge, J. Lawrence Smith of Louisville, Joscph Lovering of Cam-
bridge and John LeConte of Philadclphia, thelr associates, the officers
and members of the Association, known as the ¢ American Association
for the Advancement of Science,” and their successors, are hereby made
a corporation by the name of the * American Assoclation for the
Advancement of Science,” for the purpose of recejving, purchasing,
holding and conveying real and personal property, which it now is, or
hereafter may be possessed of, with all the powers and privileges, and
subject to the restrictions, dutles and liabilities set forth in the general
laws which now or hereafter may be in force and applicable to such cor-
porations.

SECTION 2. Sald corporation may have and hold by purchase, grant,
gift or otherwise, real estate not exceeding one hundred thousand
dollars in value, and personal estate of the value of two hundred and
fifty thousand dollars.

SeEcTION 8. Any two of the corporators above named are hereby
authorized to call the first meeting of the saild corporation in the month
of August next ensuing, by notice thereof ¢ by mail,” to each member of
the said Assoclation.

SEcTION 4. This act shall take effect upon its passage.

House o¥ REPRESENTATIVES, March 10, 1874.
Passed to be enacted,
JoBN E. SANFORD, Speaker,
IN SENATE, March 17, 1874.
Passed to be enacted, March 19, 1874.
GEO. B. LORING, President. Approved,
W. B. WASHBURN.
SECRETARY’S DEPARTMENT,
Boston, April 8, 1874.
A true copy, Attest:
Davip PULSIFER,
Deputy Secretary of the Commonwealth.
(xv)



CONSTITUTION

OF THE

AMERICAN ASSOCIATION FOR THE ADVANCEMENT
OF SCIENCE.

Incorporated by Act of the General Court of the Commonwealth of Massachusetts.

OBJECTS.

ARTICLE 1. The objects of the Association are, by periodical and mi-
gratory mectings, to promote intercourse between those who are culti-
vating science in different parts of America, to give a stronger and moré
general impulse and more systematic diréction to scientific research, and
to procure for the labors of scientific men increased facilities and a wider
usefulpess.

MeMBERS, FELLOWS, PATRONS AND HONORARY FELLOWS.

ART. 2. The Association shall consist of Members, Fcllows, Patrons
and Honorary Fellows.

ART. 3. Any person may become a Member of the Association upon
recommendation in writing by two members or fellows, nomination by
the Standing Committee, and election by a majority of the members and
fellows present in general session. .

ART. 4. Fellows shall be nominated by the Standing Committee from’
such of the members as are professionally engaged in science, or have by
their labors aided in advancing science. The election of fellows shall be
by ballot and a majority vote of the members and fellows present in gen-
eral session. But all persons who may be members at the time of the
adoption of this coustitution may become fellows by signifying their
desire to this effect before the first day of August, 1875.

* ART. 5. Apy person paying to the Association the sum of one thousand
dollars shall be classed as a Patron, and shall be cntitled to all the
privileges of a member and to all its publications.

A. A. A.8 VOL. XXV. B. (xvii) |
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ART. 6. Honorary Fellows of the Association, to the number of ten for
each section, may be elected; the nominations to be made by the Stand-
ing Committee and approved by ballot in the respective sections before
election by ballot in general session. I{on'orary Fellows shall be entitled
to all the privileges of fellows and shall be exempt from all fees and as-
sessinents, and entitled to all publications of the Association issued after
‘the date of their election.

ART. 7. The name of any member or fellow two years in arrcars for
annual dues shall be erased from the list of the Association, provided that
two notices of indebtedness, at an interval of at least three months, shall
have been given; and no such person shall be restored until he has paid
his arrearages or has been reélected.

ART. 8. No member or fellow shall take part in the organization or
business of both sections at the same meeting.

OFFICERS.

ART. 9. The Officers of the Association shall be elected by ballot in
general session from the fellofvs and shall consist of a President, two
Vice Presidents, a General Secretary, a Permanent Sccrctary, a Treas-
urer, a Sccretary of.Section A, and a Secretary of Section B; these, with
the exception of the Permanent Sccretary, shall be elected at each meet-
ing for the following one, and, with the exception of the Treasurer and
the Permanent Sccretary, shall not be reéligible for the next two meet-
ings. The Permanent Secretary shall be elected at each fifth meeting.

ARrT. 10. The President, or, in his absence, one of the Vice Presidents,
shall preside at all general sessions of the Association and at all mectings
of the Standing Committee. It shall also be the duty of the President to
give an address at a general session of the Association at the meeting
following that over which he presided.

ART. 11. The Vice Presidents shall be the presiding officers of Sections
A and B, and of the Sectional Committees, and it shall he part of their
duty to give an address, each before his respective scction, at such time
as the section shall determine. The Vice Presidents may request their
respective scctions to appoint temporary chairmen to>prcsidc over the

sessions of the sections, but shall not delegate their other duties. .

ART. 12. The General Sccretary shall be the Secretary of all general
sessions of the Association, and of all sessions of the Standing Com-
wittee, and shall keep a record of the business of these sessions. He
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shall receive the records from the Secretaries of the Sections, which,
after examination, he shall transmit with his own records to the Perma-
ment Secretary within two weeks after the adjournment of the meeting.
He shall receive proposals for membership and bring them before the
Standing Committee. He shall give to the Secretary of each Section the
list of papers assigned to it by the Standing Committee.

ART. 13. The Permanent Secretary shall be the executive officer of the
Association under the direction of the Standing Committee. He shall
attend to all business not specially referred to committees nor otherwise
constitutionally provided for. He shall keep an account of all business
that he has transacted for the Association, and make annually at the first
meeting of the Standing Committee, a report which shall be laid before
the Association. He shall attend to the printing and distribution of the
annunal volume of Proceedings, and all other printing ordered by the As-
sociation. He shall issue a circular of information to members and
fellows at least four months hefore each meeting, and shall, in connection
with the Local Committee, make all nccessary arrangements for the
meetings of the Association. He shall provide the Seccretaries of the
Association with such books and stationery as may be required for their
records and business, and shall provide members and fellows with such
blank forms as maj be required for facilitating the business of the Asso-
clation. He shall collect all assessments and admission fees, and notify
members and fellows of their election, and of any arrearages. He shall
receive, and bring before the Standing Committee, the titles and abstracts
of papers proposed to be read before the Association. He shall keep an
account of all receipts and expenditures of the Association, and report
the same annually at the first meeting of the Standing Committee, and,
at the close of each year, shall pay over to the Treasurer such unexpended
fands as the Standing Committee may direct. He shall receive and hold
in trust for the Association all books, pamphlcts and manuscripts be-
longing to the Association, and allow the use of the same under the pro-
visions of the Constitution and the orders of the Standing Committee.
He shall receive all communications addressed to the Assoclation during
the interval between mectings, and properly attend to the same. He
shall at each meeting report the names of fellows and members who
have died since the precéding meeting. He shall be allowed a salary
which shall be determined by the Standing Committee, and may employ a
clerk at such compensation as may be agreed upon by the Standing Com-
mittee.
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ART. 14. The Treasurer shall invest the funds received by him in such
sccurities as may be dirccted by the Standing Committee. He shall
annually present to the Standing Committee an account of the funds in
his charge. No expenditure of the principal in the hands of the Treas-
urer shall be made without a unanimous vote of the Standing Committee,
and no expenditure of the income received by the Treasurer shall be
made without a two-thirds vote of the Standlng‘ Committee.

ARrT. 15. The Sccretaries of Sections A and B shall keep the records
of their respective sections, and, at the close of the meeting, give the
same, including the records of subsections, to the General Secretary.
They shall also be the secretaries of the sectional committees.

Anr. 16. In case of a vacancy in the office of the President, one of the
Vice Presidents shall be elected by the Standing Committee as the Presi-
dent of the meeting.  Vacancies in the offices of Vice President, General
Sceretary, Permancut Sceretary and Treasurer, shall be fllled by nomina- -
tion of the Standing Committee and election by ballot in general session.
A vacancy in the office of Secretary of a Section shall be filled by nomi-
nation and election by ballot in the section. ’

Arr. 17. The Standing Committee shall consist of the past Presidents,
the President, the Vice Presidents, the four Secretaries, the Treasurer,
with the above named oflicers of the preceding meeting, and six fellows
elected by ballot after open nomination at the first general session. The
members present at any regularly called meeting of the Committee, pro-
vided there are at least five, shall form a quorum for the transaction of
business. The Standing Committee shall meet on the day preceding
each anuual meeting of the Association, and arrange the programme for
the first day of the sessions. The time and place of this first meeting
shall be designated by the Permanent Secretary. Unless otherwise agreed
upon, regular meetings of the Committee shall be held in the com-
mittee room at 9 o'clock, A.M., on cach day of the meeting of the Asso-
ciation. Special meetings of the Committee may be called at any time
by the President. The Standing Committee shall be the board of super-
vision of the Association, and no business shall be transacted b'y the
Association that has not first been referred to, or originated with, the
Committce. The special husiness of the Committee shall be: to reccive
and assign papers to the respective sections; to examine and, if neces-
sary, to exclude papers; to decide which papers, discussions and other
proccedings shall be published, and to have the general direction of
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the publications of the Association; to manage the financial affairs of the
Association; to arrange the business and programmes for general ses-
sions; to appoint general sessions for the evening; to suggest subjects
for discussion, investigation or reports; to nominate members and
fellows; to reccive and act upon all invitations extended to the Associa-
tion and report the same at a general session of the Association.

Art. 18. The Nominating Committee shall consist of the Standing
Committee, and four members or fellows elected by each of the
sections. It shall be the duty of this Committce to meet at the call of
the President and nominate the general officers for the following meeting
of the Association. It shall also ‘be the duty of this Committee to rec-
ommend the time and place for the next meeting. The Vice Presidents
and Secretaries of the Sections shall be recommended to the Nominating
Committee by sub-committees consisting of the Vice Presidents and
Sceretaries, and the four persons elected by each section under the first
clause of this article. '

MEETINGS.

ArT. 19. The Association shall hold public meetings annually, for one
week or longer, at such time and place as may be determined by vote of
the Association, and the preliminary arrangements for each meeting
shall be made by the Local Committee, in conjunction with the Perma-
nent Sccretary and such other persons as the Standing Committee may
designate.

ArT. 20. General Sessions shall be held at 10 o'clock, A. M., unless
otherwise ordered, on every day of the meeting, Sunday excepted, and
at such other times as may be appointed by the Standing Committee.

SECTIONS AND SUBSECTIONS.

Art. 21, The Assoclation shall be divided into two Scctions, namely :
A (Mathematics, Astronomy, Physics, Chemistry and Mineralogy) and B
(Geology, Zoology, Lotany and Anthropology). Either Section may, at
its pleasure, form temporary or permanent subscctions for the reading of
Papers,

ART. 22, Immediately on the organization of a Section there shall be
three fellows elected by ballot after open nomination, who, with the
Vice President and Seccretary, and the Chairman and Sccretary of the
Subsections, shall form its Scctional Committce. The Secctional Com-
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mittees shall have power to flll vacancies in their own numbers. There
shall be no scctional meeting during a general session.

ART. 23. When any Subsection organizes, it shall elect a Chairman and
Secretary and report the result to the Secretary of its Section. The Scc-
retary of a Subscction shall, at the close of the meeting, transmit his
‘records to the Sccretary of the Section. Any Permanent Subsection may
elect its Chairman for the ensuing meeting.

ART. 24. No paper shall be read in any Section or Subsecction until it has
been placed on the programme of the day by the Sectional Committees.

.

SkcTioNAL COMMITTEES.

ART. 25. The Sectional Committees shall arrange and direct the busi-
ness of their respective sections. They shall prepare the daily pro-
grammes and give them to the Permanent Secretary for printing at the
earliest moment practicable. No titles of papers shall be entered on the
daily programmes except such as have passed the Standing Committee.
No change shall be made in the programme for the day without the
cousent of the Sectional Committee. The Sectional Committees may re-
fuse to place the title of any paper on the programme; but every such
title, with the abstract of the papcr or the paper itself must be returned
to the Standing Committee with the reasons why it was refused.

ArT. 26. The Sectional Committees shall examine all papers and ab-
stracts referred to the sections, and they shall not place on the pro-
gramme any paper inconsistent with the character of the Association;

“and to this end they have power to call for any paper, the character of
which may not be sufliciently understood from the abstract submitted.

PAPERS AND COMMUNICATIONS.

ART. 27. All members and fellows must forward to the Permanent
Sceretary, as early as possible, and when practicable before the conven-
ing of the Association, full titles of all the papers which they propose to
present during the meeting, with a statement of the time that each will
occupy in delivery, and also such abstracts of their contents as will give
a general idea of their nature; and no title shall be referred by the
Standing Committee to the Scctional Committee until an abstract of the
paper or the paper itself has been received.

ART. 28. If the author of any paper be not ready at the time assigned,
the titlc may be dropped to the bottom of the list.
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.
REPORTS OF MEETINGS.

ART. 29. Whenever practicable, the proccedings and discussions at
'genernl sessions, sections and subsections shall be reported by profes-
sional reporters, but such reports shall not appear in print as the official
reports of the Association unless revised by the sceretaries.

PRINTED PROCEEDINGS.

ART. 30. The Permanent Secretary shall have the Proceedings of each
mecting printed in an octavo volume as soon after the meceting as possible,
beginning one month after adjournment. Authors must prepare thelr
papers rcady for the press and forward them to the Permancnt Secretary
within this interval, otherwise only the abstracts or titles will appear in
the printed volumes. The Standing Committee shall have power to print
an abstract only of any paper. Whenever practicable, proofs shall be
forwarded to authors for revision. If any additions or substantial alter-
ations are made by the author of a paper after its submission to the
Secretary, the same shall be distinctly indicated. Illustrations must be
provided for by the authors of the papers, or by a special appropriation
from the Standing Committee. Immediately on publication of the volume,
a cop¥ shall be forwarded to every member and fellow of the Association
who shall have paid the assessment for the mecting to which it relates,
and it shall also be offered for sale by the Permanent Secretary at such
price as may be determined by the Standing Committece. The Standing
Committee shall also designate the institutions to which copies shall be
distributed.

LocaL COMMITTEE.

ART. 31. The Local Committee shall consist of persons interested in
the objects of the Association and residing at or necar the place of the
proposed mceting. It is expected that the Local Committee, assisted by
the officers of the Association, will make all esscntial ar;‘nugcmcnts for
the meeting, and issue a circular giving necessary particulars, at least
one month before the mecting.

LIBRARY OF THE ASSOCIATION.

ART. 32. All books and pamphlets received by the Association shall be
in the charge of the Permanent Secretary, who shall have a list of the
same printed and shall furnish a copy to any member or fellow on appli-
cation. Members and fellows who have paid their assessments in full
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shall be allowed to call for books and pamphlets, which shall be delivered
to them at their expense, on their giving a receipt agreeing to make
good any loss or damage and to return the same frce of expense to the
Secretary at the time specified in the receipt given. All books and pam-
phlets in circulation must be returned at cach meeting, or the value of
any not so returned paid to the Permanent Secretary. Not more than
ten books, including volumes, parts of volumes, and pamphlets, shall be
held at one time by any member or fellow. Any book may be withheld
from circulation by order of the Standing Committce.

ApMISSION FEE AND ASSESSMENTS.

ART. 33. The admission fee for members shall be five dollars in addi-
tion to the aunnual assessment. On the election of any member as a
fellow an additional fee of two dollars shall be paid.

ART. 84. The annual assessment for members and fellows shall be
three dollars.

ART. 35. Any member or fellow who shall pay the sum of fifty dollars
to the Association, at any one time, shall be exempt from all further
assessments, but this payment shall not entitle him to the publications of
the Association, and all money thus received shall be invested as a per-
manent fund, the income of which shall be used only to assist in original
research.

ARrT. 36. All admission fees and assessments must be paid to the Per-
manent Secretary, who shall give proper reccipts for the same.

ACCOUNTS.

ART. 87. The accounts of the Permanent Secretary and of the Treas-
urer shall be audited annually, by two auditors appointed by the Stand-
ing Committee.

ALTERATIONS OF THE CONSTITUTION.

ART. 88. No i)art of this Constitution shall be amended or annulled,
without the concurrence of three-fourths of the members and fellows
present in general session, after notice given at a_general session of a
preceding meeting of the Association.



ORDER OF PROCEEDINGS

IN

ORGANIZING A MEETING.

1. The retiring President introduccs.the President elect, who takes the
chair. .

2. Formalities of welcome of the Association as may be arranged by
the Local Committee.

3. Report of the list of papers on the register and their reference to

the Sections.

. Other reports.

. Announcements of arrangements by the Local Committee.

. Elections to complete the Standing Committee.

. Election of members.

. Elecfion of fellows.

© ® 3NN oo~

. Unenumerated business.
10. Adjournment to meet in Sections.

This order, so far as applicable, to be followed in subsequent General
Sessions.

(xxv)



MEMBERS

OF THE

AMERICAN ASSOCIATION

FOR THE

ADVANCEMENT OF SCIENCE.!

PATRON.

Thompson, Mrs. Elizabeth, Stamford, Conn. (22). (Entitled to annunal
volume.)
.

LIFE MEMBERS ?

Case, Leonard, Cleveland, Ohio (15).

Elwyn, Alfred L., Philadelphia, Pa. (1).

Lyman, Benj. Smith, care Smith, Archer & Co., Yokohama, Japan (15)

Robertson, Thomas D., Rockford, Ill. (10).

Stephens, W. Hudson, Lowville, N. Y. (18). (Entitled to annual volume.)

Vaux, William 8., 1702 Arch St., Philadelphia, Pa. (1). (Entitled to
annaal volume.) .

Warner, James D., 199 Baltic St., Brooklyn, N. Y. (18).

MEMBERS. -

Abbe, George W., 32 East 20th St., New York (23).

Abbot, Miss Elizabeth O., 16 Clark St., Cincinnati, Ohio (20).

Acheson, Edward G., Lock Box 82, Pittsburgh, Pa. (25).

Adcock, Prof. Robert J., Monmouth, Warren Co., Il (21).

Aikin, Prof. W. E. A., Baltimore, Md. (12).
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Niles, Prof. W. H., Cambridge, Mass. (16).

Nipher, Prof. F. E., Washington University, St. Louis, Mo. (24).
Norton, Prof. W. A., New Haven, Cona. (6).

Oliver, Prof. James E., Cornell University, Ithaca, N. Y. (7).

Oliver, Miss Mary E., Cascadilla Hotel, Ithaca, N. Y. (20).

Orton, Prof. Edward, President Ohio Agricultural and Mechanical College,
Columbus, Ohio (19).

Osborne, John W., 212 Delaware Ave., N. E., Washington, D. C. (22).

Osten Sackerr, Baron R., Newport, R. I. (10).

Owen, Dr. Richard, Indiana State University, Bloomington, Ind. (20).

Packard, Dr. A. S., jr., Director Peabody Acad. Scicnce, Salem, Mass. (16).

Paine, Cyrus F., Rochester, N. Y. (12).

Paine, Nathaniel, Worcester, Mass. (18).

Palfray, Hon. Charles W., Sulem, Mass. @n.

Parkhurst, Henry M., Law Stenographer, 33 Park Row, New York (23).

Farry, Dr. Charles C., Davenport, Iowa (6).

Peckham, §. F., University of Minnesota, Minneapolis, Miun. (18).

Pedrick, Wm. R., Lawrence, Mass. (22).

Peirce, B. 0., 413 Broadway, Cambridge, Mass. (18).

Perking, Maurice, Schenectady, N. Y. (15).

Pettee, Prof. William H., Ann Arbor, Mich. @4h.

Phippen, Geo. D., Salem, Mass. (18).

Pickering, Prof. Edw. C., Director of Observatory, Cambridge, Mass. (18). .

Ponrtales, L. F., Kecper Museum Comp. Zoology, Cambridge, Mass. (1).

Powell, Major J. W., 910 M St., Washington, D. C. (23).

Pl't'scott, Prof. Albert B., Ann Arbor, Mich. (23).

Prime, Prof. Frederick, jr., Lafayette College, Easton, Pa. (24).

Pumpelly, Prof. Raphacl, Owego, Tiogza County, N. Y. (17).

Putnam, F. W., Curator Peabody Muscum Archwmology and Ethnology,
Cambridge, Mass. Address as Permanent Sccretary A. A. A. S.,
Salem, Mass. (10).

P&"nchon, Rev. Thomas R., Pres’t of Trinity College, Hartford, Coun. (23).

Qnimhy, Prof. E. T., Hanover, N. H. (22).
Quincy, Edmund, 160 South Market St., Boston, Mass. 1.

Rauch, Dr. John H., Chicago, Il (11).

R:\ymnnd, Rossiter W., 17 Burling Slip, New York (15).

Redﬂcld, John H., care A. Whitney & Sons, Philadelphia, Pa. (1).
R?“‘-“‘“y Prof. Ira, Johns Hopkins University, Baltimore, Md. (22).
R‘f% Prof. Wm. North, Middletown, Conn. (18).

Richards, Prof. Robert H., Mass. Inst. Tech., Boston, Mass. (22).
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Riley, Prof. C. V., St. Louis, Mo. (17).

Rockwell, Joseph P., Creston, Iowa (17).

Rockwood, Prof. Charles G., jr., Rutger’s Coll., New Brunswick, N. J. (20).
Roepper, Charles W., Bethlchem, Pa. (23).

Rogers, Fairman, 202 West Rittenhouse Square, Philadelphia, Pa. (11).
Rogers, Prof. Robert E., University of Penn., Philadelphia, Pa. (18).
Rogers, W. A., Ass’t Harvard Coll. Observatory, Cambridge, Mass. (15).
Rogers, Prof. William B., 117 Marlborough St., Boston, Mass. (1).

Rood, Prof. O. N., New York (14).

Roosevelt, Clinton, 11 Wall St., New York (11).

Ross, Dr. Alexander M., Toronto, Ontario (21).

Runkle, Prof. J. D., President Institute of Technology, Boston, Mass. (2).
Rutherford, Lewis M., 1756 Second Ave., New York (13).

Sadtler, Prof. Samuel P., University of Penn., Philadelphia, Pa. (22).
Safford, Dr. James M., Nashville, Tenn. (6).

Saunders, William, London, Ontario, Canada (17).

Saville, Dr. John J., Sioux City, Iowa (22).

Schott, Charles A., Coast Survey Oftice, Washington, D. C. (8).
Scudder, Samuel H., Cambridge, Mass. (13). *

Sceaman, Wm. H., Microscopist, Agric. Dep't, Washington, D. C. (23).
Shaler, Prof. N. S., Newport, Ky., and Cambridge, Mass. (19).

Sias, Solomon, M.D., Schoharie, Schoharie Co., N. Y. (10).

Sill, IHon. Elisha N., Cuyahoga Falls, Ohio (G).

Silliman, Prof. Benjamin, Yale College, New Haven, Conn. (1).
Silliman, Prof. Justus M., Lafayette College, Easton, Pa. (19). ,
Smith, Dr. J. Lawrence, Louisville, Ky. (1).

Smith, Prof. 8. L, Yale College, New Haven, Conn. (18).

Sncll, Prof. Ebenezer 8., Amherst, Mass. (2).

Spencer, John W., Teacher and Geologist, Paxton, Ind. (20).

Stanard, Benjamin A., Cleveland, Ohio (6).

Stearns, Henry P., M.D., Hartford, Conn. (23).

Stearns, R. E. C., P. O. Box 567, Oakland, Cal. (18).

Steiner, Dr. Lewis H., Frederick City, Md. (7).

Stephens, W. Hudson, Lowville, N. Y. (18). Life Member.

Stetson, Thomas D., Solicitor of Patents, 155 E. 71st St., New York (23).
Stockwell, John N., 579 Case Ave., Cleveland, Ohio (18).

Stone, Mrs. Leander, 1571 Indiana Ave., Chicago, Ill. (22).

Storrs, Henry E., Jacksonville, 1. (20).

Stuart, Prof. A. P. 8., Lincoln, Nebraska. (21).

Swallow, Prof. G. C., Columbia, Mo. (10).

Tappan, Prof. Eli T., Kenyon College, Gambier, Ohio (20).

Terry, Prof. Nathaniel M., U. 8. Naval Academy, Annapolis, Md. (23).
Thompson, Aaron R., 50 West 51st Street, New York (1).

Thurston, Prof. Robert 1., Stevens Institute, Hoboken, N. J. (23).
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Turnbull, Laurence, M.D., 1208 Spruce St., Philadelphia, Pa. (10).
Tuttle, Prof. Albert H., Columbus, Ohio (17).

Uller, Philip R., Baltimore, Md. (19).

Van der Weyde, Dr. P. IL., P. O. Box 4379, New York (17).

Van Vieck, Prof. John M., Middlctown, Conn. (23).

Vaux, William S., 1702 Arch St., Philadelphia, Pa. (1). Life Mcmber.
Verrill, Prof. A. E., Yale College, New Haven, Conn. (16).

Vose, Prof. George L., Bowdoin College, Brunswick, Me. (15).

Wadsworth, M. Edward, Instructor in Mathematics and Mineralogy,
Harvard University, Cambridge, Mass. (23).
Walker, Prof. Joseph B., care Bank of Kentucky, Louisville, Ky. (20).
Walker, Prof. J. R., Napoleon Ave., cor. Coliscum St., New Orleans,
La. (19).

Waller, Elwyn, School of Mines, Columbia College, New York (23).

Walling, H. F., 102 Chauncy St., Boston, Mass. (16).

Ward, Prof. Henry A., Rochester, N. Y. (13).

Warq, Henry D. A., Meteorologist, Middletown, Conn. (23).

Ward, Dr. R. H., 53 Fourth St., Troy, N. Y. (17).

Warner, H. C., West Union, Iowa. (21).

Warner, James D., 199 Baltic St., Brooklyn, N. Y. (18). Life Member.

Warien, Gen. G. K., U.S.A., Engineer’s Otlice, Newport, R. 1. (12).

Warren, Prof. . Edward, Newton, Mass. (17).

Watson, Sereno, Botanic Gardens, Cambridge, Mass. (22).

Webster, Prof. Nathan B., Principal Webster Inst., Norfolk, Va. (7).

Wells, Daniel 1., Rocky Hill, Conn. (18).

Westeott, 0. 8., High School, Chicago, I1L. (21).

Wheatland, Dr. Henry, President Essex Institute, Salem, Mass. (1).

Wheatley, Charles M., Phaenixville, Pa. (1).

Wheildon, W. W., Concord, Mass. (13).

White, Prof. C. A., P. 0. Box 806, Washington, D. C. (17).

Wlhittield, R. P., 173 Elm $t., Albany, N. Y. (18).

Whituey, Solon F., Watertown, Mass. (20).

Whittlesey, Col. Charles, Cleveland. Ohio 1).

Wilber, G. M., Pine Plains, N. Y. (19).

“:ill)nr, A. B., Port Jervis, Orange Co., N. Y. (23).

“'i‘l\k-r, Prof. Burt G., Cornell University, Ithaca, N. Y. (22).

“"4“’)" Prof. Harvey W., Purdue University, La Fayette, Ind. (21).
“'llliatms, Charles 11., M.D., 15 Arlington St., Boston, Mass. (22),
“"!Hi;nns, Prof. Ienry W., 15 Arlington St., Boston, Mass, (11),
Wilson, Prof, Daniel, 117 Bloor St., Toronto, Canada (25.)
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Winchell, Prof. Alex., Nashville, Tenn. (3)

Winchell, Prof. N. H., University of Minnesota, Minneapolis, Minn. (19).

Witter, F. M., Muscatine, Iowa (21).

Woodworth, Dr. John M., U. S. Marine Hospital Service, Washington,
D. C. (17).

Worthen, A. H., Warsaw, Ill. (5).

Wright, Prof. Arthur W., Yale College, New Ilaven, Conn. (14).

Wiirtele, Rev. Louis C., Acton Vale, Province of Quebec, Canada East (11).

Wyckoff, Wm. C., Tribune Oflice, New York (20).

Wylie, Prof. Theophilus A., Indiana University, Bloomington, Ind. (20).

Yarrow, Dr. I. C., care Army Medical Muscum, Washington, D. C. (23).
Youmans, Prof. Edward L., New York (6).
Young, Prof. Charles A., Dartimouth College, Hanover, N. H. (18).

[315 FELLOWS.]

TOTAL NUMBER OF MEMBERS AND FELLOWS, 867,

SUBSCRIBERS TO THE BUFFALO VOLUME.

Rev. W. Alfred Gay, 92 North Washington St., Buffalo, N. Y.
Hampton Dodge, 48 Court St., Buffato, N. Y.

Rudolph Koenig, Ph.D., 30 Rue Hautefeuille, Paris, France.
A. R. Wright, M.D., 162 Pecarl St., Buffalo, N. Y.

‘Abby J. Seymour, M.D., 85 Niagara Square, Buffalo, N. Y.
Young Men's Association, Buffalo, N. Y.

H. T. Buttolph, Buftulo, N. Y.

C. C. Merriman, Rochester, N. Y.



MEMBERS ELECTED

AT

BUFFALO MEETING.

One hundred and forty-six members were elected at the Buffalo Mcet-
ing. Of these one hundred and seventcen have paid the admission fee
and assessment for the meeting, and their names have been incorporated
in the list of Members. The following have not yet replicd to the notifi-
cations sent to them:

Bfown, Prof. W. Le Roy, Vanderbilt University, Nashville, Tenn.
Bush, John J., Clifton, Canada.

Calthrop, Rev. S. R., Syracuse, N. Y.

Farr, A. G., Columbus, Ohio.

Fletcher, Rev. Luther L., D.D., 263 Pearl St., Buflalo, N, Y.
Foster, William Edwards, Buffalo, N. Y.

Green, Lt. Commander F. M., U.S.N., Washington, D, C.

Hensel, Martin, Columbus, Ohio.

Holmes, Frank, Kingston, Mass,

Hovey, W. A., Ed. * Boston Evening Transcript,” Boston, Mass.
Kedzie, Prof. Wm, K., Kunsas Agricultural College, Manhattan, Kansas.
Poor, 1. V., Brookline, Mass.

Postell, James, St. Simon’s Island, Bruns“ld\ Ga.

Powers, Stephen, Waterford, Washington Co., Ohlo.

Shumway, Dr. Thomas D., Plymouth, Mass.

Silliman, Wyllis A., 3 Divinity Hall, Cambridge, Mass.

Smith, Alfred W., Adrian, Mich.

Thompson, A. II., Washington, D. C,

Ufford, H. P., Chillicothe, Ohio.

Venable, Prof. Charles, University of Virginia, Charlottesville, Va.
White, Prof. Henry C., University of Georgia, Athens, Ga.

White, Prof. I. C., Morgantown, W. Va.

Wilkinson, Russell, Box 189 I’. O., Toronto, Canada.

Zalinskl, Lieut. E. L., U. S. Army, St. Augustine, Fla.
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DECEASED MEMBERS.

[Information respecting omissions in this list, and the date of birth and of decease
of any of the former members, is requested by the Yermanent Secretary.]

Abert, J. J., Washington, D. C. (1).

Adams, C. B., Amherst, Mass. (1).

Adams, Edwin F., Charlestown, Mass. (18).

Agassiz, Louis, Cambridge, Mass. (1).

Alnsworth, J. G., Barry, Mass. (14).

Allston, R. F. W., Georgetown, S. C. (8).

Anthony, Charles H., Albany, N. Y. (6). b
Ames, N. P., Springfleld, Mass. (1).

Appleton, Nathan, Boston, Mass. (1).

Bache, Alexander D,, Washington, D. C. (1).
Bache, Franklin, Philadelpbia, Pa. (1).
Bailey, J. W., West Point, N. Y. (1).
Barrett, Moses, Milwaukee, Wis. (21).
Beck, C. F., Philadélphia, Pa. (1).

Beck, Lewis C., New Brunswick, N. J. (1).
Beck, T. Romeyn, Albany, N. Y. (1).
Benedict, G. W., Burlington, Vt. (16).
Bicknell, Edwin, Boston, Mass. (18).
Binney, Amos, Boston, Mass. (1).

Binney, John, Boston, Mass. (8).
Blanding, William, R. I. (1).

Blatchford, Thomas W., Troy, N. Y. (6).
Blatchley, Miss S. L., New Haven, Conn. (19).
Bomford, George, Washington, D. C. (1).
Bradley, Leverette, Jersey City, N. J. (15).
Braithwaite, Jos., Chambly, C. W. (11).
Brown, Andrew, Natchez, Miss. (1).
Burnap, G. W., Baltimore, Md. (12).
Burnett, Waldo 1., Boston, Mass. (1).
Butler, Thomas B., Norwalk, Conn. (10).

m
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Carpenter, Thornton, Camden, 8. C. (7).
Carpenter, William M., New Orleans, La. (1).
Case, William, Cleveland, Ohio (6). C
Caswell, Alexis, Providence, R. I. (3).
Chapman, N., Philadelphia, Pa. (1).

Chase, 8. Dartmouth, N. H. (2).

Chanvenet, William, St. Louls, Mo. (1).
Clapp, Asabel, New Albany, Ind. (1).
Clark, H. J., Cambridge, Mass. (18).
Clark, Joseph, Cincinnati, Ohio (5).
Clarke, A. B., Holyoke, Mass. (13).
Cleaveland, A. B., Cambridge, Mass. (2).
Cleaveland, C. H., Cincinnati, Ohio (9).
Cofin, James H., Easton, Pa. 1.
Cole, Thomas, Salem, Mass. (1).
Coleman, Henry, Boston, Mass. (1).
Cooper, Willlam, Hoboken, N. J. (9).
Corning, Erastus, Albany, N. Y. (6).
Couper, J. Hamilton, Darien, Ga. (1).
Crosby, Alpheus, Salem, Mass. (10).
Crosby, Thomas R., Hanover, N. H. (18).
Croswell, Edwin, Albany, N. Y. (8).

Curry, W. F., Geneva, N. Y. (11).

Dayton, Edwin A., Madrid, N. Y. (7).
Dean, Amos, Albany, N. Y. (6).

Dearborn, George H. A. 8., Roxbury, Mass. (1).
Dekay, James E., New York (1).

DeLaski, John, Carver’s Harbor, Me. (18).
Dewey, Chester, Rochester, N. Y. (1).
Dexter, G. M., Boston, Mass. (11).
Dillingham, W. A. P., Augusta, Me. (17).
Doggett, Wm. E., Chicago, Ill. (17).
Doolittle, L., Lenoxville, C. E. (11).
Ducatel, J. T., Baltimore, Md. Q).

Duffield, George, Detroit, Mich. (10).
Dumont, A. H., Newport R. I. (14).
Duncan, Lucius C., New Orleans, La. (10).
Daunn, R. P., Providence, R. I. (14).

Easton, Norman, Fall River, Mass. (14).

Ely, Charles Arthur, Elyria, Ohio (4).
Emmons, Ebenezer, Willlamstown, Mass. (1).
Engstrom, A. B., Barlington, N. J. (1).
Everett, Edward, Boston, Mass. (2).

Ewing, Thomu, Lancaster, Ohio (5)-
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Ferris, Isanc, New York (6).
Feuchtwanger, Lewis, New York (1 ).
Fillmore, Millard, Buffalo, N. Y. (7).
Fisher, Mark, Trenton, N. J. (10).
Fitch, Alexander, Hartford, Conn. (1).
Forbush, E. B., Buffalo, N. Y. (13).
Force, Peter, Washington, D. C. (4.)
Foster. J. W., Hyde Park, Chieago, Il (1).
Founcon, Felix. Madison, Wis. (18).
Fowle, Wm. B., Boston, Mass. (1).
Fox. Charles, Grosse Ile, Mich. (7).
Frazer, John F., Philadelphia, Pa. (1).
French, J. W., West Point, N. Y. (11).

Gavit, John E., New York (1).

Gay, Martin, Boston, Mass. (1).

Gibhon, J. H., Charlotte, N. C. (3).
Gillespie, W. M, Scheneetady, N. Y. (10.)
Gilmor, Robert, Baltimore, Md. (1).
Gould, Augustus A., Boston, Mass. (11).
Gould, B. A., Boston, Mass. (2).

Graham, Junes D., Washington, D. C. (1).
Gray, Alonzo, Brooklyn, N. Y. (13).

Gray, James H., Springficld, Mass. (6). |
Greene, Benjamin 1), Boston, Mass. (1).
Greene, Everett W., Madison, N. J. (10).
Greene, Samucl, Woounsocket, R. L. (9).
Greer, James, Dayton, Ohio (20).

Grifith, Robert E., Philadelphia, Pa. (1).
Griswold, Jolm A., Troy, N. Y. (19).
Guest, William E., Ogdensburg, N. Y. 6).

Hackley, Charles W., New York (4).

1lale, Enoch, Boston, Mass. (1).

Hance, Ebenczer, Fallsington 1. 0. Pa., (7)-
Ilare, Robert, Philadelphia, Pa (11).
Harlan, Joseph G., Haverford, Pa. (8).
Harlan, Richard. Philadelphia, Pa. (1).
Harris, Thaddeus W., Cambridge, Mass. (1).
Havrison, Jos., jr., Philadelphia, Pa. (12).
Hart. Simcon, Farmington, Coun. (1).
Haven, Joseph, Chicago, 11l (17).

Hayden, H. H., Baltimore, Md. (.
Hayward, James, Boston, Mass. (1).
Hilgard, Theo. C., St. Louis. Mo. (17).
Hickox, S. V. R., Chicago, Ill. (17).
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Hincks, William, Toronto, C. W. (11).

Hitebeock, Edward, Amherst, Mass. (1).

Holgzson, W. B., Savannah, Ga. (10).

Hibrook, J. E., Charleston, 8. C. (1).

Hopkins, Albert, Williamstown, Mass. (19).
Hopkins, James G., Ogdensburg, N. Y. (10).
Hopkins, T. 0., Williamsville, N. Y. (10).
Hosford, Benj. F., Haverhill, Mass. (13).
Horton, (. V. R., Chaumont, N. Y. (190).
Hﬂrton, William, Craigville, Orange Co., N. Y. (1).
Houghton, Douglas, Detroit, Mich. (1).
Howland, Theodore, Buffalo, N. Y. (15).
Hubbert, James, Richmond, Province of Quebec (16).
Hunt, E. B., Washington, . C. (2).

Huut, Freeman, New York (11).

Ives, Moses B, Providence, R. 1. (9).
Ives, Thomas P., Providence, R. I. (10).

Johnson, W. R., Washington, D. C. (1).
Jones, Catesby A. R., Washington, D. C. (8).

Keep, N. C., Boston, Mass. (13).

Kennjeott, Robert, West Northfleld, Til. (12).
Ing | Mitchell, Charleston, S. C. (3).
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Lapy am, Increase A., Milv aukee, Wis. (3).
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AS 1, Edward, Willlamstown, Mass. (1).
Lanw ford, Frederick, Montreal, Canada (11).
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Lyon, Sidney §., Jeffersonville, Ind. (20).

Maack, 6. A., Cambridge, Mass. (18).
Mahan, D. H., West Point, N. Y. (9).
Marsn, Dexter, Greenfleld, Mass. (1).
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Sullivant, W. S., Columbus, Ohio (7).

Tallmadge, James, New York (1).
Taylor, Ricbard C., Philadeiphia, Pa. (1).

€8chemacher, J. E., Boston, Mass. (1).

hompson, Alexander, Aurora, N. Y. (6).
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Olderoy, James B., Fredericton, N. B. (11).
Orrey, John, New York (1).

Torrey, Joseph, Burlington, Vt. (2).
Toten, J. G., Washington, D. C. (1).
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Webster, M. H., Albany, N. Y. (1).

Weed, Monroe, Wyoming, N. Y. (6).
Weyman, G. W., Pittsburg, Pa. (6).
Wheatland, Richard I., Salem, Mass. (13).
Whitman, Wm. E., Philadelphia, Pa. (23).
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Dr. JULIUS E. HILGARD,

THE RETIRING PRESIDENT OF THE ASSOCIATION.

GENTLEMEN AND LADIES OF THE AMERICAN ASSOCIATION FOR
THE ADVANCEMENT OF SCIENCE:—

IN availing myself of the privilege accorded by the custom of
the Association to its President of the preceding year, of making
& general address, I cannot but feel a strong temptation, under
the influence of the Centennial year of the Republic, to attempt a
general review of the progress of science during the past century.
The genius of the year is that of retrospective contemplation, of
Comparison of the past with the present, not unaccompanied with
2 justifiable sense of satisfaction at the evidences of real advance.
. Mluch has been said and written on the progress of the nation
In polity, in wealth, in the arts, and in science. The Centennial
Teviews, published in several of the leading popular periodicals,
have sketched with more or less detail the history of scientific de-
Velopment in this country, but there still seems to remain room
foi‘ a philosophic appreciation of the change that has been wrought

N the dominant modes of thought in the different branches of
h‘l.man knowledge. The occasion invites the attempt to trace

Critically the steps by which the science of pure mathematics,

A. A A8, YOL. XXV. 1
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having perhaps exhausted the methods within the range of the
material world, has sought a new field of activity in investigating
the properties of magnitudes inconceivable to the human mind as
at present constituted, sueh as space of five dimensions, while
the application of the previously developed mathematical modes of
thought to the problems of the forces of nature has immensely
aided the appropriation of those forces to the practical uses of
man: to follow the influence which the principle of the conserva-
tion of force, recognized ages ago in the philosophic axiom that
cause and etlect are equivalent, but a hundred years ago still stand-
ing applied only to the doctrine of mass-motion, has exercised
upon modern modes of thought, as the basis of the correlation of
forces, the fruitful principle by which all phenomena of molecular
force,—light, heat, electricity, galvanism and maguetism,— are
reduced to the common idea of some mode of motion, convertible
one with another and with mass-motion :

In Chemistry, to show how the same fundamental idea has led
us from the crude conceptions of phlogiston and anti-phlogiston,
of free and latent Caloric, to the acceptance of the energy of
molecular motion as the condition of chemical combinations, or,
as we should now say, the association or dissociation of ditterent
molecules :

In Geology, to illustrate how vague notions of cataclysms, up-
heavals and submergences, imagined to explain observed plen-
omena, but without assignable cause, have, under the influence of
the same potent demand for balancing the debit and credit account
of the forces invoked, given way to the research and discrimina-
tion of effects of recognized and enduring causes, acting slowly
but ceaselessly ; so slowly that the astronomical evidence of cos-
mical changes lras been called in to account for even that very re-
cent and superficial change, the glacial period :

To contrast, further, in the study of organic nature, the crude
categories formed an hundred years ago on external resemblances
with the classifications of to-day, based upon the most careful
observation of genetic differences: and, last in logical sequence,
but of the first importance in our day, to appreciate philosophically
the progress in the doctrine of evolution, as it is called by its
votaries, or the natural history of creation—as may be better
understood by many of my hearers—these subjects present them-
selves forcibly to my mind.
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But I am warned by this very brief recital of the broadest
division of the subjects that would necessarily be treated of in a
general review of the progress of Science during the past century,
that a satisfactory treatment of the questions put, even from an
individual point of view, is hardly possible within the limits of an
address suitable to this occasion, assuredly not within the power
of him who addresses you. It will be far wiser to confine myself
to a recital of the progress in that department of applied Science
to which my attention has mainly been given for many years — that
of Geodesy, the study of the form of our globe, and that of
Topography, the mapping of the land.

In treating of this subject my aim will be to lay before you in a
succinct manner what has been done, and what is now being done
in various countries toward the accurate admeasurement of the
earth’s dimensions and the delineation of its surface.

Geodesy in any exact sense falls quite within the period of 100
years—although some of the most important geometric principles
had been developed, as usual in the progress of science, a century
in advance of their application to practice.

The first accurate measurement was made in France, in 1699,
by Picard, who first applied telescopes to astronomical obser-
vations of position, in the measurement of an arc of the meridian
between Malvoisin and Amiens, which operation furnished to
Newton the data for the demonstration of the law of gravita-
tion. In that era, under the intelligent auspices of Louis XIV,
the French continued to lead in geodesic operations, and in con-
nection with the trigonometrical survey of France, three arcs were
measured by the two Cassini (1683-1700) between Bourges, Paris,
Amiens, and Dunkirk, by trigonometrical operations, avowedly
for the purpose of determining the figure and magnitude of the
earth.

While such measurements, taken in middle latitudes, would well
serve to determine the average diameter of the earth, they could
throw but little light on the question of its ellipticity, which can
be derived only from arcs measured in widely different latitudes.
From theoretical considerations, supported by the pendulum
observations of Huyghens and Richer, Newton had concluded the
polar axis of the earth to be between 1:180 and 1:500 less than
its equatorial diameter, while Cassini’s measures indicated a slight
excess of the polar axis. In order to settle this question, the
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French determined to measure arcs of the meridian near the
equator and near the pole, in addition to those situated within
their own country. Accordingly, about 1740, three degrees were
measured in Peru, near the equator, by Bouguer and LaCondamine,
and a corresponding arc in Lapland, near Tornea, by Maupertuis
and Clairaut. The results of these operations showed a flattening
at the pole of between 1:200 and 1:300, and first established
the fact of the spheroidicity of the earth.

