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stacle in the way of the full development of the plan of the former in
having absorbed, in the erection of the building and in the appropria-
tions for the care of the specimens, at least one-half of the whole income
of the Smithson fund. Furthermore, the Museum and also the Institu-
tion have now arrived at such a state of development that the two can
scarcely be continued under one organization.

But the most objectionable result of the present connection of the
two establishments is the necessity of the Institution appealing to Con-
gress annually for appropriations for the support of the Museum,
whereby, in the language of my last report, the Institution is presented
to the world as a suppliant for perpetual aid, whereas, for carrying out
the legitimate objects of the bequest, no annual appropriation is neces-
sary from the public Treasury ; for, although more than one-half of the
whole income of the Smithson bequest has been devoted to a Museum
and other local objects, it has succeeded, through its researches, publi-
cations, and exchanges, in establishing a reputation as extensive as civ-
ilization itself.

In this connection it may be stated that an important step has been
made at the present session of Congress toward recognizing the
National Museum as a separate establishment. In the language of the
Act making appropriation for deficiencies, it is for the first time
announced as an ‘“appropriation for the National Museum in charge of
the Smithsonian Institution.”

Since the meeting of the board on the 24th instant, I have trans-
mitted to the Semate and House of Representatives the resolutions
adopted by the Regents relative to the necessity for the erection of an
additional building in connection with the Institution, and have con-
ferred with several members of Congress as to the probability of obtain-
ing an appropriation for this purpose. These have given encourage-
ment as to the probable apprepriation of $250,000 for the erection of
the proposed building,* but do not think that the proposition to pur-
chase the Smithsonian building would at this time, on account of the
condition of the Government finances, meet with favorable considera-
tion. The proposition should, however, be kept before the publie, and
in due time, I doubt not, it will be adopted.

General M, C. Meigs, Quartermaster-General, United States Army,
who had charge of the extension of the United States Capitol, and has
had much experience in the construction of publi¢ buildings, has gratui-
tously furnished a plan for a new building for the Museum, and in
addition generously offers his assistance in superintending its construe-
tion. This building will be of durable though inexpensive material, and
expressly adapted to the uses for which it is designed. In its con-

*The bill making an appropriation of $250,000 for the erection of the building passed
the Senate without opposition, but failed to receive consideration in the House because
a favorable vote of two-thirds of the members present was required to bring it before
that body.
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a striking contrast to the rich plains on the Atlantic slope. The num-
ber of animal forms, as well as the vegetable, decreases perceptibly in
proportion as we advance from the Atlantic to the Pacific. It is wor-
thy of note that while the species belonging to the western province sel-
dom, if ever, find their way to the eastern division, those, on the contrary,
in the latter province, spread to within a short distance of the shores of
the Pacific. The difference in the elevation of the ground which exerts
in Mexico such a great influence over the geographical distribution of
animal species, exists only in a slight degreein the Isthmus of Tehuan-
tepec, the highest point of the territory, not being elevated more than
from 500 to 2,800 feet above the level of the sea.

The fifth bulletin, a ¢ Catalogue of the Ifishes of the Bermudas,” is
based chiefly upon collections in the United States National Museum,
made and described by G. Brown Goode.

A visit to the Bermudas during the months of February and 7\Iarch
1872, afforded the author opportunities for collecting the notes and
specimens upon which this paperis based. - Atthe time of his visit only
seven species of fishes had Deen recorded from this locality, and the
only authentic information regarding the fish-fauna was contained in
one short chapter of a work by John Matthew Jones, of England. In
the present list, Mr. Goode enumerates seventy-five species, most of
which were personally observed.

Bulletin No. 6 consists of a tabular classification prepared by Pro-
fessor Goode, to facilitate the work of collecting and arranging the
materials gathered by the Institution for the International Exhibition,
to illustrate the resources of the United States as derived from the ani-
mal kingdom. With a view to its future use in the classification of the
articles of the kind which it includes, it is presented in a permanent
form as a part of the Miscellaneous Collections. It formsa pamphlet of
140 octavo pages, of which the following are the several divisions: The
first group, section A, is an index of the whole series, including all
North American animals which are directly beneticial or injurious to
man. Section B embraces all instruments and methods employed by
the hunters, trappers, and fishermen of North America, aboriginal and
civilized. 1t is a monograph of all matters relating to the chase and
fisheries of the country. Section C includes all methods of utilizing an-
imal products. Section D presents a list of all useful substances derived
from the animal kingdom, and section E all articles illustrating the cul-
tare and protection of useful animals. Though this work was hurriedly
prepared for use at the Centennial Exhibition, and is necessarily incom-
plete, yet it will serve as a basis for other attempts of a similar char-
acter, and will be of especial use in making preparation for future Inter-
national Exhibitions.

Centennial Outline Map of the United States and other portions of North
America—In order to serve as a basis for showing the larger features
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A fifth set of the sheets was used for representing the geology of the
United States and Territories.

There now remain on hand several sets of the original prints of this
large outline map, available for purposes similiar to the foregoing, and
which it is proposed to dispose of to institutions or associations willing,
by a small proportionate outlay, to aid in the re-imbursement of the
original expenses.

Annual report.—The annual report of the operations of the Institution
for the year 1875 was presented to Congress on the 7th of April, 1876, but
the extra copies ordered as usual were mot delivered to the Institution
until December, and their distribution has therefore. only just now com-
menced. An edition of 10,500 copies was printed, 1,000 for the use of
the Senate, 2,000 for the House of Representatives, and 7,500 for the
Institution. The appendix to the report contains translations of Arago’s
eulogy on Volta; DeCandolle on the probable future of the human race;
the annual report for 1873-74 on the transactions of the Geneva Society
of Physics and Natural History; a lecture on the past and future of
geology, by Prof. Joseph Prestwich, of England; a report on the dimi-
nution of the water of rivers and streams, by a committee of the Royal
Academy of Vienna; an original communication on the refraction of
sound, by Wm. B. Taylor, of Washington; a letter by Professor Henry
on the organization of local scientific societies, intended to furnish an
answer to numerous letters addressed to the Institution on this subject;
a translation of a proposed “international code of symbols for charts of
prehistoric archaology, by Profs. Mortillet and Chantre; an article on
characteristics pertaining to ancient man in Michigan, by Henry Gill-
man ; and a memoir on the stone-age in New Jersey, by Dr. C. C. Abbott.

RESEARCHES.

It has been stated in previous reports that an annual appropriation
was made for several years to enable Professor Newcomb, of the Na-
tional Observatory, to employ accountants for the reduction of the
mathematical expressions of the orbits of the planets Uranus and Nep-
tune to numerical tabular results.

Although the representation of the observations of Uranus by the
tables presented to the Smithsonian Institution four years ago, was
regarded by astronomers generally as highly satisfactory, it was not so
considered by the author, owing to the systematic character of the mi-
nute discrepancies. He therefore desired to ascertain whether these
discrepancies arose from errors in the computation of the perturbations
of Uranus, and, if not, whether they could be due to the action of an
nltra-Neptunian planet. The first step in the investigation was to have
a complete duplicate computation of the perturbations from 1753 until
the present time, by the method of mechanical quadratures, with which
to compare the results computed from the tables. An appropriation
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reduced and partly tabulated, thus closing the series conducted by the
Institution relative to temperature.

2. The temperature and rain-fall observations made at a large num-
ber of stations in British North America have been tabulated to the
end of the year 1874. This was a special matter undertaken to facili-
tate and extend the rain-fall discussion.

3. A number of averages have been computed and the work continued
relative to the publication of a second edition of the memoir on the rain-
fall of the United States, which will embrace additional material.

4, Meteorological information has been furnished in many instances
to individuals making application therefor, they bearing the expense of
the clgrical labor involved in the copying.

To complete the reduction and discussion of the system of meteorology
conducted by the Institution, there remain the observations relative to
the pressure of the atmosphere, and also those relative to moisture,
thunder-storms, and casual phenomena. These will be taken up during
1877.

TELEGRAPHIC ANNOUNCEMENT OF ASTRONOMICAL DISCOVERIES.

The arrangement which was concluded between the Smithsonian In-
stitution and the Atlantic cable companies in 1873, by which free tele-
graphic transmission of astronomical discoveries was granted between
Europe and America, has been continued during the past year.

The following is a list of the small planetoidal bodies discovered in
1876, the most of which discoveries were announced through this Insti-
tution:

-~ : . . : Mean
No. Name. ’ Dats of discovery. Discoverer. Place of discovery. | distance.*
; I
158 | Coronis .., January 4..... -1 Knorre ... ...| Berlin... . 3.00
159 | Emelia. .| January 26.. .| Paul Henr; ...| Paris.... .. i 3.13
160 { Una February 20. Peters .| Clinton.. - 2.75
161 | Athor ....cc cennnn April16. .....o.o.... Watson Ann Arbor. .......... 2.38
162 | Laurentia......... April2l............. Pros. Henry......... PATIS - eevee e eenaanannn | 3.02
163 | Erigone....c....... April26............. Perrotin ...coc.ooo.. Tonlouse ............. \ 2.35
164 | E July 12 .| Paul Henry. .| Paris.. o 2.55
165 August 9 .| Peters .. Clinton. . 3.13
166 . August 15 .. Peters .. ...do. 272
167 ..| August 28 .. .} Peters .. ..do. 3.22
163 .| September 23 . .| Watson... .| Ann Arbor 3.38
169 | Zelia..ocveiuannn.. September 23 ...... Pros. Henry......... Paris 2.36

A stellar outburst in the constellation of the ¢ Swan” was observed
November 24, 1876, by Dr. Schmidt, at Athens; a phenomenon similar
to the remarkable stellar outburst which occurred in the ¢ Northern
Crown” in May, 1866, though not so brilliant, as it did not apparently
exceed the light of a star of the third magnitude at its greatest bright-
ness. At the close of the year it had dwindled to the lowest visible
magnitude.

* The figures in the last column of the table represent the mean distances of the
several bodies from the sun, that of the earth being taken as unity.
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Dresden, 1875. ¢ Gravirte und geitzte Ornamente von Gegenstinden
des k. Historischen Museums und der Kunstgewerblichen Ausstellung
zu Dresden vom Jahre 1875.” Parts i and ii, Dresden, 1876. Folio.
“Archiv fiir Literaturgeschichte.” Vols i, v, 1-3. Leipzig, 1870-1876,
8vo. ¢Mittheilungen aus dem k. Zoologischen Museum zu Dresden.”
Part 1, Dresden, 1875, 4to, and various pampbhlets.

Trom the Royal Historical Academy, Madrid : Coleccion de Docu-
mentos inéditos para la Historia de Espafia. Vols. xxi, lix. Mad-
rid, 1852-1873, 8vo, and Historia de Telipe III. Vols. I, IT, Madrid,
1875, 8vo. ‘

From the Ambrosian Library, Milan: ¢ Translatio Lyra Pescitto
Veteris Testamenti ex Codice Ambrosiano.” Vol. I, Part 1. Mediolani,
1876. T olio.

From the Austro-Hungarian War Department, Vienna: ¢ General
Karte von Bosnien, der Herzegovina, von Serbien und Montenegro.”
120 sheets.

I'rom the Icelandic Literary Society, Reykiavik, Iceland: Skirnir,
1875, Copenhagen, 8vo. Skyrslur og Reikningar, 1874-1875, Copenha-
gen, 1875, 8vo. TFrjeltir fra Islandai, 1874, Reykiavik, 8vo. Report
on the Icelandic Literary Society, Copenhagen, 1872, Svo.

From Mr. James L. Bowes, Liverpool: Keramic Art of Japan, illus-
trated. Partsiii, iv. London and Liverpool, 1876. Tolio.

From the British Museum, London: The Cuneiform Inscriptions of
Western Asia. Vol. iv. London, 1875. Folio. Catalogue of Birds. Vol.

~ ii. 1875,8vo. Catalogue of Additional MSS. 1854-1860. 1875. S8vo.
Catalogue of Spanish MSS. Vol.i. 1875. 8vo. Catalogue of Oriental
Coins. Vol. 1. 1875. 8vo.

From the Ministry of the Interior, Topographical and Hydrographical
Division, Christiania, Norway: Aarbog for Handels Marinen, 1870~
1875, 11 parts, Kristiania, 8vo. Den Norske Lods, vols. i and viii, Kris-
tiania, 1870, 1871, 8vo., and 36 charts.

From the University of Chile, Santiago : Anales, vols. xlv and xlvi,
Santiago, 1873, 1874, 8vo. Twenty-one volumes of government docu-
ments, 1874, 1875, 4to.

From the Society of Natural History, Madrid, Spain : Anales, vols. i-
v, Madrid, 1872-1876, 8vo.

From Dr. Otto Ule, Halle, Saxony : Die Natur, vols. xi, xii, xvii, xix-
xxiii. New series, i, ii, Halle, 1862-1876, 4to.

From the Royal Academy of Science, Letters, and Arts, Modena,
Italy: Memorie, vols. xiii-xvi, Modena, 1872-1875, 4to.—33 disserta-
tions and discourses.

Die Astronomisch geoditischen Arbeiten des K. K, Militiir, Geograph-
ischen Instituts in Wien. III. Vienna, 1875. 4to. General Karte
von Central Asien. Blatt 1-12. Special Karte im Maastabe 1, 75,000.
22 parts.

From the Geographical Establishment, Brussels, Belgium : Nouvean
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been made to the collection of ancient implements as well as to that of
those used by Indians of'the present day. It was stated in the last
report that the services of Charles Rau, a well known ethnologist, had
been engaged to classify and arrange the collection in the National
Museum and to prepare a descriptive catalogue for publication. This
work he has accomplished in connection with the Centennial Exhibi-
tion, and although the catalogue is not entirely exhaustive it will
serve to show what ample material has been obtained by the Smithso-
nian Institution for the study of North American archeology. The fol-
lowing is an account of the work in question :

In the introduction the author speaks of the sys‘em adopted by-him
in arranging the Smithsonian collections illustrative of North American
archaology and ethnology. The archeological series comprises objects
supposed to belong to times antecedent to the European occupation,
and which, therefore, are thought to exhibit aboriginal art unmodified
by contact with the whites. These relics, consisting of chipped and
ground stone, of copper, bone, horn, shell, clay, and, to a small extent,
of wood, were found in mounds and other burial-places of early date,
in caves and in the shell-heaps met with along the coasts of North
America. The second, or more strictly ethnological, series, a deserip-
tion of which is not attempted in the present volume, consists of arti-
cles obtained from existing native tribes by private explorations, as well
as by expeditions undertaken by order of the United States Govern-
ment, and contains almost every object tending to illustrate the do-
mestic life, hunting, fishing, game, warfare, navigation, traveling by
land—in short, every phase of the existence of these tribes that can be
represented by tangible tokens. The uses of these ethnological speci-
mens are in most cases well known, a statement which cannot be made
in reference to the objects constituting the archeological series, for
many of the latter leave a wide scope for conjecture as to the manner
in which they were employed by their makers. These doubts extend
even to certain types hitherto thought to be well recognized. Thus,
many of the so-called arrow and spear heads were not what their names
imply, but knives used in connection with short wooden handles. Such
cutting-tools have been obtained by Major J. W. Powell among the
Pai-utes, and Mr. Paul Schumacher found corresponding implements in
graves of Southern California.

The introduction closes with reference to the other valuable collec-
tions of the National Museum which illustrate the past or present con-
dition of man in Central and South America, in Asia, Europe, and the
other parts of the world.

The first division treats of the most numerous class of relics, namely,
those of stone, which are fashioned either by the process of chipping,
grinding, or polishing. The first category embraces rude pieces, flakes
and cores as well as the more carefully wrought objects, such as arrow
and spear heads, perforators, scrapers, cutting and sawing tools, dag-

s 3
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Indian vocabularies—For a number of years the Institution has been
collecting, as a part of its work in the line of ethnology, Indian vocabu-
laries, and of these the number amounts to 670. They were placed in
the charge of J. H. Trumbull, LLD., of Hartford, Conn., for critical
examination and arrangement for the press. It was the intention of the
Institution to publish these vocabularies as a part of the volumes of
the Smithsonian Contributions to Knowledge, and also in a separate
form for more general distribution to philologists actually engaged in
the comparative study of languages of savage tribes. An offer, how-
ever, was made by Maj. J. W. Powell, who had also collected a series of
Indian vocabularies, to adopt those of the Institution, and to publish
the whole in connection with his researches under Government in re-
gard to the ethnology of the Indian tribes inhabiting the country
watered by the tributaries of the Great Colorado of the West. In ac-
cordance with the general policy of the Institution in not expending its
funds on anything which can be as well done by other means, the prop-
osition of Major Powell was accepted, the only conditions exacted on
which the transfer was made being that full credit should be given in
the publication to the name of Smithson for collecting and arranging
the articles, and also that extra copies be furnished the Institution for
liberal distribution.

In connection with these vocabularies the Institution has also trans-
ferred to Major Powell, for publication, a grammar of the Ponka lan-
guage, by Rev. J. Owen Dorsey, of Maryland, who resided for several
years as a missionary among the Ponka Indians.

The Institution has also transferred to Dr. F. V. Hayden for publica-
tion, in connection with his explorations, the following articles, giving
an account of the result of ethnological explorations undertaken under
the auspices of the Institution:

“ Researches in the Kjokkenmoddings and graves of a former popula-
tion of the coast of Oregon, the Santa Barbara Islands, and the adja-
cent mainland.” By Paul Schumacher.*

“The Twana Indians of the Kokomish reservation in Washington
Territory.” DBy Rev. M. Eells.*

These will also be published with due acknowiedgment to the In-
stitution, and extra copies furnished for distribution to its ethnelogical
correspondents.

New edition of ethnological instructions.—In March, 1861, the Smith-
sonian Institution published a paper entitled ¢ Instructions for Research
relative to the Ethnology and Philology of America,” prepared by Dr.
George Gibbs, an octavo pamphlet of 51 pages divided into two parts,
the first relating to cthnology, the second to philology. Under the first
head Dr. Gibbs treated of the facts that should be observed and the

* Published in Bulletin of the United States Geological and Geographical Survey of
the Territories. Vol I, No. 1. April, 1877,
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colonies, the choicest of the exhibits of thirty-four were presented to
the Smithsonian Institution for the National Museum, the remainder
either having nothing to give or being restricted in the disposal of
their articles.

It was, however, not from foreign commissions alone that collections
were received by the Institution. Several entire State exhibits, and
many belonging to private parties were also added to the general in-
crease. Nevada, Montana, and Utah presented the whole of their
mineral exhibits, while partial collections were received from several
other States and Territories.

Of the general collections received during the year, the most note-
worthy are the zodlogical specimens brought together by Lieut. George
M. Wheeler, during his recent survey, and turned over by him to the
museum in accordance with the law of Congress.

Engineer William A. Mintzer, of the United States Navy, also con-
tributed a number of packages, containing collections of natural history
and ethnology from Arctic America, collected by him while engaged in
mining isinglass on Admiralty Island, north of Hudson’s Straits.

The general ethnological collections obtained during the year (prin-
cipally as the result of expenditure from the centennial fund of the
Indian Bureau) are of very great extent. Among the most impor-
tant may be mentioned those of Mr. James G. Swan, from Vancouver
Island, Alaska, and Washington Territory, illustrating the habits of the
highly ingenious Northwestern Indians, the more conspicuous of these
being the front of an Indian house, a number of carved wooden columns
for ornamental purposes, some of them 30 feet long and 8 wide, carved
from a single log and properly ornamented, and a dug-out canoe, 60 feet
feet long and eight wide. -

Mr. Paul Schumacher, in continuing his archaological labors on the
south coast of California, made many important acquisitions, adding
materially to the variety he had previously gathered. Some additional
objects of interest were also received from Rev. Stephen Bowers, of
Santa Barbara. Dr. W. W. Hays, of San Luis Obispo, formerly con-
nected'with the Smithsonian Institution, also presented a large number
of objects, while additional collections were also received from Mr. Ste-
phen Powers, principally of illustrations of the life and customs of the
Indians of Nevada and California.

The parties sent out by Major Powell, at the request of the Indian
Bureau, to make collections illustrative of the Indians of New Mexico,
especially of the Moquis, obtained an extensive collection, including
pottery both ancient and recent, stone implements, dresses, &ec.

One of the most interesting and important additions to the ethnolog-
ical collection consisted of carvings of bone and stone imnplements, con-
tributed by Mr. Lucien M. Turner, United States signal observer at
Saint Michael’s, on Norton’s Sound, south of Behring’s Straits. This
series, in the number of pieces and variety of shape, the character of
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parties who fully appreciated the importance of making a satisfactory
competitive display in view of the anticipated rivalry of foreign govern-
ments. Among these, acknowledgment is especially due to Messrs.
Bradford & Anthony, of Boston, for undertaking to bring together the
fallest series of objects used by the American angler ; to Messrs. A. R.
Crittenden & Co., of Middletown, Conn., who in like manner prepared the
collection of boat-fittings, fisherman’s equipments, clothing, &c.; to the
American Net and Twine Company, of Boston and New York, which
supplied samples of nets of all kinds, models of pounds and fishing-boats,
and furnished also miles of netting to serve as ornamental drapery to
the building. Mr. J. H. Nichols, of Syracuse, and Mr. Thaddeus Nerris,
of Philadelphia, also supplied from their private collections a number
of angler’s equipments.

Here, as in the case of other objects, space does not permit more ex-
tended mention; but the detailed enumeration will be found in the list
of donations.

The additions to the collections of minerals were enormously large,
the principal and most important being a series of ores of the precious
metals collected in California, Oregon, Nevada, Utah, Idaho, and else-
where, by Mr. Thomas Donaldson, and representing a money value far
greater than its actual cost, in view of the donation of the specimens
by the owners and the agents of various mines. '

The collections made by Professor Blake on Lake Superior, by Mr. G.
C. Brodhead in Missouri and elsewhere, by Mr. Maury in West Virginia,
and by other parties, were also noteworthy. By far the most valuable
direct donation, however, was that of the collection of ores and minerals
of Nevada collected by the State Centennial board and exhibited with
the Smithsonian display. These, with all the cases in which the speci-
mens were exhibited, were presented to the National Museum by the
authority of the legislature of Nevada, the same disposition baving
been made of the very valuable collections of Montana and Utah.
Gen. J. H. Wilder, of Chattanooga, presented a large number of speci-
mens from Tennessee. Other series of more or less note will be found
detailed in the list of donations.

The present of three large boxes filled with choice minerals of Japan
by the government of that country is also a noteworthy addition.

It will be seen from the preceding enumeration that all parts of
North America are represented in the accessions of 1875 and 1876, and
so uniformly indeed that no one region can be indicated as more worthy
of notice than another.

From Central and South America have been received collections in
ethnology and zoilogy; from the South Pacific a general collection in
natural history ; from Japan collections in ethnology and mineralogy.
Apart from the Centennial donations comparatively little has been sent
in from Europe, a few specimens of birds and ethnological objects rep-
resenting the series. With the acquisitions made at Philadelphia,
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although it may be stated here, in brief, that while the mounting of the
specimens, or arranging them in a suitable form for exhibition, was car-
ried on during the whole of the period, the actual packing up and box-
ing of the specimens began in March, and their shipment in April.
Twenty-one car-loads of specimens were forwarded from the Smithsonian
Institution, and these were unpacked and put in place with such rapidity,
that by the 10th of May, at the opening of the exhibition, comparatively
little remained to be done, the whole labor being completed within the
subsequent few weeks.

On the 10th of November the worlk of packing the specimens for their
return to Washington was commenced, but was soon arrested by an order
of the President directing everything to remain as it was, pending the
action of Congress in regard to the erection of a suitable building for
the Government exhibit, as more fully detailed in the accompanying
report. The interval, however, was made use of in transferring the
donations made to the United States by foreign governments and Ameri-
can States and individuals from their previous place of exhibition to
the Government building. As soon as the embargo as to packing was
removed, these collections, with others constituting the summer’s exhibit,
were boxed and held in readiness for the anticipated order of the Presi-
dent for their transfer to Washington.

In addition to the twenty-one car-loads of ohjects moved to Philadel-
phia from Washington, a large portion of the exhibit of the Smith-
sonian Institution, arriving from other directions was put in place.
Almost the whole of the mineral display was in this category, only one
load having gone from Washington.

The collections transferred to Washington after the close of the Ex-
hibition were more than thrice the bulk of those that were taken thence
to Philadelphia in the spring, the entire shipment returned occupied
forty-two cars, representing approximately an aggregate of 812,000
pounds.

This may be a proper occasion to acknowledge the very great liberal-
ity ot the railroad companies in regard to the collections in charge of the
Smithsonian Institution, and without which the funds at its command
would have been inadequate to meet the expense of transportation. By
an agreement between the railroad cowmpanies and Captain John I
Rodgers, the officer in charge of transportation to and from Phila-
delphia of the Government collection, full rates were to be paid
one way ; but all objects thus transferred were to be brought back
free of charge. Thanks, however, to the liberality of the Phila-
delphia, Wilmington and Baltimore, the Baltimore and Potomac, and
the Pennsylvania Railroad Companies, no charge whatever was made on
the twenty-one car-loads taken to Philadelphia in the spring; and the
same companies agreed, without inquiring into the nature of the con-
tents, to bring back to Washington the same number of cars free of
expense—adiditionzl car-loads to be paid for at the usual rates. It was
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Dr. Rau has prepared a work on the American stone age, to serve as
a guide to the archweological exhibit of the United States, and which
has been published by the Institution.

Dr. James Lewis has completed, during the year, his investigation of
the fresh-water and land shells of the United States belonging to the
Museum, and has carefully identified and labeled the species. A series
was reserved by him for the Museum and the du plicates made up into
sets for distribution.

Dr. Edward Foreman has also thoroughly identified the vegetable
substances used by the American Indians as food, medicine, narcotics,
paints, &e., and has made up numerous sets for distribution to ethno-
logical eStablishments.

Distribution of duplicate specimens.—The same reasons which pre-
vented the usual effort in regard to researches among the collections
has more or less interfered with the distribution of duplicates during
the year; but as the amount of material available for the purpose has
been greatly increased as a result of the Centennial collections, it is
hoped that the coming year will permit an unusual amount of effort in
this direction.

A considerable number, however, of zoological, mineralogical and
ethnological specimens, either singly or in sets, have been sent off' as
direct donations or exchanges. Their aggregate, including that for
1875, will be found in the usual table of the appendix.

Present condition of the Museum.—The great enlargement of the
Museum has commensurately expanded its means for scientific and prac-
tical instruction. In many departments it may claim very great emi-
nence, entitling it, on the whole, to rank with the largest European
collections, while in some respects, especially as regards the ethnology,
mineralogy, and zoology of North America, it may fairly be said to
occupy the very first place among museums of the world. The immense
mass of duplicates now in its charge also constitutes so much material
for increasing the present number of species, and when proper facilities
are afforded for unpacking and arranging its reserve series, great addi-
tions can be made by a suitable system of exchanges. At present, how-
ever, everything looking toward such final arrangements is contingent
upon provision by Congress in the way of increased accommodations,
since the present available space is entirely inadequate to the purpose.