Since that time all civilized nations have been engaged in
making geodesic surveys of their territories, either with the direct -
object of measuring arcs of the meridian, or of a parallel of lati-
tude, for the determination of the elements of the earth’s figure,
or else in connection with a complete trigonometrical survey of
their respective countries.

In every instance, as might be supposed, the utilitarian part of
the work took precedence in time. The land was surveyed in
order that the boundaries of property might be accurately defined,
and that taxes might be levied upon it. For these purposes very
simple gecometry, and plane surveying, was quite suflicient, but
when the attempt was made to fit such individual surveys together
so as to form the map of a county or of a province, it was found
that they could not be fitted accurately, because a plane cannot be
truly applied to the surface of a sphere. A trigonometrical frame-
work had therefore to be constructed, which could be adapted to
the earth’s figure by frequent reference to the true north and by
observations of latitude, and into which the detailed surveys could
be fitted without sensible error.

France was the first country that covered its entire territory
with a trigonometrical network as the basis of general map, and
the great map of France, published on scale of 1: 80,000, or about
three-quarters of an inch to the mile, is a monument of which that
nation may well be proud. It is true that more perfect methods
of representation have since been developed, especially in the
matter of orography, or the representation of elevations and de-
pressions, which in the original surveys of France were simply
sketched upon the plan by shade-lines or hachures, while at pres-
ent the system of horizontal contours, or lines of equal elevation,
at regular differences of height is the only accepted method of
representing the configuration of the surface; but France has not
failed to supplement her ancient work in all particulars in which a
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greater precision seems now to be desirable than was aimed at
more than a century ago, and the Tecent additions to the map of
France are more and more brought up to our own day, both in the
representation of orography and in the addition of modern detail,
such as railroads and their appurtenances.

More familiar to the American, than that of France, is the great
triconometrical survey of Great Britain, commonly called the
“Ordnance Survey,” because it was first conducted by the Ord-
nance Department of the War Office, although it has long been
under the direction of the Royal Engineers. This survey has
covered the whole of the British Isles with a frame-work of trian-
gulation, which serves as the basis of a map surveyed in far
greater detail than that of France. The triangulation itself is
composed of several successive schemes of different magnitude ;
first that of the longest sides that the surface of the country would
afford, so as to permit a framework of the least possible number
of links, and therefore of the greatest accuracy, upon which are
based the positions of successively derived points, until there is
as nearly as practicable some point trigonometrically determined
in every square mile. Much of this work, however, is, as in
France, superimposed upon the earlier and less elaborate scheme.
The work was begun by making a map of England on a scale of
one inch to the mile, but before this was completed the advantage
of a detailed map and the insufficiency of its scale had been so
fully recognized, that a re-survey on a scale of six inches to the
mile, or about 1: 10,000 of the natural size, was ordered, and the
survey of Ireland was actually commenced, and has since been
completed on that scale. It so happened that some years since
Ireland was of the three realms the best represented on the maps,
whatever it might be in Parliament. Since that time, however,
the survey of the whole of Great Britain has been nearly com-
pleted, and the survey oflice at Southampton is busily engaged in
publishing the results. In the publication on the scale of one
inch to the mile England and Wales are represented on 110 sl‘leets.
Scotland on 120 and Ireland on 205 sheets. The maps of England
and Ireland are completed. Scotland is about half done. The
larger towns are scparately published on scales varying from 100
to 200 feet to the inch.

We may look upon these maps of Great Britain as the exponent
of what is achieved by a complete topographical survey of a
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country, and for this purpose we will review them somewhat in
detail. If I had them here it would, of course, be impossible for
you to see them, and I must still address myself to your mental
conception as best I may ; but to those who visit the International
Exhibition at Philadelphia, I would say, do not fail to go and see
the ordnance maps of Great Britain, as well as those of Switzer-
land, Sweden, Norway, and others. I am sure you will be con-
vinced that we, as a nation, do also want to construct a complete
map of our own country.

The map of Great Britain, then, consists in the first instance
of the original sheets, about two by three feet in size, giving the
plan of a corresponding area on a scale of six inches to the mile.
Each chart shows the roads, houses, fences, brooks, woods,
meadows, fields, copses and every natural and artificial surface
detail that has any permanence or is sufliciently large to be secen
on the scale of representation. In addition to this, there are
numerous elevations marked along the roads and in the fields, all
of them determined by actual spirit-levelling, and several points
are marked that have been determined trigonometrically and in ref-
erence to which all the superficial detail has been located. Such
a map contains all the geometric information that the owner of
the property can want for his own uses, or that the Commonwealth
can want in regard to the same in distances, areas, slopes, points
of reference by means of which any new sub-divisions of the land,
" roads or buildings can be accurately laid down, and the data
requisite for planning improvements and estimating their cost.
One feature is wanting, which the Swedish maps have, namely, a
representation of the quality of the soil.

These maps are reproduced on the original scale, for the use of
the inhabitants, in limited number to suit each case, by a process
of photo-zincography, and the copies are sold at a shilling apiece,
which covers the cost of reproduction, on the average. Moreover,
a reduced map is engraved on copper in the very highest style of
art, on a scale of one inch to the mile, somewhat larger than the
scale of the map of France before spoken of. These maps, each
sheet comprising about sixteen sheets of the former, still contain
the same information, but presented to the eye in a more compre-
hensive form, although not with the precision of measurement that
the larger scale affords. They serve for all purposes of adminis-
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tration, for engineering .plans, for the mapping of geological
features, or any statistical facts.

Is a new road in question? It is at once planned on the map
and can be laid out by reference to the station points. Does a
town want a water supply? Without spending a penny for a
survey, an expert can at once determine the possibility from the
Ordnance map, and make an approximate estimate of the cost.

But I need not multiply illustrations to show the advantage of
a perfect map. That a nation needs to know all the particulars
of its domain, as a good housewife knows her chambers and clos-
ets, is too obvious to require demonstration.

Continuing our review of the surveys of other European coun-
tries, we will next turn our attention to Switzerland, the confor-
mation of which taxes most severely the methods of topographical
representation, while its triangulation is comparatively easy. It
has been completely surveyed under the auspices of the Federal
government, and is represented in an atlas of twenty-five sheets,
on a scale of 1:100,000, published between 1842 and 1860. There
is also a general map in four sheets, and since 1871 the original
sheets on a scale of 1: 25,000 are commenced to be published with
the introduction of colors, brown for the contour lines and blue
for water, while the general plan is black. These maps are a
treasure of excellent topography, in which scientitic knowledge,
eminent taste and artistic skill are blended in a work which gives
equal satisfaction to the geographer and to the artist.

In conmnection with the triangulation, numerous determinations
of azimuth, latitude and longitude have been made, and an ex-
tended network of exact leveling has been executed, affording
precise points of reference for the altitiddes obtained by trigono-
metrical leveling. These levels of precision, in a country of so
excessively broken surface as Switzerland, have given rise to an
interesting discussion as to the effect of local attraction on the
surface of equilibrium. In conncction with the same, observations
on the force of gravity, by means of the pendulum, have also been
made at numerous points, and the comparative observations at
Geneva and on Mt. Righi are a model of experimental work.

In the various states of Germany, detailed topographical sur-
veys, based upon trigonometrical frameworks, and in general ex-
ecuted in commendable style, were accomplished during the first
half of the century, bnt owing to the division of the country into
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small independencies, they show a great variety as to method and
scale. Among the best in style are the maps of the former Elec-
torate of Hessia, surveyed on 1:25,000, published on 1:50,000,
engraved on stone, forty sheets, and those of Bavaria, on like
scales, engraved on copper, in 112 sheects.

In Prussia the surveys are made on 1:25,000 and the maps
published on 1:80,000 for Prussia proper and the Eastern prov-
inces ; the Rhenish provinces are published on 1:100,000 to match
the map of France.

Since the reconstitution of the German Empire a scheme for a
general map on a uniform scale has been determined on, and the
publication of the original maps has been commenced. But sev-
eral years previous to the political unification a scientific union had
been effected, which, under the name of the Central European
Geodesic Association, undertook to. supply the trigonometrical
links requisite for uniting the geodesic surveys of all countries
adjoining Germany—the heart of Europe—to remeasure base-
lines by a common standard, to make the requisite astronomical
determinations of azimuth, latitude and longitude,—in brief, to
complete the geodesic network of Central Europe with a degree of
precision commensurat® with the present state of science. Besides
the immediately contiguous nations, Scandinavia, Italy and Spain
have fallen into line. France last of all; only Great Britain, with
characteristic conservatism, still holds back from a scheme which
she did not originate. The annual reports of that Association are
among the most important contributions to science, of our day.
National and personal emulation constitute a stimulus which is
wanting when in any one country some interest has passeJ into
the hands of the select. We all need a thorn in our flesh, to pre-
vent us from taking life too easy.

But to proceed with our review :

The survey of Belgium, like its National autonomy, is of recent
origin, but is progressing in a way fully up to the advanced re-
quirements of the day. The Netherlands have a good map of
their territory, published (1850-64) in sixty-two sheects; scale
1:50,000. The Dutch maps of Java, printed in colors, are ad-
mirable specimens of cartography.

Austria is well up to the times in her work on the German prov-
inces, while in Hungary and the Slavonic dependencies the work
is far behind in date, and in its quality is to be classed rather as
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a reconnaisance for military purposes, than as an exact topograph-
ical survey — always based, however, on a good trigonometrical
framework ; and doubtless all is done that the present occasion
calls for,

In Italy the want of pohtlcal unity has until very lately pre-
vented any concerted action, and while science has not been
aslecp, its practical applications to the needs of the common
interest have been awaiting the regencration of the nation.

In the former Austrian provinces good surveys have been made
and published. The power that has reunited Italy has shown its
intellectual title to the crown by maintaining territorial surveys
of Piedmont and Sardinia, while all the rest slept — the pontifex
maximus himself forgot his original function.

Spain shows its revival not more brilliantly in any other branch
of public life than in its great trigonometrical and topographical
survey, Taking advantage of all preceding experience, the work
but recently commenced stands in the very front rank of similar
enterprises ; both as to rapidity of execution by judicious organi-
Zation and quality of results. Some of the methods devised and
Practised for the prosecution of the trigonometrical survey are
recognized in Europe as establishing the highest grade of accu-
Tacy yet attained and the published maps — but few in number as
Jet—will be readily admitted as having dealt more successfully
With the difticulty of representation by successive printings in
color than any heretofore attempted.

Of Portugal we have a very creditable map for military pur-

Poses, but insufficient for industrial or scientific demands.

Denmark, with a flat and limited territory, has developed the
Tpresentation of surfaces of small incquality of height with great
ficcess. For minute detail and expression of surface-quality the

Anish maps excel all others, not being hampered by shading of
Slopes.

Sweden and Norway are covered by a good framework of tri-
ingulation, the topographical surveys are well advanced and the
Pllbhcatlon of maps is keeping progress. These maps are printed
in colors and are notable for expressing general distinctions of
%il for economic purposes.

Russia (in Europe) is being surveyed on a general plan of 1}
inches to the mile for average country, half that scale for level
Cuntry such as the prairies of the Don and twice as large for
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densely settled townships. Much energy and skill is devoted to
the publication of the maps, which are not far behind the best
examples of other nations, notwithstanding the vast extent of
territory and sparseness of population. The trigonometric work,
while it does not quite meet the latest demands of precision, is
fully equal to the average standard, and its meridional arc of more
than 25° is a most important contribution to pure geodesy.

Such is a brief recital of the work of geodesy and topography
done in Europe by the civilized nations of the earth. But before
I can pass to the review of what we are doing ourselves, I must
mention the stupendous work accomplished in India by our elder
cousins, those British— who have covered the country by a tii-
angulation extending from Cape Comorin to Kashmir, from the
Indus to the Irawaddy, have added 21° to the meridional measure-
ments, and have made such progress with the topography as the
needs of the country warrant.

They have, moreover, measured an arc of 4° northwardly from
the Cape of Good Hope, part of which had been previously meas-
ured by the French with less adequate means.

Turning now to our own country, we find in comparison with
the older countrics of Europe, a great want of accurate topo-
graphical and even of geographical information. It may be said
that for most of the states the information requisite for construct-
ing a true plan, on even so small a scale as ten miles to the inch
does not exist. In the attempt to put together the local plans of
townships and counties, irreconcilable ditferences, often amounting
to several miles, are encountered. The accepted geographical
positions of capitals are found greatly in error when determined
by accurate means. A river boundary such as the Ohio when
drawn from the data available for one state will differ widely from
that constructed for an adjoining one. The commonwealth of
Massachusetts forms the only exception to this state of things,
having forty years since provided a trigonometrical framework for
its territory. The topography, however, was compiled from the
town plots, and the State map is, therefore, very deficient in its
surface representation. A movement is now making to supply an
adequate topographical representation. ‘

The so-called survey of our public lands is a mere parcelling
out of properties for sale, and from the nature of the methods em-
ployed, cannot form the basis of a correct map, but it must be
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admitted, answers well and cheaply the primary purpose of divid-
ing up the land for occupancy. .

It is to the extension of our Coast Survey into a trigonometrical
survey of the whole country that we must look for the basis of a
correct and complete map of the United States. Whatever meas-
ure of detail may be left to the choice of the several states, uni-
formity of plan, unity of precision, equal participation in advan-
tages obtained at the common charge, —in short, national unity,
demands that the general framework of our country’s map should
be made by a national organization. We have seen that all civil-
ized nations have found it to their advantage to possess an accu-
rate map of their domain; we certainly cannot long remain be-
hind. Our territory is so extensive, so unequally settled, so
varied in economic value, as to require the most careful adaptation
of method in different localities. This can only be done by en-
trusting the whole matter to an organization especially provided
for the purpose, and composed of persons trained to that partic-
ular duty.

I may freely assume that the Association is well acquainted with
the geodesic and geographical work in progress in this country —
not only that of the Coast Survey, with its extension across the
continent, to connect the two oceans and the authorized spreading
over those states that provide for their topographical or geological
surveys, and its younger sister, the survey of the Great Lakes,
which is conducted on the same scientific principles, although
under a different administration,— but also with other works of a
similar character, but in which exactness is a less dominant fea-
ture, such as the geological survey of California, with its admi-
rable general topography, with the explorations of the forticth
parallel, the geological examinations of the territories and the
military explorations of the same.

I need not detain you by endeavoring to assign to each its spe-
cific value ; suflice it'to say that they are all timely and well done
according to their requirements, and give the information immedi-
ately required for the development of the country.

You will, however, be pleased to have some account of the
effect of a recommendation made to Congress by this Association,
many years ago, in regard to the extension of the triangulation
made for the survey of the coast into the interior of the country,
as a basis of more accurate maps than we now possess. Twenty
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years ago it was not unusnal for the members of the Association
to ask at the hands of their elder brethren reports on special sub-
jects, setting forth the actual condition of our knowledge and
defining the questions next before us—a custom which it would
be well to revive.

A committce of twenty members, appointed in that way eigh-
teen years ago to report on the progress of the Coast Survey,
recommended the continuation of the primary triangulation along
the Appalachian mountain chain, from Maryland to Alabama, and
thence to the Gulf coast, not only as a proper part of the survey
of the coast, necessary to rectify the innumerable small steps of
the circuitous survey along the low southern coasts by a direct
chord of great strength, but also as affording to the states trav-
ersed by that main chain of triangles the basis for exact local
surveys.

The importance of this recommendation being recognized by
the Government, the work was undertaken soon after the war,
and is now well advanced. Moreover, the eminent geometer to
whose lot it fell to carry those views into effect, also obtained the
assent of Congress to a system of trans-continental triangulation,
connecting the surveys of the Atlantic and Pacific coasts, and
furnishing to the intermediate states the advantages of a trigo-
nometrical back-bone for their state surveys.

Let us all use our influence to have this plan steadily pursued,
and we may feel assured that in due time the great American
nation will have a map of its domain not inferior to any in the
world.

Science demands more especially the contribution of the large
arcs, both in latitude and longitude, which it is our province to
measure. The Coast Survey has incidentally added its share, and
is even now nearly ready to furnish much more, but we must not
anticipate.

The latest general combination of the prindipal meridional arcs
herctofore measured, with a view to the determination of the figure
of the earth, has been made by Clarke, of the British Ordnance
Survey. Ilis computation, published in 1866, does not comprise
the results of American measures, which were only published in
1868 ; but these so closely agree with the general result that their
introduction would not materially modify the elements. It is
based, like all previous discussions, upon the supposition that the
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uncertainty of the measured lengths of the arcs is extremely small,
compared with that of their amplitudes or ditferences of latitude ;
since the latitudes are affected by the irregularities of local at-
traction to an amount generally between one and two seconds of
an arc, attaining in mountainous regions even ten seconds. Sta-
tions exhibiting extraordinary discrepancies in latitude are, of
course, excluded from the discussion, which was preceded by a
minute comparison of all the standards of length that had served
in the several operations. The following arcs, entitled to equal
consideration by their superior precision, have entered into the
comparison: 1. The French arc, from Formentera (lat. 33° 407)
to Dunkirk (lat. 51° 02’), having an amplitude of 12° 22/, and
comprising six latitude-stations. 2. The British are, from Green-
wich (lat. 51° 28’) to Saxavord (lat. 60° 49’), amplitude 9° 21/, with
six latitude-stations. 3. The Indian are, between Punnae (lat. 8°
10y and Koliana (lat. 29° 31'), amplitude 21° 21/, with eight lati-
tude-stations. 4. The Russian arc, from Staro Nekrassowka (lat.
45° 20’) to Fuglenoess (lat. 70° 407), amplitude 25° '20’; thirteen
latitude-stations. 5. The Cape of Good Hope arc, from North
End (lat. 29° 44") to Cape Point (lat. 34° 21'), amplitude 4° 37
five latitude-stations. 6. The Peruvian arc, from N. lat. 0° 02’ to
§. lat. 3° 4/, amplitude 8° 06’; two latitude-stations. These six
groups, aggregating an arc of over 78° and comprising forty lati-
tude-stations, when treated with reference to a spheroid of revolu-
tion, yield the following results :

Equatorial semi-axis = 20.926,060 feet = 6,378,206 metres.
Polar semi-axis = 20,853,120 ¢ = 6,356,534 ¢
Ellipticity = 1:205.

When the latitudes of the several stations are computed from
the mean of each arc upon these elements, the difference between
the computed and observed latitudes is on the average 17+8, a de-
gree of discordance fairly ascribable to local deviations of the
plumb-line. A quadrant of the meridian of the above spheroid
is equal to 10,001,887 metres, showing that the metre falls short
of its presumed value by its 1-5300th part, equivalent to about
one foot in a mile.

The same data, treated with reference to an ellipsoid of three
axes, indicate an ellipticity of the equator of 1:3270, while the
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average error of the latitudes is reduced to 17:4. This better
representation of the observations by the assumed figure corre-
sponds, however, only to the introduction of three, instead of two,
unknown quantities into the problein, and furnishes no evidence
that there is really a general ellipticity of the equator. Such a
conclusion could only be reached by the evidence of many more
arcs measured near the equator, in ditferent longitudes, than we
now possess.

Since the U. S. Coast Survey arcs, from Mt. Blue in Maine to
Nantucket (1868), and from the head of Chesapeake Bay to Ocra-
coke, N. C. (1875), comprising 8° and swelling the aggregate to
84° of latitude, accord closely with the elements of Clarke’s spher-
oid (1866), it appears that this fisure may be taken as the most
probable that can be deduced from geodesic measurements pub-
lished at the present time; nor is it likely that they will be ma-
-terially changed by the operations now in progress in Central
Europe. It is only when larger arcs shall have been measured in
North and South America, in Siberia, Africa and Australia, that
we may look for a more accurate knowledge of the figure of our
globe.

Such exact determination of the earth’s form and magnitude
has an interest quite apart from the problem of perfectly mapping
its surface. Its equatorial diameter is the unit of measure for all
distances in our planctary system, by means of which we are en-
abled to compare them with distances appreciable to our percep-
tion. By ascertaining the fact that its actual figure is that of
equilibrium of a fluid body rotating at the same rate, we establish
a degree of probability, almost amounting to demonstration, that
it once was in a fluid state, and thus obtain a sound link in the
chain of evidence for our received conception of the probable his-
tory of our solar system. But it is mainly in looking forward to
the probable continued existence of mankind through time com-
parable in duration with what is called geological time, that we
find a just incentive to extreme accuracy in our geodesic work. If
in that remote future it should be possible to determine, by a
repetition of our operations, what changes the dimensions of the
earth bave undergone during the intervening time, how apprecia-
tive will be the man of that day of the endeavors of our age,
which he will look upon as lying at the very beginning of exact
knowledge.
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The permanence of the earth’s magnitude involves not only our
measure of space, but also that of time, since the revolution of
the earth about its axis is our only available unit, and a contrac-
tion of its dimensions would inevitably cause an increased rate of
rotation.

We cannot presume that our several individual achievements,
however marked in our day, will remain distinguishable after a
million of years in the report of the aggregate advance of the
chiliad in which we have lived. Eminence in political history and
in literature is surely doomed to oblivion, because the interests in-
volved in the one, and the modes of thought and habits of life
portrayed in the other are transient. If any names are destined
to go down to such remote posterity it must be those of the fortu-
nate ones who have been enabled to announce to mankind the dis-
covery of great laws of nature, that endure forever. Among the
most permanent monuments of science is the work of Geodesy.
The interests of an intelligent race of inhabitants of our globe in
its cosmic history can never fail. Well ascertained facts relative
to the size and form of the earth, from the remotest epochs, will
ever retain their importance. I desire to proclaim as loudly as I
can, that there is no monument so enduring that could be erected
for himself by one of our great money-princes, as the establish-
ment of a Geodesic fund for the measurement of extensive arcs
of meridians and parallels. Deservedly called by the name of
the Founder, his fame would go down to the remotest generations
of man,

Now, before taking leave of you, I will permit mysclf to say a
few words, to enforce what I have sought to imply in my introduc-
tory remarks, on the part which abstract thought and pure math-
ematics have had, and necessarily must have, in the development
of human knowledge. In doing this I desire particularly to recall
Prof. Newton’s plea for a more extended study of * the science
that draws necessary conclusions,” as Peirce has defined it. It is
the science that develops the absolute modes of thought, and all
other sciences must be subject to it, whenever they become suli-
ciently advanced to undertake to account for cause and effect in
measure as well as in mode. In physical science, in chemistry,
the work that now remains to be done in order that we may under-
stand the constitution of the material elements, and predict the
result of experiments, is almost purely mathematical. Ilere lies
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the golden key that will unlock the mystery of the microcosm. It
is not given to every one to pursue with success the study of
abstract science—non omnibus licet adire Corinthum :—but let
every student who loves mathematics and to whom the simpler
forms of mathematical thought have come as by intuition, without
effort and with a sense of great delight—this is the test of the
gift—let him believe that there is a great prize within his reach
and devote himself to pure science.

How much remains to be done! If we are to interpret the
qualities of molecules, as arising from the combined etfect of
numberless atoms moving in orbits constrained by mutual influen-
ces—how must we despair of any exact interpretation of the
microcosm when we reflect that we have not yet sufficiently devel-
oped our modes of thought to enable us to take into account in
the macrocosm of the heavens the mutual interaction of more
than two bodies, except by processes of approximation unsatisfac-
tory to the mind and impossible when extended to many bodies.
But shall we allow ourselves to be discouraged and say : nay, this
is too troublesome, let it go ; matter is very well as it is and it is
uscless to inquire how it came to be so; we will eat and drink
and be merry, for to-morrow we die? Never! We want to know!!
The Promethean fire is deathless; to seek to know the causes of
things—rerum cognoscere causas—is a Divine quality of our nature
that we cannot divest ourselves of, fraught though it be with unre-
quited labor and pains. WE waNT To KNow ! and as our revered
President told us at the opening of the session, with the retrospect
upon a long life, in which wisdom has been the fruit of much scek-
ing to know, there is no satiety of knowledge. Friends, to my mind
this insatiate desire to know the causes of things, and to under-
stand the ways of creation, is the strongest evidence that there is
a Divine mind from which the human mind is derived, and that
man has been made in the image of God.



REPORT OF THE COMMITTEE ON WEIGITS,
MEASURES AND COINAGE.

IN conformity with the design of its institution, which was to
bring to the notice of the Association, from time to time, such sub-
jects as seem to call for their action or the expression of their opin-
ions, the Committee on Weights, Measures and Coinage beg leave
first, to submit a statement of the progress made in the etfort to
secure the participation of the government of the United States
in the establishment of an International Burecau of Weights and
Measures ; and secondly, to invite attention to certain questions
of grave importance now agitating the public mind, concerning
the principles which should govern legislation in regard to stand-
ards of value, in the decision of which, in the view of the Commit-
tee, are largely and directly involved the material interests and
welfare of the people of the United States, and indirectly those of
the whole civilized world.’

First, as to the International Bureau of Weights and Measures.
In the report of this Committee presented to the Association
at the annual mecting of 1875, lLeld at Detroit, the fact of the
then recent negotiation of an international convention, to which
the Government of the United States had been an assenting party,
for the establishment and permanent maintenance of an institution
for the preparation and verification of standards of measurcment,
and the preservation unaltered forever of the prototypes from which
such standards are derived, was stated, accompanied by a resolution
that a memorial to Congress be prepared for signature by members,
of the Association and others, praying the Senate to ratify the ac-
tion of the Exccutive Department in entering into the Convention,
and praying Congress to make provision to discharge the obliga-
tions resting upon us in consequence of our adhesion to such con-
vention, which resolution was unanimously adopted.

In compliance with the requisitions of this resolution, the pro-
Posed memorial to Congress was prepared without delay, and was
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circulated as widely as circumstances and the limitation of time
would allow. The professional engagements and absorbing occu-
pations of most of the members of the Committee prevented as
extensive a personal canvass as could be desired ; but it is highly
gratifying to the Committee to be able to state that, in nearly every
quarter in which the memorial was presented for signatures, it met
with cordial approval and was signed without hesitation.

As it seemed to be desirable that the presentation of the me-
morial to Congress should take place as early as possible after the
opening of the session in December, the effort to obtain signatures
was not persisted in later than that date. Up to that time, how-
ever, there had been obtained more than eleven hundred names, a
number already large, in which nevertheless the individual weight
ds more strikingly significant than the aggregate total. Copies of
the memorial with these signatures attached bave been printed for
«distribution. It will be seen that among the signers twenty states
are represented, and a large proportion of the names are easily
recognizable as those of the most prominent and influential citi-
zens of the communities to which they respectively belong. Es-
pecially noticeable is the fact that the educators of the country,
whether engaged in literary, scientific or professional institutions
of learning, have largely contributed to swell this list. Among
this class, the sentiment has been found to be almost universally
one not merely of passive approval, but of lively interest in the
object of the memorial. Next to this may be mentioned the en-
ginecers, architects, and leading manufacturers of our principal
towns, men whose daily occupations impress them continually with
the importance of exactness in the measurement of quantity, and
“with the necessity of accurate standards of weights and measures, in
order that such exactness may be secured. By examining the list
of these names it will be perceived that this intelligent class of our
fellow citizens distinctly recognize the fact that the object of the
International Bureau is one of far higher importance and dignity
than that of promoting the advancement of any particular system
.of metrology. since there will be found among them the names of
well-known men who have publicly expressed their unwillingness
to sce the metric system of weights and measures made com-
pulsory in the United States.

Another class of great weight in the body politic, represented in
this list, is made up of the bankers, merchants and capitalists of
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0ur great commercial centres. These, in every instance in which

the expression of their sympathy has been solicited, have, without

besitation, added their names to the memorial. The signatures of

8 single city belonging to this class, represent an aggregate of

more than a hundred millions of dollars.

It will thus be seen that among the signers of the memorial are
Tpresented largely both the intelligence and the wealth of the
"?“ntry. And the readiness with which these names have been
fiven affords a convincing evidence that the sentiment of the
CIaSSea, to which they severally belong is everywhere, with a near
8PProach to absolute unanimity, favorable to the objects of the
Demorial.

The ratification of the convention establishing the bureau, should
it be ratified on the part of our government, will entail upon the
United States a certain but quite insignificant expense, first as a
tOntribution toward the creation and equipment of suitable build-
ings, and secondly as an annual subsidy for the permanent main-
enance of the institution. The amount is too trivial to be for &
Doment considered, in view of the inappreciable importance of the
objects to be secured. But were it much greater, it is quite evi-
dent that the people, by whom this expense is to be ultimately

ne, are entirely content, not to say desirous, to assume this
inconsiderable burthen.

On its presentation to Congress, the memorial of the Associ-
ation was referred in the House of Representatives to the Com-
Dittee on Appropriations, and in the Senate to that on Foreign
Relations. In compliance with the invitation of this latter Com-
Dittec, certain members of the Committee of the Association
ippcared before that body, and made statements more fully ex-
Planatory of the nature and design of the proposed Bureau, the
Inpression left being apparently favorable. The Senate Commite
e mevertheless delayed its report on this subject, presumedly
Waiting for the action of the Committee of the House on the
question of appropriation, while the House seemed similarly to

await the decision of the Senate on the question of ratification ;
and thus the session of Congress became at length so far advanced
that it scemed inadvisable to urge a report liable to be exposed to
the hazards of hasty and inconsiderate action in the closing hours
of a protracted session. By the advice of the friends of the meas-
ure in the Committee of the Senate, therefore, the subject was
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permitted to lie over until after the assembling of Congress in
December next, when it will come up among the unfinished busi-
ness.

In the mean time, however, it is greatly to be desired that the
members of the Association in all parts of the country should
bring to bear all the means of influence which they possess to im-
press the popular mind with the importance of the proposed object,
and to secure the expression of popular opinion in regard to it, in
modes which may tend to promote its success. Much may be done
in this respect, after the excitement of the approaching or actual
political struggle shall have passed away, and men’s minds, ceas-
ing to be occupied with matters of temporary concern, shall be
capable of contemplating calmly those of more permanent inter-
est, by a judicious use of the press. The conductors of our public
journals may be counted on, almost to a man, as favorable to the
objects of the memorial, and many of them, if the subject is prop-
erly brought to their attention, will undqubtedly lend to the meas-
ure the support of their editorial colummns. All will, without
question, give publication to properly written communications
regarding it; and thus the friends of’ the measure may, by means
of a little effort, diffuse valuable information in quarters where it
is neceded, and awaken an active interest in favor of the move-
ment, where, for no reason but the lack of information, such inter-
est has not hitherto been felt.

The assent of the government of the United States to the con-
vention establishing the International Bureau of Weights and
Measures is not necessary to the existence of that institution.
The International Burean already exists, By the adhiesion to the
convention of the other signatory powers, it has been established
on a permanent footing ; and all the benefits to the world, to our
own people among the rest, which it was designed and which it is
certain to secure, have been provided for beyond the possibility of
failure. Tne only question for us now to settle is whether, in a
measure which will be regarded by all future generations as one
of the wisest ever adopted by the common consent of peoples, a
measure which marks perhaps more signally than any other the
advanced civilization of the nincteenth century, the people of the
United States shall be participators or not. It is no longer a
question of public economy or of public policy merely, which the
fate of this measure before our Congress is to decide ; it is rather
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8 question of national character and of the repute we are to leave
behind us for national enlightenment.

Since the presentation of the report of this Committee made to
the A ssociation at the Detroit meeting, facts have been ascertained
at the Bureau of Weights and Measures of the United States in
Washington, which add materially to the weight of the consider-
ations to which the project of the International Bureau was orig-
inally owing. It has become manifest that solid measures of
length, heretofore prepared with the utmost care, and regarded as
perfect and invariable, have undergone, after not a very extended
period of years, changes sufficiently great to destroy their charac-
ter as standards, and to render it necessary to resort to new and
laborious compuarisons to determine their errors. Concerning this
matter, and others connected with this subject, the actual head of
this Burean, Mr. Hilgard, a member of this Committee, will make
a statewment supplementary to this report, which will be found to
Possess a novel and very important interest.

The subject to which, in the second place, the Committee feel it
their duty to call the attention of the Association, is the confusion
8t present prevalent in the public mind in regard to the principles
which should govern the creation by law of standards of value.
In many instances the opinions professed on this subject appear
to have heen formed on the basis of a belief that, being popular,
they may be made instrumental in sccuring some partisan political
ad"’ilntnge; and not from any profound study of the principles
Which must control the results of the policy adopted, and which,
bei"g inexorably fixed in the nature of things, no legislation can
Successfully set at defiance. With the partisan aspects of the
Sabject this Committee have nothing to do. They can only de-
plore that, in a matter so vitally important to the prosperity of
COmmunities or individuals, any consideration of momentary inter-
est should be powerful enough to obscure truth, or to predispose

- Ten to receive the truth unwillingly.

Money was originally introduced to facilitate the transactions
Of commerce. Commerce may be comprehensively defined as the
exclmnge of equivalent values. In its earliest stages, commerce
took the form of barter. In this form it was embarrassed by
the infrequency with which individuals, desirous of effecting ex-
Changes, found themselves in possession of commodities recipro-
cally acceptable. In order to remove this embarrassment, the
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expedient was devised of employing a material of well-known and
universally recognized value to serve as a medium of exchanges,
and as a measure of the value of all exchangeable commodities.
Such a material was found in the precious metals, and hence, from
a very early antiquity, gold and silver have constituted the medium
of commercial exchanges among all nations. From the nature of
the exigency which called it into existence, and from that of the
function which it continues to fulfil, it follows that money, in
order to be capable of serving as & means of exchanging values,
must possess a positive value itself. On no other supposition can
it properly be called a standard of value. The term standard im-
plies comparison, and there can be no comparison between objects
which do not possess a common quality. It is usual to apply the
term money to the promissory notes of banking institutions, or to
those of the government; but this is a perversion of language,
since such notes are not money but only the representatives of
money, and they are accepted as the equivalents of money only
. on the faith that the money they represent shall itself be forthcom-
ing whenever demanded. When such conversion is not promptly
possible, or when the period at which it may be effected is remote
or doubtful, these bills of credit will only be receivable in com-
mercial transactions at a discount which is understood to measure
the disadvantage of the delay or the hazard implied in the doubt.
There is no power in legislation to make the promise of a dollar
the equivalent of a dollar, so long as such promise is not invariably
fulfilled on demand, or so long as the time or the fact of the ful-
filment remains in the slightest degree uncertain. The law which
makes the greenback notes of the government a legal tender in all
payments except those of the customs-duties, fails signally to ac-
complish its object ; and it has done so in degrees varying between
very wide limits, for the past twelve or fourteen years. This law
enacts that the government promise to pay a dollar shall be a legal
tender for the value of a dollar. But as the value of a dollar is
only ascertainable by reference to the law creating the coin of that
name, and as such a coin will purchase in any market a larger
amount of any commodity than its legal tender representative, it
is obvious that, while the letter of the law is observed, its intent
is effectually evaded. The seller who has commodities to dispose
. of, indemnifies himself for the depreciation of the currency by
marking up his prices. A standard of value must therefore be
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intrinsically valuable. A perfect standard, if such a one could be
found, should not only be intrinsically valuable, but invariable in
value, through successive years or centuries. And the usefulness
of any medium of exchanges will be greater, in proportion as it
is capable of representing a larger value under a given bulk or
weight. No substance has been found possessing the desirable
property of a value absolutely invaluable. This property how-
ever, belongs to the precious metals in so high a degree as to have
secured for them the preference over all other substances for the
purposes of money. Tlreir variations of value have hitherto been
8o inconsiderable and so slow, as to have produced no perceptible
effect upon the transactions of business. But the fact that these
slight changes have not usually been in the same direction for
both metals simultaneously, and that consequently the relative as
well as the absolute value of the two have been subject to gradual
fluctuations, has introduced frequent and sometimes serious dis-
turbances into the monetary systems of those nations in which
both have been made by law equally standards of value and the
material of coinage legal tender for all amounts.

A coinage founded on what is called a double standard, must
necessarily assume a fixed relation of valuc between the two stand-
ard metals, weight for weight, or a definite relation of weight, value
for value. This relation is naturally determined by the ruling
ratio at which the metals in the form of bullion may be purchased
in the market at the time of institution of the system. So long
as these rates remain unaltered, the coins struck from both metals
circulate with equal freedom, and no pecuniary advantage can be
gained by the payment of a debt in one description of these coins
rather than in the other. But this condition of things is never
lasting. Every variation of the market rates introduces a new
relation of actual value between the metals, and generally a rela- -
tion differing from that established by law ; so that it will be found
almost invariably that, at any given time, a given gold coin will
purchase more or less silver than the amount of that metal con-
tained in the silver coins which are at the same time its legal
equivalents. If it will purchase more, then the coin-silver is over-
valued, and it will be a paying transaction to exchange silver coins
for gold, and to export the latter or melt them up and sell them as
bullion. If it will purchase less, the coin-silver is undervalued,
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and it will pay to reverse the operation just described and buy up,
for the purpose of melting, or export, silver coins with gold.

As in this state of things the debtor will always elect to satisfy
his obligations in the coinage of the relatively cheaper metal, it
follows that wherever a double standard exists in law, a single
standard inevitably rules in point of fact; and this ruling stand-
ard is that of the metal in which the coins of a given name repre-
sent the smallest actual value. The consequence is, that the coins
of the nndervalued metal disappear; nor can any activity of the
mints maintain themn in circulation; since being at a premium
with the practical standard, they are to all intents and purposes
demonctized and converted into bullion. Thus the effect of a
double standard is, singularly enough, to limit the coinage of the
nation adopting it to a single metal. This may not, it is true, be
always the same metal ; for in the gradual fluctuations which are
continually going on in the relations of value between gold and
silver, it may happen that either of these metals may be alter-
nately at a premium when compared with the other as a standard.
In the experience of the world, hitherto, such alternations have
not often occurred except after considerable intervals of time. In
case of such an occurrence, it of course happens, that during the
period of transition there is a moment in which the double stand-
ard is a reality ; but this condition has the character of an un-
stable equilibrium which cannot endure. Ordinarily, governments
have not waited for the turning of the scale through the operation
of natural causes. In innumerable instances the attempt has been
made to restorve the lost equilibrium by altering the relations of
weight between the coins of the different metals; and in making
these alterations it has been unfortunately true that the more valu-
able coin has invariably been reduced in weight, and not that the
less valuable has been increased. An illustration of this tendency
in the history of our own coinage may not be beyond the recollec-
tion of some of the members of this Association. Early in this
century, and down to the year 1834, a gold coin of the United
States was an object rarely seen; so rarely, indeed, that collec-
tors sometimes treasured up those coins in their cabinets as curiosi-
ties. This was in consequence of the coinage act of 1792, which
fixed the relative values of the two metals in the ratio of one to
fifteen. These numbers express a relation which may have been
approximately true at the date of the act, but very shortly ceased
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to be so, the market ratio between the metals becoming soon after
more nearly one to fifteen and a half. In this state of things,
gold coins legally representing the nominal value of fifteen dollars
melted down into bullion, would sell in the market for fiftcen and a
half legal tender silver dollars, and gold totally vanished from
our circulation. At length, in the year above referred to, 1834,
Congress undertook to restore the disturbed equilibrium, and this
object it accomplished, not by raising the value of the silver coins,
but by depressing that of the gold. The weight of these was re-
duced so as to make it almost exactly onec-sixteenth that of the
legally equivalent coins of the less valuable metal. The object,
as just observed, was accomplished. In point of fact it was some-
what more than accomplished, for the effect of the new statute
which brought gold into circulation, was at the same time to some
extent to undervalue silver. Silver coin therefore ceased in turn
to circulate, except in the form of fractional currency.

In France the legal relation of value between gold and silver
has been, ever since the establishment of the metric coinage, as
one to fifteen and a half. The market ratio has fluctuated in the
mean time (down to 1876), between the limits, one to fifteen and
one to sixteen, without ever quite reaching either. The conse-
quence has been that both metals have been alternately at a
premium when either is compared with the other. From about
1852 to 1870, the market ratio was about one to fifteen and three-
eighths. Silver accordingly almost ceased to circulate. More
recently the ratio has passed the point of equilibrium, and the
balance has turned the other way ; there is a tendency of silver
to circulate to the exclusion of gold. But this tendency has been
wisely counteracted by the government of that country partly
by retiring the silver, and partly by putting a limitation on the
amount of the future coinage.

Examples of this description might be multiplied almost indefi-
nitely. They serve as practical illustrations of the truth, already
sufficiently evident from abstract considerations, that the notion
of a double standard in coinage is a fallacy which experience most
inevitably contradicts ; that practically at any given time, a single
standard of value is only possible, and that, wherever, in the con-
templation of the law, there are two such standards in existence,
the actual standard will always be that which is furnished by the
metal most cheaply purchasable in the market. It is further ap-
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parent that wherever, as in France from 1852 to 1870, and in the
United States during the forty years from 1834 to 1874, silver is
the metal which is undervalued, it will be found practically impos-
sible on the double standard system, to maintain in circulation a
sufficient amount of coin of small denominations to subserve the
every-day wants of society in the petty transactions of trade. This
difficulty can only be effectually overcome by creating a silver coin-
age legal tender only for limited amounts, in which the weight of
metal shall be so reduced as to make its market value less than its
legal. Such a coinage may ideally coexist with another of the same
metal having the full proportion of weight required by law to make
it legal tender for all amounts ; although this latter, in consequence
of undervaluation, is practically excluded from circulation. Such
& condition of things was created in France, Belgium, Switzerland
and Italy by the quadripartite treaty entered into between those
powers in December, 1864, by which provision was made for the
issuc of silver coins below the denomination of five francs, of de-
based standard, and legal tender only to the amount of fifty
francs, while the outstanding silver coins of full standard contin-
ued to be legal tender for all amounts. Such also was the case in
the United States from 1853 to 1874, during which period the
silver dollar continued to be legal tender for all amounts, while
the smaller coins were degraded in weight, and were, as they still
continue to be, legal tender only to the value of five dollars. From
1834 to 1873 the silver dollar was coined in our mints only in
small quantities, and was rarely seen in circulation. In the year
last named its further coinage was prohibited, and in the revision
of the statutes, completed during the following year, the dollars
still outstanding were deprived of their legal tender character,
except to the same extent as the minor coins of the same metal.

This plan of providing a subsidiary silver coinage to subserve
the minor transactions of daily commerce was first introduced in
the year 1816, in Great Britain, and since that time has becen ex-
tensively adopted on the continent of Europe, as well as in our
own country.

From what has been said, it may fairly be inferred that the
principle of a double standard of value in monetary systems is
objectionable, both because it is practically fallacious, and because
its inevitable tendency is to degrade the value of the coinage in
the countries in which it prevails. These truths have in recent
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years been so generally recognized by the ablest financiers of all
countries, that in every one of the now somewhat numerous inter-
national conferences which have been called to consider questions
relating to coinage within the last quarter of a century, there has
been a decided expression of opinion in favor of a single stand-
ard, and of adopting gold to serve as that standard universally.
Already in many countries large steps have been taken toward
the realization of this result. In some, in which the silver stand-
ard has not been absolutely abolished, it has been practically so
by the introduction of a subsidiary coinage, and by stringent limi-
tations upon the further coinage of legal tender silver. This is
true of Germany, Holland and the Scandinavian countries, and
also of the parties to the quadripartite treaty of 1864. France,
indeed, though naturally clinging to the silver standard, in conse-
quence of having originally connected her monctary system with
her system of weights and measures by making the legal tender
silver franc her money unit, and giving to it a metric weight, went
8o far, through her commissioners to the monetary conference held
in 1869 at the Hague, as to signify her willingness to adhere to
the gold standard exclusively, provided the other nations repre-
sented would adopt as their unit the weight of the five franc piece
of gold.

Within the past year or two there has been a very large and
hitherto wholly unprecedented fluctuation in the market price of
silver. This price has varied, within a period of a few months,
through a range of not less than twenty per cent. of its original
value. From its lowest depression it has partially recovered, and
it now stands about midway between the extreme limits of its
variation. The causes of this singular phenomenon have been
variously assigned. It is not necessary to speculate on them here.
But the fact of its occurrence, and the uncertainty how long this
instability is to continue, are considerations which must be duly
weighed, when the proposition is presented to us to restore this
metal to the place in our monetary system from which it has been
deliberately and for good reason by law excluded. No quality is
more absolutely indispensable in a standard than stability of value.
It is to the possession of this quality in an eminent degree during
the past centuries, that silver has owed the place it has so long
occupied in the monetary systems of the world. With the loss of
this quality, it has lost its claim any longer to hold that place;
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and to make it once more, until at least the lapse of a long period
of years shall have shown (what is very improbable) that the
present disturbance is but a momentary accident not likely to be
repeated, the material of coinage legal tender for all amounts,
would be to disconcert all the calculations of commerce, derange
all the operations of business, and entail upon the country wide-
spread disaster reaching every class of society.

The committee have no design to exhaust the argument upon
the subject under consideration. That would require an examina-
tion of the causes which have operated to affect the price of silver,
the probability of their permanence, and the degree to which their
action in the future is likely to be regular or irregular. To pursue
these inquiries would be to distract attention from the single point
to which it is the desire of the committec to draw the attention of
the Association at the present time. They reserve to themselves
the privilege of going more fully into the subject at a future mect-
ing, should not the questions which it involves, so deeply concern-
ing the credit of the government and the general welfare of the
people, be in the meantime satisfactorily disposed of.

One point, however, connected with this last aspect of the sub-
ject, should not be overlooked even in this cursory view. It has
been said above that the discount on bills of credit, the liqui-
dation of which is distant or doubtful, measures the inconven-
ience of the delay, or the hazard of the ultimate loss. If sucli a
bill were immediately convertible into the coin it promises, there
would be no discount. It would be accepted in business trans-
actions for precisely that amount of coin; and, because of its
greater portability, would in general be preferred to coin. The
greenback bills of credit of the Governmeut, if now redeemable
on demand, would be worth one hundred cents to the dollar.
The uncertainty in the centres of commerce as to the time when
they shall be redeemed, or as to the question whether they shall
ever be redeemed at all, is represented at present by a fluctuating
discount of from ten to twelve per cent.; so that the greenback
dollar is only accepted in the affairs of commerce for an amount
varying from eighty-eight to nincty cents. Should the silver
dollar of 4121 grains of standard metal be made legal tender for
all amounts, its value at present would be about the same as
that of the greenback dollar at present—say nincty cents—also.
Then, if the greenback should be made immediately redeemable,
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its purchasing power would remain unaltered, or it would continue
to be worth in the market ninety cents. But if it should not be
immediately redeemable—if it should continue to be subject to
the same uncertainty as at present in regard to the time of its
redemption or the question of its ultimate redemption at all, its
purchasing power would fall below that of the silver dollar, by as
large a percentage as it is now below that of the gold dollar; and
it would actually be worth as money only from about seventy-eight
to eighty cents. Moreover, should silver in the continual oscil-
lations of its value, touch once more the point it reached no longer
ago than July last, the silver dollar would itself be worth but
eighty cents, and the greenback dollar would fall to seventy.

The effect of this sudden degradation in the value of the only
currency available to our people at the present time, upon the im-
mediate means of subsistence of all who labor for wages, or are
dependent on fixed salaries for support, need hardly be pointed
out. The income of every such person would be reduced by an
amount which, should silver again descend to and remain at the
minimum level of the past summer, may be as great as twenty
per cent., and which certainly, should it continue at its present
price, must be not less than ten. On the other hand the holders
of merchandize of every description, including the necessary sup-
plies of life, in order to protect themselves against loss, must raise
their prices; and this, in view of the instability of the standard,
and the hazard attending possible change, they would be likely to
do in a greater proportion than that in which the currency is de-
graded; so that every man in the country who depends upon a
fixed income, would find himself doubly straitened —by the dimi-
nution of his resources on the one hand, and by the dispropor-
tionate increase in the cost of all the necessaries of life on the
other.

In conclusion, the Committee would only add, that the existence
of a double standard in coinage, at any time and anywhere, has
been a consequence of a provision of nature quite accidental, ac-
cording to which two metals, and only two, possess the properties
which fit them, or have heretofore fitted them, both to be stand-
ards of value. Had there been three or four or five metals pos-
sessing equally the same propertics, there would, beyond question,
have been a triple, a quadruple or a quintuple standard. But, in
the state of things which would have existed on such a supposi-
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tion, the evils consequent on employing more standards than one
would, unquestionably, have been recognized at a much earlier
period in the history of the human race than they have been in
fact, and the nineteenth century Would not have been vexed with
the questions on this subject which keep the thinking men of our
country in a state of so constant anxiety to-day.

With these remarks the undersigned respectfully submit the
preamble and resolution appended to this report, and ask for them
the favorable consideration of the Association.

F. A. P. BarNarp, Chairman, )
JosepH HENRY,
J. E. HiLGARD,
WiLLiaM B. RoGERs, > Committee.
E. B. ELri0TT,

H. A. NEWTON,
J. LAWRENCE SMITH, J

PREAMBLE AND RESOLUTION.

Whereas, gold and silver, like other gifts of nature or products of ha-
man industry, are subject to gradual changes of value; and no relation
of values which may be by law established between them can pcrma-
nently conform to the actual-relation existing in the markets of the world;
and

Whereas, colns of these two metals cannot for any length of time be
maintained in circulation side by side, when the coinage of both is equally
free from limitation, and both are made legal tender in payment for all
amounts; and

Wherceas, it is historically true that legislation, in the endeavor to re-
store the disturbed equilibrium between the standard metals, has tended
fnvariably to depress the grade of the coinage in one or the other and
ultimately in both; and

Whereas, it is the alm of enlightened governments cverywhere at the
present day, whether by the absolute abolition of the double standard or
not, to make gold for all practical purposes the single standard, and to
employ silver chiefly or wholly as the material of a subsidiary coinage,
legal tender only to limited amounts; and
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Whereas, the United States after an experience of nearly a century in
the effort to maintain a double standard, during the earller portion of
which, under the operation of the inexorable laws governing exchanges,
gold was completely banished from circulation, while during the later,
silver of legal tender grade has shared the same fate; and after the com-
plete disappearance of the silver dollar from business transactions for
more than forty ycars, have at length, by an act of deliberate and wise
legislation, extricated the country from this long standing evil and
adopted gold as the sole standard of value in their monetary system;

Therefore

Resolved, as the sense of this Association, that the single standard of
value in our system of coinage, now fully established by law, ought to
be maintained, and that every proposition to restore to silver the legal
tender character for payments to all amounts ought to be discouraged.

On motion the report was received and referred to the Standing
Committee.

Prof. Barnard moved that the title of his committee be changed
to read * Permanent Committee on Weights, Measures and Coin-
age.” Carried.
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FeLLow MEMBERS OF THE ASSOCIATION —
LADIES AND GENTLEMEN :—

I propose at this time, in fulfilling a duty which the honor you
have conferred upon me imposes, to choose my suhject in accord-
ance with the suggestions of the season, and to speak briefly of
the History of Astronomy in the United States during the past
Century, its present condition, needs and prospects. I regret ex-
ceedingly that ill health, and the pressure of other imperative du-
ties have prevented me from giving the time and research really
necessary for the preparation of anything worthy of the subject,
the occasion, and the audience, but such as I have I offer, with
the hope that you will extend to me your kind consideration and
indulgence.

Astronomy is the oldest, the most mature and beautiful of the
whole family of Sciences— that immortal Sisterhood whose loveli-
ness and vigor only increase with age and lapsing centuries, whose
eternal youth is beyond the reach of all decay.

A century ago she was perbaps even more preéminent than now,
for at that time geology and chemistry were mere infants, and

(35)
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the science of dynamical electricity had no existence. During
the past hundred years she may, thercfore, have lost something
relatively by the rise and devclopment of other branches, whose
progress has outstripped her own.

Yet her own progress has been wonderful. A hundred years
ago no planet had ever been discovered: the heavenly bodies
known to science were only the same (excepting the satellites of
Jupiter and part of those of Saturn) which had been observed in
Egypt and Chaldea in prehistoric antiquity.

Observatories and observers were few and far between compared
with their present numbers, and the instruments employed were
far below those now used, in power and accuracy. Great things
had indeed been accomplished by Galileo, Tycho and Kepler, by
Newton and Halley and Bradley, Euler, Cassini and Clairaut,
in the preceding two hundred years; but a new era of more in-
teuse activity was just opening. LaPlace and LaGrange and
Herschel had begun their work, and were to be followed by Gauss
and Encke; Fraunhofer, Struve, Airy and the younger Herschel,
by Adams and Leverrier and Pierce, Hansen and Delaunay and
Newcomb and an uncounted multitude, who each have contributed
something of importance to the fund of knowledge.

Since 1776 two great worlds, eight satellites, one hundred and
sixty-six minor planets, some forty periodic comets, and the hosts
of meteors have been added to the rolls of the Solar System. A
century ago about one hundred double stars were all that were
known. Since then some ten thousand have been discovered, their
physical connection has been demonstrated and investigated, and
the periods and orbits of many have been worked out. The num-
ber of nebule and clusters has been increased.from less than a
hundred to more than seven thousand, and their nature and physical
constitution ascertained. The parallax of fixed stars has been
measured, their distance determined, and their motions, and that
of the Solar System, through space have been bronght to light and
to some cxtent investigated. The sun and stars have been ana-
lyzed in their chemical constitution, and a host of new and most
interesting results have been reached by instruments and methods
undreamed of a hundred years ago.

New and more precise methods of computation have supplanted
the old. The accuracy of angular measurements, and the delicacy
of graduation and reading, have been greatly increased. The elec-
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tro-magnetic methods of recording time-observations have super-
seded the older fashions. Telescopes have been enormously im-
proved —refractors almost beyond belief; for a hundred years
ago not a single one had ever been made with an aperture exceeding
four inches; and even fifty yecars ago the Dorpat refractor of nine
inches aperture, was regarded as hardly less than a miracle of art.
Reflectors of considerable power had indeed been built, but the
great instruments of Herschel and Ramage were not constructed
until later.

The polariscope and spectroscope, to which we owe so large a
part of our limited knowledge in regard to the constitution of the
beavenly bodies, have hoth been invented since 1800.

Altogether we think it may safely be asserted that in no equal
period of human history, has astronomy progressed so rapidly, or
so widely extended her domain.

To this great advance our own country has made her contribu-
tions, small perhaps, but real and creditable —not by any means
8o great as those of England, France, and Gernany, nor so great
perhaps as might fairly have been expected of a nation where ed-
ucation has been so widely diffused, and thought and action so
free; but still enough to obtain for her a place and houorable
mention in the history of science.

The only astronomical work of any importance done in this coun-
try Lefore the revolution, was the measurement of the so-called
Pennsylvania are of the meridian, by Mason and Dixon in 1764 ;
and the observations of the Transit of Venus in 1769, by a com-
mittee of the American Philosophical Society. Rittenhouse was
the chairman of the committee, and the observations seem to have
been among the best made anywhere, as the weather was perfect,
and the skill and care of the astronomers concerned fully compe-
tent to the work.

During the first half century of our national existence, science
of every kind was utterly neglected ; astronomy especially scems
to have been regarded almost with aversion by the popular mind, as
something aristocratic and unrepublican.  When Hassler in 1807
submitted to the Government the project for the Survey of the
Coast, it contained a provision for the establishment of an observ-
atory to supply the needed astronomical data; but the proposition
received no favor. ‘The original law authorizing the Survey omitted
sll mention of the subject, and the law of 1832 expressly prohibits
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any such establishment. In 1825 President J. Q. Adams in his
first message to Congress suggested and recommended the founding
of a National Observatory, and in very eloquent language pointed
out its importance; but the recommendation was received with
scorn and ridicule. In referring to the observatories of Europe,
he had spoken of them as ¢ light-houses of the skies” and the
expression was seized upon and made for years a byword of re-
proach. The prohibition of an observatory in connection with the
Coast Survey, undoubtedly arose from the partisan feeling which
had been excited by President Adams’ suggestion, and it was not
until 1842 that the National Observatory could be established, in a
semi-surreptitious manner, as a Depot for Charts and Instruments.
The same narrow Philistinism is still rampant, though fortunately
no longer regnant, in the halls of legislation, and on every opportu-
nity manifests itself in opposing all measures for the encourage-
ment of Art or Science. The debates on the appropriations for the
Transit of Venus will be recollected by many as a case in point.

The only name of eminence before 1836 is that of Bowditch, who
was born in 1773 and died in 1838. He was undoubtedly a math-
ematician of great ability. TProfessor Newcomb has said of him
that *¢ there was hardly a man living who was a more complete mas-
ter of the celestial mechanics of his time,” and again that consid-
ering his circumstances ¢ we can hardly refuse him in genius a place
alongside of Laplace and Hansen.” At the same time Professor
Newcomb also points out that his original investigations in no
way correspond to what might reasonably have been expected from
a man of such ability in Europe, where he would have been stimu-
lated by intercourse with men of science. His reputation will
probably always rest mainly upon his translation of Laplace’s
¢ Mecanique Celeste,” a work beautifully done, but of course not.
calling for wuch originality —nor really of any great importance.
His *“ American Navigator,” which after running through almost
innumerable editions, still remains a standard among all English
speaking peoples, and even some others, has been of great value
to the commercial marine of all nations, and deserves especial men-
tion.

While, during the period of sixty years our country possessed
none who could properly be called astronomers, the love of the
science, and some knowledge of its state and progress was kept
alive by the professors in our colleges and other institutions of
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learning. The great eclipse of 1806, the comet of 1811, and
some minor eclipses served also as reminders, and prevented a
complete dying out of all interest among the people.

About 1836 affairs began to mend. In that year the first observ-
atory in the country was built by Professor Hopkins in connection
with Williams College, and in the next year the second, by Pro-
fessor Loomis at Western Reserve College in Ohio. Within the
next ten years, t.e. between 1836 and 1846, the observatories of
the Philadelphia High School, the West Point Military Academy,
the Washington Naval Observatory, the observatories of George-
town, Cincinnati, Cambridge, and Tuscaloosa, and the private
observatories of Mr. Jackson mnear Philadelphia, and of Mr.
Rutherfurd in New York, were all established. In 1836 the only
telescope in the country of any power, was the so-called Clark
telescope of Yale College, with an aperture of 5 inches and a focal
length of 10 feet, mounted on a wooden frame, at the top of a
steeple; in 1846 we had eight or ten instruments, of diameters
varying from 15 inches to 6. During the next ten years the ob-
servatories of Amherst, Dartmouth, and Hamilton Colleges, of
Michigan University, the Dudley Observatory at Albany, and a
number of private establishments were founded, and the number
and power of astronomical instruments in the country was largely
increased. Comparatively few of these observatories it is true
have ever borne any fruit, at least directly in the form of astio-
nomical, results: but indirectly, by exciting in the minds of stu-
dents an interest in the science, they have all had an important
influence, and some—1I think I shall be guilty of no impropriety
in naming especially those of Cambridge, Washington, Ann Arbor
and IIamilton College—have given to the world results and dis-
coveries of the greatest value. To the Coast Survey however,
more than to any other single organization, American astronomy
owes her development and triumphs; not so much indeed by the
direct contributions of this organization, although these have been
by no means insignificant, as by its encouragement of the high-
est forms of astronomical investigation and research. Under the
direction of Prof. Bache and his successors the Coast Survey has
always kept in alliance and coéperation, when not directly in its
service, the best mathematical and astronomical talent of the coun-
try, and by its judicious subsidies, paid to individuals and obser-
vatories for astronomical work of various kinds, has, at a small
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expense, maintained in their service of the scicnce many who oth-
erwise would have been obliged to abandon it for more remunera-
tive work.

The survey of the N. and N. W, Lakes, under the War Department
and the various boundary commissions, have exerted a similar,
though less extensive and powerful influence ; and the ¢¢ Nautical
Almanac,” established by law in 1849, but first published in 1852,
has also been of great benefit in a similar manner.

- The catalogue of American discoveries and contributions to
astronomical science, although not very extensive still contains
some items of cousiderable importance.

In 1848 Hyperion, the 7th satellite of Saturn (the 8th in or-
der of discovery) was detected at Cambridge by Professor Bond.
Curiously enough it was also independently discovered by Lassell
in England just two days later.

In 1850 the same observer discovered the so-called dusky ring
of Saturn, again anticipating an English astronomer (Mr. Dawes)
by about a fortnight. It is only fair to meuntion, however, that the
same appearances which led to the discovery, had been scen and
described by Galle at Berlin in 1838, altliough he did not perceive
their meaning. It is perhaps also proper to notice in this connec-
tion, that the observations of Bond upon the non-permanent divis-
ions of the rings, with the mathematical investigations of Peirce
upon the mechanical conditions involved, demonstrated the fact
that they were not continuous sheets of any kind, cither solid or
liquid, but composed of discrete particles, some years before the
classical researches of Maxwell on the same subject.

Ten comets have been first seen on this side of the water (six by
Mr. 11, P, Tuttle), and several hundreds of double stars have been
added to our lists by the sharp eyes and indefatigable industry
of Burnham, the Clarks and others. The detection of the com-
panion of Sirius, by Alvan G. Clark with the 18-inch telescope,
constructed by their firm for the Chicago Observatory, is perhaps
the most celebrated of these discoveries, and was crowned with the
Lalande Medal of the French Academy.

Our American observers have, however, been most pre¢minently
successful in the discovery of asteroids; of 166 now known, 49
were discovered in this country. France follows us hard with
48, while Germany claims 40, England 19, and Italy and other
countrics 10. The first of the American asteroids was found by
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Ferguson at Washington in 1854 (Eurynome, the 31st of the
group), and in 1857 and 1860 he added two others. I’andora was
found by Searle at Cambridge in 18538, and in 1861 and 1862
Tuttle, also at Cambridge, discovered his two. In 1861, Dr.
Pcters, at Hamilton College, discovered the first of twenty-five,
for which he now stands sponsor, and in 1863, Professor Watson,
at Ann Arbor, detected the first of his eighteen. The venerable
Luther, of Disseldorf, alone comes into competition with the two
last named gentlemen, standing credited with twenty-one.

Two of the most important modern improvements in Practical
Astronomy are of American origin, the Chronograph and the
Zenith Telescope.  The electro-magnetic method of recording time
has worked something like a revolution, and diminished crrors of
observation at least {ifty per cent. in all cases where it is applica-
ble: it is now used at Greenwich and Derlin, indeed at all but a
very few of the leading observatories of the world.

It scems to hiave been invented nearly simultancously by several
persons about 1848, the names of Walker, Locke, Saxton, Mitch-
cll and Bond, all being prominent in its early history; but its
complete development, and its application to the ascertainment of
longitudes with a precision before undreamed of, is due mainly to
the Coast Survey, whose oflicers plume themselves not a little, and
very justly too, on their recent determination of the ditlerence of
longitude between Greenwich and Paris, and the rdetification of
an crror amounting to nearly a whole sccond of time. It was
found that the difference of longitude between Greenwich and
Cambridge, as determined by the cable operations of 1566, and
that between Cambridge and Paris resulting from the operations
over the French cable in 1570, could not be harmonized with the
received difference between Greenwich and Paris; so that it be-
came necessary. in order to reconcile things, to reinvestizate and
correct this latter quantity, which had already been determined by
European astronomers of the hizhest reputation.  The result
makes it evident that the longitude work of our Coast Survey is
unsurpassed by that of any other observers, and only equalled by
those who have adopted their methods.

Hardly less important is the American Method (as it is ealled
by inany European astronomers) ot determining latitude by means
of the zcnith telescope, or the ordinary tiansit instrument, fitted
up and used in the manuer first proposed and practiced by Profes-
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sor Lyman of New Haven. The methiod seems to have been first
suggested more than a century ago by Horrebow, an English as-
tronomer. At that time however it was useless, being impractica-
ble for want of suitable instruments, and star catalogues of the
necessary accuracy, so that it was completely lost sight of until
its introduction by Capt. Talcott in 1834, and its adoption and
development by the Coast Survey. At present the only method
which, for field work, can compete with it at all, is that of Prime
Vertical Transits, so much used by the Germans and Russians.
Probably in precision and the tiine required for observation, there
is little to choose; but as regards the ease of observation and
computation, the advantage is decidedly with the American method.
As our star catalogues increase in comprehensiveness and accuracy
the only objections to it are rapidly diminishing, and it grows more
and more in favor. The parties of all nations depended upon it
mainly for determining the latitudes of their Transit of Venus
stations.

Nautical Astronomy also is indebted to America for its most
important recent improvement. The *“new navigation,” as Villar-
ceau calls it, which is being rapidly developed at present, and
already, in the French Navy at least, has largely superseded the
older fashions, is a mere expansion, as Villarceau himself dis-
tinctly recognizes, of the mecthod of ¢ Circles of Position” first
published by Capt. T. H. Sumner of Boston, in 1843. It enables
the navigator to utilize in determining his place, observations made
at any time, as well as those taken when the sun is on the meridian,
a matter of great importance in cloudy weather, and somectimes
under other circumstances.

Our American contributions to astronomical literature have not
been very extensive, but some of them are of value.

We have already mentioned Bowditel’s translation of the *¢ Mec-
anique Ccleste,” and his ** American Navigator.” We have, later,
the work of Walker upon the orbit and theory of Neptune ; of Pierce
upon Neptune, upon the moon, the theory of Saturn’s rings, and
various other subjects; of Ferrel upon the tides; of Gould, Ilall,
Winlock, Safford, Stockwell and others upon various topics relat-
ing to the lunar, planetary and stellar theories; and above all the
medal-crowned works of Newcomb upon the theories of Uranus
and Neptune, which have won high honors for American astronomy.

We have Professor Loomis’s ¢ Practical Astronomy” (which is
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largely used in England as a text book), and the more elaborate
and thoroughly admirable work of Chauvenet, undoubtedly the
best book upon the subject of which it treats to be found in any
language. Probably ulso the same may be truthfully said of Pro-
fessor Watson’s treatise on Theoretical Astronomy, which gathers
into a systematic and accessible form what otherwise could be
found only by long and wearisome searching through foreign
journals of science.

We have the volumes issued annually by the National Observa-
tory, containing valuable star catalogues and other papers of im-
portance ; among the most important of the catalogues, if one may
speak proleptically, will undoubtedly be Burnham’s Catalogue of
double stars, now in press as a supplement to the volume for 1874.
We bave the Annals of the Observatory of Harvard College, in-
cluding the magnificent monographs of Bond upon Donati’s Comet,
and the nebule of Andromeda and Orion ; and in the Coast Survey
reports we find numerous papers upon various topics of field as-
tronomy. Our ** Nautical Alinanac,” issned annually since 1831,
compares favorably in every respect with the similar publications
of other nations. With the exception of Gould's short-lived ¢ As-
tronomical Journal,” the ¢* Astronomical Notices” of Brunnow, and
the still more evancscent ¢ Sidereal Messenger” of Mitchell, we
have been without any astronomical periodicals. A considerable
number of astronomical papers of more or less importance have
however appeared in the publications of our scientific organizations,
in the ** American Journal of Science,” and in foreign astronomi-
cal and scientific periodicals. The popular lectures and volumes
of Professor Mitchell deserve recognition in this connection, for
although of little strictly scientific value, they undoubtedly have
bhad a powerful influence upon popular sentiment, in bringing
astronomy into notice and general favor.

In the organization of expeditions for astronomical work the
United States has of late years perhaps done as much as could rea-
sonably be expected. The first of these expeditions was the Chilian,
sent out in 1849, under the charge of Lieut. Gilliss, for the purpose
of observing the opposition of Mars, and the inferior conjunction of
Venus, in codperation with our own observatories, thus furnishing
data for a purely American determination of the Solar parallax.
The expedition was successful, though it must be admitted that its
results are of less weight in settling the final value of the parallax
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than was hoped. Perhaps its most important outcome was the
arousing of an interest in astronomy among the Chilians, which
led to the purchase of the instruments by their Government, and
the founding of a permanent observatory, whose work, from the
peculiar geographical position of the institution, is of especial
value. In passing too we may note that the Argentine Observa-
tory at Cordova, though not originating in precisely the same
manner, is yet a danghter of ours, and while it remains under the
direction of Dr. Gould, and his American assistants, we may fairly
claim for American astronomy an interest and share in the laurels
she is winning.

The next astronomical expedition of any importance was, I
think, that sent by the Coast Survey to Labrador in 1854, to ob-
scrve the eclipse of that year. In 1869 a large number of parties,
some organized by the Coast Survey, some by the Nautical Al-
manac oflice and the National Observatory, and some by private
enterprise, observed the cclipse of that year, and obtained results
of importance. In 1870 the Coast Survey and National Observa-
tory again sent eclipse parties to Spain and the Mediterranean.
In 1872 two parties were sent, by special appropriations, expended
uuder the direction of the Coast Survey, to clevated stations on
the line of the Pacific Railroad to investigate the astronomical
advantages of a high altitude. In 1874 the Transit of Venus oc-
curred, and the United States took the field with eight parties,
which in the completeness and eftectiveness of their astrouomical
equipment certainly compared favorably with those of any other
nation. It is too carly as yet to pronounce upon the accuracy and
value of their observations, but it is believed that they will prove
satisfactory. The Coast Survey of course has astronomical parties
continually engaged in the determination of latitudes and longi-
tudes ; and among these the chronometric expeditions of 1849 and
1835, with the tclegraphie parties of 1866, 1870 and 1875 for
determining the difference of longitude between Europe and this
country, deserve special mention. At present also a naval party
in the Caribbean sea is engaged in similar work of great impor-
tance to navigation.

In the department of Astronomical Physics we have also accom-
plished sowething. The investigations of Olmsted, Twining,
Kirkwood and Newton hold an important place in the history of
Meteoric Astronomy. Celestial photography originated in this
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country with the experiments of Bond in 1849, and no one has yet
gone beyond Draper and Rutherfurd, or even equalled the latter.
Something has been done with the spectroscope by the lamented
Winlock, Harkness and others. Some very beautiful and delicate
work upon the constitution of the solar surface, and the distribu-
tion of its radiation has been recently published by Professor
Langley ; and the work of Mason upon certain nebul® as long ago
as 1839, and the more recent work of the Bonds, Trouvelot, and
Holden on the same subject must not be passed without notice.

In the construction of astronomical ‘apparatus of precision,”
comparatively little as yet has been accomplished in the country:
though some small field instruments of great excellence have been
constructed in the shops of the Coast Survey at Washington, and
by one or two makers of surveying and nautical instruments in
New York and Philadelphia. But in the construction of tele-
scopes our American makers are, to say the least, unsurpassed.
The number, magnitude and excellence of the great refractors,
made by Clark and Sons of Cambridge, have secured them the
first rank among opticians, and their instruments are now found
in all parts of the world. The great telescope at Washington,
of 26 inches aperture and 36 feet focal length, with its sister,
the McCormick telescope not yet mounted (though optically com-
pleted), are the two largest and finest refractors in existence. The
same firm also made the Chicago telescope of 18 inches aperture,
and have constructed six others with apertures of hetween 11 and
13 inches; besides a host of smaller ones from 10 inches down.
Some of the best work of Dawes and Huggins in England was
done with their object glasses. Some other large instruments with
apertures of about 12 inches have been built by Fitz and Spencer
among them the telescopes which in the hands of Peters, Watson
and Langley are doing such good work. Indeed, the only foreign
telescopes in the country of much value are the great 15 inch
refractor of the Harvard College Observatory, the 12 inch instru-
ment at Cincinnati, and the 9} inch at Washington, all from the
establishment of Merz at Munich. These, with about half a dozen
of smaller size from the same makers, were imported before 18350.

In the line of reflectors we have done very little comparatively,
although the first American essays at telescope-making were in
this direction, by Mason, who in his observations on the nebule,
to which allusion has been made, used an instrument of his own
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" construction. Holcomb afterwards built several instruments‘of
some power. The only one of much value in the country at
present, however, is the magnificent silvered glass Cassegrainian
of 28 inches diameter, constructed by Dr. Henry Draper of New
York, and mounted in his private observatory at Hastings.

From this hasty review of our past astronomical history and
achievement, which I hope has been written in an impartial and
sober spirit, avoiding on the one hand all overstatement or claim
of what is not our due, and on the other a disposition to depreciate
and undervalue what bas really been accomplished, I think we
may justly entertain a certain amount of honest pride in our record ;
there is room, however, for a still more abundant humility, if we
enter into detailed comparisons between our own scientific achieve-
ments and those of other nations. American Astronomy has not
yet passed its infancy.

I must limit myself to brief remarks in speaking of its present
condition, needs and prospects.

We have in the different states something over thirty establish-
ments which bear the name of observatories, and the majority of
them are fairly equipped with instruments —they need principally
men and funds. Most of them are connected with our colleges or
other institutions of learning, and are under the charge of some
overworked Professor whose time is completely filled, and his
strength burdened to the limit of endurance, by the routine of daily
class instruction. He has no assistant, and there is no fund at his
disposal to enable him to procure new instruments, to pay comput-
ers, or to publish any result he may have reached. In most cases
he has come to his position by a promotion from sowme other chair,
and without the thorough mathematical training which he ought to
have had to make him really efficient as a man of science. Under
these circumstances, all the use of the observatory and its instru-
ments is merely to exhibit to the students of the institution a few
of the more striking telescopic objects, and to keep the chapel
clock to time. Original work is out of the question. To make
a college observatory of any benefit to science it must be sufficiently
endowed to enable its director to be free from the drudgery of
teaching (it will not hurt him at all to be obliged to give a certain
limited amount of instruction), and to furnish all needed improve-
ments, assistance, and the means of publication. It is a fair
question, however, whether such an observatory, equipped and
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manned for scientific work, would be any more effective as part of
the teaching apparatus of the college than the present arrange-
ment. The observatory of instruction needs no great telescope or
meridian circle, but it does need and ought to have, the transit,
fitted for use as a zenith telescope, the sextant, clock, chronom-
eter and chtonograph.

A few of our observatories however are effective, and stand fairly
on a level with the other great observatories of the world. The
establishments at Cambridge and Washington may justly be classed
with Greenwich and Poulkowa. Some half a dczen other observa-
tories also, though not so continuously active, send out good work
from time to time, especially those at Clinton, Ann Arbor and
Allegheny City. The Dudley observatory at Albany and that at
Chicago, have been cramped and hampered by want of funds, but
it is hoped that the difficulties in their way will be removed, and
that they will soon again become active. In the near future it is
expected that splendidly endowed and equipped observatories
will be established by Yale College and the University of Penn-
sylvania, and it is to be presumed that they will be so organized
and manned as greatly to reinforce our scientific strength. Then
there is the magnificent donation of Mr. Lick, which, properly
managed, will give to California an observatory whose income and
equipment is rivalled only by the great Government institutions
of Europe. It is to be hoped that this observatory will take
advantage of the pure atmosphere of its mountain site, and provide
especially for the cultivation of astronomical physics, and solar
plysics in particular, which at present is insufficiently represented
in our conntry. One of the most encouraging signs of the times,
is this, that private individuals of more or less wealth and leisure,
are beginning to give themselves to astronomy. To Mr. Rutherfurd
and Dr. Draper of New York, and Mr Burnham of Chicago, Amer-
ican science is already greatly indebted : may others follow their
example, so that we may have what England has possessed in
her amateurs, who have won for themselves and their country
undying fame.

At present, as Professor Newcomb has pointed out, perhaps the
immediate want of our American Astronomy is that of an Astro-
nomical and Mathematical Journal of high order. Such a journal
would have an influence upon our students and teachers like that
of the ‘¢ Astronomische Nachrichten” in Germany, and though
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probably its circle of contributors and readers would be but small,
it would immediately and rapidly raise the tone and standard of
astronomical work. A chief difliculty in the way of its establish-
ment is that it would be pecuniarily unprofitable: another is the
difficulty of finding a suitable editor. If, however, some wealthy
patron of science should sufficiently endow such a publication the
editorial difficulty could of course be overcome (if necessary by
importation), and in my judginent, he would by such an endow-
ment give a greater impulse to science among us than would be
possible by the same expenditure in any other way.

As to the future of American science perhaps I am sanguine:
but I fully believe that our free institutions are favorable to the
highest scientific development, and that during the coming cen-
tury our nation will take her place among the leaders of scientific
progress.  All signs seem to me to point that way. To be sure
there must first be a great change in the spirit and temper of our
students, and in the estimate of purely scientific work by the
community at large. But the change appears to have already
begun. An increasing number of our young men are willing to
take the time needed for thorough training, and prefer the pursuit
of truth to the mere getting of money; so that we have growing
up among us a crop of young mathematicians who, in ability, will
undoubtedly equal their predecessors, while in numbers, culture,
incentive and opportunity, they have greatly the advantage. Our
Universities are broadening and deepening their scientific and
mathematical courses, and providing for post-graduate studies.
Some of our men of wealth are finding in science a career and
opportunity of honorable distinction more satisfactory than any
other. Our public men are more ready to aid us in obtaining
reasonable assistance from Government when needed. In short,
everything seems to me to indicate progress, which since its be-
ginning in 1836 has been uninterrupted,-and is likely to continue.
Therefore, I augur well for the future, and am confident that if
the recotd of the century past can be called honorable, that of the
century to come is to be glorious.
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SoMe REMARKS ON THE USE AND INTERPRETATION OF PARTICULAR
INTEGRALS WHICH **SATISVY” GENERAL DIFFERENTIAL EQUA-
TIONS EXPRESSIVE OF DYNAMIC IROBLEMS, IN CASES WHERE
GENERAL INTEGRATION IS8 IMPOSSIBLE: — SUGGESTED BY La-
pr.ACE'S DYNAMIC Tueory oF THE Twes. By J. G. Barxarp,
U. S. Army.

Liaeace commences the application of his general conditional
equations to the actual tidal developments with the remark :

“In the general case the integration of eq. [2380]” (Bowditch)
“surpasses the power of analysis; but to determine the oscilla-
“tions of the ocean it is not necessary to integrate it generally —
“it‘is sufficient merely to satisfy it. For it is evident that the
“part of the oscillations which depends on the primitive state of
*the sea, would have quickly disappeared by resistances of ditfer-
“ent kinds; so that were it not for the action of the sun and
*“moon. the sea would long since have assumed a permanent state
“of equilibrium.  The action of these bodies continually disturbs
“it, and it is suflicient to ascertain the oscillations which depend
“on this action.”

The above may, I think, be paraphrased and amplified thus:
Given any initial condition (or **primitive state”) of form and
motion of the waters of the sea, the **general integral” should
inform us what, at any future time, that form and motion will be,
ag resulting from this primitive state and (**resistances of ditfer-
ent kinds” abstracted) the attractive forces of the sun and moon;
but since, through these resistances, all initial disturbances would
speedily resolve themselves into the condition of equilibrium, we
need seek only to find that perticular disturbance which, once im-
parted, would, by the action of the foreizn attractions (abstrasting
resistances) he permanently maintained.

Such is the problem of Laplace; but the real problem, is this:
Since all initial disturbances speedily vanish, therefore a state of
equilibrium may be assumed as the ¢ primitive state of the sea;”

A. A. A. 8. VOL. XXV, 4
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—and the problem becomes, ¢ from a state of equilibrium to find
what at any future time would be, subjected to the action of the
foreign attraction, and of resistances of diferent kinds, the form
and motions of the sea.

The *c oscillations which depend on the action” of the attracting
bodies (their initiul imparting being really implied, and resistances
neglected), are not really the tidal oscillations, and can only be
accepted as the nearest approximations attainable to the solution
of an insoluble problem.

The expressions for the rise, angular displacements, © and v, in
latitude and in longitude due to the diurnal tide given by Laplace
(vol. 2, Bowditch), are

6 L g sin 0cos0sinvcosvcos (nt+ o—¢)

(@)

r3 2igq (1—5) — 3
. -':_f- sin v cos v cos (nt 4+ o — ¢)
O T G =) S
5p
i , )- \ lr’T L% sin v cos v sin (nt 4 o — ¢)
¢ —

2igg (1 — ) — 2

in which L is the mass of the attracting body (sun or moon); r
its distunce from the carth's centre, v its declination, ¢ its right
ascension, 0 the polar distance of the particle of water, considered
as part of an occan covering the whole globe the depth of which
is {(1- gcos?0). It must be remarked that r. v, and ¢ are re-
garded as constants; that is, the formulie express the tide as it
would be had the attracting bodies no proper motion. _

w, the longitude of the particle counted from a fixed meridian
-on the cartl’s surface

n, angular velocity of eartl’s rotation; the time, ¢, being reck-
.oned from the passage of the celestial meridian from which the
Tright ascension ¥ is counted.

g, thie force of gravity

£, ratio of mean density of the earth to that of water.

Lartlh’s radius tuken us unity; and its oblateness disregarded
as it affects the distribution of the attraction of L, or the amount
of the displacements; though, of course, to the undisturbed fluid

'
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surface must be attributed the form of equilibrium which is re-
quired by the forces g and (centrifugal) n2.

The depth of the ocean (at the equator) is invariable with lon-
gitude, but decreases (g being positive) with increase of cos? 0
from equator to pole — increases if ¢ be negative. The difference
between greatest and least depth (equatorial and polar) is =1q.

An attentive examination of the expressions (b) and (c) will
reveal the fact that the displacements in latitude and longitude of
the particles of this fluid envelope are exactly as if it were a solid
envelope possessing that extremely slight degree of flexibility
required (in case the surface of the nucleus be spheroidal and not
truly spherical) to adapt itself to change of position.

This may also be shown by reference to the expression (a) for
rise and fall. Putting the variable depth ! (1 -gq cos?0) =, and
supposing 0 to receive a small increment 40. The increment 4y,
of depth thereto corresponding is

(d) dy=-3Y-16 =2 g sind cos0.16

Now a particle of which the polar distance is ¢ when undis-
turbed, undergoes a tidal displacement in latitude, u, expressed
by (0). Take this value of 46, substitutle it in the third member
of (d), and the result is identical with (a¢). In other words the
rise of the diurnal tide (a) as it is determined by Laplace, is
nothing more than what is due to the slipping, as a solid, of the
fluid shell over the surface of the nucleus.

Hence, if the fluid shell be of uniform thickness (depth) there
will be no rise or fall of tide, accompanying the diurnal tidal dis-
turbance of the ocean.

But according to the dynamic theory the vertical disturbance is
due to two causes (of which the equilibrium theory takes into ac-
count but one), viz. :

1st. The foreign attraction.

2d. The pressure arising from the thereby induced motion
(currents) of the fluid. '

It is obvious, thercfore, that since, with uniform depth, therve is
no diurnal vertical disturbance, these two causes must be opposed
to, and exactly neutralize each other.

Morcover, when the depth is not uniform, the diurnal tidal rise
(or fall), as expressed by («), is solely owing to shifting of place,
and the 2d of above category of pressures must not only neutral-
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ize the foreign attraction, but aldo sustain the abnormal height.
These two propositions we shall find likewise to be deducible from
Laplace’s expressions («), (), (¢).

Referring to Airy * Tides and Waves” §87; or to the writer's
more detailed rationale (Amer. Jn’'l Science Vol. 27, 1859, p. 353)
we find (p" being the pressure generated by the tidal motion)

dp a .
P = — T 4 2n sin 0 cos 0 97

de — dti

. d?u dov
Deducing —;; and o5

and integrating :

from () and (c) and substituting in above

n? %_,’f sin v cos v sin 6 cos 0 cos (nt + o — ¢)
hi
2 lgq (l —3;) —n?

Now the pressure due to the abnormal elevation will be ex-
pressed Ly (d) or its equivalent («) multiplied by g. Subtract
from this product the expression for the diurnal component of
solar attraction (as given by Laplace)

© p'=

f) 1;’; sin v cos v 8in 0 cos 0 cos (nt + o — ¢)

and we get a result identical with the above value (¢) of p™.
If, in (¢), ¢ be zero; in other words if the depth be uniform,
we bave

3L _. .
P = — 5 8invcosvsin0cos0cos (nt+ o —¢)

which, with the reverse algebraical sign is equal to that (f) the
disturbing force generates; and neutralizes it.

The expressions (), (b), (¢), of Laplace are thus shown to
satisfy (as they should) the couditions; but I have taken the pains
to demonstrate this fullilment, because I have shown that, regard-
ing the water by itself, there are really no currents in it. ‘L'he
actual tidal currents are the motions of the parts of the guasi
solid watery shell with reference to the underlying parts of the
really solid nuclens. It remains to be said that this peculiar rela-
tive motion implies simply « displacement of the aais of divrnal
rolation of the quasi solid shell—i. e.—an angular separation of its
diurnal rotation-axis from that of the nucleus, which, at least for
the entire range of values of expressions (a) (b) (¢) retaining
their approximate truth, is very slight. "T'he angle is analytically
expressed by putting, in (), cos (nt 4+ @ — ¢') = unity. Indecd,
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for all uniform depths whatever (within the narrow limits in which
the formule hold good), the angle of separation would be ex-
pressed by the ratio of the diurnal function of the disturbing force
(%) to the centrifugal force 22, . e. by 1“—':} ”";u which, for the
sun alone, in its maximum declination, is about 11 scconds of arc:
for the moon (alone) twice that are.

What precedes refers only to the diurnal tide. We know that
the disturbing or tide-producing influence of the sun or moon is
expressed by three harmonic terms, two of which, tend to produce
in the fluid surface of the earth, the two forms of spherical har-

monics indicated by Figs. 1 and 2; and these are, identically, the

Fig. 3.

forms of the corresponding tidal developments in the ¢cquilib-
rium” theory. P P’ (in both figures) is the axis of the earth;.
E E the equator; the attracting body (on the right and in the
plane of the paper) being supposed to have a northern declination,
v. The shaded portions are bulged, the light portions depressed ;
the two meridional great circles P e P’ being neutral lines in Fig.
1, while in Fig. 2, the one meridian P e P’ and the equator itsell
are the neutral lines. Fig. 1 is the semi-diurnal disturbance ; Fig.
2, the diurnal. As the earth revolves on its axis these forms,

11t I3 interesting to remark that, for a homogencous fluid globe regarded as an
ellipsoid of equatorial oblatencss due to equilibrinm with the centrifugal torce, n?, the
diurnal distortion (8hown by Fig. 2) indicates a slight rotation of figure ubout e (of that
diagram) measured Ly identically the same expresrion. But in the latter case the
relative motion (range of motion of particles from normal position) is very much less,
the distortion being effected by a much smaller tilting (the above angle multiplied by
twwice the (llipticity) of the parallels of latitude (planes of diurnal rotation). Such &
tilting will produce the rotation of figure required and it is shown by me (Addendum
to Problems of Rotation, Vol. xix, Smiths, Contribution) as resulting from Mr, Hop-
kins’ jnvestigation that this {8 the real character of the very slight internal wmotion of
the fluid to accommodate itself to the required external form.
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to maintain their relation to the motionless attracting body,
should move (relatively) around that axis. In Fig. 1 the axis of
symmetry of figure coincides with the axis of rotation — whereas
in Fig. 2 the axis of figure (an equatorial one perpendicular to the
plane of the paper) is in the most incompatible position possible
for such a relative motion. To adapt itsell to the earth’s rotation
about an axis co-incident with that of its own figure, the motion
required of Fig. 1 is a true * forced wave” motion, running from
east to west, for which the forcign attraction supplies the needed
force ; whereas the motion demanded for Fig. 2, is in direct conflict
with that, which, to maintain this figure as a wave, should be
given. It may, however, be regarded as what is called a ¢ sta-
tionary wave,” the development of which is meridional, i.e. one
which, on the same meridian, alternatively rises and falls in the N.
and S. hemispheres, the equatorial clevation remaining constant :
the plases progressively varying from one meridian to another.

But the * particular integrals” for both cases by which to ex-
press the tidal rise and displacements (in latitude and longitude)
are all wave forms, such as, K 5 (i t 4 A) which (disregarding
the proper motion of the attracting body), become, for the semi-
diurnal tide

() K:‘ﬁg2nt+2w—2¢)

and for the diurnal tide

sin

(/) Kotnt+w—¢)

in which Jast (f). the values of A for the diurnal tide are made
manifest in («), (b), (¢), for each particular expression.

The resulting wave for the semi-diurnal tide, as it results from
the dynamic theory, if the depth be sufficiently great, has the
same general configuration as in Fig. 1, and all. the characteristics
of the disturbing influence itself. It is a forced wave which travels
with the disturbing influence and is maintained by it—but mathe-
matically speaking it implies an initial condition exactly conform-
ing.

Nevertheless, since the disturbing force would actually maintain
(resistances abstracted) this wave, we may suppose the uctual wave
approximates very nearly to this theoretical determination: since
when generated, the resistances (friction, etc.) are regarded as
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small compared to the generating forces. But the case is quite
different for the diurnal tide. Could the motions leading to the
tidal developments (a) (b) and (c) be generated by the disturbing
force? The following remark aids in answering this question.
When a fluid moves as if it were a solid, the laws of motion of solids
to a certain extent apply.