The Museum portion of the Smithsonian edifice consists of two rooms
of about 10,000 feet area each, with a connecting range and gallery of
about 5,000 feet. The specimens in cases are at present very much
crowded, while very many others are in boxes, occupying the passages
and intermediate spaces. The basement of the Institution, nearly 400
feet long, is a series of store-rooms, for the reception of portions of the
collection not yet exhibited in the upper halls, and thus without benefit
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The final station was made between the White and Yampah Rivers,
in the northwestern corner of Colorado. In the two months he was in
the field Mr. Wilson traveled 1,400 square miles, finished about 1,000
square miles of topography, and also made eleven geodetic stations,
connecting by a system of primary triangles the whole of Southern
and Western Colorado with the triangulation of the previous years.
Mr. W. H. Holmes accompanied the triangulation-party as geologist.
From the rapidity with which they were obliged to travel he was unable
to do much detailed work, but he had an excellent opportunity to cor-
relate the formations of the plains east of the mountains with those of
the pleateau region on the west. As he had previously surmised, he
found the structure of the Sierra Abajo to be identical with that of the
other isolated mountain-groups to the south and east of the Abajo in
in his district of 1875. A mass of trachyte has been forced up through
fissures in the sedimentary rocks, and now rests chiefly upon the sand-
stones and shales of the Lower Cretaceous. The sedimentary rocks are
arched from the intrusion of wedge-like sheets of trachyte, and the bro-
ken ends of the beds are frequently bent upward, as if by the upward
pressure of the igneous mass. The division left the field about the 12¢h
of October at Rawlins Springs, in Wyoming Territory.

The Grand River division was in charge of Henry Gannett, topog-
rapher, with Dr. A. C. Peale as geologist. James Stevenson, executive
officer of the survey, also accompanied the party a portion of the season.
The party took the field at Cafion City, August 23, and marched west-
ward to the Uncompahgre agency, a few miles east of the lower dis-
trict assigned to the division. The country assigned to it for explora-
tion consisted of two detached portions, one of about 1,000 square miles,
lying south of the Sierra la Sal and east of the Sierra Abajo, extending
castward to the Rio San Miguel and southward as far as the latitude of
Lone Cone. The other lay north of the Grand River, extending from
the river to the crest of the Roan or Book Cliffs. Its eastern limit was
the meridian of 108° and the western 109° 30/, comprising about 3,000
square miles.

Work was commenced in the southern district early in September.
The country surveyed is entirely made up of broken plateaus, almost
without water, except in the Dolores and San Miguel Rivers, and sev-
eral smaller streams. It has very little agricultural value, but portions
of it would make fair winter-ranges for stock. The region, however, is
geologically interesting, on account of several folds which, with the

~ subsequent erosion, have beautifully exposed the several formations.
Coal occurs at several places in the Cretaceous rocks, and on the Uncom-
pahgre River, a few miles above the agency, there is semi-anthracite
coal. Gold placers have been discovered on the San Miguel River,
and in the mountains south of the district prospecting has been vigor-
ously prosecuted. This portion of the San Juan mining region bids fair
to become one of the most important and successful districts, as indi-
cated by the developments already made.
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Shepard, Prof. C. U., jr. Tull series illustrating the nature of the fossil-
phosphates of South Carolina, utilized for the manufacture of fertil-
izers, with a map, sections, analyses, &ec.

Sherman, D., United States Indian agent. Three boxes of stone and
stone implements from Indian graves, from New York.

Skinner, D. M. Series of fluted trolling-spoons.

Slagle, J. W. Two boxes of ethnologica, from Virginia.

Small, K. E. Two bottles of blubber and fifteen of fish- and whale-oils.

Smith, Charles II. Indian samp-stone, from Massachusetts.

NSmith, Prof. J. Alden. Gold-ores, from Colorado.

Smith, William II., and I. Donnelly, foreman Belcher Mine. Specimens
of the ores of the mine and across the lode.

Swith, N. C. Model of lobster-pot.

Smith, Rev. €. D. Corundum and other minerals, from the western part
of the State of North Carolina.

Sociedad Mexicana de Historia Natural, Vera Cruz, Mexico. Box of
shells.

Sopries, A. I’. Silver-ores, from Colorado.

Soto, 0. and M., Santiago, Chili. Mounted specimens of deer, (Cervus
huamel), condor, and puma.

Southwick, J. M. K. Models of fishing-smack, fisherman’s car, and fish-
marketman’s car; collection of fishing-implements; scoop-net bow
used in dipping fish from smack’s well.

Squibb, Edward L., M. D. Four bottles of Honduras silver cochineal ;
castoreum of North American castor; murexide and prophylamine;
sea-tangle (Laminaria digitata); red and yellow prussiates of potassa.

Sterling, B., M. D. Cast of arrow-straightener, from Ohio.

Sternberg, C. H., M. D., U. 8. A. Fossil shells, from Kansas.

Stevenson, James. Oyster-fish, from the Potomac River.

Stockbridge & Co., Gloucester, Mass. Prepared cod-fish.

Stone & Hooper, Charlestown, V. Models of tank, rearing-box, carrying-
can, and parlor-brook for fish-culture.

Stone, Miss Anubel, ¢ Lobster man.”

Stone, Livingston. (See under Washington, TUnited States Commission of

Fish and Fisheries.) Collection of fishes, &ec., from California; 5 models
of boats used by the Chinese, Italian, and American fishermen in
San I'rancisco Bay.

Strater, Herman & Sons, Boston, Mass. Tin decoys of ducks, plover,
snipe, &c.

Stratton, Capt. Thomas, (through James G. Swan.) Silver and gold ar-
ticles; also collections of Mollusca and Alge from Washington Ter-
ritory.

Streets, Dr. T. H., U. 8. N. Two specimens of C. virginicus, and fish.

Streng, L. H. Ninety-five species of fresh-water shells, from Michigan.

Strouse, Henry St. G. Arrow-heads and chippings.
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for those of the conflagration of his first attempt. Our travelers re- .
mained but a short time in Bologna, whose university had then singu-
larly declined from its ancient reputation. The professor of chemistry
of this university, M. Pellegrini Savigny, had left no very favorable
impression upon Gay-Lussac’s mind ; our colleague accused him of hav-
ing degraded the science by inserting in his Traité de Chimie (Treatise
upon Chemistry) methods of his own invention for preparing good sher-
bets and excellant soups for every day in the year.

Did not our friend indulge in some exaggeration in classing the sub-
jects alluded to in the treatise of M. Pellegrini among those which
a scientist, who has any self-respect, should abandon to professional
charlatans? I will venture to say, in spite of my profound deference for
Gay-Lussac’s. opinions, that he who should succeed in reducing to uni-
form and precise rules the preparation of our food, especially that of
the poorer classes, would solve an important hygienic question. 1 am
persuaded that some day posterity will manifest astonishment on learn-
ing that in the middle of the nineteenth century the alimentary regimen
of the masses was abandoned to empirics, of both sexes, without educa—
tion or intelligence.

Byron relatesin his memoirs, that during Sir Humphry Davy’s so-
journ in Ravenna, a fashionable woman expressed the desire that the
illustrious chemist should prepare for her a pomade to darken her eye-
brows and make them grow. I would unreservedly share the contemp-
tuous disdain with which our young friend would undoubtedly have
received such a proposition as this. But there is, it seems to me, a wide
difference between the pomade for the fashionable woman and formu-
las for improving the food of the people, and even that intended to sat-
isfy the sensuality of the rich.

Messrs. de Humboldt, de Buch, and Gay-Lussae reached Milan Octo-
ber 1. Volta was then in that city, but they had great difficulty in
finding him.

The civil and military administration of Milan, which would not have
hesitated a moment if asked the address of a simple Hungarian or Cro-
atian sublieutenant, of a contractor, or of any titled personage whatso-
ever, seemed utterly unmindful of Volta, that great man, the glory of
Lombardy; whose name will be uttered with respect and admiration
when the breath of time will have swept away even the slightest recol-
lection of generations of his contemporaries.

Let us turn aside from these several anomalies, a thousand instances
of which it would be easy to enumerate, and resume our narrative,

Our three young travelers learned in Milan that the scientific world
was alive with the rumor of a pretended discovery by M. Configliachi.
According to the Italian chemist, water was composed of muriatic acid
and soda, elements that the battery decomposed without difficulty.
Volta, consulted by our three travelers as to the merit of the observa-
tion, replied, ¢ I have seen the experiment, but I do not believe in it.”
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not unknown to his countrymen, occupied in the small town of Kendal
the very humble and somewhat unprofitable position of private tutor of
mathematics, and had only at his command for his experiments imper-
fect instraments. There would then have been no impropriety in sub-
jecting his results to careful verifications. Gay-Lussac was not ac-
quainted with the works of the illustrious English physicist, as there
was no mention of them in the full and instructive account of-the
experiments made by the physicists who had preceded him. Dalton
had found that air expands 0.392 in the interval between 0° and 100° of
the centigrade thermometer. Already, previously, as I bad ascertained
from a printed document, Volta had given for this expansion 0.38.
Finally, in 1807, Gay-Lussac found it to be 0.375. This number was
generally adopted up to a recent period, and employed by all the
physicists of Europe.

According to the late determinations of Rudberg, and Messrs. Magnus
and Regnault, there was an error of about 1} in the value of the dila-
tation of air given by Gay-Lussac; our colleague never objected to
the number 0.3665 substituted by our fellow-laborer, M. Regnault, for
the number 0.375 which he had given. But what could be the real
cause of this difference? Gay-Lussac has never given any public ex-
planation of this disagreement. Not anticipating the catastrophe which
so suddenly removed him from us, I was guilty of the fault of not inter-
rogating him directly upon this sabject.

It would not be uninteresting, however, to investigate how so careful
a physicist could allow himself to be drawn into such an error.

A German professor, celebrated for the importance of his discoveries,
M. Chladni, visited Paris some years since. Smarting under the diffi-
culties which he had encountered in all his investigations, he said in an
impressive tone and petulant manner, never to be forgotten, for in their
exaggeration they almost bordered upon the ridiculous: ¢ When you de-
sire to lift the smallest corner of the veil which envelopes nature, she
invariably exclaims “ No! No! No!” M. Chladni might have added that
at the moment when it seems about to yield, it surrounds the observer
with snares into which the most skillful fall without suspecting it..

‘What could be the causes of error in the experiments of Volta, Dalton,
and Gay-Lussac that these illustrious physicists had not perceived ¥ I
have heard it said that the drop of mercury designed to intercept com-
munication between the vessel in which the air was expanded and the
external atmosphere, leaving a slight space and giving passage to a
portion of the dilated air, was not displaced as much as it would have
been without that; but this cause would evidently have given too small
a co-efficient, and it was in the opposite direction, according to the recent
observations, that the number upon which Gay-Lussac had decided was
in fault. It was much more probable that the interior of the sides of
the vessel in which the celebrated academician operated were not suffi-
ciently dry; that the hygrometric vapor, adhering to the glass at low tem-
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great hesitation, the independent and sober judgment of Gay-Lussac
would have placed him beyond influences which would not have been
called into play except under cover of eminent merit or fertility and of
imagination. His publications in the three volumes of the memoirs of
the Society of Arcueil deserve in every respect, from their variety, their
novelty, and also their exactness, to occupy the most distinguished place
in an impartial history of the sciences.

The first volume of the collection, published by the Society of Arcueil,
begins by a memoir in which Gay-Lussac has combined the results of
all the magnetic observations made in conjunction with M. de Hum-
boldt, during the journey through France, Italy,’and Germany, of which
we have already spoken at length. This branch of the science has for
some years been making very considerable progress,and yet we can confi-
dently recommend to physicists those pages on which Gay-Lussac has
examined all the causes of error which may affect the measurements of
inclination and intensity, and the precautions to be taken to avoid them.
We know now that the horizontal force which directs the magnetic
needle is subject to a diurnal variation which depends in part, but only
in part, upon a corresponding variation in the inclination. We have
likewise learned that in a given place and at a given time the duration
of the oscillations of a needle depends upon its temperature. It would
therefore be now necessary, if a magnetic voyage were undertaken, to
take into account all of these disturbing causes; but, and we can say
it without flattery, at the period when it was published, the work of
Messrs. de Humboldt and Gay-Lassac was a model.

If we cast our eyes over the second volume of the Memoirs of Arcueil,
we will find there, among other clever works of interest—a Memoire sur
la. Combinaison des Substances Gazeuses entre elles, “ Memoir on the com-
bination of gaseous bodies with each other.” This memoir contains re-
sults so remarkable, so important, that they are habitually called the
laws of Gay-Lussac. It would now be very difficult for me to give a
~ detailed and perfectly accurate account of the atomic theory. This
sketch should, I think, go back as far as Higgins, an Irish chemist,
whose work, published in 1789, is only known to me through very
short quotations by Humphry Davy. Then come the researches of
Dalton in 1802, It is a matter of certainty that the law of volumes
was demonstrated experimentally by our associate in 1808, without any
knowledge on his part of the first more or less systematic investigations
of his predecessors.

The laws to which we have alluded may be announced in these terms:

Gases, in acting upon each other, combine in volume in the simplest
ratios; such as 1 to 1, 1 to 2, or 2 to 3. Not only do they only unite in
these proportions, but again, the apparent contraction of volume ‘which
sometimes occurs by the combination bears also a simple ratio.to the
volume of one of the combined gases. Gay-Lussac, later, had the bold-
ness to deduce from his laws the density of the vapors of several solid
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WORKS ACCOMPLISHED BY MEANS OF THE BATTERY OF THE POLY-
TECHNIC SCHOOL. ’

We have now reached the period when, treading in the path so suc-
cessfully opened by Nicholson and Carlisle and followed by Berzelius
and Hisinger, Sir Humphry Davy succeeded, by means of the battery,
in transforming potash and soda into metals which could be kneaded
with the fingers, like wax; which float on the surface of water, because
lighter than it, and which ignite spontaneously in this liquid, diffusing
the brightest light.

The announcement of this brilliant discovery, at the close of 1807,
created a profound sensation in the scientific world. The Emperor
Napoleon took part in it, and placed at the disposal of the Polytechnic
School the fund necessary for the erection of a colossal battery. While
this powerful instrument was being constructed, Messrs. Gay-Lussac
and Thénard, to whom it was to be confided, conceiving that ordinary
affinity, well directed, would suffice for the production of potassium and
sodium, attempted various very dangerous experiments, and succeeded
beyond their expectations. Their discovery was published March 7,
1808. From this time the two new metals, which were only obtained in
very small quantities by the battery, could be produced in great abun-
dance, and thus bécame the usual instrument of chemical analysis.

As may be easily imagined our two celebrated countrymen did not
allow the means of investigation they had just so skillfully prepared
to remain idle in their hands. They placed the potassium and sodium in
contact with nearly all known chemical substances, and noticed, during
the experiment, the reactions most fertile in theoretical consequences.
We will content ourselves by citing here the decomposition of the acid
formerly known as boracic, and the discovery of its radical, called by
its discoverers boron. We must likewise rank very high in their inves-
tigations the very difficult and varied experiments by which they deter-
mined the actions exerted by the two new metals on ammonia; the
results of their work on fluoric acid, now called flnohydric, and the
discovery of the new gas which they named fluoboric. Following the
chain of their researches, the two illustrious chemists were led to
attempt the analysis of the substance then denominated oxygenated
muriatic acid ; they made known the results of their numerous experi-
ments February 27,1809. Their communication finished with this para-
graph, which I transeribe literally: ¢ According to the facts reported in
this memoir, it might be supposed that this gas (oxygenated muriatic
acid gas) is a simple body. The phenomena which it presents are suffi-
ciently well explained in this hypothesis; we do not seek, however, to
vindicate it, because it seems to us that they are explained still better
by regarding oxygenated muriatic acid gas as a compound body.”
They made by this declaration a large concession in favor of the pre-
vailing opinions of the Society of Arcueil ; to those supported with
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alcoholmeter in every-day use, with our colleague, adopted, June 3, 1822,
a report, concluding as follows :

«“Tt is obvious, in brief, that M. Gay-Lussac has treated the subject
of areometry under every aspect, and with his accustomed skill. The
tables he has deduced after a tedious toil of more than six months, will
be a valuable acquisition to the industries and sciences ; the authorities
will find in them also, as he hoped, the means of improving and simpli-
fying the collection of taxes, and the safest guide they can follow.”

As fertile in the invention of industrial methods as in the discovery
of scientific truths, one after the other, as if by enchantment, Gay-Lus-
sac created chlorometry, invented methods for determining the richness
of the alkalies of commerce, contrived ingenious means by which the
manufacture of sulphuric acid has become less expensive, and has no

. longer need to be brought from unfrequented places; and he crowned
this series of important works by the discovery of a process which has
been substituted in all civilized countries for cupellation, an ancient and
defective method for analyzing alloys of silver and copper. Truly, I
ask myself, with what theoretical speculations could Gay-Lussac have
better filled the secoud phase of his career, since phase there is, than
by producing works which to their scientific merits add the advantage
of being susceptible of positive and multiplied applications, which serve
as safe guides to the natural industries and to enlighten the public au-
thorities ?

To pretend to confine men of genius to the path of pure abstraction,
and to forbid discoveries which may be useful to the human race, would
be to yield to the most erroneous ideas, in my opinion. And besides, do
you wish to know to what you expose yourself when you decide, ac-
cording to preconceived ideas, what a scientist could do, or should have
done ?

Gay-Lussac, in your opinion, was in the enjoyment of excellent
health, and should have been able, as a septuagenarian, to manifest
the ardor, activity, and fertility of intellect of his youth, and a cruel
event has proved to you that he bore in his bosom the germ of the dis-
ease which carried bim off so unexpectedly to scientific Europe.

You thought him entirely absorbed in conducting his business affairs,
and at that very time he was constructing, at great expense, in his
country-seat, a laboratory which might serve as a model for those
chemists who, for themselves or for the public, may have to direct the
construction of establishments of the same kind.

Our colleague was represented as exclusively preoccupied with the
lucrative applications of science, at a period when, concentrating his
faculties to meditate upon numerous and different theories, he was
writing the first chapters of a work, which unfortunately he did not
finish, entitled Philosophie Chimique, (Chemical Philosophy.)

I hope, after these few words, the biographers whose opinions have
rendered this digression necessary, will feel, on such occasions, the ne-
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ing his well-merited celebrity, often allowed himself to be drawn, and
in which the most pompous words were found side by side with such
technical expressions as ammonia, azote, carbon. His language and
style were grave, correct, nervous, always perfectly adapted to the sub-
ject and characterized by the mathematical spirit which he had imbibed
in his youth at the Polytechnic School. He had the power, as others
had, of exciting astonishment in his audience by presenting himself De-
fore it without any manusecript notes in his hand; but he would have
run the risk of using erroneous figures, and exactness was a merit which
touched him most nearly.

Gay-Lussac’s knowledge of the foreign languages, Italian, English,
and German, enabled him to enrich his lectures with erudition of the
purest kind, and drawn from the original sources. He it is who has
initiated our own chemists and physicists into several theories originat-
ing on the right bank of the Rhine. In brief, Gay-Lussac, who has not
been surpassed by any contemporary chemist in the importance, novelty,
and brillianey of his discoveries, has also indisputably.occupied the first
rank among the professors of the capital upon whom devolved the task
of teaching the sciences at the Polytechnic School.

On entering Gay-Lussac’&}aboratory every one was struck, at the first
glance, with the intelligenf®rder which reigned everywhere. The ma-
chines and different utensils, for the most part prepared by his own
hands, were remarkable for the most careful conception and execution.
You will pardon me these details, gentlemen. If, as Buffon has said,
“ Style makes the man,” we might add with not less reason thatthe great
chemist and good physicist are recognized by the condition of the ap-
paratus which they use. Imperfections in the operation are always more
or less.reflected by the results.

When the chemist operates upon new substances and combinations
with unknown reactions, he is exposed to real and almost inevitable dan-
gers. Gay-Lussac realized this but too truly. During his long and
glorious scientific campaigns, he was seriously wounded on several dif-
ferent occasions; the first time, June 3, 1808, by potassium, prepared
in large quantities by a new method. Messrs. de Humboldt and Thé-
nard led our friend with his eyes bandaged from the laboratory of the
Polytechnic School, where the accident occurred, to his house rue des
Poules, which, by the way, it would be well to call rue Gay-Lussac. In
spite of the prompt attention of Dupuytren, he lost the lachrymal
glands and thought himself perfectly blind for a month. This disheart-
ening prospect for a man of thirty was borne by our friend with a calm-
ness and serenity that the stoics of antiquity might have admired.

“Tor nearly a year,” said Madame Gay-Lussac, (in a note she had the
goodness to send me,) ¢ the reflection from a small night-lamp before
which I placed myself to read to him, was the only light he could en-
dure. During the rest of his life his eyes remained red and weak.”

The last explosion of which Gay-Lussac was the victim, took place at
a period of his life when misinformed individuals declared him to be
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which he had before attempted, but without success, according to the
former determinations of Norwood. His object was to ascertain whether
the force which retains the moon in its orbit and prevents its escaping
in a tangent by virtue of the centrifugal force, was not the same as that
which causes bodies to fall at the surface of the earth, diminished only
in the ratio of the square of the distances measured from the center of
our globe. This time the numerical calculation justified the anticipa-
tions. The great man experienced such delight, this coincidence pro- -
duced so much nervous excitement, that he was incapable of verifying
his numerical calculation, as simple as it was, and found himself obliged,
for the purpose, to have recourse to a friend.

Let us not omit, when the opportunity occurs, to show that calm
scientitic labors afford not only more durable emotions than those
derived from the frivolities of the world, buf that they are often accom-
panied by the same vivacity.

There was in Gay-Lussac’s Jaboratory, by the side of furnaces, retorts,
and apparatus of every kind, a small white wooden table, on which our
friend recorded the results of his experiments as they progressed. It
was, if I may be allowed the comparison, the exact bulletin written
during battle. It was on this little table that were also traced the
articles concerning different points of doctrine or questions of priority.

It would be impossible, in relating the life of a man whose chief
works date back to the beginning of this century, the period of an entire
renovation in chemistry, that we should not have to mention discussions
of this kind. These scientific polemics took place especially between
Gay-Lussac, Dalton, Davy, Berzelius, &c. You see our friend dealt
with doughty antagonists, with adversaries worthy of him. In these
discussions our old friend marched straight forward, regardless of any
one, with the vigor, let us say more, with the dryness, of a mathematical
demonstration. Rarely do we find in them phrases like the balm applied
to freshly-made wounds. But how is it that no one has remarked that
Gay-Lussac treated himself with a want of ceremony quite equal to that
which he used toward others?

The following lines are quoted literally from one cf his writings: «“The
results that I have given,” said he, in the Memoirs of Arcueil, ¢“of the dif-
ferent combinations of azote and oxygen are not exact.”

Should not he who criticises his own works so frankly be excusable
for being so exclusively preoccupied with the interests of truth in ex-
amining the works of others?

MARRIAGE OF GAY-LUSSAC—HIS LOVE FOR HIS NATIVE LAND—TUN-
CHANGEABLE DEVOTION TO HIS FRIENDS—HIS NOMINATION 70 THE
PEERAGE.

Those who only knew Gay-Lussac slightly, fancy there could have
been no romance in his private life. Perhaps they will change their
opinion after hearing this recital.
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Gay-Lussac’s demeanor was always very grave; he entered frankly
into the bursts of merriment that a well-chosen anecdote created in
societies where he was surrounded by his friends, but he never provoked
them himself.

Gay-Lussac carried his love for his native land so far as never to be
willing to be witness of a performance of ¢ Pourceaugnac,” brought out
by Moliere at Limoges; his joy, therefore, knew no bounds whken there
appeared, under the name of ¢ Nouveau Pourceaugnac,” a vaudeville by
M. Scribe, in which the principal character, M. de Roufignac, also a
native of Limousin, instead of being mystified, renders all the other
actors the sport of his witty mystifications.

It is related that La Fontaine, at one time, accosted all his friends.
with, ¢ Have you read Le Prophete Baruch ?” So it was with Gay-Lus-
sac; he never failed, no matter how little the circumstances authorized
it, to ask with candor equal to that of the fabulist, *“ Do you know the
¢ Nouvean Pourceangnac?’ It isa charming piece; I advise you to go
to see it.” And I must say for him that, though so saving of his time,
he preached by example.

A single fact will suffice to show that Gay-Lussac gave himself up
enthusiastically to the honest inspirations of his soul, when necessary,
even at his own risk and peril, to baffle an intrigue or defend a friend.
At the second restoration it had been decided in high places, it was
said, to remove a professor, whose liberal sentiments had rendered him
an object of suspicion, from the Polytechnic School. But how effect
this dismissal without exciting great opposition ? The professor was
zealous, respected, and even, I must say, beloved by all his pupils. The
case was embarrassing, when it was discovered that this victim of pub-
lic animosity had during the hundred days signed the additional act.
The professor of literature (it was not, let it be well understood, M.
Andrieux, but his successor) undertook to make every use of this dis-
covery. In a meeting of the corps of instruction he declared that, in
his opinion, those who gave their support to the usurper, that Corsican
ogre, whatever might be their motives, were not worthy to lecture
before the youth to whom the future of the country was to be confided;
they should themselves decline to officiate. The member of the corps
of professors against whom this attack was directed asked permission
to explain himself, when Gay-Lussac arose impetuously, interrupted
his friend, and announced in a sonorous voice that he also had signed
the additional act; that he would not hesitate in the future to sustain
the government, whatever it might be, even the government of Robes-
pierre, when the enemy threatened the frontiers; that, if the patriotic
sentiments which guided him were a subject of reprobation, he formally
demanded that the proposed reformation should begin in his person.

The professor of literature saw, therefore, that his proposition would
be followed by consequences which would far exceed the limit within
which he wished to confine it, and no more was said.
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what, under the circumstances, was his duty: for if, on the one hand, he
desired to enforce obedience to the sovereign authority of Portugal, on
the other, he found the nation quite ready to proclaim him as king, but
also determined not to hesitate even in the use of force, if necessary to
secure independence. There was in his mind a terrible conflict between
the apparent duty—which he had not the strength to discharge—and
the noble ambition of preventing the return of a people who had tasted
of the sweet cup of liberty to a colonial condition. Added to the latter
consideration was the fact that his father and sovereign had in advance
released him from the loyal adherence which was his due, and had him-
self suggested the solution of the question of Brazilian independence,
if it were irresistibly presented.