Regarding the fluid shell as a solid of revolution enveloping the
nucleus, there is no tendency to disturb the direction of its rota-
tion-axis —for a study of the expression for the diurnal term of
the attractive force (and of the graphic delineation of its distribu-
tion in Fig. 2) shows that it can produce no couple. (In reality,
when the ollateness of the earth is considered this diurnal term is
the only one which does produce a couple, t. e., that which causes
the precession of the equinoxes: but in tidal theories the oblate-
ness is disregarded.) All that can be said of it is that if the
change of direction were tnitially established, the relative mnotion
would 2naintain itself, the foreign attraction maintaining the quasé
solidity, by everywhere neutralizing the pressures the motion of
the fluid would generate and thus preventing internal strains.

An initial establishment of this motion is therefore implied. It
may be argued however—it may even be admitted — that, since
such motion, probably a minimum, fulfils the conditions, that
which would at first be generated (considering the phenomenon as
having a beginning) would, through the resistances of friction, vis-
cusity, etc., resolve itsclf into this. But there is no such thing in
the nature of this case as the prolonged uniform action neceded.
The required dmount of angular separation of the solid nucleus
and guasi-solid shell varies incessantly with, and nearly in propor-
tion to, the declinations,? positive or negative, of the two attract-
ing bodies (sun and moon) and is sometimes a sum, sometimes a
difference according as their distinct requirements are in unison or
in conflict. The axis of rotation of a solid cannot be shifted
without producing internal strains ; whereas it is the essential con-
dition that a fluid may move as a solid, that there be no internal
strains. What in a solid would be strains (in the case in hand)
would, in the fluid, as pressures, appear as tidal rise and full.

When lg = ; or when the difference between equa-

n2
29 (1—1;)

21t varies as sin Vv cos v, or as tho sin 2v:
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torial and polar depth is about seven miles (half the oblateness,
nearly) all the dynamic force of the fluid motion is consumed in
maintaining the corresponding abnormal heights due to the slip-
ping of the flnid shell —leaving none available to counteract the
foreign attraction ;3 no amount of velocities (and displacements)
suflices and the expressions (a) () (¢) become infinite. As their
truthfulness js subject to the condition of their being small, this
result shows that there is a considerable range of values for lg
not very much greater than the depths of our actual oceans
through which this particular solution, if it were otherwise unex-
ceptionable, has no applicability and for which we have no clue as
to what the tidal development would be.

For the semi-diwrnal tide the values of the coeflicient A are de-
terminable for a continuous ocean of uniform depth, if the changes
in right ascension, declination and distance, of the attracting
bodies be disregarded, as also the density of the water in com-
parison with that of the earth. In that case the coefficient K of
(g) for tidal clevations, has been developed by Laplace into a scries

A sin2 0 4 AV sint 0+ AV sins 0 . . .. &e.,

in which A" is the ratio of the semi-diurnal function of the dis-
turbing force to gravity i.e.

1 3L
.A( ) = njg cos? v

. 2) . . . P . s
while A is indeterminate; and the remaining coefficients A®

A“ ete., are determinate linear functions of these two, expressed
" by the equation

) 0=4aYTV@r465)—aVTV 20481+ 40 4V

Taking the above value for AV retaining the symbol A® to
represent any arbitrary value; determining by (L) the others in
terms of these two, we should have an expression, in ‘series,
for the tidal rise, made up of fwo sets of terms one of which has

3There is a corresponding case for the semi-diurnal tide (when (¢ = 1) the depth is
represented by I 8ia20, or is I at the cquator and zero at the poles. When I = 7 miles
(nearly) the expres:ions for the tidal elevations become infinite. The inclination of
the ocean bottom has the same effect as in the corresponding case of the diurnal tide.
With 1 greater than 7 miles the crests of high and low semi-diurnal tide are in their
normal relation to the attracting body. When less they are reversed.
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for coefficient the disturbing (or tide-generating) force A9 (which
disappears if that force has no existence); the other has for
coefficient the indeterminate or arbitrary quantity AP —which
terins having no dependence upon a disturbing force evidently ex-
press a peculiar free wave semi-dinrnal in its phases, which, once
put in motion (i. e., initially established) may exist, resistances of
friction, viscosity, etc., abstracted, not ouly independently of the dis-
turbing force but simultancously and cumulatively with the ¢ forced
wave” expressed by the terms in A,  But this free wave * is one
of the oscillations which depend on the primitive state of the sea,”
and which * must quickly have disappeared by resistances of vari-
ous kinds.” T therefore omit entircly all terms having A® as a
coeflicient (which is equivalent to putting AV = 0); and I find
for expression of tidal risc 4

4 Mr. Airy has somewhat sharply criticised Laplace for the unwarranted inference
that A(?) iz subiject to the law governing the fuceeelding coefli ients, expresged by the
equation (h). I think the above vemarks justify my partial concurrence.  But Mr Airy
retains Laplace’s developments (with (A?) thus determined); which only amouts to so
much i .crease to the coeflicients of the arbitrary scries which he adds, and says
Laplace * ought to have added to this series” the very terms which I (as &tated in the
text; hare omitted, as expressing what Luplace, at the outset, in language I have twice
quoted. rulel out. These remarks ecem necessary to explain why in formula (4) [ use
an expression not only different from Laplace’s, but also trom Mr. Airy’s correction,
Mr. Airy remarks that, through the indeterminateness of A(?), the comdition may be
imposed that the meridional component of tidal motion be nothing for a preseribed
latitude —i. e.. that * an east and west barrier following a parallel of Iatitude be erccted
In the tea;” or in other words that the ocean be bounded north amd gouth of the
equator by shores following certain pavallels, This must ba admitted; and litewcise
that to accomplish it, one of’ those ¢ quickly disappearing ”? dniti ol oscillations (4. e., free
:farea-lm\'iu;.: the A{2) cocflicientr) is involved. It may, however, be allesed that the

barriers” introduced supply the forces by which a new and corresponding form of
“forced waves” would be mintuin . Compared with ocean dimensions the effect or
for'ce exerted by the solid barvicrs wonlld be felt to but a trifting di~tance; and Iam of
Opinion that elsewhere the enduring tidal development woull be the same as before.

One fither remark may be made. The A(2) terms represent an absolutely * free”
Wave. inasmnch as it can exist even though there be no semi-diurnal distorting force.
They also represent an oscillation which when superimposed upon the **forced  wave,
the tico togetier o satisfy ” the conditional equation (as the latter does singly). Asin
the case of the diurnal motion on which I have commented. thi superimposed oscillas
tion (ahsolutely arbitrary in the magnitude of its development) is neither genervated nor
"""i"’m'ued by the disturbing force. To the former, however, the external foree 18 in-
dispensable in order to suppress the straing which woulid mar the quasi-solidity of the
Water (and the self-maintenancee of the maotion); but the latter is absolutely independent
r‘;:(‘:lc.':hf‘)l‘cfi. I cannot cl(Tubt‘lh:ut I am right in my position that this latier “"ou)d
e\prei resistances) speedily disappear and scttle down to the dynamic “ equilibvium ?

Pressed by the terms in A("): in other words the “forced” wave alone: nor that,
though j¢ satizfies ” the conditional equation, it should form no part of the folution,

either in the disguised form in which Laplace has introduced it; or in the explicit lorm
&iven it by Mr. Airy,
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The cxpression above is not easy of interpretation.

In (¥), -’l'; = 2-:—9 (ratio of centrifugal force at the equator to
gravity). Hence % = 1 when the occan depth [ is fourteen miles
(nearly); > 1 when ! is less than that depth; and vice versa.
Even when the depth is small the series is rapidly converging ia
terms of sin 0; hence for all latitudes somewhat removed fromn the
equator the semi-diurnal tidal rise is essentially the same as that
expressed by the equilibrium theory be the depths great or small
—i.e.

3L . '
iry co§? v 8in? 0 cos (2nt + 2 w 4 ¢).

And the same dictum is probably applicable to all latitudes, even
equatorial, when ! is sufficiently large.

The changes of declination of the attracting bodies alter nothing,
in this case, but the infensity of the semi-diurnal component of the
foreign attraction and indeed this intensity, undergoes but slight
changes.> The precise amount of rise and fall and the velocity
and range of tidal motion are thus varied—but (for any given
depth of ocean) théir distribution is not altered. There are no
such conflicting effects as are found in the demand for a shifting
axis of rotation. Ience we may admit that by continued sub-
jection to the foreign attraction the ocean would conform itself, in
the main, to this configuration implied by the particular integral,
especially if it can be proved that this configuration involves the
least possible motion. But it must be borne in mind that, even
with this concession, the tides thus expressed ave not really the
tides of nature ; they are theoretical oscillations, abstracting resist-
ing forces, and implying initial conditions. ‘The latter are generated
disturbances; (generated from any arbitrary initial displacement

8 It varies as cos v, and never falling short for sun or moon separately of 85 per
cent. of its max. value; the variation is very much greater when the joint action is
considered.
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we may, within limits, imagine) and limited in some degree in
their development by the resistances.

In conclusion I would remark that the resort (compulsory) to
particular integrals which **satisfy” the general conditious, does
not (in a theoretical point of view) dispense with initial condi-
tions, as Laplace’s remarks would seem to imply; but they are
the expressions for a form of disturbance which, if once applied,
would be permanently maintained in their original form by the
foreign forces. What relation these theoretical forms have to the
case of nature I have tried (imperfectly) to indicate. Their par-
ticularity consists in defining a particular initial disturbance and
also the character of sea outline and sea bottom, on which it could
be maintained were the maintaining forces unvarying. The ocean
to which they apply must, for the diurnal tide, cover the whole
globe ; or for the semi-diurnal, must be bounded by parallels of lat-
itude equidistant from the equator, and its depth, in cither case,
must be uniform along such parallels.

The disregarding of the chronic variations of the foreign attrac-
tions (or proper motions of the attracting bodics) does not pre-
vent acceptance of the solutions as approximate expressions for
the semi-diurnal tides of an ocean fulfilling the above non-natural
conditions : but it is in serious discordance with their applicability
to the case of the diurnal tide.

Mr. Airy, in commenting on Laplace’s dynamic theory, alludes
to the evanescence of the diurnal tide when the ocean depth is
uniform, as one cf *the most remarkable results” of that theory,
and one, he says, which Laplace himself has frequently alluded to
in a way that shows that he considered it one of the happicst of
his discoveries.”

If my deductions are not erroneous that discovery is not of
anything which could have place in nature, even if we concede to
“nature” such an ocean as the theory preseribes ; but of a purely
mechanical theorem alien to the conditions under which * tides”
are generated.
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EXPERIMENTS ON THE GYRATION OF LiQuiDp Masses IN RoTATION.
By J. W. OsBorxg, of Washington, D.C.

Tae object of the present communication is to bring before the
members of the Association certain experiments which have a
general interest for the physicist, and a divect bearing upon the
vexed question of the condition of the earth’s interior. It is well
known that Mr. Hopkins, in 1839, and subsequent years, brought
before the Royal Society a number of papers, in which be en-
deavored to show, by very profound analysis, that to account for
the phenomena of precession and nutation, the earth must neces-
sarily have a rigid crust of about 1,000 miles in thickness. This
was virtually disposing of the liquid nucleus as far as geological
upheavals, and other movements of the crust were concerned.  Sir
William Thomson in 1863, examined Mr. Hopkins’ investigations
of this subject, and approving his conclusions generally, went
much further, asserting the necessity for a much thicker crust—
practically a solid sphere—possessed of a rigidity greatly superior
to that of steel. M. Delaunay discussed this matter a few years
Iater, combating Sir Wm. Thomson’s conclusions. IIe expressed
the opinion that the particles of a liquid may behave as those of a
solid, and be practically without free movement upon each other,
when the mass-motion demanded of them is exceedingly slow.
General J. G. Barnard, in a number of papers published DLy the
Smithsonian Institution, as late as 1872, criticised M. Delaunay’s
views, and went very fully into the whole subject. He arrived
generally at the conclusion that, were the earth a liquid mass, it
could not under the perturbing influence of the sun and moon,
manifest the phenomena of gyration. Interpreting the drift of
Sir Wm. Thomson’s argument, and endorsing it at the same time,
he says, that ¢ a revolving spheroid destitute of rigidity, a homo-
geneous fluid one for instance, would have no precession.”

From this very superlicial sketch of the mathematical side of
the discussion it will be seen, that while it is universally admitted
that the earth obeys the gyroscopic law, making its gyration once
in about 25,000 years, that very fact has been regarded, by some
of the highest authorities, as furnishing proof that it cannot con-
sist of a fluid mass covered with a thin shell.

Discussing this subject in the early part of the present year
with two scientific friends in Washington, the fact was commented
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on, that one phase of the discussion at least depended for its solu-
tion on the question, whether or not masses of fluid in rotation
would follow the gyroscopic law in a manner similar to solids. 1t
was urged that a priori reasoning could not settle this fundamental
problem, and that nothing short of experimental demonstration
would be convincing and satisfactory. After some consideration
I undertook to devise means for putting this doubtful question to
a practical test; to determine whether or not a mass of fluid re-
volving about an axis would perform a gyration, under the joint
influences of a perturbing force, and its own rotating momentumn ;
notwithstanding the mobility- of its molecules,—in other words
the absence of rigidity.

The first endeavor was to construct a top consisting essentially
of a mass of water enclosed in a thin pliant envelope; to get the
whole into rapid rotation; and then argue, if it spun at all, that
the water played an essential part in supporting the top in its con-
dition of unstable equilibrium. The ditliculty in the construction
of this instrument lay in the centeting of a pliant sack or enve-
lope of symmetrical shape on a suitable spindle.

This was accomplished as follows: A tube of very thin brass
about § inch outside diameter, and 5 inches long, is provided with
a point on which it is finally to spin, and which screws into one
end.  Above the point, and fast to the tube is a small thin flange.
On the tube above slides a very litte stufling-box carrying a simi-
lar flange at its lower edge; this can be clamped at any place by
simply screwing the ring down upon the stufling. The outside of
the two flanges is turned so as to form part of a sphiere threo
inches in diameter, and for cach a thin washer is provided of the
same curvature and size, which ¢an be serewed down upon them
by two nuts, one on the outside of the point, and one on the out-
side of the stufling-box. The lower part of the tube is pierced
with a number of very small holes running spivally round it.  The
whole of this arrangement runs perfectly true in the lathe.

A mass of sugar which hias heen melted and east into a eylindri-
cal mould, a little more than three inches in diameter, and the
same in height, is next prepared.  This has a hole bored through
its centre into which the spindle is thrust ; the latter being heated
80 as to attach itself’ to the sugar, which is also firmly held be-
tween the two flanges brought to within three inches of each other.
When cold the spindle is again cauglht in the lathe, and the sugar
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turned off, so as to form a sphere three inches in diameter. The
surface of this ball, including the outside of the flanges, is now to
be repeatedly coated with thick collodion, made with a minimum
of alcohol, and containing an exceedingly small percentage of
castor oil, which gives a tough pliant character to it when dry.
How thick this coating should be, must be left to the judgment of
the operator. About the thickness of thin card-board will be suf-
ficicnt, if the materials are good and carefully applied; but much
depends upon the quality of the gun-cotton, and the quantity of
castor oil employed.

The scveral coats having thoroughly dried, the point is to be
screwed out, and the ball suspended from a rubber tube attached
to the upper extremity of the tubular spindle. A stream of water
is now to be sent down the axis; this finds its way through the
lateral holes and gradually attacks the sugar. In about three
hours the whole of the inner mass can be dissolved out, an opera-
tion which can bLe hastened after a while, by passing a plug of
cotton to about the centre of the spherc; thereby obliging the
water to cnter at the upper, and pass out at the lower holes. This
being completed, the point and concave washers are replaced, and
the latter screwed tight down upon the fiin. A minute aiv-hole is
finally bored through the upper washer and flange, which may be
closed by a little wooden plug if desired.

The total weight of this top when full of water, is 4,082 grains,
empty, it is 470 grains, while the spindle and brass-work weigh
894 grains.

The spindle and brass-work cannot be spun alone, except at a very
high speed, —more than 100 revolutions per second; the empty
top can, but with some difliculty, and for a short time only, requir-
ing also a very high speed.  When full of water the spinning is
easily accomplished with apparatus suitable for the purpose, which
is necessary, beeause the maximum speed at which the shell is
driven must be steadily maintained for a considerable time, so as
to get the water into rolation as well.  When released the top will
then spin steadily for four or five minutes; gyrate as if solid ; and
risc to a ‘“‘sleeping™ position like any solid top; the only observ-
able difference being, that when it begins to fall, it does so very
quickly. The speed should be considerable, but not so high as to
burst the collodion envelope, on which the water exerts a very
great pressure.
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The legitimate deductions from this experiment would seem to
be that the water plays an immportant part in preventing the fall of
the top, and that its gyrations are caused by the perturbing force
of gravity. It may be urged that the shell, being in rapid motion,
supports itself and the water too; and that its rapid motion is
continued by reason of the friction and momentum of the water
within. But the empty shell is only capable of sustaining its own
weight for any time, when driven at a very high speed ; whereas,
when it is full, the weight is increased more than cight times, and
does not yield to gravity when the speed is comparatively slow.

It must be admitted, however, that the result in this experiment
is not wholly due to the water, and I therefore contrived another
in which any action ascribable to the case, or rigid parts of the
apparatus, is totally eliminated. This I will now describe and ex-
hibit to the section.

A flat cylinder closed at both ends, and of exceedingly thin
metal, is constrncted with much care, so as to secure symmetry and
strength.,  This is cight inches in diameter, and two and one-half
inches high.  Through its axis a small tubular spindle is passed
and firmly attached to the upper and lower disks, springing them
apart in so doing, to give strength and rigidity to the whole. Into
this spindle a long steel point is firmly inserted, on which it is
intended this large top should spin; the extremity of the point
being three and one-half inches below the centre of gravity.

When properly made, this instrument should not weizh more
than cight ounces, but as it is very liable to burst when in use, its
strength must not be sacrificed for lightness. I will not go into
furthur details, remarking only, that the lathe should be used from
first to last in its construction, so as to secure perfect concentricity.

This vessel is now to be filled with water through the tubular
spindle (which has lateral holes for this purpose inside the eylin-
der), whereby its total weight is increased to nearly six pounds.
The point is then placed on a small poreelain saucer (such as those
used for grinding Indian ink), and held there by a sort of curved
wooden nippers, which can be removed at any moment. Rotary
motion is now applied to the spindle, which is gradually increased
till the top makes about cighteen or twenty revolutions per sccond.
By means of the nippers the spindle can be inclined, and held so
till the motion has been sustained long enough to insure the cqually
rapid rotation of the mass of water within, when it is to be sud-
denly released. ‘The top will now spin, making large, slow gyra-
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tions, rising gradually to the upright position, and so continue for
fifteen minutes or more. So far there is nothing new; it is only
the previous experiment in a modified form; but if, while it is still
gyrating, we suddenly grasp and stop the shell with the fingers,
and as suddenly let it go again, what will take place? Will the top
stand or full? If this operation is dexterously performed it will
not only stand but will continue the gyration which has been in-
terrupted, showing no tendency to fall whatever, and the experi-
ment can be vepeated several times, before the power that sustained
it is exhausted. Of course the water continues its rotation after
the shell is stopped, and when let go, the latter takes up that rota-
tion rapidly fromn the water; but long bLefore the speed becomes
suflicient to support even the shell alone, time enough will have
elapsed for the whole to come to the ground.

When we consider that at the moment of release, not only has
the shell weighing halt a pound to be supported, but also five
and onc-half pounds of water, with the centre of gravity hanging
over the point of suspension, it must be admitted that we have
here a very distinet manifestation of force.

This I submit is a crucial experiment, establishing beyond ques-
tion, that rotating masses of liquid behave similarly to solids when
acted on by a perturbing force, which tends to modily their plane
of rotation, giving a gyration as the resultant in both cases.

As some persons may wish to repeat these experiments, and as
a method of imparting rapid, long continned motion, in a delinite
and convenient manner, is a very indispensable condition of suc-
cess, I will conclude this paper by giving a general deseription of
the instrument I have constructed for this purpose, and which
works very satisfactorily.

A flat wooden base about nine inches in diameter is heavily
loaded with lead.  IFrom the centre of this rises a short upright
pillar one and onc-half inches in diameter, the top of which is
about six and one-hall’ inches above the table on which the instru-
ment rests.

Upon this slides up and down, but hindered from turning, a
sleeve ol brass, to the upper end of which a long cross-picee of
wood is firmly serewed. A horizontal, multiplying wheel, cleven
inches in dimmeter, rans in a sunitable bearing in the cross-piece,
its centre being exactly over the pillar. The enlds of the woo len
cross-picce extend beyond the multiplying wheel.  One of these is
shaped to form a suitable handle by which the spinner is grasped
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when in use; and the other contains a horizontal socket which re-
ceives & short brass bar, terminating at its outer end in open bear-
ings for a little pulley about one-half an inch in diameter driven
by the multiplying wheel, the cord from the latter being kept
stretched by a spiral spring inside the socket. This pulley con-
sists of a short perpendicular axis, upon which are two little
fanges, one fixed, and the other capable of being screwed up like
anut. Between these flanges two disks of rubber one-cighth of
an inch thick are pinched, the adjacent sharp edges having been
rounded off, thereby forming a groove for the cord. As these
rubber disks can easily be replaced by others of larger or smaller
diameter, any desired relation can be had between the pulley so
formed, and the driving wheel. The advantage secured by the
rubber is the total absence of slip. The lower extremity of the
axis of this little pulley is expanded and hollowed out to a cup or
bell shape ; this is let down on the end of the top spindle, the ex-
tremity of which is also made slightly conical in form. The fric-
tion between the two drives the water-top.

We must now return to the pillar and sleeve. In the axis of
the former a very strong spiral spring is inserted, which tends at
all times to lift the sleeve and all that is above it with considerable
force. To lay hold of the top-spindle by the hollow cone on the
end of the axis of the little pulley, this spring must be compressed,
in which position it is held by a catch falling into a small steel
rack ou the outside of the sleeve, which is controlled by a trigger
conveniently placed under the handle of the instrument.

When the speed of the top is suilicient it is instantancously re-
leased without ceasing to turn the multiplying wheel, by touching
the trigger with the finger of the left hand, the movement being a
steady npward one whiclh gives no impulse to the top in any divec-
tion. Finally, the porcelain saucer on which the top spins, is capa-
ble of adjustment up and down hy three levelling screws, so that
the height of the upper extremity of the spindle can be made to

suit the spinner exactly.

The experiments described in the foregoing, must be regarded
as tolerably conclusive, especially that exhibited before you; but
they are by no means exhaustive, and I hope to extend and gener-
alize the experimental treatment of this subject, eliminating in each
successive modification some one of the restrictions which interfere
with a just appreciation of the phenomena.

A. A. A, 8. VOL. XXV. 5
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.

Dertemynxations or Stesecrive Temperature, By J. W, Ossorse,
of Wushington, D. C.

A7 the meeting of the Association last year in Detroit, T de-
scribed and exhibited to the Section, an instrument designed to
furnish means for ascertaining the fluctuations in sensible climatic
temperature. It is not iny intention to refer on this occasion to
the observations and experiments that have since been made with
that instrument, any further than to state generally, that the results,
thouzh interesting and valuable, ave too negative in their chiaracter
to make their presentation desivable at present. This is especially
true of the long series of efforts to determine the equation of the
curve of cooling, upon a knowledge of which all systematic work
must depend. Only step by step have the difliculties been discov-
ered and appreciated which interfere with the establishinent of
constant external conditions, on the one hand; and the accurate
measurement of the intervals of time required for the loss of pre-
cisely cqual increments of heat, upon the other.  Many of these
difliculties have been overcome, but some still remain to be dealt
with and econquered.  If progress in this direction is slow, the
complex influences which aflfect living beings, producing in them
the sensations of heat and cold, are still active; aud the problem
above stated is as important, and its solution as urgently needed
as ever,

I wish now to direet attention to another method quite distinet
in its nature from that alveady referred to. but caleulated to give
very similar results.  Before passing to details however, it will he
well to make a concise statement of the conditions and influences
which affect the body thermically, and which in that particular re-
speet constitate climate in relation to animal life,

The body of a warm-blooded animal, off man for instance, is
constantly generating heat; no doubt the amount ditters in the
same person under ditlerent civcuinstances 3 bat it is always sufli-
cient while he remains in health, to maintain a constant tempera-
ture of the blood, and is therefore exactly as much as he loses.

Wihen the climatic conditions tend to rob the body rapidly of its
heat, the sensation of cold is produced, beeause a demand is made
upon it to furnish the supply more rapidly. The body must re-
spond, or the cooling influences avoided by flying to shelter,
clothies, or artificial warmth. If, on the oth r hand, the external
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conditions are such that the body cannot get rid of its physiolog-
feally generated warmth with sufficient rapidity, we begin to suffer
inconvenience ; the organism itself takes steps to lower its tem-
perature by throwing out moisture on the surface, and if this is
not enough we have to find some means by which to keep the
temperature down, or sicliness and death will ensue.

It will be scen, therefore, that physiologically speaking, it is the
rate at which the body cools which interests us, and the physio-ther-
mic influence which a climate exerts should be estimated in refer-
ence to this fact.

The meteorological elements which chiefly determine the rate
of cooling, and which, therefore, are of especial importance in this
consideration, are the actual temperature; the relative humidity ;
and the motion of the air. The first affects radiation from the
warm Lnman body, and the cooling due to contact; the second,
evaporation from the skin and lungs; the third, the convection
of heat from the surface, and also the rapidity of evaporation. It
is the agercgate inflnence which these three factors exert, with
some other minor ones, for which a numerical value is required.

It will be seen from the foregoing —

1. That the actual temperature as determined by the thermom-
eter does not furnish the information sought, but must, on the
contrary, often lead astray.

2. That meteorological observations as at present conducted
and published, do not give data from which the physiologist or
biologist can form an estimate of the thermic influence.

3. That any means by which the intensity and fluctuations of
subjective temperature conld be relatively expressed, would have a
positive practical value. ,

Having thus stated the nature and salient aspects of the problem,
which is obviously a diflienlt one, I proceed to describe the method
recently adopted in Washington for its approximate solution.
This consists in obtaining from a sufliciently large number of in-
telligent persons) their individual estimate of the sensible temper-
ature for certain fixed hours in each day, and then deducing means
from the whole record, which, it was assumed, would be a fair
statement of the average opinion for that locality.

This was accomplished hy conceiving the total range of sensible
climatic temperature to be divided into twenty cqual parts, count-
ing upwards fromn the extreme of cold.  To each of these divisions
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a descriptive expression was affixed conveying in as unambiguous
a way as possible, the idea of a progressive elevation of temper-
ature at every step. The observer, in the open air, and sheltered
only from the direct rays of the sun, selects the expression which
most nearly deseribes his appreciation of the sensible temperature
at the time, and records, not the expression, but the number attached
to it. From such records, means and generalizations can be ob-
tained which increase in value as the observers increase in numbers,
and gain experience.

To give this method a practical character it is necessary to re-
duce the trouble and inconvenience to a minimum. This is done
by furnishing each observer with a little printed card for each week,
which folds into so small a space that it can be constantly kept
about the person. In this the entries are made. The plan will be
best undérstood by examining the specimens lying on the table.

(INSIDE OF CARD).

SUBJECTIVE OBSERVATIONS OF TEMPERATURE.

Week ending Saturday,............coocooeeveeeeee.. , 1876,
7:35, A. M. NOON. 4.35, P. M. 11, P. M.
DATE. i}

Obs. | Rem’ks. || Obs. | Rem’ks. || Obs. | Rem'ks, || Obs. | Rem’ks.
Bunday...eeee||seeeecc|eonnnnnaas O S | PPN ceenenns [T PN
Monday....ee.|lsecsecifocreaciienilonans N PP | TS ET TP | o
Tuesday.eeeos|ioenes PR P | P P, T U | PR T
Wednesday...|iceeeeee]eonsacnaaslocenanitonns R | P PP | P sefevecoancnae
Thursday.....|lseecessfocsecacess S P | T LT I T T PURN | FO P N
Friday.ceeeeed|fecenens PO | IYTTTT FPPTPRITIN | FATTINS FPPIPIec | FETTII R ceen
BaturdaY.eeso|{ceeceac]ecene F O | P P | PN [ | ET YT S PO,

............................................................................. Observer.
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(OUTSIDE OF CARD).

REMARKS. SCALE OF OBSERVATIONS.
X. Quite still. 20. Intolerably hot.
W. Still. 19. Excessively hot.
V. Breezy. 18. Very hot.
- U. Windy. 17. Tolerably hot.
T. Gusty. 16. Very warm.
8. Blowing hard. 15. Decidedly wiurm.
R. Gale. 14. Agreeably warm.
13. Mild and soft.
Q. Very dry.
P. Dry.
0. Moist. 12. Mild and fresh.
N. Very moist. 11. Quite fresh.
M. Rain. 10. Very frech,
L. Fog. 9. Decidedly cool.
K. Frost. 8. Very cool.
L Suow. 7. Moderately cold.
8. Cold and flue.
H, Quite clear. 8. Cold and sharp.
@G. Bright. 4. Very cold.
F. Fine. 3. Bitterly cold.
E. Dull. 2. Painfully cold.
D. Hazy. 1. Unbearably cold.
C. Lurid.

B. Overcast. N. B.— However qualiied. these expressions must be under-
A. Dark and gloomy. stood to refer 1o equal gradations of pensible temperature only.

The inside of the card is arranged for seven days ending with a
Saturday, and the hours fixed for obscrving are 7.35 A.M.; noonj;
435 p.m.; and 11 p.M. These are synchronous with those em-
ployed by the signal service in Washington, for simultancous ob-
servations throughout the country, not those best calculated for
giving daily means which, as established by that office, are 7 A. ».,
2p.M.,and 9 p. . But the former are very convenient for persons
employed in Government Departinents, and in other ways, which
the latter are not, and the daily means obtained from these will not,
it is thouglt, differ greatly from the truth. Besides we do not really
know what the best hours are, influenced as the sensible temper-
ature so decidedly is, by variations in the force of wind, percentage
of moisture, ete. The inside of the card also provides for a regis-
tration of *‘Remarks.” These are expressed by letters which give
a general characterization of the weather, quite subordinate of
course to the other observations, but useful in many ways, espec-
ially in giving the observer an opportunity to express qualifying
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circumstances which might otherwise modify his estimate of the
sensible temperature.

The outside of the card has printed upon it the * Scale of obser-
vations” and ¢ Remarks” with their corresponding figures and
letters for constant reference.

With a view to secure uniformity of endeavor amongst the ob-
servers, they have been furnished with printed instructions, which
with a few recent additions are as follows: —

GENERAL INSTRUCTIONS TO ACCOMPANY OBSERVATION CARD.

Washington, D. C., Junc 4, 1876.

In making SUBJECTIVE OBSERVATIONS OF TEMPERATURE, it is above all
things desirable to divest the mind of preconceived ideas of what that
temperature ought to be. While trying to form an unbiassed estimate,
the person doing so should regard himself simply as an animal with a
single sense; that of heat and cold. One shiould also make the observa-
tion when in a passive condition, and should then select the plopcr ¢X-
pression, not doubtingly, but with careful deliberation.

Each observation should be made in as open a place as possible, chang-
ing the locality at different times of the day, so as to get out of the sun
wlhile exposed to the wind; but one must not stand in a hall-way or
window, so as to be affected by a local dranght; or move rapidly through
the air while observing. It will often be well to go to both sides of the
house before deciding, begiming and ending with the better locality.
With the direct radiant heat of the sun, these observations have nothing
to do, although it is often necessary to subject one’s self to it for a short
time, so as not to escape the cooling effects of the wind. This is especi-
ally the case in winter.

Avoid all consultation with friends relative to the observation until it
is made and recorded, and never on any account alter what is written in
conscquence of misgivings due to the opinion of others. Never read a
thermometer, or report of weather-probabilities previous to the tunc of
observing.

Always remain sufliciently long in the open air, before sclecting an ex-
pression, to feel that the warm or cool influence of the house has been
thoroughly replaced by that of the outside air.  One should thervefore en-
deavor to begin the observation five minutes before the times specitied,
which are those adopted by the Signal Service Bureau for meteorological
registrations.

As a rule it is better to be a little too carly than too late. Ten minutes
either way is all that can be allowed; if this limit is overstepped, make
no entry.
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Never under any circumstances record an ohservation from recollection
of what the weather was, or from the statement of another obscrver, or
when, from indisposition, one is conscious that his feelings are abnormal,
or when absent from the District of Columbia; and relinquish the work
allogrether as soon as it is decidedly disagreeable and irksome.

Dress about as one would wish to be dressed (feaving style and appear-
ance out of consideration) in the weather that prevails at the tiie of the
observation.

The temperature of the room one leaves before experiencing the thermic
influence without, is calculated to prepossess the mind of the observer in
agreater or less degree, as to what he has to expect.  He must try to re-
sist such bias, and judge at all times independently. It is a good rule to
ix on no number for the first two or three minutes, holding the mind
without a decision, so as not to add to the difliculty by having to undo a
hasty one formed on the first inpulse. ’

When the wind is intermittent an effort should be nade to express the
average sensation of cold or warmth,  This is somctimes dificult; it is
best done by fixing on two numbers and recording one that is inter-
mediate.

Fractional registrations must not be indulzed in for the present; they
indicate doubt and indecision only, not accuracy. In time observers may
be able to divide the total range of temperature into thirty-uine, but not
now.

Alter a continuance of hot weather, when a slight but sudden depres-
sion takes place, one is apt to say that it has become pleasantly cool;
whereas the fall may have lett the sensible temperature much hizher than
such a phrase expresses.  ‘The observer in such, and converse cases, should
cudeavor to maintain an unbiassed judgment, notwithstanding the ten-
dency of the strong contrast to mislead him, careful at the same time to
express exactly what he feels. When the change is considerable, and one
is conscious of the danger of going too low, or too high, as the case may
be, the best way is to conecive one's self coming to the existing state of
things from the opposite extreme, and under that influence to make his
decision,

In using the ““Scale of Observations,” after a selection has been made,
one should test its correctness by inguiring with himself whether the next
hizlier or lower expression could not he used with propricty; in this way
8 considerable degree of certainty will be acquired.  Be careful when
approaching the extremes of the scale to realize the number of pessible
gradations one is capable of distinguishing before reaching the end.
This effort of the mind will prevent premature exhaustion of the expres-
sions, and encourage moderation,

The *Scale of Observations” — which is intended for the whole coun-
try and not for any particular locality—is divided into an upper and lower
group, the sensible temperature rising and falling gradually from between
Nos, 12 and 13. By tixing this neutral place in the mind, and recurring to
it frequently as aline of demarcation, the accurate selection of expressions
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will be greatly facilitated. The expressions used in this series are in-
tended to refer to degrees or grades of sensilble temperature only. however
they may be qualificd by descriptive words such as, “fresh,” ¢“tine,” etc.
They are, morcover, to be regarded as subdivisions of the whole range
of temperature, divided into twenty equal parts, the interval between any
two being the same in amount. The sooner the observer can leave the
expressions, except for occasional reference, and work with the nuimbers
alone, the better will be his determinations.

Certain ohservers will be conscious in themselves of a tendency to run
to extremes, sometimes possibly to one extreme, while others are con-
servative, and resist change; one class giving to each degree too small,
and the other too large a value. These natural dispositions of the mind
should be recognized, and combated, not in special cases but in a general
way.

No observer should attempt to correct by violent elevation or depres-
sion of the number used, any supposed constitutional peculiarity of his
own; but should invariably record that which best expresses his personal
estimate of the sensible heat or cold affecting himn.

In using the list of ** Remarks” one letter from each of three divisions
should be selected, giving in this manner the most characteristic descrip-
tion of the weather, which so concise a method admits of. The observa-
tions entered in this column should always be made after those expressing
sensible temperature, inasmuch as they are quite secondary and subordi-
nate. ’

Observers will promote the general accuracy and final value of observa-
tions of this kind, by suggesting any interpolation or alterations which
occur to them, calculated to extend, or give deflniteness to the ¢ Scale of
Observations:”

N. B. Observers are requested to read these instructions carefully and thor-
ouyhly ONCE EVERY WREEK.

The number of persons who assisted me in the prosccution of
these observations has been considerable, averaging about twenty-
eight up to the present time. They do not all observe at the four
periods, most of them making three entries only.

As was-to be expected, their observations do not always coincide
for the same day and period.  This is due to the fact that the system
at best is but approximate, that individuals differ in their estimates
of temperature, and that living in different localities, some exposed
to one wind, and some to another, they are not affected similarly.
Nevertheless the means obtained from this large mass of somewhat
crude material, have exhibited so remarkable a degree of consist-
ency and harmony as to justify great confidence in the method,
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which certainly furnishes information relative to climate that has
not been hitherto obtained. '

The larger diagram here exhibited gives both graphically and in
figures the mean reading for each of the four periods of each day
for nine wecks; and also the daily means, maximum, minimum,
and range. The smaller diagram gives weekly means for the same.
A glance at the fivst shows the undulations in sensible temperature
at morning, noon, afternoon, and night. It will be seen that with
a few exceptions there is a remarkable similarity in the curves for
each of these periods; that of the morning often foreshadowing
all the others. For several of the weeks this is very strikingly the
case. When a marked deviation occurs, there is generally some
obvious cause, such as rain, alteration in the wind, etc. This is well
seen in the first week (ending, June 10), where the sudden rise of
Saturday morning and noon, is suddenly checked by a thunder-
storm before the afternoon reading. A similar disturbance re-
sults from a like cause before the afternoon observations on June
17th, July 10th, and at other times. These curves also show the
three hot weeks ending July 1st, 8th, and 15th, and the gradual
rise to them from Wednesday, June 21st. The weekly means show
the three hot wecks, and the general harmony of the curves in a
still more beautiful and perfect manner.  When it is remembered
that the ladies and gentlemen who made these observations (to
whom I am greatly indebted for the kind and generous interest
they have taken in the work), could have had no idea of the con-
formity to be elicited from their labors; that in fact many of the
observations now brought in juxtaposition were made by different
persons; it will be certainly admitted that the results are striking
and full of interest,

In relation to the progress which a number of observers collect-
ively can make towards accuracy, it may be well to state that at
the end of every week’s work the observer’s mean range was deter-
mined for purposes of comparison. It is evident that the range
obtained by subtracting the mean of all the minima from that of
the maxima would, if the observations were correctly made at one

locality, be equal to zero. This, for obvious reasons, it never can
be ; but it is fair to assume that the smaller the mean range derived
from all the individual readings, the less will be the danger of error
in the reduced results, arising from any disturbance of the com-
pensation which a large number of observers insures.
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The following table gives these quantities for nine weelks.

OBSERVER'S WEEKLY MEAN RANGE.

WD NG 35 A | NooN. | 435 e | 1PN | MEANS.
June....veveeenneena. 10 2.37 2.37 2.05 2.79 2.54
[P 2.20 2.05 2.58 2.18 2.2
L 1 1.82 1.87 1.7 1.33 1.7
B 101 RS | 2.16 1.88 2.04 2.63 2.17
L - 2.03 1.79 1.65 2.16 1.91
LC S 1 2314 1.36 1.98 2.92 223
B riierrerneeen 22 1.91 1.99 2.04 2.11 2.01
B i eeeen 20 1.62 1.3 1.50 1.97 1.79
Augustiieiieniieiiann B 1.64 2.01 188 1.20 1.63

This table shows a progressive improvement until the change to
the very hot weather of the week ending July 1st, produced uncer-
tainty and difference of opinion.  Since the three warm weeks the
numbers are again gradually decreasing up to the present date.

For the information of those who wish to test this method for
themselves it may be stated, that while it is decidedly injurious to
endcavor in any way to constrain observers by anything like dicta-
tion, much can be etfected by general advice and eriticism.  The
best commentary is undoubtedly a comparison of their own work
with the weans, which they can make for themselves if facilities
are offered. It has been my rule to furnish each person with a
manifold copy of the means at the carliest possible day, and to
urge every observer to make a proper comparison of them with
their own figures, of which they always keep a copy.

I hope to be able to prosecute these observations, and on a
future oceasion to compare the results so obtained with ordinary
meteorological records, as well as with the readings of the instru-
ment referred to at the commencement of this paper.
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Tue AccurRATE GRapUATION OF THERMOMETERS BY COMPARISON.
By J. W. Ossorxg, of Washington, D. C.

Tue manufacture, for scientific research, of thermometers having
no correction, is both diflicult and expensive. As usually con-
ducted it involves the possession of a large stock of extra good
tubing, and the selection, after a number of trials, of pieces suffi-
ciently perfeet to secure the degree of accuracy required. This
selection is made by the process of calibration, a tedious operation
‘which requires the forcing of a short column of mereury from step
to step through the tube, and its accurate micrometric measurement
in every position with a view to ascertain whether or not equal
lengths of' the bore have an equal capacity.

After such a tube is filled and sealed, the melting point of ice and
the boiling point of water have to be marked upon it; both very
difticult operations requiring numerous precautions, and a thorough
familiarity with such manipulations as well as with the causes of
error which are always prescent.

It is evident that physicists and chemists generally cannot them-
selves attempt the manufacture of standard instruments ; indeed, as
a matter of fact, they are only made by a very few of those habit- *
ually engaged in such work, costing them from fifteen to twenty-
five times the price of ordinary thermometers.

The object of the present paper is to explain a method by which
very serviceable instruments can be made by any one capable of
using them. '

It is not diflicult to get from any respectable maker an ungrad-
uated thermometer for which a good, though by no means perfect
tube has been used. The problem is to provide such a one with a
scale in which the degrees shall express equal increments of heat,
with no correction, or one so small that it may be disregarded.

This is accomplished by comparison with a Kew or other stand-
ard, on which perfeet reliannce can be placed. The method of
comparison in ity simple and obvious form is by no means new.
It is constantly used for spirit, and short mercurial thermometers ;
but as ordinarily practised even in careful hands it is exceedingly
unsatisfactory, and is employed from necessity, never by prefercnce
for the production of exact work.

The success of the method now to be described depends chiefly
on the perfect and continuous agitation imparted to the water in
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which both bulbs are immersed ; on the certainty with which the
position of either column is read ; on the absolute control over the
rate at which the temperatare rises or falls; and finally, on the
precision with which the scratch can be made at the proper place.

To secure these advantages an apparatus is used consisting of an
upright pole or stafl, to which three brackets are clamped at suit-
able places. The upper one carries the standard and new thermom-
eter; to the second a cylindrical vessel of thin brass to hold water,
about five inches in diameter, and eight inches high is attached;
while the lower arm, by means of an upright rod at its end, helps to’
support and steady the cylinder, carrying at the same time a small
spirit lamp which slides up and down upon the rod. The way in
which thorough agitation is sustained in the water contained in the
cylinder, is similar to that employed in the meteorological instru-
ment submitted by me to the section last year (1873) for the deter-
mination of sensible climatic temperature. The cover of the
cylinder has a round opening in its centre, of about three inches
diamecter, in which revolves horizontally a short ring or collar, the
upper edge of which is grooved as a pulley, while that part which
passes into the cylinder is connected with a flat spiral ribbon
- making threc revolutions to the bottom of the vessel. This spiral
sweeps the inside of the cylinder without touching it. Inside the
spiral rise perpendicularly from the bottom to which they are fast-
ened, four narrow blades of thin brass: these are set radinlly, and
leave a large space unoccupied in the centre of the cylinder to
receive the stems of the thermometers. When the collar is set in
motion horizontally by a little belt, which passes over two upright
guide pulleys on the end of the bracket furthest from the cylinder,
and down to a suitable driving pulley and fly wheel attached to
the upright, a current of water is sent down the inside surface of
the brass vessel, and up its centre impinging iu a continunous
current upon the bulbs of the thermometers, while innumerable
lateral eddies strike them from the sides caused by the resis-
tance which the stationary blades offer to the revolution of the
water. This method of agitation is so complete that it is not
necessary for the bulbs to be close together to experience precisely
the same temperature; anywhere under the surface of the water
will be found suflicient. It may be remarked in passing that it is
a very diflicult thing to maintain any fluid at a uniform temperature
throughout its whole mass. I know of no other satisfactory way
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in which it can be done, and upon success in this respect depends
the value of the method forming the subject of the present paper.

The introduction of water into the cylinder is etfected through
asmall opening in its bottom furnished with a little conical nozzle
outside, and & valve consisting of a strip of rubber inside, opening
upwards. Then by gravitation from a movable cistern which can
be placed on the top of the upright staff, through a piece of rubber
tuwing, the water lifts the valve and enters, while that which is
displaced finds its way by an overflow tube to a vessel below.

The thermometers are attached in any suitable way to the upper
bracket, and their stems pass through perforations in a sheet of
thin rubber strained upon a ring, standing with short feet upon the
top of the cylinder ; the object being to prevent the condensation
of water upon the tubes above, which would interfere with accurate
readings.  The position of the mercury in the new tube is followed
by 2 microscope with cross hair, worked up and down upon a slide
by means of a long screw or rack. Close by this tube a strip of
thin metal is fastened to receive the markings to be made at inter-
vals; and on this strip, fast to the sliding part of the microscope,
travels a short ruler or index, the upper edge of which is coincident
with the cross hair in the microscope. Along this edge the scratch
is made with an exceedingly fine necdle point. The next requisite
is to read the Kew standard correctly. It is impossible to do this
without some contrivance which will obviate the error arising from
parallax, nor can a magnifying glass be used unless its position in
relation to the tube is fixed and constant throughout. As instru-
ments of this class are invariably divided on the tube, a very simple
arrangement will suflice. A small strip of thin brass is bent double,
80 as to fit and clasp the tube on both sides with a gentle pressure,
and slide steadily up and down. A light ring soldered to the
folded edge of the slide with its plane parallel to the tube, and
about three-fourths of an inch distant from it, carries a watch-
maker’s eye-glass. Between the lens and tube, and in the axis
of the former, an index projects for setting the slide to each
degree, and a cross-hair is stretehed a little nearer to the observer
b)" means of which the position of his eye is determined.

'I'he manner of using this instrument is as follows :—

{‘lle cistern above being filled with hot water it is run into the
cylinder till the maximum temperature required is slightly ex-
ceeded ; the agitator being maintained in motion the while by an
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assistant.  If this temperature is near or above the boiling point,
the addition of some suitable salt to the water may be necessary.
The operator now waits for the temperature to fall to near the
point at which the first scratch is to be made.  As the mercury
would in all probability pass it too rapidly, he retards the rate of
cooling for the last fraction of a degree by lighting the spirit lamp,
and raising the little bracket on which it stands, till the mercary
appears to stand still, but yet with a positive tendency downwards:
this is very easily done, a little experience enabling him to make
the last one-tenth of a I degree take several minutes to fall.  As
Ahe column in the standard falls he follows that in the new tnbe
with the cross hair, and at the moment when the transit takes
place, the index on the slide of the microscope is in the position
where the serateh is to be made.  But it is better at once to repeat
this operation, by raising the spirit lunp with the fingers for a
moment till the mercury has appeared above the line upon the
standard, and then wateh its gradual descent a second or even a
third time.  When satisfied that the transit is siimultancous in both
tubes, a short line should then be carefully drawn upon the tempo-
rary strip of metal. The spirit lamp is now to be depressed or
removed, and the slide and index upon the standard lowered to
the next place at which a reading is desired.  What the interval
should be depends upon the degree of accuracy required; five to
five degrees I, will give excellent results, ten to ten will be quite
enoteh for many purposes, and even larger intervals may be used.
At first the time which it is necessary to wait from one interval to
another will be short; but as the temperature falls it will become
inconveniently long. It is easy, however, to curtail it to any extent
by lilling the cistern above with cold water and admitting it to the
evlinder through the rubber tube. By compressing the tube be-
tween the finger and thumb, the fall of temperature is so thoronghly
under control that it can be rapidly brought down to any desired
reading of the standard, as with hot water it can be made to rise.
When the temperature of the evlinder approaches that of the room,
and from that to about 40° I°., ice-water in the cistern, and ice
applicd to the outside of the eylinder must he used: from that
temperature downwards the water from snow and salt will be nee-
essary.  For all low temperatures the readings must be made with
a rising column, It is needless to say that during all these oper-



TIDE GAUGE, ETC., BY JOIN M. BATCHELDER. 79

ations. the agitator must be kept in motion, increasing the speed
considerably at each critieal period.

Having obtained all the coincidences required, a comparison of
the length of the intervals on the temporary scale will furnish defi-
nite information as to the quality of the tube, and if it be good,
and great exactuess is wished, I strongly recommend the repetition
of the whole operation from the beginning. The short scratched
lines in this case should be made without looking at the old series,
and as a continuation of the latter, not superimposed upon them.
The two series should not differ more than from 25 to ;35 of a
degree, and will often be found perfectly coincident it the work be
carefully done. It now remains to transfer, and in doing so to
subdivide the intervals upon the temporary strip of wetal, to
the permanent seale in the dividing engine, or by the hand of a
caeful engraver if the greatest accuracy is not required.  If the
division is wished upon the tube it must be covered with etching
ground, and the transfer made to it, after which it is subjected to
the action of hydrofluoric acid in the usual way,

It will be rveadily seen that the apparatus here described is also
well adapted for the rapid and exact comparison of ordinary ther-
mometers with a standard, and the determination of their corree-
tions,

Descrierion or A Tine GAUGE, FOR USE IN COLD CLIMATES. DBy
Jonx M. BarcneLver, of Cambridae, Mass.

At the miceting of the Association in August, 1870, I presented
adesceription of a tide gange for use in cold climates.  Several of
the purts that were used in that apparatus may be dispensed with,
and the more simple form of the present instruinent adopted.

The parts that relate to the record of the height of the tide are
those of the * Saxton Tide Gauge,” the same now in common use
at the tidal stations of the United States Coast Sur vey.

In th at instrument the long roll of record paper, about one foot
in widul, is moved forward by clock-work and driving cylinders,
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while a carriage and attached pencil traverses at right angles with
the paper and records in a curved line the varying height of the
tide. In the present instrument the chain or cord that moves the
pencil carriage is attached to a hollow box made of sheet copper,
which floats upon the top of a column of glycerine contained ina
vertical iron tube. This tube is about three inches in diameter
and is firmly secured by bolts and clamps to the wharf on which
the whole apparatus is placed. The bottom of the tube should be
two feet below low water-mark and the top about the same distance
above the level of the highest tides. It must be strong enough to
withstand the pressure and friction of floating ice.

A nipple is inserted near the closed bottom of the tube, and to
this the neck of an india-rubber bag is cemented and firmly se-
cured. The bag rests upon a suitable support or platform, and is
filled with glycerine, a suflicient quantity being introduced to allow
it to stand at about one foot in depth in the tube, at extreme low
water.

A chain or cord fastened to the top of the float is carried up-
ward, and at a short distance above the iron tube passes avound a
pulley upon a shaft, which also carries a smaller fixed pulley, and
from this a chain leads horizontally to the traversing platform that
holds the peuncil.

The glycerine rises and falls within the iron tube, in proportion
to the varying height and pressure of the column of water above
the rubber bag, the ditference in the height of the two columns
being in proportion to the difference of the specific gravity of tbe
water and the glycerine.

A mixture of pure glycerine, and an equal quantity of water
congeals at about fifty-seven degrees below zero F. The kind
now commonly used in gas-meters is suitable for the tide gauge,
and I find that the india-rubber bag retains its strength and flexi-
bility after three year’s exposure to the action of the glycerine.

The scale of the record made by the pencil, may be one-tenth of
the actual range of the tide, and this ratio is determined by a few
observations with the common tide statf, the exact adjustment
being made by increasing or reducing the size of the small pulley
that holds the chain leading to the traversing platform.
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FeLrow MEMBERS OF THE ASSOCIATION—

LApiES AND GENTLEMEN : —

By a resolution passed at the Detroit meeting of this Associa-
tion, it was made the duty of the Chairman of the Subsecction of
Chemistry to prepare an address for the present occasion npon
some subject of interest to the section. Before complying with
this request, however, and before asking your attention to the few
thoughts which I have to offer for your consideration, I desire to
congratulate you upon the arrival of the One ITundredth Anniver-
sary of our existence as a nation, and upon the very successful
celebration of this important event which is now in progress in
the International Exposition at Philadelphia.  While the illustras
tions of chemical industry there exhibited are not as extensive,
for obvious reasons, as those which have been secen at previous
exhibitions, yet the presence of vanillin and coniferin, of resorcin,
fluorescein and eosin indicates great chemical progress even since
1873. Morcover, the excellent character and the magnificent
display of pharmaccutical and industrial chemicals from our own
country is a matter of pride, as foreshadowing a most brilliang
future.

(85)
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It has also been a matter of great satisfaction to us to receive
and to welcome so many chemists of eminence from foreign coun-
tries, who came here officially either as commissioners or jurors.
The names of Odling and of Lowthian Bell, of Von Wagner, Vo-
gel and Martius, of Nordenskiold and Akerman, of Paterno, von
Baumhauer, De Wilde, Kjerulf, Kittary and Kublmann (fils) are
well known to us in the literature of our science, and have been
worthily enrolled upon the pages of the exhibition record. While
it is our sincere regret that so many of them have already been
called away by the pressure of home duties, we warmly welcome
here to-day those of them who have remained to participate in our
meeting.

Another event has taken place, which is of especial interest to
the members of this subsection. I allude to the formation of the
Amcrican Chemical Socicty. The movement originated in the
city of New York and the preliminary meeting was held on the
6th of April last. At a subsequent meeting held on the 20th, a
constitution and by-laws were adopted and a list of officers
clected. The new society commences its existence under the most
favorable auspices, about two hundred resident and non-resident
members being already enrolled upon its books. The most cor-
dial relations exist between the society and this subsection. To
continue these relations, it might be desirable to hold the August
meeting of the society jointly with that of this subsection of the
American Association.

With these preliminary remarks, I pass to the consideration of
the subject which I have chosen to present to you, and which
I trust may prove of interest to the chemists present. I ask you
to consider with me some of the ideas which exist to-day in science
concerning the Molecule and the Atom, especially as they appear
when viewed from the chemical standpoint.  Said Professor Can-
nizzaro, in his Faraday lecturc:! I do not hesitate to assert
that the theory of atoms and molecules ought to play in the teach-
ing of chemistry a part analogous to that of the theory of vibra-
tions in the teaching of optics.” Clearness of conception on our
part, being essential to clearness of statement before those whom
we instruct, an attempt to state this theory of atoms and mole-
cules cannot fail to be of service in so far as it is successful.

The best evidence for the existence of matter is its necessity.
Hence eminent authority defines it as ¢¢ that which is essential to
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the existence of the known forms of energy, without which, there-
fore, there could be no transformations of energy.”? The divisi-
bility of matter is at once a metaphysical and a physical question.
It is obvious everywhere that masses of every form of matter
known—saving, perhaps, the light-ether—are capable of division
with more or less readiness. But is there any limit to this divis-
ion, other than the imperfdction of the means employed? Here
physics and metaphysics are at variance, and the former boldly
avers that there is a limit. A fragment of salt for example, sus-
taing subdivision only to a certain extent. Divide it but once
again, and the salt, as such, disappears, and in its place we have
the two new substances, sodium and chlorine. This limiting par-
ticle is called a molecule. It is the smallest particle of any sub-
stance which can exhibit the chemical properties of that substance.
The aggregation of molecules constitutes a mass ; hence the mole-
cule is the physical unit—the ultimate particle or centre of the
physical forces.

What now in the light of modern physics, is the molecule?
What is its size and weight? And is it at rest or in motion? The
relative size of material molecules has long been known and forms
the starting point of chemical investigation. The law of Avoga-
dro, enunciated by him in 1811,% but more recently placed by
Boltzmann on a surer foundation,? asserts that in equal volumes
of all gases there is the same number of molecules. The proof
of this law is found jointly in that of Boyle, published in 1662,3

“and in that of Charles published a short time after.6  The former
of these laws states that the volume of any gas is inversely as the
pressure to which it is subjected ; and the latter that the co-eflicient
of dilutation by heat is nearly the same in all permanent gases.
Since all gases are alike in these respects, they must be alike in
their molecular counstitution upon which the phenomena depend.
But if it be true that equal volumes of all gases contain the same
number of molecules, it is alsg true, as a necessary deduction, that
all gaseous molecules must be of the same size. The relative size
of molecules is therefore determined.,

The determination of the absolute size of a molecule, even ap-
proximately, would have been but a few years ago an entirely
hopeless task. = But now the problem has been attacked and solved,
and numbers are given for the sizes of molecules which agree ex-
cellently well even when deduced from widely different data.  The
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best results of this sort which have been obtained are those of
Thomson and Maxwell.” To comprehend their reasoning it is
necessary to premise the heterogeneity of matter. ¢ A body is
called homogeneous,” say Thomson and Tait,® ¢ when any two,
equal, similar parts of it, with corresponding lines parallel and
turned towards the same parts are undistinguishable from one
another by any difference in quality.”® But if we apply this defi-
nition to matter without any limitation as to the size of the parts,
there is no reason to believe that any form of matter known to us
is homogeneous. More than thirty years ago Cauchy showed
from a mathematical investigation of dispersion, *“ that in palpably
homogeneous bodies such as glass or water contiguous portions
are not similar when their dimensions are moderately small frac-
tions of a wave length of light.”? This result, it is evident, is
the same with that obtained above when by continual sub-division
of a mass, the molecule was reached as a final particle. The
heterogeneity of matter then in this sense, lies in the fact that it
i8 made up of molccules separated by intervening spaces; a struc-
ture without which dispersion is impossible. Now by the discov-
ery of Cauchy, just given, inasmuch as we know the length of a
wave of light, we may by assuming the small fraction spoken of,
arrive at an approximation to the size of a molecule. Taking the
wave length at 1-2,000 of a millimeter, and assuming that the
distance from the centre of one molecule to the centre of the next
cannot be less than 1-10,000 part of this value,’® we have one
twenty-millionth of a millimeter as the diameter of the molecule;
1. e., the measure of the coarse-grainedness of matter.

A sccond method of determining the approximate size of mate-
rial molecules, is one which we owe to Sir William Thomson.!! It
is founded on the important fact, asserted. by Volta, but denied
until put beyond dispnte by Thomson, that when a zine and a
copper plate are placed in contact, either divectly or by means of
a connecting wire, the zinc is positively and the copper negatively
eleetrified.  Since, theretore, the two bodies attract each other, it
is clearly possible, by measuring the attraction, to calculate the
amount of work which would be done by their coming together.
A plate of zinc and a plate of copper one centimeter square in
metallic connection separated by oue hundred-thousandth of a
centimeter, attract each other with a force of two grams. The
work donein bringing these plates into this position is two hundred-
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thousandths of a centimeter-gram. The work done by electric
altraction in forming a pile of fifty thousand such plates would be
two centimeter-grams. But by the law of Joule, this work is
equivalent to an amount of heat suflicient to heat the mass 1-16,120
ofadegree. If, however, the space between the plates be reduced
to a hundred-millionth of a centimeter, the heat generated would
rise the mass by 62°; and if to a four-hundred-millionth, by 990
times the amount required to warm it 1°C. Now as this is a far
greater amount than that actually produced by their chemical union,
the inference is a fair one that we have exceeded the limit of the
heterogeneity in these metals. lIence the coarse-grainedness of
this matter, and hence the molecular maguitude, does not probably
fall below one thirty-millionth of a millimeter.

A third caleunlation of the size of molecules is founded on data
obtained from the soap-bubble film, and is also due to Thomson.12
The force with which such a film contracts —shown commonly by
using the stream of air issuing from the stem of a pipe on the
bowl of which is such a bubble, to blow out the flame of a candle —
is a measure of the work done in stretching it in units of force
per unit of breadth. In the case of pure water, this contractile
force is about sixtcen milligrams weight per millimeter of breadth.
Hence the work done in stretching it, measured in millimeter-milli-
grums, is sixteen times the increase ol area in square millimeters,
provided only that the contractile force is not reduced by this
diminution in thickness of the film. To prevent the fall of temper-
ature which would necessarily accompany the drawing out of this
film, it has been demonstrated that about half as much more enerey
in the form of heat must be supplied to it.  Ience for every square
millimeter added to the area of a film of water whose temperature
remaing constant, its total energy is increased. by twenty-four
nmilligram-millimeters. A film one millimeter thick requires, to
extend its area ten thousand and one fold, an expenditure of work
for each square millimeter of the original filip—or cach milligram
of its mass — of 240.000 millimeter-milligrams. * Its thickness
would thus be reduced to a ten thousandth of a millimeter, aud
the temperature of the whole wonld be raised by the heat-equiva-
lent of this work, by only half & degree centigrade. DBut experi-
ment proves that there is no diminution of the eontractile forco
.‘"il!l this thinness of filin, and hence that the number of molecules
I its thickness is considerable. If, however, we extend the fil
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* yet more, so that its thickness is reduced to a twenty-millionth of
a millimeter, the work expended in doing this is two thousand
times greater, and its heat-equivalent wonld be 1,130 times that re-
quired to raise its temperature by 1°C. Neow since far less work
than this weuld be sutficient in the form of heat to destroy the
liquid as such (and of course its contractile force) and eonvert it
into vapor, it is clear that the contractile force of a water-film
diminishes greatly before it attains a thickness of one twenty-
millionth of ‘a millimeter. As such a diminution is inconceivable
so long as there are several molecules in the thickness of the film,
it follows that there are not several molecules in the twenty-mil-
lionth of a millimeter.

The fourth and last method is ene based by Thomson,!* and
subsequently by Maxwell,!4 on the phenomena of gaseous diffusion.
Jt is well . known that if one gas be plaeed in presence of another,
the lighter being uppermost, after a time, longer or shorter accord-
ing to the donsity of the individual gases inixed together, they
will ‘be found thoroughly intermingled. Loschmidt,!> in 1863,
from his experiments, and subsequently Clausius,® on theoretical
grounds based on the theory of molecular motion in gases, which
we shall presently refer to, has proved that ¢ the average length
of the free path of a particle from collision to collision, bears to
the diameter of each molecule, the ratio of the whole space in
which the mwolecules move, to eight times the sum of the volumes
of the molecules.”  Ilence the number of molecules in the unit of
volume is-equal to the square of this ratio, divided by the volume
of a spheve whose radius is equal to the average length of free
path. If we assume with Maxwell, that in a liquid, the volume of
any substance is nearly that occupied by the molecules themselves
in contact, we sce that, since experiment renders doubtful the eon-
densation of any known gas to one forty-thousandth of its volume
without reducing it to a liquid, the ratio of the volume of a gas
“to the combined volume of all the molecules contained in it is as
40,000 to 8 or as 5,000 to 1. But this by the. statement of
Clausius above given is the ratio which the length of the free path
of a molecule of gas bears to the diameter of this molecule. If
then we accept one ten-thousandth of a millimeter as the length
of the free path, which is the value given by Joule and Maxwell,
it follows that as this length is five thousand times that of the
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diameter of the molecule, the diameter of the molecule must be
one fifty-millionth of a millimeter.*

Moreover, the number of molecules in a cubic centimeter of any
gas, being the quotient of the square of the above ratio, (5,000)?
=25,000,000, divided by the volume of a sphere whose radius
is one hundred thousandth of a centimeter, cannot be greater than
six thousand million million million (6 X 102!), In the case of
liquids and solids, which vary in density from five hundred to six-
teen thousand times that of atmospheric air, the number of mole-
cules im a cubic centimeter may vary from three million million
million million to a hundred million mitlion million million (3 X 1024
to 10%). And the distance from center to center of these mole-
cules, assuming that they are arranged in the form of a cube,
would be from one fourteen-millionth to one forty-six-millionth of
a millimeter. .

From the rather remarkable coincidence of the results which
have just been obtained from independent and widely different
data, it may be concluded with a high degree of probability that
in ordinary liquids or solids the diameter of the molecule is less
than the ten millionth, and greater than the two hundred millionth
of a millimeter.

The next point of interest concerning the molecule, is its weight.
The relative weight of molecules is readily determined and is fre-
quently used in the fixing of rational formulas. From the deduc-
tion from Avogadro’s law already given, that equal volumes of all
gases contain the same number of molecules, it necessarily follows
that the weight-ratios of equal volumes of all gases must be also
the weight-ratios of their molecules, which is Gay Lussac’s law.17
Because for example, a liter of hydrogen weighs -0896 gram, and
one of oxygen weighs 14298 grams — the weight-ratios here being
1:16—it follows that the molecule of oxygen must be sixteen
times as heavy as the molecule of hydrogen. If the hydrogen
molecule be assumed as a standard, the molecular weight of any

‘gas will be represented by its weight-ratio. Since, for reasons
presently to be given, the molecular weight of hydrogen is called
two, the molecular weight of any other substance in the state of
gas will be twice the weight-ratio; i. e., twice the density. As

* Loschmidt (loc. eit.) gives one-millionth of a millimeter as the diameter of an air
molecnle. Maxwell (loc. cit.) gives one two-millionth of & millimeter as the diameter
of a hydrogen molecule.
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the molecule does not lose or gain matter when the physical state
is changed, the molecular weight of a body in the liquid or solid
state is the same as in the gaseous. As to the absolute weight of
a molecule, it may be readily obtained, of course, by dividing the
weight of a cubic centimeter of the substance in the gaseous state,
by the number of molecules contained in that volume of hydrogen,
as already given. This has been done for several gases by Pro-
fessor Maxwell.18

There is one circomstance connected with this question of
molecular weight which deserves some attention. I refer to phy-
sical isomerism. Several years ago in his excellent researchies on
radiant heat, Tyndall observed discrepancies between the absorp-
tive power of gases for heat as obtained by experiment, and that
which would have been predicted oun the theory of molecular
structure thus far assumed.!’? If it be true, as the modern theory
supposes, that radiation is but the communication of molecular
vibrations to the ether, and absorption, which is its precise corre-
late, only the reception of motion from it, then it is obvious that
radiating and absorbing power should be inereased by molecular
complication.  And this in general is what Tyndall’s experiments
ghowed to be true; olefiant gas being a better absorber than marsh
gas, marsh gas than carbon dioxide, and carbon dioxide than nitro-
gen or any simple gas.  But there are exceptions to the rule; thus
the absorption of hydrogen being unity, that of chlorine is 60,
that of Lbromine is 160, and that of hydrobromic acid is 1003, al-
though the molecular structure of all these bodies is commonly
regarded as similar. A consistent application of the theory of
molecular complication would require ns to suppose aggregations
of simple molecules which exist and act as the absorbing and
radiating particles.  This opens the question at once: Is the
cliemical molecule, which is defined as the least collection of atoms
which can exist in the free state, identical with the physical mole-
cule? Or are there varieties of the latter made up of several of
them united into one?  The assumption that there are such varie-
ties, is the basis of the theory ot physical isomerism. It has been
invoked to account for the dillerent rotatory action on polarized
light of chemically identical forms of amyl aleohol and other bod-
ies.20  But the most remarkable instance of ity and one which, it
must be admitted goes far to establish the hypothesis, is the recent
discovery by Laubenheimer?! of four forms of nitrometachlornitro-
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benzene, three of which are solid and one liquid. All these forms
are chemically identical, and indeed are capable of conversion by
very simple means, the one into the other. But physically they
are entirely distinct. Of the solid forms, two crystallize in the
monoclinic system, though with different axis-ratios and different
angles of inclination, the other crystallizes in the orthorhombic
system. The « form fuses at 36 -3°, the ;3 form at 37 -1°, and the
y form at 38 -6°. The discoverer explains these plienomena very
. properly upon the hypothesis of Naumann,?? that the crystal mole-
cule of the more stable modification is formed from a greater, the
less stable from a smaller number of chemical molecules.

A final question remains to be asked concerning molecules—are
they at rest or have they relative motions among themselves?
Just at the close of the last century, Rumford proved most con-
clusively that work could be converted into heat.? And as the
conversion seemed perpetual, he argued most acutely that heat was
not matter but motion. It is entirely unnecessary for us to stop
bere to give the proofs of the dynamic theory of heat. The mag-
nificence of the science of Thermo-dynamics which rests upon it,
is the best evidence of its truth. But there is one phenomenon
worth considering for a moment, because it furnishes direct proof
of this motion. This is the phenomenon of diffusion. The inter-
penetration of one gas by another, even through a porous parti-
tion, is due, according to the kinetic theory of gases of Clausius,4
to the actual passage of molecules from one into the other in vir-
tue of their actual velocities. In gases, all molecules move in
straight lines, and hence impinge against each other and against
the walls of the containing vessel. The pressure then which a
given volume of gas exerts upon a given surface is a function
both of the number and of the velocity of the molecules. If we
increase the number of molecules in a given volume, . e. the den-
sity, we increase the pressure proportionately. This is the law of
Boyle.?> If we increase the velocity of the molecules, i.e. the
temperature, we cause expansion, since the number of impacts is
increased. Moreover since all'gases have the same numnber of
molecules in equal volumes, they all expand equally for an equal
increase of temperature. This is the law of Charles.? In liquids
as well as in gases, we have the phenomenon of diffusion due to
the same cause. But since the molecular motion is very much
restricted, the diffusion takes place with corresponding slowness.
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Granted now the motion, what are its quantitative relations?
How fast do molecules move? The first answer to this question
was given by Joule 27 who sought to ascertain by calculation what
the molecular velocity must be in hydrogen to produce in a given
volume the pressure observed. The result showed that in this gas
at the ordinary temperature and pressure, the velocity of mean
square of the hydrogen molecules was 6,097 feet per second, or
about seventy miles a minute. As they move in straight lines,
and as the length of the free path between two successive en-
counters is only from one twelve thousandth to one twenty thou-
sandth of a millimeter, it may easily be calculated that the number
of collisions made by each bydrogen molecule in a single second is
seventeen thousand seven hundred million. Maxwell has calen-
lated these values for oxygen, carbonous oxide and carbonic di-
oxide.?8 Calling the velocity of hydrogen 1,859 meters per second,
that of oxygen is 465 meters, that of carbonic oxide 497, and that
of carbonic dioxide 896. The number of collisions made by each
molecule per second is, for oxygen 7646, for carbonic oxide 9489,
and for carbonic dioxide 9720 millions. In air the number of col-
lisions made by each molecule is only one-half of that above
given for hydrogen, and the average molecular velocity one-fourth
as great as for the latter gas.

Having now discussed pretty fully the molecule, we come to ask
of it as we did before of the mass —is it divisible? In the case
of the salt, to use our previous illustration, we observed that so
soon as the molecule was reached, further subdivision produced
particles of matter entirely unlike salt, called chlorine and sodium.
The evidence that these particles are really smaller than mole-
cules, is found in Hofmann’s argument for the composition of
bhydrochloric acid.? Suppose a certain volume of hydrogen to
contain 1,000 molecules; then the same volume of chlorine will
contain 1,000 molecules also. If now these two volumes be
mixed and then caused to combine, there will result two volumes
of hydrochloric acid gas containing 2,000 molecules. If now the
new gas be analyzed, each molecule of it will be found to contain
both hydrogen and chlorine. The particles of chlorine and the
particles of hydrogen must therefore be less than the molecules of
which they are parts. As each molecule of the compound gas
contains one atom of chlorine and one of hydrogen, the 2,000
molecules must contain 2,000 of each. But the 2,000 atoms of
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hydrogen came from the 1,000 molecules, and the same is true of
the chlorine ; hence a molecule of hydrogen is composed of two
stoms. An atom then is the smallest portion of matter which can
be reached by nature’s processes of subdivision. It is generally
defined as the smallest particle of simple matter which can enter
into the composition of a molecule.

Let us pause here a moment to say that no metaphysical con-
ception at all attaches to the modern idea of atom. With the
question whether it can be divided, chemistry does not concern
itself. The word atom came into use to express a universally
conceded fact expressed in the law of definite proportions ; namely,
that a certain definite quantity of matter by weight combines with
a similar definite quantity of some other matter. The smallest
quantity of any substance which is found ever to enter into com-
bination, is called an atom. No real objection, it would seem, can
lie against the idea of atom when defined in this way. If we con-
cede that the molecule has as real an existence as a mass, I see
no reason for not conceding the same to the atom.

The first point of chemical interest about an atom is its weight.
The relative weight of an atom referred to that of hydrogen as
the unit is called its atomic weight and is one of the most impor-
tant of chemical constants. To ascertain the atomic weight of an
element, two distinct processey are required: First, the ratio in
which it combines with some other substance whose atomic weight
is known, is necessary ; and second, the molecular weight of the
compound analyzed, must be obtained. Thus, given marsh gas,
to fix the atomic weight of carbon. Analysis shows that in 100
parts of marsh gas there are seventy-five parts of carbon and
twenty-five of hydrogen; which is in ratio of 8: 1. Three parts
of carbon then unite with one of hydrogen. By the balance one
liter of marsh gas weighs 0-716 gram, or cight times as much as
a liter of hydrogen. Hence its molecule must be eight times as
beavy ; and as the hydrogen molecule weighs two, the molecular
weight of marsh gas is sixteen. Now of these sixteen parts, we
bave shown above that three-fourths is carbon and one-fourth hy-
drogen. One molecule of marsh gas contains, therefore, twelve
Parts of carbon and four parts of hydrogen. On comparing this
f]uantity of carbon with that contained in other single molecules
1nto which carbon enters, it is found to be the smallest. By our
definition therefore, twelve being the smallest quantity by weight
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in which carbon enters into the formation of a molecule, is its
atomic weight.

The absolute weight of an atom is a datum of no practical value
at present in chemistry.  Yet as @ matter of curiosity as showing
the minuteness of the quantities with which we are dealing, it may
be worth while to calculate it from the data already given con-
cerning molecules.  If we take Thomson's estimate, a cubic centi-
meter of hydrogen cannot contain more than six thousand million
million million molecules. As now this cubic centimeter weighs
0896 milligram, it is obvious that the weight of one molecule of
hydrogen is -0896 divided by (6 X 102!) milligrams. This is equal
to ‘015 =- 1021 =+000.000,000,000.000,000,000,015. As an bydro-
gen atom weighs one-half as much as its molecule, we infer that
its weight cannot be less than -000,000,000,000,000,000,000,0075
milligram (being seventy-five ten million million million millionths
of a milligram). On Maxwell’s hypothesis,3® that a cube centi-
meter of hydrogen contains but nineteen million million million
molecules, the weight of an atom would be considerably more;
namely, two hundred and thirty-five hundred thousand million
nmillion millionths of a milligram or about three hundred times
as great.*

Our second question concerning the atom refers to its motion —
have the atoms within any molecule a motion independent of that
of the molecule itself? Since, while all molecules in the gaseous
state are of the same size, they contain widely different numbers
of atoms, and this without interfering apparently with each other,
it follows that the spaces separating the atomns within the molecule
must be far greater than the diameter of the individual atomns.
The a priori argument therefore, renders highly probable the exist-
ence of atomic motion within the molecule. And the actual facts
observed justify this conclusion. Clausius has shown on the dy-
namical theory of heat that the total energy of all the motions in
a gas is proportional to the absolute temperature.3  But the total
energy of a gas is made up of that due to the progressive motion
of the molecules as a whole, and of that arising from the vibratory
and other motions of the constituent atoms. And as these are
parts of a connected system, it is evident that there must be a
definite ratio between the total encrgy of any gas and the energy
of the progressive motion of its molecules, which is the measure

* Annahcim, Ber. Berl. Chem. Ges., ix, 1151, 1876.
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of the temperature. This ratio has been actually measured in the
case of air and of several other permanent gases. The most
satisfactory evidence, however, of the existence and of the nature
of atomic motion is afforded by the phenomena of spectrum analy-
8i8. Since within certain limits the atoms within any molecule
do not part company, it is clear that their motion must be of the
nature of a vibration or a rotation, while that of a molecule is
progressive. It is obvious then that molecular motion must be
excessively complicated and its expression entirely beyond the
powers of analysis. But on the other hand, atomic motion is
simple, being either directly harmonic, or capable, by Fourier’s
theorem, of resolution into a definite number of harmonic motions.
Consider now what takes place in a gas at ordinary temperatures.
The molecules, moving with great velocity, are continually imping-
ing upon each other. The shock of the impact not only alters the
direction of the moving molecule, but it sets into motion its
atomic systewmn ; and this vibration which is harmonic, preserves
its character during the whole of the free path it traverses, or
until the next encounter. While, therefore, the amplitude of the
vibration i determined by the force of the collision, the period is
fixed by the constitution of the molecule. If, now, the tempera-
ture of the gas be raised, the velocity of its molecules will be in-
creased, and with the increased force of collision, the amplitude
of the atomic vibration will become greater. And if this vibra-
tion, when its amplitude becomes sutlicient, be communicated to
the surrounding ether, it will produce therein waves of a definite
length anq refrangibility. These, when analyzed by a prism, will
give a spectrum consisting of bright lines corresponding to these
refrangibilities. The spectrum lines of the elements then, repre-
sent simply disturbances of the ether Dby regularly vibrating
llfolccules. Hence the spectrum becomes a test for the rates of
vibration of the atoms within the molecules ; and, therefore, since
the period of vibration is fixed for every atom, a test for the atoms
themselves wherever situated, provided only their light can reach
the eye. Ty period of the hydrogen atomic motion in the labora-
t‘(fl','". coincides exactly with that which takes place on the sun, on
b'f‘f'sa Or even in the remotest nebula of space.

The greater tle tenuity of the gas, the longer obviously is its
fr.ee I’f‘“'y and the greater the time during which the harmonic
vibration ig uncomplicated by collisions. lIlence the purity of

4+ A 4.8 VoL, xxv. 7

’
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the spectra of rare gases such as hydrogen, and of all gases when
rarefied artificially. If, on the other hand, the density of a gas be
increased, the free path is shortened, the collisions become more
frequent, the regularity of the vibration is disturbed, and the
spectrum lines widen to bands. Finally, the molecule has little
or no free path, its motion hecomes complicated, waves of all
lengths are produced, and as Frankland and Lockyer have shown,®
the spectrum becomes continuous. The same result is attained by
an increase of temperature. The increased velocity of the mole-
cule increases the shock of collision and consequently the ampli-
tude of the vibration. At the same time waves of shorter period
are developed. So that the final result is a continuous spectrum
as before. In the case of liquids and solids, as we have seen, the
molecules have scarcely any free paths. Whence it follows that
liquids and solids when incandescent, can give only continuous
spectra. This is a well known fact.

A third argument for the existence of atomic motion is based
on the phenomenon of dissociation and on the mechanical theory
of electrolysis. The opinion has heen expressed by Clausius®
that under certain circumstances, the atomic vibration developed
by molecular collision may be so intense as to overcome the attrac-
tion by which these atoms are held together, so that they go wan-
dering about seeking new partners. If the conditions are such
that during a given interval of time, as many of these atoms unite
.as separate, and this in the same way, then evidently there will be
no change in the composition of the gas. But if the temperature
is 80 high that there are more separations than unions, the unions
being less complex, then there is dissociation. The same assump-
tion Clausius makes use of to explain electrolytic decomposition.3’
If, while this rapid decomposition and recemposition of molecules
is taking place, some directive force be intreduced, tending to urge
certain of the atoms in one direction, and .others in the oppesite,
there will obviously be a tendency for similar atoms to uaite since
they find themsclves associated. Hence electrolysis produces sim-
pler molecules from complex ones. Wiedemann has adopted this
hypothesis and has extended it, by comparing the phenomena of
electrolysis to those of diffusion.3 He believes that the electric
conductivity of an electrolyte depends upon the coeflicient of
diffusion of its constituent elements through each other.

The power of atoms to enter into combination with each other
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is usually ascribed to a force of attraction resident in them. The
combining power of an atom is distinguished : first, by the quality
of its action; and second, by the quantity of this action. The
first of these was prominently recognized in Berzelius's electro-
chemical system,3” and the elements were classified as relatively
positive and negative, according as they were evolved in electrol-
ysis at the negative or the positive pole. The entirely distinct
character of these two parts which the elements may play, and
the wide differences of properties which are apparently due solely
to this difference of quality in the combining power, go far to give
it a prime importance. But why, for example, the union of hy-
droxyl to chlorine should yield an acid, and to potassium a base,
we cannot as yet form any idea. The quantity of the combining
power possessed by an element, as at present used in chemistry is
somewhat ambiguous, it being employed in two different senses.
In the first place, it signifies the quantity of a standard element
with which the atom can combine; and under this definition, is
commonly called equivalence. Its second signification refers to
the strength of the attraction with which an atom holds another
of whatever kind ; this conception is fixed in the word chemism.
There is at present no known relation between the two quantities
now defined. An atom may have a large equivalence and at the
same time its chemism may be very feeble. Indeed from certain
facts it would appear that in a certain sense, the chemism of a
body is inversely as its equivalence.

The equivalence of an atom is measured always by the number
of hydrogen atoms with which it can combine or which it can re-
place. But as the whole value of the idea depends npon the
invariability of the standard, and as there is no good reason why
the hydrogen atom alone of all the sixty-four at present known,
should have an invariable equivalence, it cannot be long before the
conception of equivalence will be merged in some higher general-
ization. There is no question that the theory now under discus-
sion has been and still is, of the greatest service in chemical
science, the whole superstructure of organic chemistry resting on
the tetrad character of carbon first established by Kekulé.38 Not-
withstanding all this, it is impossible to form any conception of
its real essence. Why, for example, should the equivalence of an
atom vary by two, so that when once even it always remajns even?
Again, what shall determine the upper limit of equivalence? The
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highest equivalence of any atom which has thus far been directly
ascertained is six in tungsten, when it forms the hexachloride;
though indirect evidence renders seven, and even eight probable.
Clarke, in a paper read before this scction last year,3 came to the
conclusion, from geometrical considerations, that the highest equiv-
alence possible to any atom is twelve.

We have already defined chemism as an attraction between
atoms in view of which they unite with one another. Relatively,
approximate measures have been made of the value of the chemism
for different atoms; but no determination of its absolute strength
has yet been given. One of the most successful of the early at-
tempts to measure the chemism of atoms is that of Berthollet. In
his ** Statique Chimique ”4° he formulates the two laws known by
his name, which have been of much service, especially as modified
by Dumas.#!  He rejected the idea of an ¢“elective affinity,” and
showed that when a base in solution was acted on by several acids
it was divided among them, the activity of each acid being pro-
portional to its chemical mass; or, as we should say to-da'y, to
the product of the reciprocal of its equivalent by the number of
equivalents.?® In the light of present science, we see that he
mistook physical for chemical phenomena, and that his laws are
founded upon molecular rather than upon atomic attraction. Let
me observe here that the tables of aflinity so-called, found in text-
books, though now fortunately more rare than formerly, are use-
less for the same reason.

For nearly all the light which has been thrown in recent years
upon chemism, we are indebted to electrical and thermal investiga-
tions. The magnificent development given to the science of
encrgy during the past one or two decades, while it has not enabled
us to approach nearer to the essence of attraction, has yet enabled
us to measure it accurately in terms of work. The stremgth of
gravity is expressed in units of work or foot-pounds, the force
being greater according as more work must be done agaiiist it in
moving a body of given weight through a given distance. But as
Joule has shown that one heat-unit is mechanically equivalent to
772 foot-pounds,® it is evident that the force may be m easured
in terms of the heat absorbed in overcoming it, ar in terms of any
other force so employed.

Considering in the first place, electrical investigations in this
direction, we find that the force of chemism bas been shown by
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.Thomson to be capable of expression in a perfectly definite meas-
ure, that measure being electromotive force.#* The numerical
value, he says, of the electromotive force which expresses the re-
sultant chemism involved in a given reaction, is equal to the me-
chanical value of the whole heat evolved during this reaction,
when one electro-chemical equivalent of each substance enters into
the combination. The electro-chemical equivalent here referred
to is the same as that derived by Faraday from electrolysis, and
accorcling to which he classified the elements.#> It may be defined
as that quantity of matter which has the same combining or re-
placing power as onc part of hydrogen by weight. If for example
an electric current of precisely the same strength acts upon hydro-
chloric acid, water, and ammonia, for every molecule of hydro-
chloric acid decomposed, one-half of a molecule of water and one-
third of a molecule of ammonia will suffer decomposition. It will
be noticed that the quantity of hydrogen set free is the same in
each case, and hence that that of the other constituent — being
the quantity which combines with one part of hydrogen —is its
electro-chemical equivalent. By this rule, therefore, the quanti-
ties represented by H, Cl, Oy, Ny, (80,),, are electro-chemical

equivalents of these bodies. Precisely as, in accordance with the
theory of energy, force is evolved in chemical union, so in elec-
trolytic separation, it is absorbed. IIence there is developed in
the circuit a counter electromotive force which is proportional ex-
actly to that fraction of the energy which is transformed into
chemism.

In case there is no resistance in the external circuit—and conse-
quently no work done there by the current—all the heat evolved
appears in the battery cells themselves; while, if chemical decom-
position takes place in the external circuit, there is less heat in the
battery, the kinctic energy of heat being converted into the poten-
tial energy consumed in overcoming chemism.

But the most light which has been thrown on chemism, has been
that derived from thermo-chemical investigations, particularly those
of Berthelot!® and Thomsen.#” 1In these investigations the ohject
bas been to make a careful study of the thermal changes which take
place during chemical reactions. The results which have been ob-
tained are formulated in three most important laws by Berthelot,
which are as follows :48

1st. The amount of heat set free in any chemical reaction
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whatever is a measure of the total work, both chemical and phys-
ical, accomplished in the reaction.

2d. If a system of bodies, either simple or compound, taken
under definite conditions, undergoes physical or chemical changes
capable of bringing it to a new state without producing any me-
chanical effect exterior to the system, the amount of heat which is
set free or absorbed as the effect of these changes, depends only
on the initial and final state of the system ; and remains the same
whatsoever be the nature or the order of the intermediate stages.

3d. Every chemical change which is effected without the aid
of foreign energy, tends to the production of that body or system
of bodies which evolves the most heat.

The value of these laws to the elucidation of all questions of
chemical dynamics, can hardly be overestimated. We have now,
however, to concern ourselves only with the third, in illustrating
the subject under discussion. In the first place, it should be ob-
served that this law is a necessary consequence of the theory of
energy. The amount of energy which a body bas is a measure of
.the force with which it can combine. If such a body in combining
does not part with all its heat, it will have the power of entering
anew into combination ; i. e., it will be unstable. Hence the larger
amount of heat which the body loses in combining, the more stable
the compound which is formed. The analogy with mechanical
equilibrium is complete.

The illustrations of this third law, which are given by Berthelot,
are numerous and interesting. Considering, in the first place,
direct combinations, he shows that while the union of nitrogen
dioxide with oxygen to form the trioxide evolves ten calories, its
union with oxygen to form the tetraxide evolves seventeen. Hence
the latter is always formed in the presence of an excess df oxygen.
Tin, in forming stannous oxide, evolves 86.9 calories, in forming
stannic oxide, 72.7 ; the latter is the body universally formed. Hy-
drogen sets free, in forming water, 34.5 calories; but in forming
hydrogen dioxide, only 23.5; hence it is the former which hydro-
gen gives on burning. In confirmation of this statement is the
fact that the formation of the dioxide is attended with an absorption
of heat; and hence that it cannot be produced from water and
oxygen without the intervention of foreign energy. On the other
hand, the oxides of nitrogen and of chlorine, nitrous chloride, ace-
tylene, and marsh gas are all formed from their elements with the
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absorption of heat. None of them can be formed by the aid of
the energy contained in their elements alone; the assistance of
foreign energy is required, electrical in the case of acetylene and
marsh gas for example, and the case of the oxides of chlorine,
energy derived from the simultaneous formation of a metallic
chloride which evolves heat. Chemical decompositions also fur-
nish many striking illustrations of this law. If the formation of a
body which absorbs heat cannot take place without the aid of for-
eign energy, so a body formed from its elements with the evolution
of heat cannot decompose without the aid of foreign energy ; either
that of heat, light, electricity, chemism, or of physical disaggre-
gation. If the compound has been formed with absorption of heat,
however, it is either spontaneously decomposable —like the chlo-
rine oxides and nitrogen chloride—or it is readily susceptible of
undergoing changes attended with the evolution of heat—as ace-
tylene, cyanogen and nitrogen dioxide. In relation to the question
of substitution, the law says if a body A, in uniting with a metal
produces more heat than another B, then A will displace B. Be-
cause chlorine, in uniting with the metals, sets free more heat than
bromine or iodine, it displaces these bodies from their metallic
combinations. Whenever a metal displaces another from a com-
pound it is because the production of the new salt corresponds to
an increased evolution of heat. The phenomena of double decom-
position give rise to some curious applications of the law. Dry
hydrochloric acid gas acting on dry mercuric cyanide decomposes
it at once since it evolves 5'3 calories. But in solution, hydrocy-
anic acid decomposes at once mercuric chloride, since in this re-
action 15.5 calories are set free. So silver chloride and hydriodic
acid give silver iodide and hydrochloric acid, a total decomposition,
whether gascous or in solution ; while silver iodide and chlorine
give at once silver chloride and iodine, an apparent reversal of at-
traction. But on the one hand, chlorine evolves fifteen calories
more than iodine in uniting with silver ; and on the other hydriodic
acid evolves 31‘8 calories liquid, and 51:8 gaseous in acting on
silver oxide, hydrochloric acid evolving only 20-6 and thirty-eight
calories respectively. We must not, however, extend this portion
of our subject to any greater length. Enough has been said to
show the controlling agency of thermo-chemical considerations in
any theory we may form of chemism.