Under these circumstances, the Portuguese Cortés themselves relieved
Dom Pedro of his embarrassment; first by the issue of orders tending to
deprive him of all administrative authority over the Brazilian provinces,
and finally by his recall to Europe. The departure of the prince would
have compelled the Brazilians to assert their rights by the demand for
another occupant for their throne. The moment was decisive, and the
Brazilians understood this so well that they entreated Dom Pedro to
remain in the country, in order that the contest might be avoided which
must inevitably ensue, and also that he might assist them in securing
finally their independence. Dom Pedro yielded to the desire of the
nation, expressed to him through its legitimate representatives, in
words which have become celebrated in the history of Brazil: ¢ Since
it is for the good of the country, I remain.” Brazilian independence,
under the form of a monarchy, was decided from that moment. Whether
Dom Pedro was actuated entirely by ambition, or solely by the desire
to found a free state—which is much more in accordance with his chiv-
alrous disposition—there was now for him no honorable retreat. Like
Ceesar, after passing the Rubicon, contrary to the orders of the Roman
senate, he could say, “Alea jacta est!”

Events followed in rapid succession. The resolution to remain in
Brazil contrary to the expressed orders of the mother country was taken
on the 9th of January, 1822, Only four months after, the young prince
accepted the title of Perpetual Protector of Bragzil, offered to him by the
municipality of Rio de Janeiro in the name of the nation, and on the
12th of October of the same year he was proclaimed Emperor, under
the name of Dom Pedro I. The independence of Brazil was thus
peaceably obtained, for the Portuguese garrisons in the country made
but slight resistance and were soon overcome.*

The empire established, it was necessary to give it a constitutior, but
the discussion of this important document led to very serious disagree-
ments between the members of the chamber of deputies and the sover-

* The independence of Brazil was recognized by Portugal in the treaty of the 29th
of August, which imposed upon the country the payment of two millions of pounds.
sterling.
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the 2d of Decewmber, 1825 ; and had hardly completed his fifteenth year
when his august father abdicated in his favor, in accordance with the
constitution, which prescribed that with the same degree of relation-
ship, preference should Dbe given to the masculine sex.* His name is
Pedro d’Alcantara Joao Carlos Leopoldo Leocadeo Miguel Gabriel
Raphael Gonzaga; his title, Constitutional Emperor and Perpetual Pro-
tector of Drazil.

The childhood of this prince was far from happy, for his mother died
the year following his birth, and his father was engaged in the harass-
ing and alinost daily political struggle which terminated with his abdi-
cation. It is doubtful whether, under the circumstances, Dom Pedro L
had the time to attend, as he would have desired, to the education of
his children. They did not even witness his departure, the Emperor
having determined suddenly in the night to abdicate and leave the
country. He did not wish to disturb the peaceful slumber of his chil-
dren, and contented himself with embracing them several times very
tenderly and with tears. It was a sad spectacle, this valiant soldier,
who had many times braved the danger of revolutionary crises, weep-
ing in the presence of his court, his ministers, the embassadors of I'rance
and England, his friends, and Lis faithful generals.

Imagine the sorrow of his children the next morning when they
received, instead of the paternal kiss, the sad news of the departure of
the father they would perhaps never see again. Although Dom Pedro,
on account of his extreme youth, could not feel all the importance of
such an event, his tears, and the manner in which he pressed in his
arms his young sisters, testified to the extent of his grief. How many
children of the people were at that moment happier in their cottages
than he in a palace, notwithstanding he had just eeme into the posses-
sion of an immense empire.

11.

According to the Brazilian constitution the Emperor is a minor until
the age of eighteen years, and during his minority the empire must be
governed by a regent, the member of the imperial family the most
nearly related to the Emperor, provided always such relative is more
than twenty-five years of age. In case there should be no relative ful-
filling this condition, it is the duty of the chamber of deputies and the
senate to nominate a permanent regency composed of three members,
the oldest of which is the president. This was done, and the regency,
consisting at first of the required number of persons, was, a few years
later, after the reform of the constitution, reduced to one, elected by the
nation for a term of four years.

The men who were successively called to the noble task of preparing

*Of the surviving sisters of Dowm Pedro who remained in Brazil, one, the Princess
Dona Francisca, was married in 1843 to the Prince of Joinville; the other espoused
Prince Louis de Bourbon, Count ’Aquila, in 1344,
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a certain satisfaction that he exhibited his attainments, unusually varied
and solid for a youth of fourteen. We shall see later how this love of
study was turned to the great advantage of his country.

IIT.

In 1840 Dom Pedro was in his fifteenth year. Civil war had for five
years desolated the province of the Southern Rio Grande, the most im-
portant and the strongest portion of the empire, as far as regarded means
of defense from the neighboring countries of the Plata. This condition
of political disturbance in one portion of the empire, with the ebullition of
a rebellious spirit under forms more or less violent in various parts of
the country, ended by producing a general feeling of discontent, which
in the capital assumed more and more of a threatening character.

This state of things exactly suited idle mischief-makers and ambitious,
unscrupulous politicians. The public good, the welfare of the country,
state reasons, and other high-sounding phrases of the same character,
not without their effect when skillfully used, especially in a country
whose organization is still imperfect, were the order of the day both
with the press and in places of public business. At this period two
political parties appeared to predominate over the various factions which
divided the country. Their tendencies were in general the same as the
two opposing parties in a’ constitutional government—the liberal and
the conservative. The former, which was in the minority in the cham-
bers, whether eager to obtain power, or wishing to recommend itself to
the supreme head of the nation, perhaps because really convinced that
the good of the country required a radical change in the personnel of
the administration, proposed, through its representatives in the session
of parliament, that the young prince should be declared of age. This
project was lost in the senate, and when presented a month later to the
house of deputies, excited the most stormy discussions ever known in
Brazil. Finally, the regent (Senator I’edro de Aranjo Lima, after-
ward Marquis of Olinda) determined to order an adjournment of the
chambers. In the state of public feeling this act was certainly im-
politic; and the communication of the decree to the chamber of depu-
ties (July 22, 1840) was like setting fire to a powder-mine ready for an
explosion. It produced immediately violent excitement. The authors
of the project for declaring the Emperor of age and its principal sup-
porters quitted the hall immediately, and collecting adherents in the
streets proceeded to the senate, where they joined the few members of
that body in favor of the proposition. They then sent to Dom Pedro a
deputation, with a communication signed by five senators and three
members of the house of deputies,in which it was declared that ¢ the
adjournment of the legislative chambers at the moment when the ma-
jority of the Emperor was proposed was an insult to his august person,
as well as treason to the nation; and in view of the great evils which
must accrue to the tranquillity of the capital from such an adjournment,
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hear such disgraceful proposals. Our fathers thought not of peace un-
der such circumstances; on the contrary, the greater the danger, the
greater their heroism and perseverance. It is thus they became great!”
The Emperor would no more make peace with Lopez than the Roman
senate with the king of Ipirus.

Another circumstance also proved both how much Dom Pedro had at
hears the reparation of the affront to his country, and the entire confi-
dence he had in final victory: After the reverse of Curupaity, he had
confided the chief command of the Brazilian troops to the head of the
conservative party, Marshal Caxias, a measure which was approved by
the liberal ministry under Senator Zacarias. Some time after, the re-
ciprocal confidence between the general and this body was disturbed
to such a degree that both offered to resign; but the Emperor was able
to produce a reconciliation, and thus to secure the judgment and skill
of the general, which he deemed absolutely necessary for the success of
the imperial arms. Still a certain opposition began to be manifest, both
in the press and the chamber, by the minority of the liberal party, to the -
marshal, who was accused of being too slow in his military operations.
This increased more and more, and even extended to the ministry; the
latter shortly after, disagreeing with the Emperorin regard to the choice
of'a senator, (a choice exclusively reserved for the sovereign by the con-
stitution,) again offered their resignation, which was this time accepted,

Dom Pedro was now obliged to choose between a new liberal ministry,
which could inspire the confidence neither of the geheral-in-chief nor
yet of those who were opposed to him, and a conservative ministry
which would be willing to atford the marshal every possible means to
secure the victory. These considerations decided the Emperor in favor
of the latter, which was presided over by the Viscount de Itaborahy,
who was obliged to dissolve the Chamber of Deputies for refusing to
support him (July, 1868).

The conduet of the Emperor towards vanquished Paraguay proved
that he had been animated by no feeling of hatred for that unhappy
country; on the contrary, it afforded another evidence of his proverbial
magnanimity, for he voluntarily pledged himself after the war to keep
the country independent for ten years, on account of the feeble state to
which it had been reduced.

X.

The war did not prevent the imperial government from taking all the
administrative measures the circumstances would allow to increase the
prosperity of the country. The navigation of the Amazon was opened
to foreign nations; new lines of railroad were projected, and the con-
struetion of those which had been commenced was not allowed to be
interrupted ; in a word, progress continued with a firm and assured pace,
and, except a slight inerease in the rights of dower and of land and per-
sonal taxes, absolutely nothing indicated that the nation was engaged
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The Pope, having probably been made to understand this, wrote a
letter to the bishop expressing disapproval of his conduct and ordering
him to withdraw the interdiction, but the prelate did not obey, under
the pretext that the Pope had been misinformed in regard to the matter.
The prosecution continued and the bishop was condemned to four years
of hard labor, but the Emperor hastened to commute this punishment to
four years of imprisonment.

During the prosecution the bishop of Para, following the conduct of
his colleague of Pernambuco, was subjected to the like process. The
affair then assumed a violent character both in the press and in parlia.
ment, where, however, the majority supported the government. The
bishop from his prison—a palace situated on a beautiful fortified penin-
sula opposite Rio, in which he moved freely and was allowed to see any
one who wished to visit him, and was treated like a prince—succeeded,
by the intervention of ecclesiastical agents, in exciting the peasants of
his diocese to a rebellion, happily soon repressed.

Notwithstanding the evident connivance of the bishop with these dis-
turbances, the government forbore any further prosecution of him, in
order to spare the Emperor the pain of seeing this high functionary con-
demned to more severe punishment. We can readily understand this
feeling in a monarch, raised in the Catholic religion, with Catholic sub-
jects, and who had taken the oath on ascending the throne to maintain
the Catholic religion, which is the religion of State. Furthermore, Dom
Pedro did not allow the term of imprisonment imposed by the high court
of justice for the bishops to expire, but pardoned them at the end of two
years. To this act of clemency the Pope responded by removing the in-
terdiction pronounced by the bishops against the fraternities, and re-
ligious peace was restored to the empire.

XIV.

During the legislative session of 1875, Dom Pedro, taking advantage
of the tranquillity of the country at home and fearing no trouble from
abroad, demanded and obtained from parliament a leave of eighteen
months. His purpose was to complete the tour commenced in 1871,
and to visit the universal exposition held that year in Philadelphia,
(United States of America.) Foreseeing this long absence, Dom Pedro
had, after the retirement of the minister Rio Branco, (June, 1875,) nomi-
nated as his successor the old Marshal Duke de Caxias, who had twice
been president of the cabinet, and who enjoyed a high reputation, well
merited by his victories in Paraguay and over the enemies of the
internal peace of the country. The duke had as colleague in the min-
ister of foreign affairs the Baron Cotegipe, well known to possess an
amount of energy, quite uncommon among Brazilian statesmen, espe-
cially displayed during the hostilities with the neighboring republics.

IIaving thus confided the government of his empire to a ministry of
tried men and to the regency of the princess, the successor to the throne,







\

BIOGRAPHICAL SKETCH OF DOM PEDRO II. 199

of those who distingunish themselves in their studies. More than one
thus noticed has afterward found in the Emperor a powerful protector.* -

Dom Pedro not only encourages letters and the arts, he also renders
important aid to industrial societies of general utility, either from his
own purse, by the purchase of shares, or by demanding subsidy for them
from the legislative bodies.t

He presides twice a week at the council of state. The session com-
mences at 9 o’clock in the evening, and lasts sometimes until 1 in the
morning. Each minister gives an account in his presence of all the
matters in his department requiring the imperial signature; the Em-
peror listens with attention, and occasionally asks for some explanation.
If the matter is of importance, especially if it touches the rights or the
purses of the citizens, he will not allow a decision on the same day, but
takes time to study the subject carefully, giving his opinion at the next
session, If it is a radical innovation he employs a longer time in exam-
ining all its details, consults the council of state, and adopts it at last
only if convinced that it is really and intelligently desired, and will be
of profit to the people; for his long experience in the government of
men has taught him that reform must be carefully considered, must be
opportune and very evidently beneficial before it is adopted, in order
that progress may be made. In thisrespect he is'a liberal conservative,
as every head of a nation should be who desires to respect the laws and
at the same time advance civilization.

One would suppose from this active interference of the Emperor in
the affairs of state, that the ministry exercises but little power. DBut
this is not the case, for the Emperor has for the constitution, and for the
public offices it creates, an almost religious respect. It is sufficient to
say that he has not once during his long reign made use of the veto
power given him by the constitution. He has never forced his own
wishes upon any of his ministers; he leaves them entire freedom of
action. But this very respect for the laws of the nation, as well as his
own experience, has taught him the necessity of exercising his sover-
eign attributes, which he does, taking counsel only of his own conscience.

This loyal conduct, this benevolent interference on the part of the
sovereign in the affairs of the country, has nevertheless been attacked

- *We are glad to give the following example: When M. Carlos Gomes, a Brazilian
composer, after completing his studies in the school of fine arts at Rio and at Rome
played for the first time, in the Brazilian capital, his beautiful opera Le Guarany, which
had been very successful in Italy and London, he was summoned to the imperial box
‘and warmly congratulated by the Emperor, who gave him at the same time the diploma
and the badge of an officer of the order of the Rose set in diamonds.

tThere exist in Brazil not less than eighteen lines of steamboats, supplied by the
state, representing a value of 9,000,750 francs a year, without counting 568,000 francs
contributed annually to the United States and Brazil Mail Steamship Company, whose
vessels run every month between Rio and the United States, stopping at several Bra-
zilian ports. As to the railroad lines, we know they have nearly all a security of 7 per
cent.



