It must be confessed, however, that notwithstanding all the
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assistance which physics has rendered chemistry, in helping it
to a rutional conception of its fundamental attraction, the real un-
derlying essence of this attraction remains as completely hidden
as before. But this fact should by no means be considered a dis-
couraging one when we remember that we know absolutely nothing
of the cause of any other form of attraction, nor even whether the
force resides in the attracting body itself or is caused by outside
agencies, as is now more than suspected. Indeed, the cause
of the attraction of gravitation is itself unknown. But two modes
of accounting for it, consistent with present ideas, are suggested ;
the one that it is due to differences of pressure in a substance
continuously filling all space, the other that it is due to the impact
of particles. The latter hypothesis suggested long ago by LeSage
of Geneva, has received a large share of attention in recent
times.4® It supposes that the particles of matter are subject to
bombardment by an infinite number of still minuter particles which
are darting about with inconceivably great velocities. As each
material particle screens its fellow on one side from this rain of
particles, the final effect is to force them together. It may be
easily shown that the result of this action is an apparent attraction
which follows exactly the law of gravitation; i. e., varying as the
inverse square of the distance, and —admitting the free passage
of most of the particles through the matter — being directly as
the product of their masses. Chemical and physical attraction
are bound up in the same category with the attraction of gravita-
tion; he who succeeds in explaining the one will have found the
key of the whole.*

Finally, we have to ask what is this atom about which we have
said so much? Ilas science any conception of such a thing? This
brings us to the most important atomic theory of the day, the
theory of vortex-atoms of Helmholtz, as worked out by Thomson.50
In his investigations upon the laws of fluid motion, Helmholtz5!
examined exhaustively the equations of motion of an incompre-
hensible frictionless fluid admitting that this motion could be rota-
tional. He proved that any portions of such a fluid which possess
rotation must possess it forever, and are thus isolated particles;

* «If guch heterogeneity [that of matter] were only pronounced enough, it appears
that the law of gravitation would be capable of accounting for at least the greater
number of effects at present attributed to the so-called molecular forces and the force
of chemical affinity.” Stewart and ZTait, loc. cit., 95.
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and that these portions must be arranged in filaments whose direc-
tion at each point is the axis of rotation, these filaments being
endless, or terminating in the free surface of the fluid. Accepting
these results, Thomson conceived the hypothesis that what we call
matter may consist of the rotating portions of a perfect fluid
which continuously fills space. If any portions of such a fluid
have this vortex-motion communicated to them, they will retain it
forever, thus constituting what Thomson calls- a vortex-atom.
Moreover, since the only necessary condition of the existence of
a vortex-atom is that the filament should rotate on its axis and
should be endless, it is plain that there may be various kinds of
such atoms, according to the shapes of the vortices.’? The sim-
plest form is a plain ring, like a smoke-ring. But the filament
may undergo any number of knottings and twistings, and yet
comply with the definition. As nothing short of creative power
could annihilate such an atom, so nothing short of this could
launch it into existence. Moreover, such an atom would have
actually the properties of the metaphysical atom; it cannot be
cut, from its very nature. This marvellous hypothesis is as yet,
of course, only a matter of speculation. Much more work must
be done upon it before it can even be accepted as probable. But
it is not too much to say of it now that it explains most satistac-
torily many vexed problems in molecular and atomic science.

It only remains for me now, after this lengthy discussion, to
ask what are the bearings of the facts and of the generalizations
from them, which have now been stated, upon chemical science?
What is the conception which we should now hold of the atom,
and of the various changes in which it may perform a part? In
the first place, it seems to be clear that in the opinion of modern
science, the atom has a real existence ; that there is a fixed portion
of matter, definite for each element, which is the smallest quantity
of it capable of taking part in a chemical change. If this be true,
then the restiveness shown in certain directions in using the word
atom, and the attempts made to substitute some other idea for it,
are entirely needless.

In the second place, it is evident that our equations represent-
ing chemical changes nced to be made more significant, by includ-
ing in them the changes of energy involved.3 The equations of
Stahl, of phlogistic memory, did this. Thus the (metallic calx+4
phlogiston)=metallic calx4heat. This Lavoisier translated thus:
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metal 4 (oxygen -+ heat) — metallic oxide 4 free heat. To-day we
should say: (metal4m units of energy)- (oxygen-+n units of
energy) — (metallic oxide - p units of energy) -}~ (exterior energy
represented by m 4+ n—p units). The power of prediction in
chemistry, the power which characterizes an exact science, appears
to lie in a clear comprehension of the transformations of energy
which take place during chemical action.

Again, the real existence of atoms occupying space, forbids the
assumption too often based upon our present system of graphic
formulas — but unfairly as it seems to me — that the atoms in a
molecule all lie in one plane; and thus gives rise to a chemistry
of three dimensions. This idea was distinctly expressed by
Kekulé in 1866, in his Lehrbuch® where he gives perspective views
of the constitution of the benzene atom. And in Clarke’s paper,
already referred to, the conditions under which solid wmolecules
are possible, are satisfactorily discussed. I by no means wish to
imply that graphic formulas are useless. I would have the idea
clearly held that they only express the mode in which the atoms
are combined with each other, considered statically, and not the
manner of their arrangement in space.

Lastly, the fact is clearly before us that the atoms are not at
rest within the molecule, and therefore that they cannot occupy
positions fixed in space. We have seen that it is the belief of
eminent authority that they even exchange molecules in their rapid
motion ; moreover, this conception of atomic motion is strength-
ened by the fact observed by Hofmann,33 that one isomeric form
of an aromatic monamine may be converted into another by what
he calls a wandering of the atoms within the molecule. Indeed
80 obvious is this atomic motion, and so necessary is it to take
account of it in chemical theory, that Kekulé has founded upon it
his explanation of equivalence.® According to him, the equiva-
lence of any atom is the relative member of impacts which it re-
ceives from other atoms in a unit of time. The view of Michaelis
is analogous to this.5” He supposes that during the vibration of
the atom, it attains certain positions at each of which it is capable
of exercising chemical action upon other atoms. The number of
such positions constitutes the equivalence of the atom. If we
suppose the total force unequally distributed, the atom wi]l exert
different amounts in its different positions; thus accounting for
variable equivalence. And if the total force has no fixed ratio to

?
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the number of positions, the fact is accounted for that there is no
necessary relation between chemism and equivalence.

The task which I have allotted to myself is now accomplished.
I have attempted to set before you, as clearly as I was able, the
conception which the science of to-day holds concerning the mole-
cule and the atom. If I have contributed, in doing this, to make
more precise the ideas which are commonly held upon this subject,
Ishall feel that an essential service has been rendered to a science
which more than any other, calls to its aid creative energy, and
produces continually new forms of matter to astonish and delight
mankind.
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CoxTrIBUTIONS TO THE CnEeMisTrRY oOF HyproceN. By ALsert R.
Lekebs, of Hoboken, N. J.

1. On the Preparation of Phosphoretted Hydrogen : — While en-
gaged upon the preparation of Phosphoretted Hydrogen, by the
ordinary reaction of a solution of caustic potassa upon phospho-
rus, the difticulty experienced in first filling a plain retort with the
solution, and the inconvenience and possible danger resulting, on
interrupting the operation, by the reflux of liquid into the retort,
led to the following modification of the process. This consisted
in the substitution of a tabulated retort, connecting with a hydro-
gen generator, by an india-rubber tube which was opened and closed
by means of a nip-cock. By first filling the retort with hydro-
gen, before beginning the operation, and opening the connection
with the generator on interrupting it, any difficulty was obviated.
Tlluminating gas may be used still more conveniently. This de-
vice, I afterwards found had been employed by others.

2. Reaction of Ammonic Hydrate on Phosphorus: — When
concentrated ammonin is substituted for solution of caustic po-
tassa, the excess of ammonia gas driven over, is absorbed by the
water of the wash-bottle or pneumatic trough, and the residual
bubbles of non-condensible gas are quite small. They consist of
a mixture of hydrogen and phosphoretted hydrogen, ‘the latter
being in sufficient quantity to render them spontaneously inflam-
mable. The phosphorous remaining in the retort consists of the
white and red modilication, and the same remark applies to that
which distils over in the current of steam and escaping gas.

3. Circumstances affecting the Spontaneons Iuflammability of
Phosphoretted Hydrogen :— On adding fatty matters to the contents
of the pneumatic trongh, even a thin film upon the surface, the spon-
taneous inflammability of the phosphoretted hydrogen is destroyed.
On addition of excess of caustic potassa it is restored, but not by
solution of ammonia.

4. Formation of Phosphoretted ITydrogen by Nuscent Hydrogen :
—When zing, in filings or thin sheets, is heated with a solution
of caustic potassa, the latter is decomposed with the formation of
a Zincate of Potassa which remains in solution, and the liberation
of hydrogen. If phosphorus be added to this solution, a mixture
of hydrogen and phosphoretted hydrogen is evolved, the latter
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being attributable in part to the combination of the phosphorus
with the nascent hydrogen.

5. Color of the Phosphoretted Hydrogen flame in Air and pure
Oxgyen.—When the bubbles of phosphoretted hydrogen prepared
in the ordinary manner, are allowed to escape into an inverted re-
ceiver filled with air, they soon cease to ignite spontaneously, and
long before the oxygen in the air has been exhausted. But after
the ignition has ceased to be visible in diffused daylight, it is vis-
ible in a darkened room, and is attended with the production of a
greenish light. But when the air in the receiver is replaced by an
atmosphere of pure oxygen, the iguition is so intense that the
flashes become painful from their brilliancy. They are also much
less diffused than when ignition takes place in air, and were it not
that the ignition takes place with almost explosive violence, the
experiment would be a very attractive one. The color of the flame
in this case is perfectly white, in the former greenish ; a difference
due to the presence of nitrogen.

6. Properties of Hydrogen evolved from Alkaline Solution :—In
order that no traces of fatty matters might be present, sheet zinc
was repeatedly digested with solution of caustic potassa and after-
wards washed with distilled water. All india-rubber connections
were done away with, to exclude possible contamination of the
gas by sulphur compounds, and the zinc prepared as above was
heated with solution of caustic potassa. When the hydrogen thus
prepared was collected over water, and ignited in a darkened room,
it burnt with a blue flame where the flame was in contact with air,
and with a greenish flame beneath the blue. On repeating the ex-
periment, the flame appeared altogether blue. This blue color was
of a much deeper tint than is noticeable in the flame of hydrogen,
when care has been taken to exclude contamination by sodium salts.
It is probable that some of the hydrogen may unite with zinc to
form a small portion of Zinciuretted Hydrogen, but as yet this has
not been demonstrated.

The literature-of Zinciuretted Hydrogen in fact, is eminently
unsatistuctory, and even the existence of this gas has not been
satisfactorily established. According to Gmelin, the manner in
which it was first prepared by Vanquelin was, by heating four parts
of roasted Zinc Sulphide with one part of powdered coal, a method
assuredly not calculated to give any one gaseous product in a pure
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condition. The gas so produced, according to the same authority,
is lighter than air and heavier than hydrogen, with an unpleasant
smell. It is ignited by a burning body in contact with air, with a
bluish and yellow-white flame, forming a white cloud of Zinc Oxide
and depositing also some metallic zinc. When mixed with chlo-
rine, it explodes by contact with flame, forming Hydrochloric Acid
and Zinc Chloride. It is not decomposed by Hydrochloric Acid,
and is not absorbed by water. According to Rubland, a constant
stream of Zinciuretted Hydrogen may be obtained by electrolysis
with a pole of Zinc Amalgam (Schw. 15, 148) while the results
obtained by Cameron in experiments in which he caused dilute acids
to react upon zinc, and Hydrosulphuric Acid upon Zin¢ Amalgam,
led him to conclude that Zinciuretted Hydrogen does not exist
(Jahresbericht, 1860, 181).

With regard to what has been done hitherto, it should be re.
marked that the existence of a Hydride of Zinc, is antecedently
highly probable from considerations founded on the chemistry of
the other metals. And, moreover, the researches above detailed,
are not sufficiently exhaustive to establish a final conclusion in the
negative.

. As the amount of gas evolved in this manner is small, the well-
known device of adding a more electro-negative metal like Iron
or Platinum to the contents of the retort was made use of, but
the gain though decided was not sufficient to secure a plentiful
supply. The dissolved zinc all went into solution as Zincate of
Potash, no insoluble residue remaining in the retort. This was the
case, whether concentrated or dilute solution of caustic potassa
was employed, and even when the solution was evaporated to
dryness, and afterwards taken up with water. It is probable that
if the solution of zinc in potash had been boiled for some time,
and more especially if the solution had been considerably diluted
with water, that the zinc oxide would have been precipitated. In
the first experiments, where sheet-zinc alone was dissolved in caus-
tic potassa, a large amount of insoluble white powder was formed.
This precipitate was like sand, and after boiling with distilled water
three times, decanting, washing, and drying, it was found to contain
not a trace of potassa. To determine whether it was composed
entircly of anhydrous zinc oxide, an analysis was made on the
precipitate very carefully dried, with the result of showing that it
was not homogeneous, but was a mixture of Anhydrous Oxide
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with Zinc Hydrate in the proportion of 93:94 parts of the former
and 6-06 parts of the latter. Other insoluble precipitates obtained
in like manner ditfered somewhat in their properties, filtering with
great difficulty and settling slowly, a ditference probably due to
their having been boiled for a shorter time and containing a larger
proportion of Zinc Hydrate.

An attempt was made to examine the spectroscopic reactions
of the gas obtained from zinc and caustic potassa, by collecting it
in a glass vessel provided with a platinum exit-tube and jet. No
india-rubber connections were used. After standing for twelve
hours over water, it was allowed to flow in a slow stream through
a narrow slit and ignited. The flame was almost invisible, a very
faint bluish tinge only being apparent, and it is hardly necessary to
say that by this method of examination, no spectroscopic reaction
could be obtained. From the fact that the coloration of the gas,
when burnt immediately after collection, was so much more in-
tensely blue than that of the gas which had been standing over
water and puritied by repeated washing, it appears that the con-
stituent, which contributed the blue color to the flame, is largely
soluble in water.

It is noteworthy in this connection, that while the older chem-
fcal books attribute to the hydrogen flame a yellowish coloration,
those published since flame-reactions have been so exteusively
studied, describe it as faintly luminous and bluish. In reference
to this point the following experiments were made. First, hydro-
gen was prepared by the reaction of pure sulphuric acid upon zine,
and purified by washing successively with distilled water, solution
of argentic nitrate, concentrated sulphuric acid, dilute nitric acid,
potassic permanganate, solution of chemically pure caustic potassa,
fused caustic potassa purified from alcoholic solution, and ami-
anthus saturated with nitrate of silver. It was collected over
mercury and ignited at the terminal slit of a platinum tube. The
flame was slightly blue and faintly luminous.

Secondly, hydrogen prepared in a eudiometer chemically clean,
by the electrolysis of distilled water acidulated with pure sulphuric
acid, was burnt at the terminal slit of a chemically clean platinum
tube, with the same results.

There are several sources of error in these experiments, however,
which should be obviated before a satistactory conclusion can be
arrived at. In the first place, it has not been demonstrated that
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even after taking these precautions, the hydrogen is absolutcly
pure. Moreover when the combustion takes place in air the flame
is in contact with the innumerable particles of solid matter and
motes diffused throughout the atmosphere, and finally, the com-
bustion takes place under an atmospheric pressure. The latter
circumstance would tend to exalt the luminosity. It will be
necessary in order to settle these points, to burn a mixed jet of
hydrogen and oxygen both chemically pure, expanding in equiv-
alent proportions, under a minimum of pressure, into a vacuum.

7. Upon the Purification of Hydrogen:—In an examination
into the purity of the hydrogen as ordinarily prepared for labora-
tory use, some facts were determined which have an important
bearing upon this, and connected subjects. The zinc employed
was the spelter manufactured by the Passaic Zinc Works at Jersey
City. Its composition, according to a communication made me by
Dr. Gideon E. Moore, the chemist of the Passaic Zinc Co., is

Zine . .. . . . .99953 per cent.
Lead . . . . . . . 0027 ¢« &
Iron . . . . . . . 0020 ¢« «

The spelter was cast into bars of threc-quarters of an inch
square section, and these cut by a chisel into blocks of the same
length. This erystalline spelter is so tough, that it is otherwise
very difficult to obtain blocks of a convenient size to introduce
into a Kipps Generator, and if granulated zinc is employed, a less
regular and economical evolution is obtained. Dilute sulphuric
acid, which had been carefully tested and found to be free from
impurities, was used. The gas was washed and then passed
throngh a glass tube of four m-m bore, and ten decimeters long,
which was bent to and fro upon itself, and heated in such a manner
as to expose fifteen centimeters square of red-hot interior surface.
After a slow passage of the gas for twelve hours, not the faintest
blackening was visible, on the inside of the tube, beyond the
heated portion.

Moreover, separate portions of this zinc had been repeatedly
used in the ordinary laboratory practice for four years, in testing
for arsenic, not of course in cases of suspected poisoning, and no
trace had been found. Moreover, the New Jersey Calamine,
Willemite, and their accompanying minerals, from which this

A. A. A, 8. VOL. XXV, 8
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spelter is smelted, do not, so far as I am aware, contain arsenic,
so that except accidentally, this American zinc should not be con-
taminated with it. Finally, a U-tube filled with pumice stone sat-
urated with argentic nitrate, and which had been employed for two
years, in the purification of all the bydrogen employed in the
laboratory for reductions, and for similar purposes, was tested for
arsenic with a negative result. Hydrogen therefore, made from
Passaic zinc, is not contaminated by arseniuretted hydrogen.

In the same piece of apparatus just described, the wash-water
gave an abundant reaction for zine, the Qil of Vitriol also, after
dilution, to precipitate out a small percentage of Plumbie Sulphate,
and removal of a trace of Iron, gave on the addition of Ammonic
Chloride, and colorless Ammonic Sulphide, an abundant white
.cloud due to the formation of Sulphide of Zinc.

These results had been anticipated from the results which had
been. obtained by the reaction of zinc in alkaline solution, and the
probability of the formation of a Hydride of Zinc, when hydrogen
in the nascent condition, was liberated in dilate acid solutions.
The following experiments were instituted, in order to detect with
still greater precision, the presence of a trace of Zinciuretted
IIydrogen. The contents of the wash bottles and U-tube were
replaced by fresh portions, and a Geissler Absorption apparatus
attached. Some Hydrochloric Acid was diluted with ten parts of
water, and divided into two equal portions. One was employed
to fill the Geissler apparatus and the other poured into a tall
narrow beaker. Hydrogen was allowed to flow through the appa-
ratus, bubble by bubble, for fifteen hours. The contents of the
Geissler apparatus were then emptied into a beaker similar to the
first. Both liquids were rendered alkaline by ammonia, aud when
they were at rest, freshly prepared colorless Ammonic Sulphide
was poured down the sides of the beakers, and allowed to tlow
over their surfaces. A white cloud was formed along the boundary
in the beaker containing the contents of the Geissler apparatus,
while the other remained perfectly limpid. A mixture of Nitric
Acid one part, and water five parts, was divided into two portions
and treated in like manner, with identical results. There was the
possibility of the presence of silicic acid and alumina in the rea-
gents employed, due to the solution of these bodies from the walls
of the glass vessels, but in this case the reaction attributed to the
presence of zinc would have been equally manifest in the compan-
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ion experiments. This was not the case. The Zinciuretted
Hydrogen is decomposed by the acids with the formation of* Zinc
Chloride and Nitrate, the presence of which is revealed by the
formation of white Sulphide of Zinc.

8. Upon the Occlusion of Hydrogen by Zinc:— A decomposing
cell was formed by plunging a strip of sheet zinc six inches in
breadth and coiled in a spiral, into a pint jar. A strip of platinum
foil of similar dimensions was introduced as a cathode, and the jar
filled with a saturated solution of caustic potassa. The terminals
of a battery of six cups were passed through a cork closing the
jar, and also an exit tube for collecting the escaping gas. An
abundant bluish gray metallic mass was speedily thrown down
upon the platinum. It was beautifully crystallized in leaf-like
masses, presenting a delicate fern-like appearance. It did not
dissolve perfectly in hydrochloric acid, a white precipitate of
plumbic chloride being left behind.

To avoid this and other possible impurities, a second strip of
platinum was substituted for the zinc anode, and the decomposing
cell was filled with a solution of caustic potassa in which pure zinc
oxide had been dissolved to the point of saturation. The precip-
itated zinc was washed rapidly with cold water until all alkaline
reaction had disappeared, then with absolute alcohol and ether,
and dried as completely as possible by a Bunsen filter-pump. It
was heated for seven hours at 120° ¢, at the expiration of which
period, it was assumed that every trace of moisture had been
dissipated. This was not the case, for on heating a portion of the
material in a matrass to low redness, very faint traces of moisture
were condensed in the cooler part of the tube.

To determine whether the precipitated metal contained hydrogen,
the following method of analysis was resorted to. If a combus-
tion is effected in dry oxygen, its contents of water should be given
off and also its hydrogen, in the form of water. If another portion
is ignited in a current of dry hydrogen, its contents of water should
be given off, and also its hydrogen, but not in the form of water.
The difference, therefore, between these two results should give by
caleulation the percentage of hydrogen present. The first analysis
was ag follows : — 0-8620- grms. submitted to combustion in oxygen
yielded 0:0252 grm. water, or 2'92 per cent.

1:0257 grms. ignited in hydrogen, yielded 0:0252 grm. water or
2-45 per cent. The difference is 0-47 per cent. of water, which is
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equivalent to 0:052 per cent. Hydrogen. The Hydrogen wasre-
placed in the tubes, by careful aspiration with dry air, until the
absorption apparatus had ceased to change weight. The temper-
ature of ignition was at first low, but at the end of the operation
was brought to a red heat. No traces of moisture were visible
on the sides of the absorption tube.

Second analysis : — The material had been prepared in a similar
manner as the first, but dried at 120°C for sixteen hours. 1:0652
grms. submitted to combustion in oxygen yielded 0:0335 grm.
water, or 3:15 per cent.

1-4586 grms. ignited in hydrogen, yielded 00320 grm. water,
or 2:19 per cent. The difference is 0-96 per cent. of water, which
is equivalent to 0-11 per cent. of Hydrogen. It is evident on in-
spection of these analyses that they are not altogether conclusive.
It was anticipated that no water would be given off' on ignition of
the material, if absolutely dry, when ignited in hydrogen. Yet
one analysis gave 2:45 per cent., and the other 2:19 per cent. In
defense of them it may be urged that the material was dried for
an unusual number of hours at a temperature considerably above
the boiling point of water, and that every care was taken to dry
the oxygen, hydrogen, materials and tubes employed. In fact,
the gases had been passed through the combustion and ignition
tubes, just prior to each analysis, which was undertaken only when
it was found that the absorption bulbs employed did not change
weight.

The fact remains however, that according to the first analysis
*052, and according to the second 0-11 per cent. of Hydrogen,
were occluded or combined with the zine. This result will Lave
to be verified by repeated trials before it can be fully received.
It was arrived at in the month of June, just prior to the summer
vacation, and further experiments were necessarily postponed until
resumption of college work in the fall



REDUCTION OF SILVER, ETC.; BY ALBERT R. LEEDS. 117

UroN THE REDUCTION OF SILVER AT ORDINARY TEMPERATURES IN
THE PRESENCE OF FREE NiTriC Acip. By ALBERT R. LEEDS,
of Hoboken, N. J.

Ix a prior communication entitled *¢ Contributions to the Chem-
istry of Hydrogen,” T have alluded to some unexpected results,
obtained in an inquiry into the purity of Hydrogen, generated by
the action of dilute chemically pure sulphuric acid, upon the
spelter manufactured by the Passaic Zinc Co. It was shown that
the evolved gas contained a trace of Zinciuretted Hydrogen, which
could be detected in the water, oil of vitriol, dilute hydrochlorie,
and nitric acids employed in washing it. An examination of the
Argentic Nitrate U-tube, made use of as a purifier, showed no trace
of Arsenide of Silver, but the fact of some change was evident
from the film upon the sides of the tube, the pumice in places, and
a deposit in the cxcess of liquid collected at the bottom of the
tube. This film and deposit proved to be metallic silver. More-
over, on the pumice at the surface of the Argentic Nitrate nearest
the generator, some crystals had formed which were 1™ in
height and 1™ in breadth. They were of a delicate lemon-
yellow color, with ncute octahedral terminations and rhombic base
—apparently rhombic octahedra. They were insoluble in 1,000
parts of water, but dissolved in dilute nitric acid on heating. The
solution yielded no trace of chlorine, but only silver. By hydro-
gen at red heat, they were reduced to metallic silver, with the
form of the original crystals. They were crystallized Argentic
Nitrite. '

Here we were presented with two unexpected cases of Reduc-
tion—1st, of silver from a solution of the nitrate in the form of
metal ; 2nd, of the nitrate itself—to the nitrite—and both at
ordinary temperatures. At that time I did not know that the fact
of the reduction of silver, from its neutral solution in nitric acid,
had been noted, but was looking for the eftects which would pre-
sumably take place if the hydrogen was at all zinciuretted. And
while considering whether it was necessary, in case of zinc like
this, which yielded so small an amount of carbonaceous matter on
solution, to examine into the possible contamination of the gas
by Hydrocarbons, I found a note on The Purification of Iydro-
gen Gas, by Ch. Violette (Compt. Rend. Ixxvii, 940, 942), decisive
of the question. According to this author, it is generally stated
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that the hydrogen obtained by the action of sulphuric acid upon
commercial zinc contains earbon hydrides, and that the latter are
not removed by the ordinary process of purification. To test the
accuracy of this statement, M. Violette conducted the hydrogen
purified by passing through plumbic nitrate, argentic sulphate (?),
caustic potassa, and oil of vitriol, over red hot cupric oxide. The
water formed, amounting at least to thirty-five grms., was collected
in a U-tube, and the gaseous products passed through baryta
water. The former gave no acid reaction, and the latter no
opacity from the presence of carbonic anhydride. It was con-
cluded, therefore, that hydrogen prepared in the ordinary manner,
after proper purification, was free from any hydrides of carbon.

In all questions concerning the luminosity of the flame, the
contamination of the hydrogen by hydrocarbons is of the highest
importance, and the fact that the flame of pure hydrogen was found
to be almost colorless and non-luminous, while that which was
supposed to contain zinciuretted hydrogen was strongly blue, is an
argument for the existence of the latter hydrogen compound. But
8o far as the fact of the reduction of a metal in solution by hy-
drogen at ordinary temperatures is concerned, the presence of
zinciuretted hydrogen is of far greater importance than that of
carburetted hydrogen. When the greater fact, that hydrogen alone
is capable of effecting such a reduction, is settled, it will be easy
enough to determine whether a similar reduction is effected by
gaseous hydrides of carbon.

In the first train of purifiers which was fitted up to test this
question, water, argentic nitrate, oil of vitriol, dilute nitric acid,
permanganate of potassa in solution of potassa, caustic potassa
from alcohol, and argentic nitrate were employed. The arrange-
ment was partly due to convenience, some portions of the appar-
atus being already in readiness. A remarkable reduction ensued
in the case of the potassic permanganate. A saturated solution of-
caustic potassa (from alcohol) was saturated with potassic perman-
ganate and allowed to stand for two days, at the expiration of which
period no change of its purple color had occurred. But when the
gas was passed through it, it became dark green from the formation
of manganate of potash. This could not have resulted from any
of the dilute nitric acid having been carried over into the perman-
ganate, because dilute nitric acid does not decompose the perman-
ganate even when neutral, much less when in strongly alkaline
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solution. It is reduced, however, by nitrous acid, becoming suc-
cessively dark purple, bluish-purple, bluish-green, and finally dark
green from the production of potassic manganate, while at the
same time a reddish-brown precipitate is formed, apparently of
hydrated sesquioxide of manganese. The further study of this
reduction was postponed, as well as the consideration of the
reducing action of zinciuretted hydrogen, on account of encounter-
ing, at this point of the investigation, such remarkable quantitative
results connected with the reduction of silver from its solutions
by means of hydrogen, as to make them relatively of much less
interest. After making some progress in these determinations I
encountered a very valuable research by Dr. J. W. Russell (Ch.
Soc. Jour. [2] 12, 3), upon the same subject. As the method of
experimentation, however, was somewhat different, and the re-
sults are not quite parallel, I shall quote as much of my own work
as appears to have an independent value. And the more so,
because for very unsatisfactory reasons and upon most incon-
clusive experimental data, M. Pellet, in the Compt. Rend. (78,
1132), has denied the accuracy of Dr. Russell’s labors.

The gas evolved from the generator was passed through an acid
solution of ferrous sulphate, sulphuric acid, over potassic hydrate
(from alcohol), and over twenty feet of pumice and amianthus
contained in suitable vessels and saturated with nitrate of silver.
If every trace of zinciuretted hydrogen were not absorbed after
passage through such. a train, it would be altogether inadequate
to explain the surprising results obtained. A quantity of crystal-
lized Nitrate of Silver was prepared, and was found to manifest
a distinctly acid reaction toward Alizarin, although it was inert
toward Litmus. It was brought to incipient fusion, and after cool-
ing still manifested a very faintly acid reaction toward alizarin.
Three U-tubes, with the curve of the U blown into a cylindrigal
bulb 1} ¢. m. in diam. and 20 c. m. in length, were connected
with the termination of the purifying apparatus and with one
another. They were filled with 20 c. c. of a solution containing
0-32304 grms. argentic nitrate per c. c., or 6:4608 grms., equivalent
to 4:104 grms. silver. They were tilted up at such an angle, that
the gas passed through nearly the same depth of liquid, and was
in contact with about the same amount of surface in each U-tube.

(a) Exposed to current for 5} hrs., (b) for 22 hrs., (c¢) for 21
hrs. (1) Precipitate remaining in U-tube and dissolved in nitric
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acid. (2) Precipitate collected on filter and dissolved in nitric
acid. Temp. during experiment 24° to 30° C.

a'=00522 grm. Silver. b' =0'2973 grm. Silver. ¢! =0-2167 grm. Silver.
at=00232 « “ b*=00477 « “  c?*=0'0639 ¢ “

a =0.07564 ¢ “ b =03450 ¢ “ ¢ =0.2806 « “

It will be noticed, in the first place, that the amount of silver
floating about in the liquid, or so loosely attached that it could be
removed by washing and be collected on the filter, was in all cases
very small, while that which attached itself as a coherent precipi-
tate was large, amounting in (b) to 0-3 grm. In the second, that
the amounts of silver precipitated are nearly although not exactly
proportional to the times. Thus the total amount of silver pre-
cipitated in the three U-tubes being 0.701 grm. silver, the amounts
proportionate to 54, 22, and 21 hours would be 0-079, 0-318, and
0-303 grms. ; the amounts actually precipitated were 00754, 0-343,
and 02806 grms. It will be noted that the amounts corres-
ponding to a uniform rate of precipitation are less than those
actually found for the first two intervals, and greater for the third.

Two similar U-tubes, d and e, were arranged as above, each
containing in 20 c. c., 6:4608 grms. Argentic Nitrate, and the gas
passed for 22 hours.

d' = *048 grm. Silver. e! = 039 grm. Silver.
d! pr— .Oll 6 [ e! p— .025 “ (13
d p— .059 13 3 e = 0064 113 13

The amount of silver precipitated in similar solutions, exposed
to the same current of gas, for the same length of time, is not
precisely identical. This is probably due to the fact, that the
tubes were not arranged with so much care, that the depths and
surfaces of the liquids were precisely the same. But it is strik-
ingly evident that the hydrogen after effecting a large amount of
reduction in one tube, does not have its reducing power in the
slightest degree diminished. It reduces as much of the second
solution as the first, as much of the third as the second, and so on.
This would not be the case, were the fact of the reduction de-
pendent upon the presence of some impurity like zinciuretted
hydrogen.

What connection exists between the amount of silver precipi-
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tated, and the amount of silver nitrate in solution? This has
already been answered by Dr. Rus el, who found that it was
directly proportional. He dissolved 30, 10, and 2 grms. of argen-
tic nitrate, each in 120 c. c. of water, and passed hydrogen
through the solutions for a fortnight. There was then found to be
a precipitate which weighed 0365 (1:22 p. ¢.) in the 30 grm. so-
lution, one weighing 0:1229 (1.23 p. c.) in the 10 grm. solution,
and an amount too small to weigh in the 2 grm. solution.

To determine what would be the limit of the precipitation, and
whether reduction would take place at the same rate as we ap-
proached that limit, the following determinations were made.
The filtrates from d and e were exposed to a slow current of hy-
drogen for 36 hours at a temperature varying from 24° to 28° C.,
and collected as before. They were termed f and g.

f' = 0:3593 grm. Silver. g' = 0-3495 grm., Silver.
= 00955 ¢ . g*=00099 « “
f = 04548 ¢ “ g =04194 “«

The filtrate from f was further exposed to the current for 18
hours, and the precipitate was labelled k. It contained

h' = 0:100 grm. Silver.

h*=0-014 «  «

h =0114 « «
That from g was exposed in the same manner for 36 hours, form-
ing precipitate entitled k.

k! = 0-113 grm. Silver..
k* =0041 ¢ ¢

kK =0154 « «

The series of determinations gives the following rates of pre-
cipitation : —

In the first 23 hrs., 0:062 grm. of Silver precipitated, or 0:0225 grm. per hour.
“ e following 38 o 04372 “ [ ‘“ “ 00122 ¢ “ [
“ [ 18 “ 0. l l‘ o “ “ [ “ 0 O‘m (g [ “
“oe “ 18 “© 0-0‘0 ““ " [ “ "“0'00’.)42 o« [ “

It is evident that herein we have the basis of a mathematical
discussion of the relative intensities of the force concerned in the
precipitation of the silver, and of the furces concerned in arrest-
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ing the same. By laying off on the line of abscissas the times,
and on the line of ordinates the amounts of precipitate, we should
obtain a curve, whose properties should indicate the relations
sought for. By constructing this curve for different degrees of
concentration of the solutions, for different temperatures, pres-
sures, and volumes of the gas, we should be able to make an ex-
haustive analysis of those relations, and so mathematically con-
nect the phenomena observed, as to use this as a method in the
higher analysis of chemical science.

No attempt has been made as yet to use the above data in this
manner. The experiments were preliminary, and the tempera-
tures, pressures and volumes of gas during each hour, varied in
the course of every determination. It will be necessary, so to
arrange the apparatus as to eliminate these accidental variations,
and then to multiply the number of determinations, especially to-
ward the beginning of the experiments, as to supply a suflicient
number of points to locate the curves with the needful accuracy.
There is no practical difficulty in doing this, after the precipita-
tion has gone on for an interval sufficient to obtain an amount
adequate to make an accurate estimation possible, and by repeat-
ing the series, and interpolating the determinations for different
intervals, as many points in the curves can be verified as is de-
sirable. The important results obtained by Dr. Russell in this
connection will illustrate the action which takes place. He says,
¢“When a saturated solution is used, hydrogen must be bubbled
through it for nearly half an hour before precipitation takes place;
if the current be continued, a dull grayish substance separates out
at first, afterwards the precipitate is perfectly crystalline and
bright, exhibiting a beautiful appearance. If, for instance, 10
grms. of argentic nitrate were taken, dissolved in about 8 c. c. of
water, and hydrogen bubbled through the liquid for eighteen hrs.,
only about 0:1308 grm. of silver, would be precipitated. At first
the amount of silver precipitated is nearly proportional to the
time to which it has been exposed to the action of the hydrogen,
but after the first forty-cight hours the amount of silver precipi-
tated increases at a slower and slower rate, and after a time the
amount of silver present will often begin to diminish.” In this
experiment, in which 1:25 grms. of argentic nitrate per cubic
centimeter were used, the precipitate per hour amounted to 0-0073
grm. silver, "This is less than in determinations d, e, f, and g, in
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which a solution containing ‘32304 grm. per c. c. was used, and
when the average rate for the first two and three-fourths hours
was 0:0225 grm., and for the succeeding thirty-six hours, 0-0122
grm. silver. This shows that in order to make the experiments
comparable an identity of the conditions under which they are
performed, must first be arrived at. ,

But with regard to the appearances manifested at the beginning
of the reaction, those exhibited in the manner of experimentation
above described, differ strikingly from the phenomena observed
by Dr. Russell. As soon as the hydrogen had bubbled through
the solution, for a suflicient length of time to partly change the
atmosphere above it, an interval of a few minutes only, an ex-
tremely delicate coloration ensued which deepened to a pronounced
bluish-purple tint. This presently became turbid and rapidly
changed to gray, after which precipitation occurred. The appear-
ance of the silver is very beautiful, especially after the operation
has continued for some time. So delicate is this coloration, that
it is worthy of further examination, to determine whether a neutral
solution of argentic nitric might not, under certain circumstances,
be employed as a Test for the presence of Hydrogen.

The precipitation of silver by hydrogen was found to be inde-
pendent of the action of light. And Dr. Russell, who quantita-
tively determined the results in the two cases, found that when
“two similar solutions, both containing 20 grms. of argentic ni-
trate were acted on by hydrogen, the one in bright light, the other
in the dark, all other circumstances being made as similar as pos-
sible ; from the solution in the light, 0-2680 grm. of silver was
precipitated, and from the one in the dark, 0-2703 grm.

I cannot further occupy your time with other topics connected
with this research, as

The effect of heat and cold upon the rate of precipitation.

The effect of pressure upon the rate of precipitation.

The effect of prolonged exposure to the gas in sealed ves-
sels, the bye-products and the end-reactions. Nor with the action
of hydrogen upon solution of silver-nitrate containing an excess
of oxide of silver, or upon ammoniacal nitrate of silver, nor upon
other salts of silver and other metals. These I hope to illustrate
in a future communication.
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ON THE RELATIONS OF STRUCTURE, DENsITY AND CrEmicar Cox-
POSITION IN STEEL. By JomN W. LaNGLEY, of Ann Arbor,
Michigan.

Ar the present day much attention is being given to the import-
ance of studying the connection between the Chemical composi-
tion and physical properties of matter, meaning by physical prop-
erties such characteristics as crystalline form, color, hardness,
specific gravity, etc. The following paper is offered as a slight
contribution to this department of knowledge.

There are two methods of investigating this subject; first, to
take bodies whose chemical nature is intimately known, and to
coinmence an examination of their physical character. The sec-
ond, to take a body long known and studied from the mechanical
side, and to investigate its chemical composition. The latter is the
method here followed.

Steel, from its great industrial importance, is the best known of
all alloys, and its behavior under mechanical forces has been most
extensively studied both by individuals and governments:; but
unfortunately, these elaborate tables of tensile strength, elasticity,
etc., have not been supplemented by correspondingly thorough
chemical analyses, because it has only very recently been surmised
that slight variations in the composition of steel affect its behavior
more radically than do all the processes of the rolling-mill or the
machine shop. Within the last eighteen months the United
States have appointed a commission to study in detail the connec-
tion between the strength, elasticity, etec., of steel and iron, and
their chemical composition as shown by analysis. The research,
which is the basis of this paper, was commenced before the organ-
ization of the U. S. Commission, but after the general government
decided to take up this subject and explore it for the benefit of
engincers, all that part of the original design was, of course,
abandoned, and our attention has been chiefly directed to a study
of the chemical and molecular structure of steel; a field which it
is probable will not be entered upon by the Government Commis-
sion.

In such an undertaking the number of facts to be acquired, and
of subjects to be pursued in detail is very great. They are thus far
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in a very incomplete state, and I am, therefore, able to furnish a
record of a portion only of the work done, that which merely
serves as a foundation for future research.

In March, 1874, Messrs. Miller, Metcalf and Parkin, steel
manufacturers of Pittsburgh, sclected eight samples of steel which
were believed to form a set of graded specimens, the order being
based on the quantity of carbon which they were supposed to con-
tain. They were numbered from one to eight. On ana ysis the
quantity of carbon was found to follow the order of the numbers,
while the other elements present, silicon, phosphorus and sulphur,
did not do so. As the method by which these samples were se-
lected has an important bearing on the subject in hand it will not
be out of place to describe it.

The steel is melted in black-lead crucibles eapable of holding
about eighty pounds. When thoroughly fluid it is poured into cast
iron moulds, and when cold the top of the ingot is broken off ex-
posing a freshly fractured surface whose plane is approximately at
right angles to the axis of the ingot. The appearance now pre-
sented is that of confused groups of crystals, all appearing to
have started from the outside and to have met in the centre, and
this general form is common to all ingots of whatever composition ;
but to the trained eye, and only to one long and critically exer-
cised, a minute, but indescribable ditference, is perceived between
varying samples of steel, and this difference is now known to be
owing almost wholly to variations in the amount of combined
carbon, as the following table will show. This consists of twelve
samples selected in April, 1875, by the eye alone, and the analyses
were made from drillings taken direct from the ingot before it had
been heated or hamimered.



126 ON STEEL ;

TABLE 1.
INGOT NO'S. nu’rlx{r?zﬁn';";:z.g carpox. | DIMF- OF | g1LicoN. | PROSPHORUS. | SULPHUR.!
1 90614 302 019 ‘047 018
' 99-435 490 ‘188 03¢ *005 -018
3 09-363 529 039 ‘043 047 018
4 80-270 649 120 -039 012
5 99119 -801 -162 029 -035 -016
[} 99-086 841 040 039 -010
7 00044 867 026 057 014 -018
8 90°040 871 004 o 024 -012
9 98:000 065 084 059 070 -016
10 98:861 1:005 +050 -088 08¢ 012
1 08-753 1-058 053 “120 064 -008
12 98°834 1079 021 -039 044 004
MEAN 071

Here the carbon is seen to increase in quantity in the order of
the numbers, while the other elements, with the exception of total
iron, bear no relation to the numbers, on the samples.

It has been long known that the s}.ructure of cast steel, as vis-
ible to the eye, bore some relation to the quantity of carbon present,
and a rough classification by this method has been in practical use,
but the above analyses show a very close connection between com-
position and structure, for differences of carbon so slight as seven-
hundredths of one per cent. will impress such a change in the
crystalline appearance of the metal that the eye of the expert can
detect it, rarely ever making a mistake where the total carbon
rises to a half per cent. or upwards; in very mild steels the dis-
crimination is less perfect.

The appearance of the fracture by which the above twelve selec-
tions were made can only be seen in the cold ingot before any
operation, except the original one of casting, has been performed
upon it. Assoon as it is heated or hammered the structure changes
in a most remarkable manner so that all trace of the primitive
condition appears to be lost. This is very well shown by this
specimen which exhibits on one side large coarse crystals, and on

1 The determinations of sulphur werc made by Prof. A. R, Leeds, of Hoboken, N. J.
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the other a fine grained non-crystalline fracture, the one having
been changed into the other by a brief elevation of the ingot to a
red heat. But although the crystalline form thus seems to be lost
by heating or rolling, it can again be rendered evident by a special
mode of treatment.

Another method of rendering visible to the eye the molecular
and chemical changes which go on in steel is by the process of
hardening or tempering.

When the metal is heated and plunged into water it acquires, as
every one knows, an increase of hardness, but also suffers a loss
of ductility. If the heat to which the steel is raised just before
plunging is too high, the metal acquires intense hardness, but it is
so brittle as to be worthless ; the fracture is of a bright, granular, or
sandy character. In this state it is said to be burred, and it
cannot again be restored to its former strength and ductility by
annealing ; it is ruined for all practical purposes, but it is in just
this state that it again shows ditferences of structure correspond-
ing with its content in carbon.

The general nature of these changes induced by heat and tem-
pering are sufficiently marked to be visible to an untrained eye.
The following set of specimens has been prepared to illustrate
them ; the six sainples show ut one extremity the effect of burning,
in the centre that of a heat which gives the maximum of hardness
together with strength, and at the other end the fracture of the
bar in the-state it left the rolls. '

The great molecular changes thus rendered evident are proba-
bly accompanied by changes of a chemical character between the
iron and carbon. I am not yet prepared to assert it as a fact. It
bas, however, been stated by Caron, that chemical changes do
really occur under these circumstances.

There is a physical property which is well known to be intimately
connected with chemical structure, viz., density, and in the case
of union between gases it has risen to be sometimes the criterion
of combination even.

The specific gravity of steel and iron has been taken many
thousand times before this, but not usually in conjunction with
analysis, and it is believed that a study of the densities of a series
of steels, under varied conditions, and as a sequel to analytic work,
would develop facts of interest.

Accordingly samples were taken from the above twelve ingots
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by boring out a piece with a crown drill, breaking off the core left
by the tool, and then grinding and polishing the surface smooth.
Also six bars drawn from the ingots were heated to burning at one
end and were left cold at the other, then plunged into water, thus
forming sets like the fractures just exhibited. Each bar was then
. broken into six pieces and the ends rendered smooth so that their
specific gravity could be taken.
In the following table the results are given. The upper horizontal
line contains the numbers belonging to the ingots, the left hand ver-
tical column gives the order of the pieces broken from the bars.

TABLE 1II.

Report of the Specific Gravities of twelve samples of Steel from
the ingot (unheated and not hammered). Also of six hammered
bars, each bar being overheated at one end and cold at the other;
in this state plunged into water, and then broken into pieces of
equal length.

NO’S. 1. 2. ' 3. ( 4. ‘ 5. | a. ki l 8 | 9 ' 10 ‘ 11 12
INGOT | 7855 | 7-836 | 7841 | 7829 | T-838 | 7524 IT 814 :7'8181 l T813 | 7807 | 7803 | 805
BAR
Order of
Rimp es
from bar,
Burned 1 T8I8 [ 7791 T8 T2 T4 7620
2 T81L | 7.811 7784 7755 7749 7741
3 7823 | 7850 7780 738 7755 7769
4 TR | T840 7808 7973 7 7798
b 7'831 | 7805 7812 7790 7812 7811
Cold 6 7844 | 7824 7820 7825 7826 TR

Temperature to which the densities are referred is 60° F.

It is thus scen from the table that the density decreases with the
increase of carbon from No. 12 to No. 5, which contains 5 of one
per cent. of carbon. Below this number the influence of various
physical conditions, such as rapidity of cooling, degree of fluidity
before casting, cte., influence the specific gravity in an apparently



ON A SILICIOUS DEPOSIT, ETC.; BY N. T. LUPTON. 129

erratic manner, though the numbers still continue to run parallel
with the decrease in the quantity of carbon, in a general sense.
Also if the influence of temperature on density is noted with re-
gard to the sets of hardened samples, it will be seen that taking
the numbers from 12 to 6 (or those containing the highest amounts
of carbon) the specific gravity is lower, the higher the temperature
applied.

Ox A Siuictous Depostt PROM THE INTERIOR OF A HorLow Mass
oF LiMONITE, wiTH OBSERVATIONS ON THE MOLECULAR MovE—-
MENTS OF FINELY Divioep Marrer. By N. T. Loerox, of
Nashville, Tenn.

WHILE engaged recently in the examination of a Silicious De-
posit found in a nodular mass of Limonite known among miners
as ““pot ore,” it occurred to me that the substance in question was
of sufficient importance to justify a record of the analysis, and of
the subsequent investigation to which it led. This varicty of ore
cousists of hollow concretionary masses of various sizes, the cavi-
ties being frequently filled with water.

Fossils are sometimes found adhering to the inner surface, or
imbedded in the silicious matter contained within the mass. The .
external surface of these concretions is rough and irregular, while
portions of the smooth interior often exhibit the most beautiful
iridescent colors.

The ¢ iron pot” referred to contained, when broken open, a quan-
tity of water from which the silicious sediment had evidently set-
tled. This sediment presented to the eye a brownish, earthy
appearance, with minute glistening particles of silica. It was
soft to the touch, easily pulverized by the fingers, and was given
to me for examination on the supposition that it consisted of infu-
sorial earth capable of use as a polishing powder. When heated
in a platinum crucible, it blackened and evolved gaseous combusti-
ble matter which burned with a yecllowish flame.

A. A. A, 8. VOL. XXV. 9
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After the combustion was completed, a grayish-colored ash re-
mained, consisting chiefly of silica. An analysis yielded the fol-
lowing result:

Moisture at 100°¢c . . . . . . . . 1-22
Volatile and combustible matter . . . . 1831
Silica e e + « ¢ + o s & . . 6665
Ferricoxide. . . . . . . . . . . 1420

Total . . . . . . . . . . . 10038

The microscope revealed no infusorial shields, but with a magni-
fying power of 300, this substance exhibited so well the molecular
movements common to finely divided matter, that it led to an in-
wvestigation of this phenomenon with results, in some respects, dif-
ferent from those hitherto recorded. These so-called Brownian
movements, described by Robert Brown in 1827, have not, so far
as I know, been satisfactorily explained. They are common to
minutely divided matter whether organic or inorganic, and so life-
like under favorable circumstances as to be readily mistaken by
the inexperienced microscopist for vital movements.

Various explanations have been given to the phenomenon. It
has been attributed to currents in the liquid in which the matter
is suspended, to heat, electricity, magnetism, and even to the nat-
ural molecular motion of matter itself.

Dr. Carpenter attributes these movements to heat ; he says, ¢ the
movement is not due (as some have imagined) to evaporation of
the liquid, for it continues without the least abatement of energy
in a drop of aqueous fluid that is completely surrounded by oil,
and is, therefore, cut off from all possibility of evaporation; and
it has been known to comtinue for many years in a small quantity
of fluid enclosed between two glasses in an air-tight case. It is,
however, greatly accelerated and rendered more energetic by heat ;
and this seems to show that it is due either directly to some calor-
ical changes continually taking place in the fluid, or to some ob-
scure chemical action between the solid particles and the fluid,
which is indirectly promoted by heat.”

Dr. Beale speaks of these movements as taking place ¢“in a fluid
not viscid.”

In my investigations, various substances were used, such as the
silicious earth above mentioned, the finely divided sediment from
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river water, finely divided silica, various precipitates, and finely
pulverized Limonite from which the water of combination had
been expelled. 'The first and last substances enumerated fur-
nished the most satisfactory results, which are as follows : —

1. Each moving particle seems to have an independent motion,
and does not appear to be attracted and repelled by surrounding
particles. Occasionally particles come in contact and again sep-
arate, but not assthough influenced by mutual attraction and re-
pulsion. The motions are not rhythmical, nor are they confined
to oscillations and rotation, but include also changes of place in
the field of view. :

2. Heat does not appear to increase or diminish the rapidity
of the movements, nor does it, so fur as I could see, have any
effect upon them. The material was suspended in boiling water,
and closely observed through an immersion lens magnifying 800
diameters, while the water gradually cooled to the temperature of
the surrounding air; it was then cooled by means of ice with no
apparent diminution of the movements. Similar results were ob-
tained by gradually warming the liquid.

3. While neither heat, magnetism, nor chemical reagents seem to
have any effect, there is an apparent increase in the rapidity and
amplitude of the movements, especially in the larger particles when
under the influence of strong light, indicating a connection between
this force and the movements in question.

4. It is not necessary for the better production of these move-
ments, as is stated in Griflith and Henfry’s Micrographical Dic-
tionary, that the specific gravity of the matter, and of the liquid
in which it is suspended should be “‘as nearly as possible coinci-
dent.” Finely divided Ferric Oxide produced results equally as
good as lighter substances.

5. These movements are not confined to water and other lighter
liguids, but can be seen when the matter is suspended in a viscid
liquid such as glycerine. In this case, only the smallest particles
were observed in motion, and the amplitude of the movements
was much less than in water.
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O~ THE CHEMICAL COMPOSITION OF A SALINE EFFLORESCEXCE 0C-
CURRING AT GoAT IsLaND. By Epw. W. MorLEY, of Hudson,
Ohio. )

Tais efflorescence occurs on small shelves and other projections
of rock at the base of the precipice between the American and
Canadian Falls. These shelves are tolerably well protected from
rain by the over-hanging rock above them. TMe quantity of the
efflorescence is small: only two grammes were obtained for exam-
ination. It was grayish white, pulverulent, yielded water in the
closed tube, was two-thirds soluble in water, and nine-tenths sol-
uble in dilute acids. The insoluble residue had the appearance,
under the microscope, of fine splinters and worn grains of quartz.
There were determined in one portion; the water given off over
sulphuric acid, at 110 degrees Centigrade, and at 170 degrees ; the
part soluble in water, that insoluble in acids, and that soluble in
acids by difference ; all the acids and bases of the part soluble in
water ; and the bases of the part soluble in acids; the determi-
nation of the acids of this part was lost by accident.

The part soluble in water consists of calcium and magnesium
sulphates, with a small quantity of potassium and sodium sul-
phates. The atoms of calcium and magnesium are in the ratio of
81 and 100.

The result of the analysis of the efflorescence is as follows:

Calcium sulphate, with water of eryst. . 23-9
Magnesium sulphate, with water of cryst.. 41-9
Sodium and potassium sulphates . . . 21
Soluble in water . . . 679
Calcium and magnesium carbonates, etc. . 216
Alumina and oxide of iron . . . . . 27
Soluble in acids . . . 243
Insoluble residue . . . . . . . . . 78

100-0
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Lip1Es AND GENTLEMEN : —

Ir would be pleasant indeed if only a lecture or an essay were
expected from the presiding officer of the Section; but an address
implies a great deal more, and the giver of it is not only expected
to be entertaining, where perhaps he never entertained before, but
instructive upon grounds on which, perchance, he has made but
partial survey. Among the many questions of sustaining interest,
8 number of subjects intrude themselves. A general review of the
work accomplished since the last meeting of the Association would
seem an appropriate subject for discourse. Yet beyond my special
studies I feel quite incompetent to scan so broad a field. In this
year of centennial reviews, one might naturally fall into an at-
tempt to sketch the growth of science and the work accomplished
within the last hundred years, but that would not only be too vast
a field, but would on the whole be unprofitable, since time-boun-
daries, like the surveyor's lines bordering a state, have no definite
existence in Nature. The natural boundaries of oceans and sierras
do indeed isolate and impress peculiarities of thought and action
upon man, as upon the creatures below him, and for this reason

187)
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we may with propriety examine the work of our nation in any line
of investigation. Never before has the study of animals been
raised to so high a dignity as at present. While chemistry could
point to its triumphs in the arts, and geology to the revelations of
hidden wealth in the rocks, zoology was for the most part a mere
adjunct to geology, or a means to thwart the ravages of insects.
Now, however, it is the pivot on which the doctrine of man’s origin
hinges. The worlds themselves are too old to study, though the
spectroscope reveals the existence of celestial protoplasm as their
physical basis. The rocks are too rigid and the time too immense
to come within the compass of our minds, but the living facts of
evolution are with us to-day in these graceful forms and their
constant changes, while the records more or less preserved in past
times give us a clew to things hinted at in the earlier changes
of present existing forms. It seems, therefore, at the present
time, that a review of the work accomplished by American stu-
dents for the doctrines of natural selection might be acceptable
for several reasons, and first among them might be mentioned the
fact that thus far no general review of the kind has been made;
and, secondly, that with few exceptions all the general works upon
the subject are from English or German sources, and filled with the
results of work done there oftentimes to the exclusion of work
done elsewhere. The oft-repeated examples in support of the de-
rivative theory belong to Europe. The public is familiar with
these facts only, and comes naturally to believe that these examples
alone exist, and from their remoteness do not carry the weight of
equally or perhaps more suggestive facts which lie concealed in
the technical publications of our own societies. A review of the
work accomplished by American students bearing upon the doc-
trine of descent must of necessity be brief. Even a review of a
moiety of the work is beyond the limits of an address of this
nature. And for obvious reasons I must needs here restrict it to
one branch of biology, namely, zodlogy. For material, the scien-
tific publications of the country have been scanned, and an attempt
has been made to bring together the more prominent facts bearing
upon natural selection. In this review the zoological science of
the country presents itself in two distinct periods : The first period,
embracing as to time-limits the greatest portion, may be recognized
as embracing the lowest stages of the science ; it included among
others a class of men who busied themselves in taking an inven-
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tory of the animals of the country, an important and necessary
work to be compared to that of the hewers and diggers who first
settle a new country, but in their work demanding no deep knowl-
edge or breadth of view. And so the work to be done in tabu-
lating the animals has more often been done by specialists who
neither knew nor cared to know the facts lying beyond the limits
of their studies; a work often prompted by the same spirit that
one sees among children in the collection of birds’ eggs and post-
age-stamps. The workers in this class were compared by Agassiz
to those who make the brick and shape the stone for the edifice,
an indispensable work, but with it was raised not the edifice but
an almost insuperable barrier against the acceptance of views more
in accordance with reason and common-sense. So thoroughly in-
terwoven with this work were certain conceptions believed to be
infallible, that overpowering indeed has been the argument to
render as coadjutors the very men who so thoroughly opposed
Darwin at the outset. It seems unnecessary to point out the
mode of work adopted by the class above described. Their honor
involved as soon as their name had been attached to a supposed
new species, and any deviation from the type oftentimes persist-
ently overlooked, what wonder, when every local variety received
a new name and that name stamped upon a supposed valid crea-
tion—what wonder, I repeat, that whole groups of animals have
been so thoroughly scourged by such work that few have the cour-
age to engage in the task of revision?

Emerson’s reflections on the science of England in 1847 would
apply with far more propriety to our country even at a much later
date, where in his words ‘““one hermit finds this fact and another
finds that, and lives and dies ignorant of its value.” With the
noble examples of Dana, Wyman, Leidy, and Burnett, before
them, they did not profit. In fact, the labors of these honored
men, and early in the century Lesueur and others, gave the country
its largest claim to recognition abroad. The second period dates
from the advent of Agassiz in this country. With his presence a
gradual but entire change took place. He rendered the study a
dignity rather than a pastime. No longer were the triflers to fling
their loose work before the academies unrebuked. The protests
he uttered in this Association were the means of elevating the tone
of the communications. In fact, nothing indicates the poverty of
our attainments in zoélogy more than an examination of the vol-
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umes preceding Agassiz’s presence and the succeeding volumes.
With his honest repudiation of all that was bad, he frightened
away the lighter chaff, and there was but little solid work left to
take its place. Agassiz made men, and his example, and the
methods of work taught by him, spread to other parts of the
country. He brought the American student into intimate ac-
quaintance with the classical work of European naturalists. In
his public lectures the names of Cuvier, Von Baer, Leuckart, and
others, became familiar. The public caught the enthusiasm of
this great teacher, and money was lavishly given by the citizens
and the State in aid of his scientific undertakings. Agassiz’s
earnest protest against evolution checked the too hasty acceptance
of this theory among American students. But even the weight of
his powerful opposition could not long retard the gradual spread
of Darwin’s views; and now his own students, last to yield, have,
with hardly an exception, adopted the general view of derivation
as opposed to that of special creation. The results of his protest
have been beneficial in one sense. They have prompted the seek-
ing of proofs in this country, and now our students are prepared
to show the results of their work in evidence of the laws of pro-
gressive development, and it is mainly this work that I wish to
review.

So much is claimed for birthplace that, in the way of history,
it may not be amiss to call attention to the fact that the first
clegr premonition of the theory of natural selection came from
this country.

William Charles Wells, born in this country, at Charleston,
South Carolina, in 1757, in a paper read before the Royal Society,
in 1813, first substantially originated the theory to account for the
black skin of the negro. He limits his application to races of men
and certain peculiarities of color, correlated with an immunity
from certain diseases ; in proof of it he cites domesticated animals,
and the selection by man in precisely the same line of argument
urged by Darwin. In the preface to the last edition of the ¢ Origin
of Specics,” Darwin refers to Wells’s essay as entitled to the credit
of containing the earliest known recognition of the principle. Dr.
‘Wells first shows that varieties among men as among animals are
always occurring, and having cited the way in which man selects
certain qualities among domesticated animals and thus secures dif-
ferent breeds, calls attention to the well-known fact that the black
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as well as the white races are differently affected by certain dis-
eases peculiar to the countries which they inhabit. He finds a
coincidence between the immunity from certain diseases and the
black color of the skin, though why this is so he does not attempt
to explain. He thinks that, through the successive survival of
dark skins, the dark variety of the human race has become fixed.
Referring to man’s seclective action regarding domesticated ani-
mals, he says: ¢“But what is here done by art seems to be done
with equal efficacy, though more slowly, by Nature, in the forma-
tion of varieties of mankind fitted for the country which they in-
habit.” These sentences have such a Darwinian sound that, when
we remember they were dragged from obscurity by Mr. Darwin
himself, we can share in what a recent writer! happily calls ¢ Mr,
Darwin’s evident delight at discovering that some ene else had
said his good things before him, or has been on the verge of utter-
ing them.” As early as 1843, Prof. Haldeman? discussed some of
the arguments brought forward by the opponents of the Lamarck-,
ian theory, and offered certain views in favor of the transmutation
of species. While he does not hint at the laws of natural selec-
tion, he recognizes fully the value of varieties and their persis-
tency and ultimate divergence. He says, ‘* Although we may not
be able artificially to produce a change beyond a given point, it
would be a hasty inference to suppose that a physical agent acting
gradually for ages could not carry the variation a step or two far-
ther, so that instead of the original one we will say four varieties,
they might amount to six, the sixth being sufficiently unlike the
earlier ones to induce a naturalist to consider it distinct.”

In the year 1850, Dr. Joseph Leidy, in a paper on entophyta in
living animals, wrote as follows : ¢ The essential conditions of life
are five in number, namely : a germ, nutritive matter, air, water,
heat, the four latter undoubtedly existing in the interior of all
animals.”® Dr. Leidy affirms his belief that very slight modifica-
tions of these essential conditions of life were sufficient to produce
the vast variety of living beings upon the globe. In an early
stage of the controversy, Prof. Jeffries Wyman expressed his views
in regard to the Origin of Species in the following unmistakable
language. He said ** we must either assume on the one hand that

1 Gray’s “ Darwiniana,” p. 284,
2« Journal of the Boston Socicty of Natural History,” vol, iv. p. 368.
3 ¢ Proceedings of the Philadclphia Academy,” vol. iii, p. 7.
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s

living organisms commenced their existence fully formed, and by
processes not in accordance with the usual order of nature, as it
is revealed to human minds, or, on the other hand that each spe-
cies become such by progressive development or transmutation;
that, as in the individual so in the aggregate of races, the simple
forms were not only the precursors, but the progenitors of the
complex ones, and that thus the order of nature, as commonly
manifested in her works was maintained.” ¢

" The theory of derivation based upon the principles 6f natural
selection demands the following admissions: that species vary,
that peculiarities are transmitted or inherited, that a greater
number of individuals perish than survive, and that the physical
features of the earth are now and have been constantly changing,
and that preeiscly the same conditions never recur. These are ad-
mitted facts. Now comes the theorctical part of natural selection,
namely, that the varieties which survive are those which are more
in harmony with the environments of the time. These proposi-
tions, with minor ones, form the theory of Darwin. Lamarck and
others had recognized the gradual enhancement of varieties into
species, but had not struck the key-note of natural selection,
though Wells in the beginning of the century had clearly recog-
nized it in a pertinent example. If we look impartially at these
propositions, we need no demonstration to prove the inheritance
of characters the most minute, and even the perpetuation of the
most subtile features.

On general principles, too, the proposition, that those individu-
als best adapted to their surroundings survive. need only he stated
to be accepted by a reasonable mind. In truth, to deny it would
be to .deny, as Alphonse de Candolle says, that a round stone
would roll down-hill faster and farther than a flat one. Indeed,
this eminent botanist aflirms that natural selection is neither a the-
ory nor an hypothesis, but the explanation of a necessary fact.

The constant physical changes in the past and present condition
of the world are incontrovertibly established. It seems, then,
that the prime question resolves itself into whether each species
as a whole has something inherent which prompts it to vary
irrespective of its environments, or whether a correlation can be
established between the variation of species and certain physical

44 Am. Jour. Sci. and Arts,” second serics, vol. xxxvi. No. 107, Sept. 1863, p. 296
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conditions inducing these variations, and here let me add that of
all groups of animals from species through genera to higher divis-
ions, that group of individuals recognized as a species has the
most tangible existence. And, as a proof of this, there need only
be mentioned the fact that many naturalists, while regarding spe-
cies as clearly distinct, have on the other hand looked upon classi-
fication as an artificial method to facilitate the study, and hence
the innumerable schemes and the successive interpolation of sub-
classes, sub-orders, sub-families, and sub-genera, which simply
circumscribed smaller groups than had before been recognized.

The rapid multiplication of some of these groups has already
formed a serious obstacle to the study of systematic zodlogy.

What would good Dr. Mitchell have said if he could have fore-
seen the generic lists of to-day! In an article on the ‘ Proteus
of Lake Erie,” he expressed his aversion to multiplying names in
zoology, and lamented the tendency. He protested as follows,
fifty years ago: ¢ By some, these innovations have been so wan-
tonly introduced, as almost to threaten in the end the erection of
every species into a distinct genus.”> Though these words were
undoubtedly aimed at Rafinesque, they were none the less pro-
phetic.

Whatever may be said of the existence in nature of other
groups, there can be no question that species have the most defi-
nite existence, and it would seem then that nothing more need be
proved for the theory of descent as opposed to the theory of spe-
cial creation, than the establishment of the fact that species
assume the characters of new species, or disappear altogether with
a change of surroundings. As examples might be cited, the
transplanting of Alpine sceds to warmer regions below, and an
accompanying change of the plant into another species before
known in the warwmer region, or, more remarkable still, the change
of a species of Crustacean which lives in salt water, to another
species with a partial fr;:sheniug of the water, and this freshening
slowly persisted in, the form changing into another genus, and in
80 doing losing one of its segments. In the first case we see the
effect of temperature, and in the second case the physical influence
of salt and water in ditferent proportions.

Now, these and hundreds of similar examples can be incontest-
ably proved.

8 ¢ American Journal of 8ciences and Arts,” vol. vii, 1820,
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Even the prolonged existence of the form of some animals, like
Lingula, may be referred to an inherent vitality which enables them
to survive changes that caused the death of thousands of others.

In an early discussion of Darwin’s theory,® Prof. Agassiz cited
the persistence of Lingula as fatal to the theory, and Prof.
William B. Rogers replied that the vital characters of some an-
imals would enable them to survive above others. Ten years later,
I had an opportunity of studying 'living Lingula on the coast of
North Carolina, and brought specimens home alive in a small jar
of water, and kept them in a common bowl for six months without
the slightest care. Their power of surviving under changed con-
ditions—their vitality, in other words —seems incredible.” (For
further details, see reference below). '

It has for a long time been suspected that the species of Mol-
lusca, described in such profusion in this country, would be re-
duced when the slightest attention to their habits had been made.
Dr. James Lewis® long ago observed that a certain species of
fresh-water mussel, described as Alasmodonta truncata, is only the
truncate form of another species, A. marginata. From a careful
study of the conditions surrounding the first form in the Mohawk
River, he had reason to believe that the rapid currents which pass
over it bear along substances that, coming in contact with the ex-
posed edges of the shell, break them down, thus retarding the
growth of the shell at this point, and the animal concentrates its
growth-powers to the repairs of the broken portion. The same
gentleman also shows that the so-called species Lymnwa elodes,
catuscopium, and marginata, * are modifications of one type or
species, influenced by locality and temperature varying the method
of development.”?

A. G. Wetherby!? calls attention to the variation in form of a
group of fresh-water snails, found in the greatest abundance in
certain streams of Tennessce and North Alabama. In showing
the varied influences to which they are subjected, he cites the
rapid currents of the channels, and the greater liability of the
snails being torn from the rocks. He shows that they are exposed

¢ ¢ Proceedings of the Boston Society of Natural History,” vol. vii, p. 231, December
15, 1860.
71bid., vol. xv, p. 315.
8 [bid., vol. v, p. 121.
® Ibid,, vol, v, pp. 121-128.
10 « Procecdings of Cincinnati Society of Natural Sciences,” No. 1, June, 1876,
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in various ways to the effects of these currents, with all their
changing impetus of high and low water —exposed also to priva-
tion of food from the scouring sand removing the confervze, upon
which they subsist, from the rocks. He takes into account tem-
perature, chemical action, and the like, and says, “No greater
vicissitnde can be imagined than this growth in an unstable cle-
ment.” Coincident with these diverse conditions he finds an enor-
mous variety of forms, and frankly acknowledges that many of
those described as distinct species must bLe reduced to synonyms.

George W. Tryon, in his large work on the American Melanians,
published by the Smithsonian Institution, having finished his man-
uscript in 1865, says, under date of 1873, when the work was
finally published, ‘¢ A more enlarged acquaintance with fresh-water
shells convinces me that a much greater reduction of the number
of species than I have attempted must eventually be made.”

If we now look upon the definition of a species, as given by a
gentleman foremost in the ranks as a describer of species, we find
it formulated as follows: A species represents * a primary estab-
lished law, stamped with a persistent form (a type) pertaining
solely to itself, with the power of successively reproducing the
same form, and none other;” and this gentleman has not hesitated
10 base these ‘ primary organi¢ laws” upon the evidence of a
single specimen, and in some cases even the fragments of one have
offered him a suflicient inducement !

But it has been argued by some that a wide variation may be
the case with many species. Prof. Agassiz,!! at a meeting of the
American Academy, reiterated his opinion that what are called
varieties by naturalists do not in reality exist as such. lle found
a great abundance of diverging forms in Echinoderms, which,
without acquaintance with connecting ones, would be decmed dis-
tinct species, but he found they all passed insensibly into each
other.

Prof. Parsons suggested that more extended observations might
connect received species by intermediate forms, no less than so-
called varieties; and Prof. Gray remmked that the intermediate
forms, connecting by whatsoever numerous gradations the strongly
divergent forms with that assumed as a type of a species, so far
from disproving existence of varicties, would seem to furnish tho

3 ¢« Proceedings of tire American Academy,” vol. v, p. 72.
A. A, A. 8. YOL. XXV. 10
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best possible proof that these were varieties. Without the inter-
mediate forms they would, it was said, be taken for species; their
discovery reduced them to varicties, between which (according to
the ordinary view) intermediate states were to be expected.

Recognizing, then, the existence of varieties, and of varieties
sufficiently pronounced to have led careful naturalists to regard
them as distinct species, what shall we say when it is found that
these marked forms are correlated with certain physical conditions,

. many of which have originated within comparatively recent times?
Dr. J. G. Cooper,!? after a careful study of the California land
snails, ascertained that ** species, sub-species, and varieties, living
in cool, damp situations, become more highly developed (but not
always larger) than the others; the shell assuming a more com-
pact (imperforate) form, and losing those indications of imma-
turity referred to, viz., sharp, delicate sculpture, bristles, and
angular periphery. These characteristics, however, remain more
or less permanently for indefinite periods, and give that fixedness
to the various forms, even when living under the same conditions,
which enables us to retain them as sub-species differing from vari-
eties in permanency, and from races in not inhabiting distinct re-
gions.” It may be added that Stearns, Bland, and Binney, have
likewise observed the same peculiar variations associated with
aridity.

In a broader field, and compassing different classes, Prof.
Spencer F. Baird, Mr. J. A. Allen, and Mr. Robert Ridgway, have
severally shown that marked and specific changes are seen in birds
and mammals corresponding to ditferences in their surroundings.
Prof. Baird, in a paper entitled ¢ The Distribution and Migration
of North American Birds,”13 has shown that birds in high alti-
tudes and those bred at the North are larger than those born South
and at low altitudes ; that Western birds of the same species have
longer tails than eastern examples, and that the bill increases in
size in those birds occurring in Florida as compared with those
found north of that State, and that on the Pacific coast the birds
are darker in color than those found in the interior.

Mr. J. A. Allen' has made a more special study of this matter,
and his work ranks among the most important contributions to

12 ¢ Proceedings of the California Academy of Natural Science,” vol. v, p. 128,

1B+ American Journal of Science and Arts.” vol. xli, January and March, 1868,
1+ Proceedings of the Boston Society of Natural History,” vel. xv, p. 156.
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this science. Mr. Allen finds that there are marked geographical
variations in mammals and birds. He ghows that northern mam-
mals of the same species are more thickly and softly furred, and
that toward the south the peripheral parts, such as the ears and
feet, are more developed. The same law holds good in birds, a
diminution in size being observed toward the south, and the individ-
uals being darker in color.

As one goes south he meets with the same species of birds,
whose bodies are shorter, but whose beak, tail and claws, are
longer. On the Plains, also, he found the birds with plainer tints,
while southward the colors became more intense. On drawing up
a table indicating the regions of lighter varieties, and comparing
it with a chart of mean annual rainfall, Mr. Allen found the lighter
forms occurred in dry regions, and the dark forms in relatively
bumid regions. To sum up: Mr. Allen finds in latitudinal vari-
ation climatic influences affecting color as well as altering the size
of bill, claw, and tail, while longituﬂinal variation usually affects
color alone.

He states that these laws are now so well known that a species
may be predicted to assume a given color if under certain specifie
climatic conditions.

Mr. Robert Ridgway!5 has in a similar way called attention to
the relation between color and geographical distribution in birds
as exhibited in melanism and hyperchromatism, and has shown
that red areas *spread” or enlarge their ficld in proportion as we
trace certain species to the Pacific coast, and that in the same pro-
portion yellow often intensifies in tint.

The results of these investigations can be easily undcrstood
Nearly if not quite one hundred and fifty species of birds, which
were recognized as distinct, are at once reduced to varieties, though
less than twelve years ago they were looked upon as good species,
with which no external influence had anything to do. Nearly if
not quite a fifth of the number of species of birds have been re-
duced by the investigations of Baird, Allen, Coues, and Ridgway.

The mammals, through the same study of geographical variation,
will have been reduced at least one-fourth.  Already Mr. Allen!é
has studied the geographical variation of the squirrels, and the

15 American Journal of Science and Arts,” vol. iv, December, 1872, p. 454, and

vol. v. p. 39.
18 « Proceedings of the Boston Society of Natural Iistory,” vol. xiv, . 276,
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result is that a reduction has been made of one-half the number
of species before recognized. Prof. Baird, in his monograph of
North American squirrels, reduced the number from twenty-four,
as acknowledged by Audubon and Bachman, to ten well-established
species and two doubtful varieties. - Allen, with still greater advan-
tage in the shape of a mass of material from the Western surveys,
reduced the ten species to five species, with seven geographical
varieties.

Should it be urged that the present tendency toward reducing
species be taken as an evidence that species had not before been
properly defined, then it offers a stronger argument still in favor
of the fact that species are even more variable than had before
been supposed, leaving the greater possibility of larger numbers
of these ultimately surviving. Again, the assumption that the
limitation of specific variation had not been properly indicated,
shows how reprehensible has been the work of some of those who
have burdened our literature with their bad species.

The fact is, the work has in a measure been justifiable, and is
not to be wholly condemmned. The workers in this field have fol-
lowed the teachings of their masters. A group of individuals re-
moved from an alliecd group of individuals by an extra dot or
darker shade, perpetuating their kind from generation to gener-
ation, marked with persistent characters, and in every way coming
up.to the standard recognized as specific, had the right to be
Judged as such. It is only when a whole series of forms are col-
lected, and climatic influences are seen to affect these in the same
way that they affect other groups of species even in different
classes, that the mere influence of moisture and temperature is
shown to be the sole cause of many of these supposed specific
characters.

Dr. A. 8. Packard, in his remarkable monograph of a group of
moths, the Phalenidwe, published under the auspices of the Hayden
Survey, finds that with some species there are changes analogous
to those pointed out by Baird and Allen; and while he does not
find enough to establish a law, yet to his mind enough is seen * to
illustrate how far climatic variation goes as a factor in producing
primary differences in faunge within the same zones of temper-
ature,” and he admits that varietal and even specilic differences
may avise from these climatic eauses alone. Dr. Packard, in the
same work, under the head of *“Origin of Genera and Species,”
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says, ¢ The number of so-called species tends to be reduced as our
specimens and information increase.” Tle genera also ‘““are as
artificial creations as species and varieties. The work of the syste-
matic biologist often amounts to but little more than putting Nature
in a strait-jacket.”

An application of the influepce of temperature is here proper,
as explaining, on a rational ground, the persistence of peculiar
arctic forms of animals and plants on the summits of Mount
Washington and other high peaks. With a knowledge of glacial
phenomena, we are capable of judging of the condition of things
which must, of necessity, have existed directly after the recedence
of the great ice-sheet : its southern border slowly retreating, and,
with the encroachment of the warmer zone, the arctic forins dying
out, or surviving under changed conditions; but, in high plateaus
and mountains, local glaciers flourished for a while, and at their
bases arctic forms flourished, and, lingering too long, were ulti-
mately cut off by the retreat of the main field. This interpretation
of arctic forms on high peaks, though attended to by several Amer-
ican naturalists, is not new. Oswald Heer, in discussing the origin
of certain animals and plants, coincides with De Candolle that
Alpine plants are relics, as it were, of a glacial epoch. Prof,
Gray!? had also independently arrived at the same couclusions,
based on a comparison of the plants of Eastern North America
and Japan. In the position he maintained regarding the derivation
of species from preéxisting ones, he stood far in advance of his
brother naturalists in this country, for this was before Darwin's
great work had appeared, and before Heer had developed the host
of fossil plants from the arctic zone. Mr. S. I. Smith, in speaking
of mountain faunee, points out the gradual encroachment of glac-
jers, and the drawing down of northern forms; and, as the glaciers
retreated, these forms were caught, ¢ the mountain-summits being
left as aérial islands.” Dr. Packard and Mr. Scudder have severally
called attention to the same thing.

Prof. A. R. Grote has more fully dealt with the subject in a
paper read before this Association, and in a graphic way shows
that the * former existence of a long and widely-spread winter of
years is offered in evidence through the frail brown (Eneis butter-
flies, that live on the top of the mountains within the temperate
zone,” I have been thus explicit, in order to contrast these more

17 ¢ Memoirs of the American Academy,” vol. vi, pp. 377-438 (1859).
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rational views with those formerly entertained by eminent natu-
ralists, whose minds were imbued at the time with the idea of
special creation. Mr. Samuel H. Scudder!8 read before the Boston
Society of Natural Ilistory an account of distinct zones of life on
high mountains, as illustrated in the insect-life of Mount Wash-
ington. He called attention to certain insects which he supposed
peculiar to the summit, and not found farther north, though show-
ing a remarkable correspondence to certain arctic forms. Prof.
‘Wyman asked whether all the facts might not be accounted for on
the theory of migration northward after a glacial epoch, and Prof.
Rogers suggested that the facts might be accounted for on the mi-
gratory theory if we added thereto the supposition of subsequent
variation induced by isolation. Yet these views were persistently
opposed by the other naturalists present. The mass of evidence
already contributed, as to the extraordinary variation in color,
markings, and size of species coinciding with their physical sur-
roundings, though perhaps trivial in itself, becomes important
when the proofs are grouped together, and all bear upon the theory
of derivation. So slight a thing as change of food is found to in-
fluence certain animals even to a degree usually regarded specific.
The late Dr. B. D. Walsh!? discovered some very curious features
among insccts connected with a change of food. First, he estab-
lished the fact that insects accustomed to one kind of plant could
acquire a taste for another kind, and he has shown that in thus
changing the food of the insect a change took place in the appear-
ance of cither the larva, pupa, or imago, and sometimes all three
stages were affected. Dr. Fitch had observed that changing an
insect’s larva from the leaf to the fruit affected the appearance of
the larva. It would be impossible to give even an abstract of Dr.
Walsh’s remarkable essay. It may be said, however, that his in-
vestigations led him irresistibly to the conclusion that the present
species have bLeen derived from preéxisting ones, and in number-
less cases he is capable of showing the successive stages from the
dawn of a plant-eating variety, where the changes are slightly
secn in the larva only, to the plant-eating species in which pro-
found changes are seen in the larva, pupa, and imago.

The minor factors of natural selection, such as protective color-

18 ¢ Procecdings of the Boston Society of Natural History,” vol. ix, p. 230.

19 ¢« On Phytophagic Varieties and Phytophagic Species,” * Proceedings of the Ento
mological Soclety of Philadelphia,” vol. iii, p. 403,
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ing and mimicry, have been variously illustrated by Mr. R. E. C.
Stearns, Dr. Kneeland, Prof. Cope, Dr. Charles C. Abbott, and
others. In a special paper on ¢ The Adaptive Coloration of Mol-
lusca,” 20 I have endeavored to show not only a wide-spread appli-
cation of this feature to mollusks, and especially those exposed
by the tide, but in some cases a mimicry of inanimate objccts, as
the accumulation of clay or grains of sand upon the shell.

Wallace’s theory of birds’-nests finds interesting confirmation
in the observations af Dr. Abbott, who made a special study of a
large number of robins’-nests, and found the widest variation
among them. He studied also the nests of the Baltimore Oriole,
where, according to the theory of Wallace, a concealing nest
should be made, the bird being exceedingly bright-colored. He
found that, away from the habitations of man, the orioles built
concealing nests; but in villages and cities, on the other hand,
where they were in no special danger from predatory hawks, the
nests were built comparatively open, so that the bird within was
not concealed.2!

The differences in the habits of animals of the same species are
noticed in different parts of the country, and such facts militate
against the idea that certain unerring ways were implanted in them
at the outset. Indeed, such facts go to show that these various
creatures not only become adapted to their surroundings, but that
individual peculiarities manifest themselves. The observations of
Dr. Coues, Mr. Allen, and Mr. Martin Trippe, go to prove that
certain birds change their habits in a marked degree. In their
behavior, too, certain birds, which are wild and suspicious in New
England, are comparatively tame in the West. In their nesting-
places they show wide individual variation.

Prof. A. E. Verrill,22 on the supposed eastern migration of the
cliff-swallow, traces historically its first appearance in various
places in the East, and is inclined to the opinion that as the country
became settled by Europeans the birds left their native haunts for
barns and houses, and increased in number to a greater extent than
before on account of the protection invariably furnished by man.

Rev. Samuel Lockwood? records a curious case of the Balti-
more Oriole acquiring a taste for the honey-sacs of bees, tearing

2 ¢ Proceedings of the Boston Society of Natural History,” vol. xiv, p. 141.
31 « Popular Science Monthly,” vol. vi. p. 481.

9 « Proceedings of the Boston Society of Natural History,” vol. ix, p. 276.
33 « American Naturalist,” vol. vi, p. 721.
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off the heads of those insects, and, having secured the honey-sacs,
rejecting the rest of the body.

Prof. Wyman?24 observes a curious case in Florida, of a colt and
a number of pigs and cows thrusting their heads under water and
feeding on the river-grass, in some cases remaining with their
heads immersed for half a minute.

Hon. L. H. Morgan?® observes the widest difference in the habits
of the same spccies of beaver in the Lake Supcrior region and in
the Missouri, constructing their dams and ways differently, and
mecting the varied conditions, not by a blind instinct, but by a
definite intelligence manifested for definite purposes.

All of these facts, simple in themselves, together go-to prove
that animals do vary in their habits, and with a persistent
change in habits arises the minute and almost insensible pressure
to swerve and modify the animal.

So much does the influence of season, with its accompanying
peculiarities of food, temperature, humidity, and the like, affect
certain animals developing coincidently with its different phases,
that it is instructive to note that in certain species of insects two
or three different forms occur. Thus Mr. Edwards? has in an
elaborate way worked up the history of a polymorphic butterfly
(Ephiclides ajax), showing that there are three forms heretofore
regarded as distinet species, which are only varieties of one and
the same species, but appearing at different times of the year, and
consequently confronted by different influences as to temperature,
moisture, food, and the like. These forms are known under the
names of Walshii, Telemonides, and Marcellus, and both sexes are
equally affected. The first form mentioned represents the early
spring type, Telemonides the late spring type, and Marcellus the
summer and autumn type (see also Mr. Scudder’s paper).2 If
these influences affect species, we should expect to see the greatest
variety of forms in a country possessing the widest diversity of
conditions.

Some suggestive paths of investigation have been pointed out
by Prof. N. S. Shaler?® on the connection between the development
of the life and the physical conditions of the several continents,

24 « American Naturalist,” vol. viii, p. 237.

2 “The American Beaver and his Works.”

3¢« Butterflics of North America,” part ix.

27 ¢ American Naturalist,” vol. viii, p. 257.

s « Proceedings of the American Academy,” vol. viil, p. 349,
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showing first that the greatest amount of shore-line in proportion
to the internal areas indicates a greater diversity of surface within.

Another proposition he attempts to establish: that in propor-
tion to the shortness of the shore-lines, or, in other words, to the
want of variety in their surfaces, will be the diversity of animal
life in the continent. He then proceeds from Darwin’s standpoint,
and follows out many curious and instructive lines of thought re-
garding *increased amount of influences in diversified surfaces —a
level plain having the same conditions throughout, but & moun-
tainous region having for each one thousand feet of elevation a
new condition of things, in the form of streams, winds, humidity,
and the like. In areas of simple outline and unvarying surfaces
we do, in fact, have a less diversity of forms.

Recognizing the mutation of continents through past geologic
ages, we again sce the accompanying physical changes in not only
modifying forms, but in selecting them afterward by succeeding
changes.

The widely-diversified nature of the facts bearing on the doc-
trine of natural selection bafiles all attempts at a systematic classi-
fication of them. Of such a nature are many of the valuable
communications of Prof. Wilder.

At the meeting of this Association® he has, among other mat-
ters, confirmed in a young lion the discovery of Prof. Flowers that,
in the young dog and probably in other carnivora as well, the
scapho-lunar bone has at the outset three centres of ossification,
and that these really represent the radiule, intermedium and centrale
of the typical carpus. By the study of a feetal manatee, Prof.
Wilder is able to determine its affinities, and to point out the
probable retrograde metamorphosis of some ancient ungulate
animal, and that the manatee is widely removed from the whales
with which it has been associated.

Mr. William K. Brooks 3% has published a very remarkable paper
on certain free swimming tunicates, the Salpa, giving for the first
time a clear and comprehensive history of certain obscure points,
and bas at the same time applied the principles of natural selec-
tion theoretically in showing the origin of Salpa from sessile tuni-
cates, and making clear the peculiar modification of parts which
accompany these changes.

2 ¢ Proceedings of the American Asrociation Adv. of Sci.,” vol. xxii, p. 301,
3 « Balletin of Museum of Comparative Zodlogy,” Vol. 1, p. 291,
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In the field of entomology, some capital work has been done,
both practical and theoretical.

Prof. Riley’s demonstration of the yucca-moth is unique in its way.
Dr. Engelmann has discovered that the yucca depends upon insects
for fertilization ; and Prof. Riley, by patient study, not only dis-
covered the moth which fertilizes the flower, but finds an anoma-
lous change in the maxillary palpi of the insect, by means of
which the moth collects bundles of pollen, which it inserts into the
stigmatic tube, and during this peculiar act deposits her eggs in
the young fruit. Prof. Riley has reasons to believe that this is the
only insect engaged in the fertilization of this plant. A mutual
dependence is here met with of extreme interest. The yucca, un-
fertilized, forms no fruit, and the larva of the moth consequently
perishes.

Prof. Augustus R. Grote, in an examination of butterflies, finds
successive gradation in their structures, and shows that as these
organs *“become less serviceable to the insect they become more
rigid and in position more elevated above the head in the butterfly,
while in the moth they are more whip-like and directed forward.”
‘While protesting against the separations which have been made in
the order based upon the antennee, he directs attention *‘ to the real
differences in antennal structure between the butterflies and moths,
while showing that the antennse are modified by desuetude in the
higher and former group.” Prof. Grote,3! in dealing with a family
of moths, the Noctuidw, calls attention to the unequal value of
Acronycta, and is forced to admit that these differences become
clear through the theory of evolution. He says: *Where in Ac-
ronycta there is a general prevailing uniformity in the appearance
in a single group of species and generally broad distinctions be-
tween the larval forms, it is & not unreasonable conclusion that
these larval differences are gradually evolved by a natural pro-
tective law, which intensifies their characters in the direction in
which they are serviceable to the continuance of the species.”

Those who have believed in types as fixed laws, rigidly impressed
at the outset of life, are those also who have recognized in the cells
of a honey-bee, as well as in the arrangement of leaves about the
axis of a plant, a perfect mathematical adjustment of parts, which
were stamped at the beginning, and have so continued to exist

31 ¢ Proceedings of the Buffalo Socicty of Natural Sciences,” vol. i, p. 130.
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without deviation. For nearly two hundred years it has been be-
lieved that the instinct of a bee guided it to shape a cell which of
all other forms should use the least amount of material. A theory
baving been established as to the constant shape of a bee’s cell,
namely, that it was an hexagonal prism with trihedral bases, each
face of the base being a rhomb with certain definite angles, & mathe-
matician was given the problem to construct similar cells, and to
determine the best possible form with the use of the least amount
of material. The coincidence between theory and observation and
experiment was 8o remarkable as to settle apparently for all time
the question as to the perfectly-implanted instinct of the bee with
its unconscious power of dccurate work. Prof. Jeffries Wyman,33
to whose memoir I am' indebted for the above facts has, by an in-
genious study of the cells of bees, shown first, that a cell of this
perfection is rarely if ever attained. Furthermore, that, while the
honey-cells ¢ are built unequivocally in accordance with the hexag-
onal type, they exhibit a range of variation which almost defies
description ;” that the worker-bees, from incorrect alignment and
other causes, build cells, the measurement of which shows the
widest limit of variation; that the drone-cells are liable to sub-
stantially the same variations, while the transition-cells, namely,
those in which drones and worker-cells are combined in the same
piece of comb, are extremely irregular. As the drone-cells are
one-fifth larger than worker-cells, ‘ a transition cannot be made
without some disturbance in the regularity of the structure.” And
Prof. Wyman states distinctly that the bees do not have any sys-
tematic method of making the change, adding that ¢ the cell of the
bee has not that strict conformity to geometrical accuracy claimed
for it,” and the assertion, like that of Lord Brougham, that there
is in the cell of the bee *perfect agreement between theory and
observation, in view of the analogies of Nature, is far more likely
to be wrong than right, and his assertion in the case before us is
certainly wrong.” Prof. Wyman closes his essay by saying that
“much error would_ have been avoided if those who have discussed
the structure of the bee’s cell had adopted the plan followed by
Mr. Darwin, and studied the habits of the cell-making insects com-
paratively, beginning with the cells of the humble-bee, following
with those of the wasps and hornets, then with those of the Mex-

33 « Proceedings of the American Academy,” vol. vii, p. 68.
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ican bees, and finally with those of the common hive-bee; in this
way they would have found that, while there is a constant approach
to the perfect form, they would at the same time have been prepared
for the fact that even in the cell of the hive-bee perfection is not
reached. The isolated study of anything in Nature is a fruitful
source of error.”