KINETIC THEORIES OF GRAVITATION.

By WiLL1aM B. TAYLOR, of Washington.

“Non fingendum, aut excogitandum, sed inveniendum quid Natura faciat aut ferat.”—Bacox.

‘“Causas rerum naturalium non plures admitti debere, quam quw® et verce sint, et earum ph@nome-
nis explicandis suficiant.” —NEWTON. -

Ever since the grand demonstration by Newton in 1682, that the moon
is a falling body, observing precisely the same law of decline from a
rectilinear path as the cannon-ball, and that it is therefore under the
dominion of the same force, an eager and unceasing desire has been
manifested to discover an antecedent or origin of this universal tendency
of matter.

Even before this date, or in 1671, the ingenious Dr. Robert Hooke
had endeavored to trace the cause of gravitative fall to the external ac-
tion of waves in a surrounding medium. He appears to have been led
to this reflection by observing that small bodies floating on the surtace
of agitated water collected toward the center of disturbance or the ori-
gin of the waves.*

Newton himself, as is well known, speculated on this subject, and
some years before arriving at his great generalization, he threw out a
suggestion as to the cause of ferrestrial gravity in a letter to Mr. Boyle.
As connected with this speculation, it may be well to recur to Newton’s
still earlier statement of his conceptions in regard to the nature and
action of the ether. In a letter to Mr. Henry Oldenburg, secretary of
the Royal Society of London, in January, 16756, he thus unfolds the
hypothesis:

“Tirst, it is to be sapposed therein that there is an @therial medium,
much of the same constitution with air, but far rarer, subtiler, and more
strongly elastic. But it is not to be supposed that this medium is of
one uniform matter, but composed partly of the main phlegmatic body
of the eether, partly of other various @therial spirits, much after the
manner that air is compounded of the phlegmatic body of air intermixed
with various vapors and exhalations; for the electric and magnetic
effluvia and the gravitating principle seem to argue such variety. Per-
haps the whole frame of nature may be nothing but various contextures
of some certain wetherial spirits or vapors, condensed as it were by pre-

* Posthumons Works of Robert ooke, edited by Richard Waller. London, 1705, pp.
xiv, and 184
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cipitation, much after the manner that vapors are condensed into water.
Thus perhaps may all things be originated from ether. . . 2
“In the second place, it is to be supposed that the wther is a vibrat-
ing medium like air, only the vibrations far more swift and minute;
those of air made by a man’s ordinary voice succeeding one another at
more than half a foot or a foot distance, but those of ather at a less
distance than the hundred-thousandth of an inch. And asin air the
vibrations are some larger than others, but yet all equally swift, (for in
a ring of bells the sound of every tone is heard at two or three miles
distance in the same order that the bells are struck,) so I suppose the
etherial vibrations differ in bigness but not in swiftness.”*
Newton had in 1672 controversed the supposed opposition of his views
to the action of the eether by answering: ¢ The objector’s hypothesis
as to the fundamental part of it is not against me. That fundamental
supposition is, ¢That the parts of bodies when briskly agitated do excite
vibrations in the ether, which are propagated every way from those
bodies in straight lines, and cause a sensation of light by beating and
dashing against the bottom of the eye; something after the manner
that vibrations of the air cause a sensation of sound by beating againgf
the organ of hearing.” Now the most free and natural application of
this hypothesis to the solution of phenomena I take to be this: That
the agitated parts of bodies, according to their several sizes, figures,
and motions, do excite vibrations in the @ether of various dept.s or
bignesses, which being promiscuously propagated through that medium
to our eyes, effect in ns a sensation of light of a white color; but if by
any means those of unequal bigness be separated from one another, the
largest beget a sensation of a red color, the least or shortest of a deep
violet, and the intermediate ones of intermediate colors, much after the
manner that bodies, according to their several sizes, shapes, and motions,
excite vibrations in the air of various Dbignesses, which according to
those bignesses make several tones in sound; that the largest vibra-
tions are best able to overcome the resistance of a refracting superficies,
‘and so break through it with the least refraction ; whence the vibrations
of several bignesses, that is the rays of several colors which are blended
together in light, must be parted from one another by refraction, and so
cause the phenomena of prisms and other refracting substances; and
that it depends on the thickness of a thin transparent plate or bubble
whether a vibration shall be reflected at its further superficies or trans-
mitted ; so that, according to the number of vibrations interceding the
two superficies, they may be reflected or transmitted for many succes-
sive thicknesses. And since the vibrations which make bluc and violet
are supposed shorter than those which make red and yellow, they
must be reflected at a less thickness of the plate, which is sufficient to
explicate all the ordinary phenomena of those plates or bubbles, and

* History of the Royal Society of London, by Thomas Birch, 1757, 4 vols. quarto,
vol. iii, pp. 249-251.
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also of all natural bodies, whose parts are like so many fragments of
such plates. These seem to be most plain, genuine, and necessary con-
ditions of this hypothesis. And they agree so justly with my theory,
that if the animadversor think fit to apply them, he need not on that
account apprehend a divorce from it.”*

This passage is interesting as being the earliest presentation of a
theory of color, now universally adopted. The same views were re-
peated as a suggestion, some forty-five years later, in the second edition
of his treatise on ¢ Optics.”t

In his ¢ Letter to the Hon. Mr. Boyle,” dated February 28, 1678-9,
(about six years later,) Newton, after proposing as an explanation of the
phenomena of cohesion, chemical affinity, &c., the ¢ supposition?” that
an exceedingly elastic subtile wtherial substance is diffused through all
places and Dbodies, but much rarer within and near gross bodies than
beyond them, adds toward the conclusion of his letter: “I shall set
down one conjecture more, which came into my mind now as I was
writing this letter: it is about the cause of gravity. Ifor this end I
will suppose sther to consist of parts differing from one another in sub-
tilty by indefinite degrees, . . . in such a manner that from the
top of the air to the surface of the earth, and again from the surface of
the earth to the center thereof, the @ther is insensibly finer and finer.
Imagine now any body suspended in the air or lying on the earth, and
the ®ther being by the hypothesis grosser in the pores which are in the
upper parts of the body than in those which are in the lower parts,
and that grosser ®ther being less apt to be lodged. in those pores than
the finer e®ther below, it will endeavor to get out, and give way to the
finer ®ther below, which cannot be without the bodies descending to
make room above for it to go into. From this supposed gradual sub-
tilty of the parts of the @ther, some things above might be further-illus-
trated and made more intelligible. . . . TFor my own part, I have
so little fancy to things of this nature, that had not your encourage-
ment moved me to it, I should never I think have thus far set pen to
paper about them.”{ It will be seen from the above that Newton had
not at this time (only three years before the crowning epoch of his life)
extended his conception of ¢ gravity” to the outlying universe.

Fourteen years later—a decade after his culminating work-~this topic
was again incidentally touched upon by Newton in four letters ad-
dressed to Doctor Bentley, containing some arguments in proof of a
Deity.” In his second letter, dated January 17, 1692-3, he says in re-
ply to one from Bentley: ¢ You sometimes speak of gravity as essential
and inherent to matter. Pray do not aseribe that notion to we, for the
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* Philosophical Transactions of the Royal Society ; November 18, 1672. No. 88, vol.
vii, p. 5088, .

t Newton’s Optics. Second edition, 1777. Book iii, appendix. Query 13.

$ The Works of Isaac Newton, edited by Samuel Horsley : In 5 vols., quarto. Vol, iv,
pp. 335-394.
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CONDITIONS OF THE PROBLENM.

It is well to bear in mind that every hypothesis directed to the expli-
cation of gravity, is required in limine to give a satisfactory account of
the following six characteristics of this mysterious influence :

Ist. Its direction is radial toward the acting mass, or rectilinear—in-
definitely. This rectilinear traction is incapable of deflection Ly any
intermediate force. It suffers neither disturbance nor interterence from
any maultiplication of similar lines of action, and admits neither of re-
flection, refraction, nor of composition.

2d. Its quantity is exactly proportional to the acting mass—indefi-
nitely. Corollary: hence,

2d b. Its integrity of action is complete with every accumulation of
additional demand—indefinitely ; that is to say, no multiplication of
duaty in the slightest degree impairs its previous tensions.

3d. Its intensity is diminished by recession, in proportion to the square
of the distance through which it acts—indefinitely; in a manner some-
what analogous to—but (as modified by the second condition) radically
different from—the action of light.

4th. Its time of action is instantaneous throughout all ascertained dis-
tances, and therefore presumably—indefinitely. Corollary: hence,

4th b. Its rate of action (if the expression may be tolerated) is precisely
the same on bodies at all velocities—indefinitely. It no more lags on a
comet approaching the sun at the inconceivable speed of two hundred
miles in one second than on a body at the lowest rate of motion, or than
on the same comet receding from the sun at the same velocity.

5th. Its quality is invariable under all circumstances—indefinitely.
It is entirely unaffected by the interposition of any material screen,
whatever its character or extent; or in other words, it can neither be
checked by any insulator nor retarded by any obstruction.

Gth. Its energy is unchangeable in time, certainly for the past two
thousand years; presumably—indefinitely. Corollary: hence,

6th 0. Its activity is incessant and inexhaustible—indefinitely; the
ceaseless fall of planets from their tangential impulses involving no
dynamic expenditure in the sun or in other known matter.

It is scarcely necessary to add, as the necessary outcome of the latter
propositions, that gravitationis a property immutable and inconvertible.
As in the 1st proposition, two terminal elements (m’ and m’/) are neces-
sarily assumed for determining the direction and measure of the radial
straight line of action; and as in the 2d proposition, * the acting mass”
(m) is the product of these two elements, (m’.m’’,)—the action being
reciprocal ; so in the 3d proposition, the measure of the diminution of
intensity (d?) has reference to the same two elements, between whose

dynamic centers the value of the distance d is taken. And the expres-
sion for these propositions considered collectively is m!(';n" as the measure
of the combined quantity and intensity of the traction between the two
given elements. If we regard m’ as incomparably smaller than m/, (as
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for example, a one-pound spherical iron shot thrown to a distance from
our terrestrial globe,) its mass may be entirelyl neglected as a vanishing
quantity, and we have the simpler expression :—tn; as indicating the amount
of action exercised by our earth upon such a ball.

No hypothesis failing to embrace each of these six requirements de-
serves consideration ; and any hypothesis fully covering them all, might
be expected to account equally for the quite incomparable actions of
elasticity, magnetism, affinity, and cohesion, before being entitled to
acceptance as a just or comprehensive theory of molecular force.

As the projectors of kinetic systems of gravitation have almost invaria-
bly quite ignored the fourth of the above conditions, it is worth while
here to dwell somewhat upon this point. Swift as the earth’s orbital
motion is, (upward of 18 miles in one second,) the velocity of light is
about ten thousand times greater, being 185,000 miles per second. And
yet the composition of these two velocities gives a displacement or
“aberration” of the heavenly bodies, as seen from our earth, of about
20" of angle for the observed direction of the visual ray. A luminous
impulse emanating from the sun requires about 8} minutes to reach the
earth. Were the gravitative influence supposed to be so much swifter
than light as to require but a single minute to pass through this dis-
tance, there would still be a corresponding gravity ¢ aberration” of 2.4/
of angle. The effect of this slight obliquity of traction would be an
acceleration of the earth’s orbital velocity which wotld become measur-
able in a single year.

This is a snbject which has been very fully and carefully investigated
by astronomers; and the illustrious Laplace, when he found an unex-
plained minute acceleration in the moon’s orbit, threw out the sugges-
tion that if the velocity of transmission of gravitation did not exceed
eight million times that of light, it would satisfactorily explain the
Junar anomaly. It is scarcely necessary to say that when he subse-
quently discovered the secular diminution of eccentricity in the earth’s
orbit, at present continuing, (though slowly reaching its minimum,*) he
recognized the true cause of the moon’s irregularity, which no longer
permitted even the unimaginable limit of possible velocity he had pro-
visionally assigned for gravitative action.

Arago has remarked : ¢ Now if we apply to the perturbation the maxi-
mum value which the observations allow, when they have been corrected
for the known acceleration due to the variation of the eccentricity of
the terrestrial orbit, we find the velocity of the attractive force to
amount to fifty millions of times the velocity of light.”t

* The minimum eccentricity will be reached in about one “ precession” period, or
25,000 years hence. '

t Popular Astronomy, book xxiii, chap. 27, vol. ii, p, 469 of the English edition. To
represent the real meaning of this velocity, it may be put into the equivalent form,
that if gravity occupied the one hundred-thousandth of a second in passing {from the
sun to the earth, it would Dbe detected. Or, the time required to reach us from the
nearest star (distant in light-travel about three years) would not cxceed two seconds.
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If it is possible to represent in such terms the lowest assignable limit of
transition, it is because we are furnished with a test of planetary move-
ment of most marvelous delicacy in the record of eclipses occurring at
a particular locality 2,000 years ago ;—fixing the relation of annual revo-
lution to diurnal rotation with an almost absolute precision. Sir John
Herschel remarks: ¢ From such comparisons Laplace has concluded
that the sidereal day has not changed by so much as one-hundredth of a
second since the time of Hipparchus!”* This implies the absence of
even an infinitesimal ¢ aberration” of the gravity radiant, or the negation
of any assignable interval for its full and complete action. Hence the
fourth category above stated.

The same consideration serves to show that the energy of gravity has
undergone no abatement or change during the lapse of two thousand
years. Hence the sixth category.

It is but just however, to notice here that a minute outstanding
anomaly of the moon, detected in recent years, and still unexplained,
detracts somewhat from the accuracy of the above infinitesimal measure;
though it does not impair the value of the general argument. Iivery
investigation, every calculation, of the astronomer, assumes the action

"of gravity to be for all distances,—absolutely instantaneous.
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VIiLLEMOT. 1707.

Philippe Villemot, a French doctor of theology, and a distinguished
mathematician, published at Lyons in 1707 an astronomical treatise,
entitled Nouveaw Systéme, ou Nouvelle Explication du Mouvement des
Planétes, in which, referring the movements of the planets to Cartesian
vortices, he announced the theory that their gravitation is occasioned
by a difference of pressure, on their outer and inner faces, of the flaid
constituting the solar vortex, owing to an increase of its density out-
ward from the sun. The general conception is obviously somewhat
similar to the speculation cursorily hazarded by Newton in 1679, and
again recurred to by him (though only transiently) in 1717, or ten years
later than the above publication by Villemot.

The details of this system cannot here be given, from want of access
to his work. The Nouveau Systéme, however, appears fo have been very
favorably received by the author’s contemporaries.

BERNOUILLI. 1734.

It is now nearly a century and a half since the elder John Bernouilli,
of Switzerland, the illustrious mathematician, (professor at the univer-
sities of Groningen and afterward of Basel,) imagined a method of ac-
counting for the action of gravitation by centripetal impacts from with-
out. Still retaining his early prepossessions in favor of the philosophy
of Descartes, he devised a very curious combination of @therial vortices
and Newtonian emissions. This eclectie hypotbesis was promulgated

* Outlines of Astronomy, chap. xviii, sec. 908,
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in a competitive memoir on the cause of ¢“The Mutual Inclination of
the Planetary Orbits,” which obtained the prize of the French Academy
of Sciences in 1734. This treatise is divided into four parts, the first
three of which are occupied with his exposition of the cause of gravita-
tion, and the fourth with the main question proposed.*

Referring to the respective systems of Descartes and Newton, Bernou-
illi finds in each * insurmountable difficulties,” hence ¢ a just mean be-
tween the two appears the safer course. . . . The gravitation of
the planets toward the center of the sun, and the weight of bodies
toward the center of the earth, are not caused cither by the attraction
of Newton, or by the rotary force of the vortex medium of Descartes,
but by the immediate impulsion of a substance which under the form
of what I call a ¢ central torrent,’ is continually thrown from the whole
circumference of the vortex to its center, and consequently impresses on
all bodies encountered by it in its path the same tendency toward the
center of the vortex. . . . And all that Newton has derived from
his ¢ attractions’ are by my theory, derived from the impulsions of the
central torrent.”’ t

“ According to my systen, two kinds of matter are conceived as occupy-
ing planetary space, and also two prineipal movements in the celestial vor-
tex. One of these materials I conceive as perfectly fluid, or I would say,
actually divisible without limit; that is, it is not composed of elementary
corpuscles, as ordinary fluids are conceived, which according the num-
ber and size of their constituent particles, present more or less sensible
resistance to bodies wmoving in them, but being perfectly uniform and
without structure, is also without resistance.” This matter is called the
primal element; which was employed by the Creator in forming the cor-
puscles of sensible matter, definite small portions being compacted
together into the coherent molecules of matter of the second element.

« Matter of the primal element, being perfectly fluid without coher-
ence, presents no resistance to bodies moving within it; for the resistance
of fluids comes only from the inertia of the molecules of which they are
composed.”f This primal element, being without constituent parts and
without inertia, is as the author states, the same in effect as a perfect
vacuum.

“The celestial vortex is composed in great part of the primal element,
in which is mingled however, a considerable portion of the second ele-
ment.” According to Bernouilli’s view, ¢ the rotation of this vortex is not
so rapid as to carry the planets around the sun, as Descartes assumed.”
In fact, its rotary velocity is in a subsequent portion of the memoir
stated to be so low as to awmount to only about one two hundred and
thirtieth of the orbital velocity of the planets, an approximation to the

"+ Published in the Pidces de Prix de Udcadémie de Paris, tom. v, and included in his
collected works under the title Essai d'une Nouvelle Physique Céleste.

t Johannis Bernoullii, Opera Omnia, 4 vols. 4to. Lansanne aud Geneva, 1742; vol. iii,
Bec. viii, pp. 270,271.

t Loco citat., sections x and xvi, pp. 73, 276.
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endowed with a secret or occult -quality, by which they are mutually
attracted. On this question philosophers are divided. Some are of
opinion that this phenomenon is analogous to an impulsion; others
maintain with Newton, and the English in general, that it consists in
attraction.”*

¢“To avoid all confusion which might result from this mode of ex-
pression, it ought rather to be said that bodies move as if they mutually
attracted each other. This would not decide whether the powers which
act on bodies reside in the bodies themselves or out of them ; and this
manner of speaking might thus suit both parties. Let us confine our-
selves to the bodies which we meet with on the surface of the earth.
Every one readily admits that all these would fall downward, unless
they were supported. Now the question turns on the real cause of this
fall. Some say that it is the earth which attracts these bodies, by an
inherent power natural to it ; others that it is the mether, or some other
subtile or invisible matter, Whlch impels the body downward, so that the
effect is nevertheless the same in both cases.

“This last opinion is most satisfactory to those who are fond of clear

prineiples in philosophy, as they do not see how two bodies at a distance
can act upon each other if there be nothing between them. . .
Let us suppose that before the creation of the world, God had created
only two bodies, at a distance from each other ; that absolutely nothing
existed outside of them, and that they were in a state of rest; would it
be possible for the one to approach the other, or for them to have a pro-
pensity to approach? How could the one feel the other at a distance ?
Whence could arise the desire of approaching? These are perplexing
questions. Butif you suppose that the intermediate space is filled with
a subtile matter, we can comprehend at once that this matter may act
upon the bodies by impelling them. The effect would be the same as
if they possessed a power of mutual attraction. Now as we know that
the whole space which separates the heavenly bodies is filled with a sub-
tile matter called @ether, it seeins more reasonable to ascribe the mutual
attraction of bodies to an action which the ®ther exercises upon them,
though its manner of acting may be unknown to. us, than to have re-
course to an unintelligible property. . . . . . As the idea of all
occult qualities is now banished from philosophy, attraction ought not
to be considered in this sense.”

It does not appear how so vague and inexplicable a supposition is
calculated to commend itself ¢ to those who are fond of clear principles
in philosophy.” 1In his anxiety to avoid an *“‘occult quality ” in matter,
this learned writer seems quite unconscious of the fact that by investing
his eether with an “unknown manner of acting,” he is just as fatally “hav-
ing recourse to an unintelligible property.” Certainly, just as ¢ perplex-

*Letters, &c. Let. 54, 7th September, 1760.
t Letters, &c. Let. 68, 18th October, 1760,













*

226 KINETIC THEORIES OF GRAVITATION.

found to be too high to satisfy the conditions of the calculation.* If
“the amount of gravitation toward each” planet is at all indicated by
the relative distance-periods of their satellites, it is very clear that they
cannot have the same density.

It might be expected that with the range of temperatures at our com-
mand, the influence of heat on attraction could be subjected to the test
of direct experiment. It is admitted that ¢ We have no distinet evi-
dence of attraction being either augmented or lessened by heat.”

The radical defect of this ingenious application of the differential of
heat-motion as the impelling force of gravity lies in the fallacy that
any pressure-differences would, under the circumstances, result from
temperature-differences. Our author says: ‘“In Newton's day the
notion of a fluid which had no visible tendency to one part of space
more than to another, keeping up an equilibrium with itself, and yet
able to press heavier on one side of a body within it than on the other,
was quite enough to gain incredulity.”{ Nor is it easy to perceive how
the notion is made more credible in cur day. The rarefaction of a free
gas by heat is the direct effect of its increased elastic tension or pressure,
and the two are proportional. In other words, if upqn the planetary
hemisphere exposed to the sun there were fewer impacts of gaseous
molecules in a unit of time than on the outer or night hemisphere,
these impacts would have a correspondingly higher velocity, so that
the whole moment of impulse (or pressure) on the two sides would be
precisely equal.

It is doubtful whether this hypothesis (even supposing it operative)
could really satisfy any of the six conditions heretofore propounded.
With regard to the second postulate, it is evident that the mass of the
attracting body cannot determine the quantity of attractive action, if
heat be the efficient cause. This is very frankly conceded by Herapath,
who says of the mass ratio : ¢ This law has been proved experimentally
by Sir Isaac Newton ; but though this be true, the converse case does
not according to our principles hold good, namely that the attractive
forces of bodies are directly proportional to their quantities of matter.
Ouar principles do not therefore corroborate Newton’s third law of
motion, respecting the equality of action and reaction in attracting
forces; for by our theory, a body might by the agency of the fluid
medium, be impelled toward another, without any reciprocal action;
which is by no means surprising if we consider attraction not to be an
inherent or essential property of matter, but merely the action of a
third body.”§ The sufficient answer to all which is, that not only is it
unconfirmed by any experimental research, but all experience contra-
dicts the assumption.

* Math. Phys., vol. ii, p. 318.

t Math. Phys., Introduction, p. xv.

1 Loco citat., Introduction, p. xxxvi.
§ Anxals of Philosophy, new series, vol. i, p. 411 ; and Math. Phys., vol. i, p. 9.
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attracted as it were, to the origin of vibration, with a range of influ-
ence approximately proportional to tLe area of the disk. The same
phenomenon was observed with the employment of a bell, when caused
to sound by drawing a bow across its edge, excepting that at the nodes
of oscillation no ¢ attraction” was exhibited.*

In an essay entitled ““A synthetic Glance at the Forms and Forces of
Matter,” published in 1861, the same author, recapitulating his views
and observatlons of 1832 and 1833, and still maintaining that all the
properties of bodies are derivatives of their translatory or vibratory
movements,and that theequilibrinm and the phenomenaof the world exist
only under the condition of constant pressure of the incoercible wether
upon coercible matter, and the reaction of the latter upon the former,
argues that, ¢“if it be shown that the vibration of the atoms of bodies
may and actually does cause a rarefaction in the sphere of activity of
each of the atoms,” this constitutes a proof that ¢ the approximation of
the atoms of bodies of ponderable matter is due to the rarefaction of
the imponderable flnid, and consequently to the diminution cf its press-
ure in the space between the atoms of the same body;” and hence that
“we are compelled to admit that attraction is a mechanical force, con-
sisting, first, of the rarefaction of the @ther between molecules, masses,
or the heavenly bodies, resulting fromm the ceaseless vibration of the
atoms of ponderable matter, and secondly, of the reaction from the
exterior pressure of the sther upon the same, resulting from the general
pressure of the imponderable universal medium which constitutes the
mother-liquor of the world.”t

In this article the writer brings out very distingtly an idea first sug-
gested by Newton, and which has recently been fermenting, so to speak,
in the minds of various speculative writers, to wit, that matter as ex-
perimentally cognizable by our senses—having for its lowest constituent
unit the compounded molecule of uniform structure for each element-
ary substance, the indivisible ‘atom?” of the chemist—has been by
some mysterious process evolved in the indefinite past from the struc-
tureless impalpable @ther filling immensity. That the ultimate mole-
cule of matter as known to us is a highly complex or organized cosmos,
appears to be sufficiently demonstrated by the definite multiple peri-
odicities exhibited by gaseous spectra. If the sympathetic responses

*Des mouvements de Uair et des pressions de Pair en mouvement. (8vo, Paris, 1835.)
$ir Henry C. Englefield, in 1773, observed at Brussels, that during the ringing of o
large church bell, (weighing 16,000 pounds,) the @rial vibrations affected a mercurial
barometer, which was placed experimentally about seven feet below it, by raising
the column about one-hundredth of an inch. (Journal of R. I, vol. i, p. 1567.) On
which Dr. Young offers the following suggestion : “It is easy to suppose that the law
of the bell’s vibration was in this experiment such that the air advanced toward the
barometer with a greater velocity than it receded, although for a shorter time; and
that hence the whole effect was the same as if the mean pressure of the air had been
increased.” (Lectures on Natural Philosophy, 1807, 2 vols. quarto, vol. ii, p. 270.)

t Presse Scientifique, 1861, vol. iii, p. 130.
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powers we know and recognize in every phenomenon of the creation ;
the abstract matter in none; why then assume the existence of that of
which we are ignorant, which we cannot conceive, and for which there
is no philosophical necessity? . . . . Doubtless the centers of force
vary in their distance one from another, but that which is truly the
matter of one atom touches the matter of its neighbors. Hence matter
will be continuous throughout, and in considering a mass of it, we have
not to suppose a distinction between its atoms and any intervening
space. The powers around the centers give these centers the properties
of atoms of matter; and these powers again, when many centers by
their conjoint forces are grouped into a mass, give to every part of that
mass the properties of matter. . . . . The view now stated of the
constitution of matter would seem to involve necessarily the conclu-
sion that matter fills all space, or at least all space to which gravitation
extends ; for gravitation is a property of matter dependent on a certain
force, and it is this force which constitutes matter. In that view, mat-
ter is not merely mutually penetrable, but each atom extends, so to say,
throughout the whole of the solar system, yet always retaining its own
centre of force.”*

This result of ¢ assuming as little as possible” thus appears to com-
mence with the Berkeleyan negation of matter, only to conclude that it
is omnipresent. When it is inferred however, that every atom sepa-
rately includes every other atom, it is obviously only influence that is
conceived of, and not matter at all in any intelligible sense. If we call
this multitudinous infinitely-extended and mutually-inclusive influence
‘“ matter,” there still remains the inexorable necessity of designating by
some distinetive title that other form of influence inclosed within the
visible tangible surfaces bounding those appearances which are charac-
terized by inertia, which are accurately measurable in mass, and which
are the objects of all our direct observation and experiment. Neither in
formula, nor in idea, therefore,—neither in nominalism, nor in realism,—
are we advanced a particle by such speculations.