The remarkable ingenuity, so characteristic of Prof. Wyman’s
experiments, is fully shown in this memoir. He made plaster-casts
of the comb, and then sawed transverse sections, and by slightly
heating the plaster the wax was melted and absorbed, leaving
the delicate interspaces representing the partitions. From these
sections electrotypes were taken, and thus the veritable figures
were used to illustrate the absolute structure of the comb. The

. results of these brilliant researches were published in the ¢ Pro-
ceedings of the American Academy of Sciences.”

In the ‘“Memoirs of the American Academy of Sciences” may
be found a profound mathematical essay ¢ On the Uses and Origin
of the Arrangement of Leaves and Plants,”33 by the lamented
Chauncey Wright. After discussing the laws of phyllotaxy, and
showing that the botanist is wrong in supposing this a law at the
outset, Mr. Wright states ¢ one of the utilities, so to speak, in the
apparently undeviating arrangement of leaves, to be the distribu-
ting of leaves most rapidly and thoroughly around the stem, ex-
posed more completely to light and air, and provided with greater
freedom for symmetrical expansion, together with more compact
arrangement of bud;” and he asks, ¢ What has determined such
an arrangement of vital forces? Theory of types would say, their
very nature, or an ultimate creative power. Theory of adaptation
would say, the necessity of their lives, both outward and inward ;
or the conditions, both past and present, of their existence.

Whatever tends to show modification in the markings, color, size,
food, or change in the variety of habits manifested by animals,
furnishes just so many indications of the unstable character of
what had before been considered stable, and gives an infinitely
wider field for those unconscious selections whose operations are
coincident with every change in the physical features of the earth.
On the theory of derivation additional confirmation is given to the
deductions of geologists based upon the stratigraphical and pale-

33 ¢ Memoirs of the American Academy,” vol. ix, p. 879,
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ontological evidences of the rocks. The survival of a marine
crustacean in the deeper waters of Lake Michigan, as discovered -
by Stimpson, coupled with similar occurrences in the lakes of
Sweden, suggests the past connection of these waters with the
ocean. In the same way the persistence of arctic forms on high
mountain-tops indicates the existence in past times of wide-spread
glacial fields. The interesting discoveries of Mr. Ernest Ingersoll,
in the Rocky Mountains, of the occurrence of two species of ma-
rine mollusks and living crabs belonging to marine forms, and tiny
air-breathing mollusks peculiar to the Gulf coast and West Indies,
point as distinctly to the past connection of that region with the
ocean as the records of marine life left in the rocks. And more
than this, the survival of these few forms gives us a conception of
the thousands of animals which have succumbed to the changed
conditions. Connected with the evidences of recent elevation of
this region are the discoveries of Marsh in finding that, when the
gill-bearing salamander Siredon is brought down from the colder
waters of the Rocky Mountains to the warmer waters below, a
complete change takes place in a loss of the gills and the conver-
sion of the animal into the air-breathing genus Amblystoma.

This exhibits on a wider scale the experiments often performed
in keeping tadpoles in the dark and cold, and indefinitely retarding
their development, thus forcing them, as it were, to retain their
earlier condition. Among the many millions of individuals of
Amblystoma, some must have presented the anomaly of a prema-
ture development of their ovaries before the larval stage had
passed away (similar cases being observed among insects), and
thus it has been possible for them to perpetuate their kind in this
stage. The Axolotl, having the longest persisted in this mode of
growth, has become, as it were, almost fixed in these retrograde
characters, only a few examples being known in which the creatures
have lost their gills and assumed the mature characters of Ambly-
stoma, but with Siredon a change tukes place with a proper change
of surroundings.

To Awerican students we are indebted for most valuable contri-
butions regarding the effect of cave influences on animals living
within their boundaries. Looking at the cave fauna with its pecul-
jar assemblage of animals, it would seem that here, at least, the
question as to the effects of certain external influences, of the
absence of others in modifying structure, might be found.

.
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Many years ago the editors of ¢¢Silliman’s Journal ” addressed a
letter to Prof. Agassiz respecting the blind fishes of the Mammoth
Cave, and asked his opinion as to whether their peculiar structure
was due to their cave life, or whether they had been specially cre-
ated. Agassiz’s? reply is consistent with his belief. He says,
“If physical circumstances ever modified organized beings, it
should be easily ascertained here.” He then expresses his convic-
tion that ¢ they were created under the circumstances in which
they now live, within the limits over which they range, and with
the structural peculiarities which characterize them at the present
day,” adding frankly, however, that these opinions are mere infer-
ences.

With the contributions on cave insects by the eminent zoodlogist
Schiodte, and our own naturalists as well, we have now over-
whelming proof that the blind fishes and numerous other cave ani-
mals are marked with peculiarities impressed upon them by the
unusual environments to which they have been subjected.

In a work on the animals of the Mammoth Cave, by Dr. A. S.
Packard and Mr. Putnam, the first-named writer quotes the re-
sults of Schiodte, wherein he shows the existence of twilight ani-
mals in which but slight modification occurs, while in darker
places the changes become more profound.

Dr. Packard 3> sums up the results of his work as follows: “We
then see that these cave animals are modified in various ways,
some being blind, others very hairy, others with long appendages;
all are not modified in the same way in homologous organs, an-
other argnment in proof of their descent from ancestors whose
habits varied as their out-of-door allies do at present.”

Prof. E. D. Cope,® in an article on the fauna of Wyandotte
Cave, in commenting on the loss of eyes in cave animals from
absence of light, and consequent disuse, says that, to prove it, ¢“we
need only to establish two or three propositions: 1. That there are
eyed genera corresponding closely in other general characters with
the blind ones. 2. Tle condition of the visual organs is in some
cave type variable. 3. If the abortion of the visual organs can be
shown to take place coincidently with general growth to maturity,
an important point is gained in explanation of the modus operandi

8¢ American Journal of Scicnce,” second series, vol. xi, p. 128,
28 « Life in the Mammoth Cave,” p, 27.
864 American Naturalist,” vol. vi, p. 415,
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of the process.” He then proceeds to point out & number of re-
lated genera in which the external ones present eyes, while the
cave forms are blind. As to variability, he cites the blind siluroid
fish from Conestoga, Pennsylvania, showing that, while all of sev-
eral specimens were blind, the degree of atrophy was marked not
only in different fishes, but even on different sides of the same fish.
In some the corium was perforate, in others it was imperforate. In
some the ball of the eye was oval, in others collapsed.

We have in the meagre fauna of the caves convincing proof of
the gradual undoing of parts—so to speak—on the withdrawal
of influences favorable to them; even so exquisite a structure
as the eye as a result of selection almost inconceivable, yet not
only becoming rudimentary, but almost disappearing, by the with-
drawal of those influences which were in part conducive to its
building up. So distinct are these undoing stages that, were we
sure of the stable variability of all of them, we could with cer-
tainty indicate the relative age of each cave inhabitant. -

Prof. Alpheus Hyatt and Prof. E. D. Cope almost simultaneously
established a number of propositions relating to certain large
groups of animals which had never been recognized before. The
theory of acceleration and retardation in which certain groups
acquire rapidly new characters, while corresponding groups acquire
the same characters more slowly, forms a portion of the theory of
these naturalists. Prof. Hyatt has shown among Ammonites a
parallel between the life-stages of the individual and similar stages
in the group based upon an examination of suites of specimens as
studied by him in Europe and America. It is utterly impossible
to do the slightest justice to the thoroughly original views of these
gentlemen without the aid of explanatory diagrams. While re-
luctantly abandoning the attempt, 1 must at the same time express
the regret that neither of these investigators has seen fit to present
to the public an illustrated and simple outline of the main features
of their theories and the facts: Prof. Cope basing in part his
propositions on groups of animals, many of which comprise fossil
forms brought to light in the West, of which but few restorations
have yet been made; and Prof. Hyatt basing his work on fossil
Ammonites from the Jurassic and adjacent beds of Europe, of
which but one complete collection is to be found in this country.

Surely, with this unfamiliar material, an excuse may be offered
in not attempting a popular presentation of propositions and laws,
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some doctrinal and others theoretical, which must yet be looked
upon as profound and permanent additions to the philosophy of
evolution. A reference may be made to Prof. Cope’s essays,
entitled ¢ Origin of Genera,” “On the method of Creation of
Organic Types,” * Consciousness in Evolution,” ¢ On the Theory
of Evolution,” and numerous other memoirs from which may be
gathered the author’s views on the subject. The essays of Prof.
Hyatt, ¢ On the Parallelism between the Different Stages of Life
in the Individual and those in the Entire Group of the Molluscan
Order Tetrabranchiata,” ¢ Reversions among Ammonites,” Evolu-
tion of the Arietide,” ¢ Genetic Relations of the Angulatide,”
¢ Abstract of a Memoir on the Biological Relations of the Ju-
rassic Ammonites,” are altogether too technical to condense into
an address of this nature. It need hardly be mentioned that in
these memoirs invaluable contributions are made to the doctrines
of natural selections.

And now we come to the most difficult part of our work; to
compass within the limits of a few pages the magnificent discov-
erics of Leidy, Marsh, and Cope, in the rich fossiliferous beds of
the West. The wonders are so unique and varied; they have
been poured upon us with such prodigality of material and illus-
tration, that one is baffled in an attempt to compass their charac-
ters, or to picture them as realitics. When Darwin offered the
imperfection of the geological record as possibly accounting for
the absence of intermediate forms which might have existed, he
was at once met by a series of protests so strenuous, and at the
same time 8o specious, that they had their full weight in staying
the force of that prophetic chapter. Darwin, in this chapter, dis-
tinctly stated that not only were there formms which had never yet
been seen, owing to the imperfection of the geological record, but
that time might possibly bring them to light, and, when discov-
ered, we should have revealed to us intermediate characters which
would counect widely-separated groups as they are recognized
to-day.

Behold the prophet! Animals have been discovered, not only
showing the characters of two widely-separated groups, but in
some cases of three groups as they now appear. How distinct
the hoofed quadrupeds, the carnivora, and the rodents, appear to-
day! Yet here are discovered ancestors of these widely-separate
groups, in which are contained in one individual the characters of
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all three! Of the ungulates with the perissodactyle foot, there
have been discovered a large number of tapiroid forms allied to
Paleotherium ; others which, like Anchitherium, wonderfully fill
the gap between the horse and forms lower down ; a large suite of
rhinocerotic creatures of strange character and enormous size; a
great number of species of three-toed horse, some no larger than
foxes, and with these a perplexing maze of deer, antelopes, sheep,
camels, hippopotami, and pig-like animals, ruminant-like beasts,
some of them not larger than an ordinary squirrel: a curious
group, comprising a large number of species with characters in-
termediate between the pigs and ruminants. Prof. Flower, the
great English osteologist, confesses that these forms completely
break down the line of demarkation between them, and adds that
“a gradual modification can be traced in the characters of the
animals of this group, corresponding with their chronological posi-
tion, from the earlier more generalized to the latest comparatively
specialized forms, thus affording ene of the most complete picces
of evidence that are known in favor of a progressive alteration of
form, not only of specifie, but even of generic importance through
advancing ages.” The probable home of the Camelide has been
revealed in the discovery of llama-like creatures, gigantic mam-
mals, in some cases excecding the elephant in size, but with a
diversity of characters hitherto unsecen ecither in recent or fossil
forms, combining as they did the characters of perissodactyle and
proboscidian.

A numberless variety of Carnivora, many of them embracing
the most generalized groups, have been brought to light, such as
creatures between the wolf and the opossum, generalized dogs,
and sabre-toothed cats.

A great many species belonging to the Rodentia, Inscctivora,
and Chiroptera, have been identified; still more wonderful is a
group of creatures so unlike any beast heretofore known that Prof.
Marsh has made a new order to incluade them under the name
of Tillvdontia. They combine the characters of several distinet
groups, namely, the carnivores, ungulates, and rodents, and some
of them in size equalling the tapir. Of great interest also is the
discovery of fiftcen new genera, belonging to low forms of pri-
mates. All of these creatures, embracing hundreds of species, are
generalized in a high degree. New orders have been ereeted to
embrace some of them. One has only to understand the special-

A. A, A. 8. VOL. XXV. 11
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ization of modern animals to appreciate the generalized character
of these early forms.

Prof. Marsh has shown that all the ungulates in the Eocene and
Miocene had upper and lower incisors; and, again, that all the
Eocene and Miocene mammals, including the Carnivora, had two
of the wrist-bones, the scaphoid and lunar, as distinct bones.

The class of birds so long represented as a closed type can no
longer occupy that isolated position. The proper interpretation
of Archseopteryx has, in the discoveries of Marsh, new interest.
He has discovered a number of species of birds, for which a new
sub-class is made. This sub-class will embrace two sub-orders,
one in which the creatures had teeth contained in grooves in the
jaws; the other had true teeth in sockets. The first were swim-
aning-birds of gigantic size, with rudimentary wings; the second
.embraeed small birds, with powerful wings and bi-concave ver-
tebra.

Prof. Cope has also brought to light a remarkable gigantic bird
from the Eocene of New Mexico ; its size indicates a species with
fect twice as large as those of the ostrich. He shows it to be
distinct from any of the genera of Struthionide or Dinornithidce.
Besides all these wonders, a host of new forms of reptiles and
fishes have been discovered by these indefatigable explorers—huge
Ppterosauria-discovered by Marsh with a spread of wing of twenty-
four feet; and of more speeial interest is the fact that no trace of
teeth can be found in the jaws.

It is impossible for me to more than allude to these remarkable
additions to our knowledge of these early forms, and until they
have all been figured with natural outlines, and perplexing ques-
tions as to priority in discovery rectified, it will be difficult in
some cases to accredit individual work. But in the light of these
profound revelations, how blind seem the attempts to establish a
classification on the forms heretofore familiar to us, and to rear
these into circumseribed groups between which it was asserted no
forms of intermediate kinds were to be expected! With the
twenty-five or thirty species of fossil horses at our command, some
with four toes, others with three, in various stages of reduction,
it is interesting to bring back to mind the earnest Geoffroy St.
dlilaire painfully endeavoring to trace the genealogy of the horse,
with a few widely-separated forms of extinct mammals as his only
guide in the work.
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The special investigations of Marsh and Leidy reveal an almost
unbroken line from our present horse with its simple toe, and two
rudimentary metatarsals in the shape of the splint-bones, to a
creature in which metatarsals support rudimentary toes, and still
other forms in which these rudimentary toes are working-toes, and
below that again another form in which a fourth toe is seen as &
rudiment, till forms are reached in which all the toes rest on the
ground. It is still more striking to study attentively those earlier
generalized horses with four toes, and follow the successive reduc-
tion in the number of toes as the later formations are reached, till
in the latest deposits and at present we have the modern special-
ized horse with but a single toe, the lost toes represented by two
slender bones hidden beneath the flesh. And now comes crowning
proof that our modern horse has been derived from some three-
toed progenitor, for in certain instances horses have come into
existence with splint-bones developed into sturdy bones sustaining
at the extremities phalangeal bones, and outside accessory hoofs !
Such freaks of Nature demand an explanation. They receive a
rational one through the theories of Darwin. Without the law of
reversion, we are left in blind bewilderment.

While all these facts, in overwhelming array, testify to the ex-
treme mutability of forms, induced oftentimes by apparently the
most trivial of causes, and set at rest the question as to the fixed-
ness of species, they show at the same time the richness of that
store from which, by natural selection, forms may be selected.

Realizing the uniformity of Nature’s laws, the human mind
bravely asks, ¢ Do these wonderful interpretations throw any light
upon the origin of man?”

Rigidly adhering to the inductive method, science is prepared to
show that man did not appear suddenly and free from those animal
proclivities and passions which make him a sinful creature, but
that he has risen from a lowly origin, and his passions and desires,
but feebly repressed, may be as surely traced to ancestral traits,
as the aberrant muscles in his structure may be recognized in some
degraded progenitor. And in proof of this there is established a
series of facts of precisely the same nature as is seen in those dis-
coveries which link the horse in an almost unbroken line to earlier
and more generalized animals.

It is instructive to read the discussions in relation to man’s posi-
tion in Nature as represented by Agassiz, Morton, and others.
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The position that these eminent men were justified in taking
shocked the Church, and received from her the same vigorous de-
nunciations that Darwin was forced to bear at a later day.

The systematist, in formulating the separate species and genera
of the apes and monkeys, was early led to see that man also in
various parts of the world presented differences quite as striking,
and if it were assumed, as indced it was, that the peculiarities
among men were only varietal, then it could be claimed with equal
emphasis that the differences among apes were only varietal.
Agassiz, in his keen grasp of things, readily saw this, and, since
the races of men revealed differences just as specific in their char-
acters as the animals immediately below them, he was forced to
admit the plurality of origin of the human race. He says:

¢ Unless we recognize the differences among men, and we recog-
nize the identity of these differences with the differences which
exist among animals, we are not true to our subjcct, and, what-
ever be the origin of these differences, they are of some account;
and if it ever is proved that all men have a common origin, then
it will be at the same time proved that all monkeys have a common
origin, and it will by the same evidence be proved that man and
monkeys cannot have a different origin.”

He confesses that he ¢saw the time coming when the position of
the origin of man would be mixed up with the question of the ori-
gin of animals, and a community of origin might be affirmed for
them all.”  With these convictions it is not surprising that he
should have been led to express the opinions regarding the diver-
sity of the human race that we find recorded.

Agassiz, in the meetings of the American Academy, repeatedly
and in various ways illustrated the diversity of the human race.
In one place he alludes to the difficulty in defining the species of
man, and says the same difliculties occur in defining the species of
anthropoid apes.  We quote from the records:

“The languages of different races of men were neither move
different nor more similar than the sounds characteristic of animals
of the same genus; and their analogy can no more be fully ac-
counted for on any hypothesis of transmission or tradition than in
the case of birds of the same genus uttering similar notes in

Curcpe and America.”—(*Proceedings of the American Academy,”
vol. iii, p. 6.)
Again, in a later volume, he expresses a general disbelief in the
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supposed derivation of later languages from earlier ones. He re-
garded each language and each race as substantially primordial,
and ascribed their resemblances to a similarity in the mental
organization of the races. .

This extract illustrates the extremity to which one is logically
driven if he accepts the hypothesis of special creation, and these
words are quoted, not with the belief that at the present time they
would have been uttered, but as illustrating the necessary admis-
sions with the theory of plurality of origin. In precisely the same
manner that Whitney, Miiller, and other eminent philologists, have
shown the outgrowth of present existing languages from primitive
- forms of language, so science is prepared to show the outgrowth
of present men from primitive forms of animals. Agassiz wag
bitterly ussailed by the Church for the bold attitude he assumed
regarding the plurality of origin of the human race, though now
that science will show that after all man has originated from a
common centre, it seems no better satisfied.

The facts bearing on man’s lowly origin have been fully con-
tributed by American students, and, as all intelligent men under-
stand the bearing of these facts on the question, it is only
necessary to allude to them here. If man has really been derived
from an ancestor in common with the ape, we must expect to
show :*—1. That in his carlier stages he recalls certain persistent
characters in the apes; 2. That the more ancient man will reveal
more ape-like features than the present existing man; aud, 3.
That certain characteristics pertaining to early men still persist
in the inferior races of men.

Prof. Wyman3? points out certain resemblances between the
limbs of the human embryo and the permanent condition of the
limbs of lower animals. In some human embryos about an inch
in length he found that the great toe was shorter than the others,
and, instead of being parallel to them, projected at an angle from
the side of the foot, thus corresponding with the permanent condi-
tion of this part in the Quadrumana.

In some observations made on the skeleton of a Hottentot, Prof.
Wyman3 calls attention to the complete ossification of the nasal
bones, no trace of a suture remaining. This was more noticeable

37 ¢“Proceedings of the Boston Society of Natural History,” vol. x, p. 185,
® Ibid,, vol. ix, p. 352,
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. a8 the individual was young, and the other bones were immature,
and had an interest ‘‘in connection with the fact that the nasal
bones are coossified at an early period in the monkeys and before
the completion of the first dentition in gorillas and chimpanzees.”
Careful measurements of the pelvis also revealed quadrumanous
features, though *‘the resemblance is trifling in comparison with
the differences.”

In a study of the crania, Wyman® found differences in the rela-
tive position of the foramen magnum. In the North American
Indian this opening was farther back than in the negro, while some
crania from Kauai presented this opening still farther back than
in the Indian; and more than half the lot from Kauai had the
peculiarity in the nostrils first pointed out in the negro by Dr.
John Neil, of Philadelphia, namely, the deficiency of the sharp
ridge which forms the lower border of the opening. In its place
is a rounded border, or an inclined plane.

This feature occurs very frequently in different races, but more
rarely in Europeans. It is, however, never absent in the apes.
Prof. Wyman, in studying the characters of certain ancient crania
from a burial-place near Shell Mound, Florida, observed the fora-
men magnum quite far back, and remarks on the massive charac-
ter of the bones composing the skull, the parietal being nearly
twice the thickness of ordinary parietals, while the general rough-
ness of the surfaces for muscular attachments on the hinder part
of the head is very striking.40

In certain measurements of synostofic crania, Prof. Wyman
found that the length of the parietals was twenty-four millimetres
above the average, the parietals being lengthened from before back-
ward, the frontal and occipital being but slightly augmented.
Now, in the much-discussed Neanderthal skull, wherein it is urged
by Dr. Davis that it is a synostotic skull, though denied by Huxley,
Wyman shows that the parietals measure nine millimetres below
the average, which is certainly against the view that the Neander-
thal skull is synostotic.!

In an essay entitled *“Observations on Crania and Other Parts
of the Skeleton,” Prof. Wyman shows that the relative capacity of
the skull ¢ is to be considered merely as an anatomical and not as

# « Proceedings of the Boston Society of Natural History,” vol. xi, p. 447.
40 ¢ Fourth Annual Report of the Peabody Museum of Arch. and Ethn.,” Cambridge.
4 “Proceedings of the Boston Society of Natural History,” vol. xi, p. 455,
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a physiological characteristic,”4? a most important distinction cer-
tainly in considering the large capacity of certain ancient skulls,
since we must know the quality as well as the quantity in order to
assume the intellectual position of the races. In this essay are
also quoted the results of a large series of measurements made by
Dr. B. A. Gould, in which it is shown that the arms of the blacks
are relatively longer as compared with the whites, in this respect
approaching the higher animals, a confirmation of the observations
made by Broca, Pruner Bey, Lawrence, and others.

The perforation of the humerus, which occurs in the apes quite
generally, was found to occur rarely in the white race. Of fifty
bumeri, Wyman found but two perforated, while of Indian humeri
he found thirty-one per cent. perforated. In some of the remains
of ancient men there has been found a remarkable lateral flattening
of the tibia, unlike anything found at present, but always charac-
teristic of the earliest races. These tibise have received the name
of platycnemic tibise.

Wyman*3 quotes Broca as saying that the measurements of these
tibiee resemble the ape, and, what is more striking, in a small
number of instances ‘ the bone is bent and is strongly convex
forward, and its angles so rounded as to present the nearly oval
section seen in the apes.” The occurrence of these platycnemic
tibiee has been noticed by several investigators. They have been
obtained from the mounds of Kentucky by Mr. Carr, Mr. Lyon,
and Mr. Putnam. Prof. Wyman found them in Florida mounds.
To Mr. Henry Gillman, of Detroit, science is indebted for the dis-
covery of the flattest tibiee ever recorded, exceeding even those
discovered in Europe. Mr. Gillman has opened a number of
mounds along the Detroit and Rouge Rivers in Michigan, and as-
siduously studied the characters of these remains, which indicate
a very ancient race of men. Many of these tibise he has sent to
the Peabody Archeological Museum at Cambridge. Associated
with these remarkable tibiee he found large numbers of perforated
humeri.

At the Detroit meeting of the Association, Prof. W. S. Barnard
showed that the muscles which move the fingers and toes have been
developed from one common muscle, and, in studying the various
degrees of specialization of the muscles which move the hand and

4 “Fourth Annual Report of the Peabody Museum of Arch. and Ethn.”
4 Ibid.
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foot in the gorilla and lower apes, he finds that in the foot ¢* man
remains a creature of the past not modified by that which makes
himn a man, the brain. The hand has been modified and perfected
by its services to the brain.” Prof. Barnard also contributed
another essay, entitled ¢ Comparative Myology of Man and Apes.”
From very careful studies he is led to believe that the relative po-
sition of the origin of the muscles is more constant than that of
their insertions. In this examination he brings to light a muscle
which Traill dissected in the higher apes, and which he called the
scansorius, and this was supposed 'to have no representative in man.
Traill was followed by Wyman, Owen, Wilder, and Bischoff,
who, in a controversy with Huxley, argued from this muscle against
the simian origin of man. Mr. Barnard now shows that Traill
was mistaken, and that other naturalists were misled by the weight
of his authority. What Traill interpreted as the gluteus minimus
is the pyriformis, and what he figured as a new muscle separating
the apes from man, the scansorious is the homologue of our gluteus
minimus. ’
- From gradually accumulating data, in regard to microcephalic
skulls, it would seem as if Carl Vogt was right in judging them
to be cases of reversion. Prof. Wyman says, in regard to a micro-
cephalic skull from Mauritius, that, ¢ taking together the high
temporal ridges, the union of the temporals with the frontals, the
projection of the jaws, the narrow and retreating forechead, the
small capacity, and the form and proportions of the nasal open-
ings, the general resemblance to that of an ape is most striking,
and seems to justify Vogt's expression of a man-ape, it being
understood that the skull we are describing is not a natural, but
an anomalous formation.” 44
It would be difficult to imagine, indeed, that mere reduction in
the size of the brain, through arrest of development, should pro-
duce a series of characters so closely resembling the apes as is
found to be the case in so many widely-separated examples. Thus,
in the Mauritius microcephalic skull the capacity is only twenty-
five cubic inches. The jaws are extremely prognathous, the zygo-
matic arches stand out wide and free, and the temporal ridges
approach within one and a quarter inch. If such examples should
prove to be veritable cases of reversion, then we have a parallel
in the startling appearance of the long-lost rudimentary toes of

¢ ¢ Seventh Annual Report of the Peabody Muscum of Arch. and Ethn,”
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the horse, traces of which are only s,een in the hidden splint-
bones. In the ¢ Seventh Annual Report of the Peabody Museum,”
Prof. Wyman describes a microcephalic skull from the ancient
huacas of Peru. Its capacity is only thirty-three cubic inches;
‘“the frontal bone is much slanted backward, has a decided ridge
corresponding to the frontal suture, and is slightly concave on
cach side of it.”

Wyman states that the bones of the head are well formed, though,
from the diminutive size of the brain, idiocy must have existed.

Associated with the remarkable collection of platycnemic tibize
and perforated humeri discovered by Ienry Gillman, we should
have expected some anomalous forms of crania, and in this expec-
tation we are not disappointed. '

In company with two skulls which appear to be normal, Mr.
Gillman discovered one of most remarkable proportions. Wyman
considered it a case of extreme individual variation, and not the
result of artificial deformity. The skull in question has only a ca-
pacity of fifty-six cubic inches. The average capacity of Indian
crania, according to Morton’s measurements, being eighty-four
cubic inches, and the minimum capacity being sixty-nine cubic
inches. This skull of Gillman’s is therefore thirteen-cubic inches
less than the smallest Indian skull heretofore described. But more
extraordinary still is the approximation-of the temporal ridges.
While in ordinary crania the separation of ‘these ridges is usually
from three to four inches, and never less than two inches, in this
unique skull from the Detroit River mound the ridges in question
approach within three-quarters of an inch; in this respect, as Wy-
man says, presenting the same condition as that of the chimpanzee.
A rounded median crest can be distinctly seen and felt between
these ridges, and the skull is markedly depressed on each side for
the passage of the powerful mastoid muscles.

Is this, too, a case of partial reversion? Such extraordinary
forms as the Neanderthal and Engis skulls, and the one above
cited, with the La Naulette and other lower jaws, could not have
been uncommon in those early days, since the chances against
finding them would be simply enormous, unless, indeed, they were
of common occurrence. Regarding these remains as we do those
of the remains of other mammals, we must admit either that these
low characters represent retention of ancestral peculiarities, or that
they are cases of reversion. In considering the Neanderthal skull,
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with its retreating frontal, its enormous frontal crest, and other
anthropoid characters, Huxley is led to say that at most there is
¢t demonstrated the existence of a man whose skull may be said
to revert somewhat toward the pithecoid type.”

To a mind unbiased by preconceived opinions, and frankly will-
ing to interpret the facts as they stand revealed by the study of
these ancient remains the world over, the evidences of man’s lowly
origin seems, indeed, overwhelming.

Looking at the whole question impartially, we find that among
recent men there are high types as well as low types, with a vari-
ation so great as to have induced Agassiz, Morton, and others, to
consider them specific. And while, as Wyman asserts, no one
race possesses all the low characters, yet with the relatively long
arms, the tendency of the pelvis to depart from the normal pro-
portion, and numerous other facts of like significance, there are
yet retained among some of them more resemblance to the higher
apes than can be found among others.

Prof. Cope, not content with tracing man back to some ape-like
progenitor, has, in a suggestive way, considered man’s relations
to the Tertiary mammalia. In a communication to the Association
at Detroit, on this subject, he prefaced his paper by saying that in
the doctrine of evolution two propositions must be established :
1. That a relation of orderly succession of structure exists, which
corresponds with a succession in time; 2. That the terms (spe-
cies, genera, etc.) of this succession actually display transitions
or connections by intermediate forms, whether observed to arise
in descent, or to be of such varietal character as to admit of no
other explapation of their origin.” He shows that the primary
forms of mammalia are strongly indicated in the structure of the
feet, and also in the character of the teeth. In recent land-mam-
mals there are several types of foot to be recognized, the many-
toed plantigrade, the carnivorous, the ox, and the horse types.
Among the earlier types of the Eocene, he finds the most gener-
alized type in the Coryphodon of Owen (Bathmodon of Cope).
This creature was plantigrade, with a short caleaneum, and an im-
perfect hinge for the foot. From this generalized form he traces
a line of succession of intermediate forms to the horse on the one
hand, and the ox on the other.

The Coryphodon was one of the earliest known mammals, while
the horse and the ox preceded man by a single geological period.
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Without entering into a technical description of the successive
forms presented by Prof. Cope, we may quote his words wherein
he shows that ¢ the mammals of the Lower Eocene exhibit a greater
percentage of types that walk on the soles of their feet, while the
successive periods exhibit an increasing number of those that walk
on the toes; while the hoofed animals and Carnivora of recent
times nearly all have the heel high in the air, the principal ex-
ceptions being the elephant and bear families.” After presenting
the gradual osteological changes of the foot, from the earlier types
to the later ones, through several lines of descent, and consider-
ing also the teeth as well, he says: ¢ The relation of man to this
history is highly interesting. Thus, in all generalized points, his
limbs are those of the primitive type, so common in the Eocene.
He is plantigrade, has five toes, separated tarsals and carpals,
short heel, rather flat astragalus, and neither hoofs nor claws, but
something between the two; the bones of the forearm and leg are
not 8o unequal as in the higher types, and remain entirely distinct
from each other, and the ankle-joint is not so perfect as in many
of them. In his teeth his character is thoroughly primitive. . . .

“His stractural superiority consists solely in the complexity and
size of his brain. A very important lesson is derived from these
and kindred facts. The monkeys were anticipated in the greater
fields of the world’s activity by more powerful rivals. The an-
cestors of the ungulates held the flelds and the swamps, and the
Carnivora, driven by hunger, learned the arts and cruelties of the
chase. The weaker ancestors of the Quadrumana possessed neither
speed nor weapons of offense and defense, and nothing but an
arboreal life was left them, where they developed the prehensile
powers of the feet. Their digestive system unspecialized, their
food various, their life the price of ceaseless vigilance, no wonder
that their inquisitiveness and wakefulness were stimulated and
developed, which is the condition of progressive intelligence” —
adding that * the race has not been to the swift, nomthe battle to
the strong.” Prof. Cope shows in this case that ‘the survival of
the fittest has been the survival of the most intelligent, and nat-
ural selection proves to be, in its highest animal phase, intelligent
selection.”

Prof. Fiske has, in a clearer way, shown that when variations
in intelligence became more important than variations in physical
structure, then they were seized upon, to the relative exclusion of
the latter.
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It is intelligent strength, other things being equal, that conquers
the savage, and the gradual selection of the best and biggest brains
is not seen alone in man.

In one of the most significant discoveries of Prof. Marsh, the
mammalia are found to show an increase in the size of the brain
coincident with their succession in the rocks.

One of the most extraordinary mammals from the Tertiary beds
of the West is the Dinoceras, with its rhinoceros and elephant char-
acters, its skull ornamented with prominent tubercles, its unique
dentition, embracing large cutting tusks, and altogether forming a
beast like the fabled monsters of old.

A study of its cranial cavity, made by Prof. Marsh, shows that
its brain was proportionally smaller than that of any other known
mammal. Indeed, it was almost reptilian, and of such diminutive
size that it could have been drawn through the neural canal of all
the presacral vertebree. Prof. Marsh has followed up this discov-
ery with the most important results, and is now prepared to state
the following conclusions :

1. That all the Tertiary mammals had small brains.

2. There is an increase in the size of the brain during this period.

8. This increase was mainly confined to the cerebral hemispheres
or higher portion of the brain.

4. In some groups the convolutions of the brain have gradually
become more complicated.

5. In some the cercbellum and olfactory lobes have even dimin-
ished in size.

Ile also finds some evidence that the same general law holds
good for birds and reptiles from the Cretaceous to the present
time.45

Thus we have in other groups, as well as man, convincing proof
that, with successive survival of forms, there is a corresponding
survival of larger brains.

Prof. Shalert® has offered some suggestive thoughts in showing
the intense selective action which must have taken place in the
shape and character of the pelvis in man, on his assumption of the
ercct position—the caudal vertebree turning inward; the lower
portion of the pelvis drawing together to hold the viscera, which
had before rested on the elastic abdominal walls; the attending

4 «“ American Journal of Science,” vol. xii, July. 1876,
% « Proceedings of the Boston Society of Natural History,” vol. xv, p. 183.
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difiiculties of parturition, and other troubles in those parts—all
pointing to the change which has taken place.

In this connection Prof. Shaler remarks that the question of
labor in woman must not be overlooked from this standpoint.

In a memoir on the shell-heaps of Florida, by Prof. Wyman,
wherein he describes a number of low characters in man already
alluded to, he gives the following conclusions: ¢ The steady prog-
ress of discovery justifies the inference that man in the carlier
periods of his existence, of which we have any knowledge, was at
most a savage, enjoying the advauntage of a few rude inveirtions.
According to the theory of evolution, which has the merit of being
based upon, and not inconsistent with, the observed analogies and
processes of Nature, he must have gone through a period, when
be was passing out of the animal into the human state, when he
was not yet provided with tools of any sort, and when he lived
the life of a brute.”#7

These words have no obscure utterance, and when we regard
the character of the one who wrote them, his cautious methods of
research, and the long deliberation he was wont to give to all such
questions, then they become doubly significant.

Recognizing clearly the existence of these lower and earlier
stages in man, it has been one of the most ditlicult problems to
solve the first steps toward his socicty and family relations.  Prof.
Jolm Fiske, in his * Outlines of Cosmic Philosophy,” has given
for the first time a rational explanation of the origin and persist-
ence of family relations, and thence communal relations, and,
finally. society.

Never before has there beeu presented so clear an idea of man’s
physical changes, and the effects of natural selection in seizing
upon attendant or correlated nervous changes, as in the work of
this author.

Prof. Fiske says: ¢ Civilization originated when in the highest
mammals variations in intelligence beeame so much more import-
ant than variations in physical structure that they began to be
scized upon by natural selection, to the relative exclusion ot the
latter.”48

Starting from the researches of Sir IIemry Maine, Lubbock, and
others, he finds social evolution must have originated after fami-

4 < Memoirs of the Penbody Academy of Scieace,” vol. , part iv.
42 Fiske's * Cosmic Phudosophy,” vol. i, p. 510,
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lies temporarily organized among the higher mammals had become
permanently organized. But how this step was effected has been
an insoluble problem. Bagehot, in his remarkable work on
‘¢ Physics and Politics,” says: * It is almost beyond imagination
how man, as we know man, could by any sort of process have
gained this step in civilization.” Darwin supposes that men were
originally weak and inoffensive creatures, like the chimpanzee, and
were compelled to band together to make up in combined strength
what they lacked as individuals.

That man, for his age, is a weak animal physically, there can be
no doubt. Fiske shows that ‘¢ increase of intelligence in complex-
ity and speciallty involves a lengthening of the period during
which the nervous connections involved in ordinary adjustments
are becoming organized.” From these conditions arose the phen-
omena of infancy, and he shows that with increase of intelligence
infancy becomes longer. In the human race it is longer than in
any other mammal, and much longer in civilized man than in the
savage.

In the orang-outang the infant does not begin to walk till it is a
month old, and in performing this act it holds to various objects
for support, as in the human infant. Previous to that time it re-
poses on its back, and becomes absorbed in gazing at its hands
and feet. Now, still lower down among the monkeys, at the age
of one month the young are fully matured so far as walking and
prehension are concerned. It is shown, furthermore, that where
infancy is very short, parental feeling may be intense for a while,
but soon dies out, and the otfspring of one becomes of no greater
interest than those of a stranger, *‘and in general the duration of
the feelings which insure the protection of the offspring is deter-
mined by the duration of the infancy. . . . .

¢« Hence if long infancies could have suddenly come into exist-
ence among a primitive race of ape-like men, the race would have
quickly perished from inadequate persistence of parental affection.”
Prof. Fiske, in a most reasonable way, shows that ¢ the prolonged
helplessness of the offspring must keep the parents together for
longer and longer periods in successive epochs; and when at
last the association is so long kept up that the older children are
growing mature while the younger ones still need protection, the
family relations begin to become permanent. The parents have
lived so long in company that to scek new companionships in-
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volves some disturbance of ingrained habits, and meanwhile the
older sons are more likely to continue their original association
with each other than to establish associations with strangers, since
they have common objects to achieve, and common enmities be-
queathed, inherited or acquired with neighboring families.”

In his chapter on the moral genesis of man Fiske maintains that
“the prolongation of human infancy accompanying the develop-
ment of dintelligence, and the correlative extension of parental
feeling, are facts established by observation wherever obgervation
is possible ; and to maintain that the correlation of these phen-
omena was kept up during an epoch which is hidden from observa-
tion, and can only be known by inference, is to make a genuine
induction, involving no other assumption than that the operations
of Nature are uniform. To him Who is still capable of believing
that the human raee was created by miracle in a single day, with
all its attributes, physical and psychical, compounded and propor-
tioned, just as they now are, the present inquiry is of course de-
void of significance. But for the evolutionist there would seem
to be no alternative but to accept, when once propounded, the
present series of inferences.”

Recalling now the various evidences educed by Wyman, Gill-
man, and others, regarding the anomalous characters of the re-
mains of primitive man, it scems impossible that a mind unbiased
by preconceived opinion should be able to resist the conviction
ag to man’s lowly origin.

If we take into account the rapidly-accumulating data of Euro-
pean naturalists concerning primitive man, with the mass of evi-
dence presented in these notes, we find an array of facts which
irresistibly point to a common origin with animals directly below
us, and these evidences are found in the massive skulls with coarse
ridges for muscular attachments, the rounding of the base of the
nostrils, the early ossification of the nasal bones, the small cranial
capacity in certain forms, the prominence of the frontal crest,
the posterior pesition of the foramen magnum, the approximation
of the temporal ridges, the lateral flattening of the tibia, the
perforation of the humerus, the tendency of the pelvis to depart
from its usual proportions, and, associated with all these, a rude-
ness of culture and the evidence of the manifestation of the
coarsest instincts. He must be blind indeed who cannot recog-
nize the bearing of such grave and suggestive modifications. Bu
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what application are we to make of such revelations if we vividly

receive them as such? We are no longer to rest with the blind

fatalism of the Turks, or listless resignation of the masses, but
are to make a living use of them. We are to trace evil and cor-
rupt passions to their source. The dreadful outrages which shock
us from time to time in the public prints are not instigated by an
evil spirit, but are outbursts of the same savage nature which
found more frequent expression years ago, and which are still
present with the lower races of to-day. When the study of hered-
ity reveals the fact that even the nature of vagabondage is pexpet-
uated ; when the surprising revelations of Margaret, mother of
criminals, from whose leins nearly a thousand criminals have thus
far been traced, are considered, common-sense will ultimately rec-
ognize that the imprisonment of a crumnal for ten or twenty years
is not simply to punish him or relieve the public of his lawless
acts, but to restrain him from perpetuating his kind. No sudden
revulsion of feelings and amended ways is to purify the criminal

taint, but he is to be quarantined in just the same way that a case

of the plague might be, that his kind may not increase. With

these plain facts thoroughly understood, men high in authority

must find some other excuse for the exercise of their pardoning

power, and other reasons be given for allowing so large a propor-

tion of criminals to go free. With the monstrous blot of Mor-

monism and free-love in our country, the statute-books are to be

again revised from the standpoint of science, with its rigid moral

and physical laws, and not from the basis of estuablished usage or

long-continued recognition.

[Hon. Lewis . Morgan in dealing with Australian kinships, and show-
ing the status of family relations, shows how common conununalisi is
among them, and even before that the intermarriage of brothers and
sisters, and thus signiticantly refers to some of the excerescences of modern
civilization, such as free-love and Mormonism, as reversions to ancestral
modes,  *“‘The nations of the Aryan tfumily assume not only to be civil-
ized, but to be far advanced in civilization; whereas that is stiictly true of
a small minority only.  Barbarism and savagism still lurk in all cities,
and in all corners ot civilized lands, repressed by law and restrained by
intellizence. We have the same identical brain perpetuated through re-
production which worked in the skulls of the savages and barbarians of
by-gone ages; and it has come down to us laden and saturated with the
thoughts, aspirations and passions, with which it was busicd through
the intermediate periods. It is the same brain grown older and larger in
the experience of ages,  These outerops of barbarism are so many revela-
tions of anterior prucllnm.s, u kind of mental atavism.” — Proc. A
Acad., Vol. V111, p. 412.]
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Ox A ProvisioNnaL HypoTHEsIS OF PaNGENEsIS. By W. K. Brooks,
of Baltimore, Md.
[ABSTRACT.]

Tuis paper proposes a modification of Darwin’s hypothesis of
the same name ; removing most of its difficulties, but retaining all
that is valuable. According to the hypothesis, in its modified form,
characteristics which are constitutional, and already hereditary,
are transmitted by the female organism by means of the ovum;
while new variations are transmitted by gemmules, which are thrown
off by the varying physiological units of the body, gathered up
by the testicle, and transmitted to the next generation by impreg-
nation.

The ovum then is the germ of an entire organism, and may
develop without impregnation; while the gemmules or germs of
single units, can develop only after they are united with an ovum,
The ovum is essential ; the gemmules only important. The ovum
is the conservation element, and the female organism the conser-
vative organism ; while the male fluid is the progressive element,
and the male organism the progressive organism.

Among the many proofs of the truth of this view, we may in-
stance what are known as reciprocal crosses ; that is gases in which
two allied species are crossed using, first, the male of specices A,
and the female of species B; and then reversing the process and
crossing the male of B with the female of A. If our hypothesis is
true the offspring in the first instance should be nearer to A, and
in the second case nearer to B.

The mule has an ass for its father and a mare for its mother,
while the hinny is the offspring of the stallion and the female ass;
and the result agrees with our hypothesis, for the mule has the
voice, ears, head, tail and general form and color of the ass, while
the hinny has. a long tail like that of a horse, its head, cars and
hair, are like those of a horse, and its voice is a neigh.

Another proof adduced is the well-known f