In a memoir “On the Possible Relation of Gravity to Electricity,”
read before the Royal Society, November 28, 1850, Faraday remarks:
“The long and coustant persuasion that all the forces of nature are
mutually dependent, having one common origin, or rather being differ-
ent manifestations of one fundamental power, has made me often think
upon the possibility of establishing by experiment, a connection between
gravity and electricity, and so introducing the former into the group,
the chain of which (including magnetism, chemical force, and heat,)
binds so many and such varied exhibitions of force together by common
relations.” He then records experiments with a tubular helix of cov-
ered copper wire of considerable length, and having its extremities
connected with long covered wires which were brought to a very sensi-
tive galvanometer, the said coil or helix being allowed to fall about

* L. E. D. Philosophical Magazine, 1544, vol. xxiv, pp. 140-143.
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reason should arise to think that the physical condition of the force par-
takes generally of the nature of a current or of a ray, a view which the
author inclines to, he sees no objection in the term.” *

“In the acsion of gravity, for instance, the line of force is a straight
line, as far as we can test it by the resultant phenomena. It cannot be
deflected or even affected in its course. Neither is the action in one line
at all influenced, either in direction or amount, by a like action in another
line”t This is the affirmation made by our first proposition.

Faraday continues: ¢ There is one question in relation to gravity,
which, if we could ascertain or touch it, would greatly enlighten us. It
is, whether gravitation requires ¢ime. If it did,it would show unde-
niably, that a physical agency existed in the course of the line of force.
It seems equally impossible to prove or disprove this point, since there
is no capability of suspending, changing, or annihilating the power, or
annihilating the matter in which the power resides.”f Some six years
before the date of this latter paper, Professor Faraday, in ¢“Thoughts on
Ray-vibrations,” had suggested more doubtingly, the same inquiry: I
am not aware whether there are any data by which it has been or could
be ascertained whether such a power as gravitation acts without occu-
pying time.”§

This query finds its answer in our fourth proposition. The writer was
evidently not aware that it had been definitely settled by the astrono-
mers, and with a delicacy of precision infinitely beyond the reach of
any direct or instrumental’ research; and not being a mathematician,
he very naturally supposed the problem insoluble. Those not trained
in the higher operations of the science of ¢ necessary conclusions,” have
no conception of the resources of mathematical investigation applied to
judicious comparisons of accurate observations. And just here the
reminder may be permitted, that did the influence of gravitation occupy
the millionth part of a second in traversing the distance of a million
miles, the -astronomer’s analysis would easily detect it. This would
represent only one-ninth of the velocity estimated by Laplace and Arago,
as previously stated.

* L. E. D., Phil. Mag., 1852, vol. iii, p. 67. Dr. P. M. Roget showed in 1831, by a very
neat geometrical demonstration, that these so-called ¢lines of force” in the magnetic
field, are simply the tangential resultants of the directive action by the two magnetic
poles exerted in straight or radial lines with a ratio of diminished intensity as the
square of the distance from either pole, on the minute iron particles regarded as
needles. (Journal of the Royal Institution, February, 1831, vol. i, pp. 311-318; and
also a treatise on ‘‘ Magnetism ” by the same author, in vol.ii of the ¢ Library of
Useful Knowledge,” chap. ii, sect. 3, pp. 19-21.) M. Ch. Cellerier has also, by an
analytical discussion of the ‘“magnetic curves,” established the same conclusion
mathematically. (A Treatise on Electricity,by Aug. De La Rive, London, 2 vols., 8vo,
1853. part iii, chap. i. Note D, vol. i, pp. 542-544.)

 Phil. Mag., 1852, vol. iii, p. 403.

t Ibidem, p. 403.

§ Phil. Mag., May, 1846, vol. xxviii, p. 349.
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treating molecular physics initiated by those great leaders, that the
inetficiency and inconsistency of this mode of inquiry with the mechani.
cal theory of heat seems as yet not to be fully appreciated by some even
of the most zealous npholders of that theory. With this impression, it
seems desirable that every effort should be made to arrive at a clear
understanding of fundamental points, and the principle of physical
causation, which the mechanical theory supplies.”™

As thisis the usual point of departure with kinematists, (not ¢ brought
up in the statical method,”) it may be well here to affirm with some
pesitiveness that without the ceaseless co-operation of two antagoniz-
ing or reciprocating statical tensions, a ¢ mechanical theory of heat?” is
rationally impossible. Matter possessing ouly inertia and motion (whose
product is momentum) would very speedily arrive at a state of stable
and inert equilibrium, without having ever exhibited a single phenome-
non of force, and without the possibility of any dynamic potential.
An abstract system of kinematics, under any geometrical arrangement
or conception, is indeed quite irreconcilable with the actual system of
dynramics found in nature aud subject to our observation. All gases
would under the operation of the first law of motion, tend to infinite
and equable diffusion; and liquids and solids would quickly follow in
their wake. Heat, whether considered as a vibration or a revolation,
(or preferably as both a rectilivear and an orbital movement,) could of
course have no existence, since there could be neither recoil nor con-
straining bond; and the very first step toward an oscillation would
also Le the last one. Even the principle itself of ¢conservation of
force” is absolutely dependent on the existence of primordial static po-
‘tentiality. So much for a ¢ clear understanding of fundamental points.”

« SecTION 1. The integral of gravitation is a function of space. Sup-
pose a central homogeneous globe to angment in bulk by the descent
of similar inatter from an infinite distance in radial directions all around;
each descending element, on arriving at the surface of the globe, pre-
sents itself charged with a certain amount of mechaniecal force equiva-
lent to the square velocity with which it immpinges. If we confine our
attention to the centripetal influence of the original central globe ouly,
the square velocity of the descending element diminishes in the inverse
ratio of the radius of the augmenting globular mass ; for it is upon the
surface of this that impact takes place, and the matter that has been
added to the original globe is assumed not to augment the centripetal
force acting upon the descending matter.”t This established ratio of
final velocity does not appear in any way to substantiate the general
proposition ; nor is it seen to receive support from any of the succeed-
ing illustrations. Gravitation,as a fact of observation, is always found
to be rigorously relative to two posited elements; aund its integral is by
such observgtion a function of the distance between these elements, If

* L. E. D. Phil. Mag., May, 1853, vol. xv, p. 329.
1 Loco citat., p. 330.
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a single essence tor matter, and the molecules of ordinary matter must
appear to us as aggregates of stherial atoms.”*

In his concluding essay, M. Saigey thus expounds the @therial action:

“ Let us imagine the @ther uniformly diffused throughout space. Its
atoms endowed with motions of progression and rotation, strike each
other ‘n the manner mentioned. Let us now suppose that at some point
within the medium there is a special and disturbing cause, as for ex-
ample, a molecule having weight [inertia ?] and itself endowed with a
vibratory motion. The disturbance goes on extending throughout the
@therial mass, and by reason of the nature of this medium is propa-
gated in all directions. The atoms nearest to the heavy molecule will
receive violent shocks; they will be powerfully urged and their ranks
will grow thin in the neighborhood of the center of disturbance, and the
layer contignous to the molecule will become less dense than the rest
of the medium. The motor action continuing, this same effect becomes
propagated from layer to layer throughout space. As a final result,
the @ther becomes arranged around the center of disturbance in concen-
tric layers, the first of which and nearest to the molecule will be least
dense, and they will go on indefinitely increasing in density. This con-
dition of things might be easily represented and the figure traced : the
molecule at the center, around it spheres of atoms, wide apart at first,
then nearer and nearer to each other. Let us remark, in passing, that
the difference in density of contiguous layers, like all effects which are
propagated by concentric spheres, is inversely proportional to the sur-
face of these spheres, that is to the square of their radii. [?] This es-
tablished, suppose a second molecule to be situated at any point of this
system. It will encounter on the side toward the first molecule, layers
of @ther less dense than upon the opposite side: pressed upon by the
@ther in all directions, it will however receive fewer shocks on the side
toward the first molecule, and it will consequently tend to approach it.
Such would seem to be the cause of gravity.”t The law of inverse
squares does not appear to be well made out, although this is a point
to which all kinetic theorists make ostentatious reference. The density
of the @ther, instead of following this ratio, should er hypothest,
follow directly the opposite ratio ; or rather the ratio of increase directly
as the distance;—which is perhaps what was intended. Of the other
five conditions it is quite unnecessary to speak.

CroLL. 1867.

In a communication to the Philosophical Magazine, in 1867, by James
Croll, of Edinburgh, * On certain Hypothetical Elements in the Theory
of Gravitation,” the author revived the difficulties which had been felt
and proclaimed by Faraday. He says: ¢ It was demonstrated by New-
ton, and has been proved by general observation and experience, that

* Levue de Dewr Mondes, 1st November, 1366, vol. Ixvi, pp. 148, 149,
i Recue de Dewe Mondes, 15th December, 1866, vol. Ixvi, pp. 922. 923,
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tact, and there is no reason, apart from specific experience, to regard the
one as in any respect less probable than the other.” *

In our profound ignorance of all beyond the ascertained facts of grav-
itation, there could be no objection whatever to the substitution of the
word ‘“tend” for the word “attract,” did it adequately express the
observed fact that A induces in B a ¢ tendency” to approach ; the quan-
tity of tendency in B being found to be proportional not merely to its
own mass, but notably to the mass of the distant body A.

Mr. Croll proceeds: ¢ The attraction theory is also in opposition to
the principle of the conservation of force, as has been shown, I think
clearly, by Faraday. When a stone for example is thrown upward
from the earth, it not only loses all its motion, but it loses its attraction
in proportion to the square of its distance from the center of the earth.
‘What becomes of the motion imparted to the store? It is not trans-
formed into attraction, for the attraction diminishes as well as the motion.
When the stone again falls to the earth it gains both motion and attrac-
tion. In the former case, the attraction is said to consume the motion,
and instead of becoming stronger becomes weaker in consequence ; and
in the latter case it imparts this same motion, and yet after imparting
the motion, it is actually found not only not to have lost but to have
gained force thereby. Faraday justly asks what becomes of the force or
motion imparted to the stone? It is not converted into attraction, for
the attraction becomes less instead of greater in consequence. And in
the case of the falling stone, where does the motion come from ? If the
motion arises from the attraction of the earth, then there must be a
certain amount of this attractive force converted into motion; and if so,
the attractive force should be so far reduced; but instead of this it is
actually increased. There is therefore no account given of what be-
comes of the motion externally imparted to the stone when thrown
upward, or whence the increase both of attraction and motion is derived
as it descends. If the attraction theory be correct, then there is a des-
truction of force in the one case and a creation of force in the other ; and
if so, then the conservation of force is violated.” {

Although this is merely a more prolix statement of the objection
urged by Faraday, it may be again specifically answered. It will be
found on careful examination, that the whole difficulty really proceeds
from an hypothesis tacitly adopted by the writer, while ostensibly
opposing ¢ certain hypothetical elements in the theory.” From the nec-
essary limitations of language, we have constantly to make words do
double or multiple duty in carrying different ideas; and to many this is
asource of constant confusion and misconception. The tacit assump-
tion underlying this supposed violation of the conservation of  force”
is that the foree of gravity is the same in kind as the force of the fall-

* Examination of Sir William Hawmilton’s Philosophy, by Jobn Stuart Mill, chap.
xxiv, vol. ii, p.=245, of Am. edition.
t L. E. D. Phil. Mag., 1367, vol. xxxiv, p. 451.
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the two sides of the disks and the reactions of the residual air of the
exhausted chamber.* _ ‘
In a later essay on ¢ The Mechanical Action of Light,” Mr. Crookes
estimates that * the pressure of sunshine” amounts “to 2 cwts. per
: acre, 57 tons per square mile, or nearly three thousand million tons on
the exposed surface of the globe;—sufficient to knock the earth out of
its orbit if it came upon it suddenly.t It may be said that a force like
this must alter our ordinary ideas of gravitation ; but it must be remem-
bered that we only know the force of gravity between bodies such as
they actually exist, and we do not know what this force would be if the
temperatures of the gravitating masses were to undergo a change. If
the sun is gradually cooling, possibly its attractive force is increasing,
but the rate will be so slow that it will probably not be detected by our
present means of research.”j

This possibility is denied by our sixth proposition. The generaliza-
tions embraced in our first, second, and third propositions are assumed
to be equally true at all possible temperatures; and the ground for

-this assumption is, that they have been actually ascertained to be

true for all observed variations of temperature. The induction can
therefore be arraigned only by a conflicting fact of observation or
experiment. Varied and delicate experiments have actually been re-
peatedly made from the time of Fresnel to the present, to detect if’ pos-
sible an influence of heat on weight, but without result. Indications
sometimes observed have always been found to be due either to cur-
rents in the best approximate vacuums or to the molecular reactions
from unequal absorption. It is evident that if heat radiation could
exercise the slightest influence upon gravitative attraction, it would be
possible in many cases to interpose a screen to its action, contrary to the.
observed fact generalized in our fifth proposition.

We are correctly reminded that ¢ we only know the force of gravity’
as between bodies such as they actually exist;” but this knowledge
teaches us that the ratio ;'—; is invariable ; that therefore the exponent 2
of the radius or distance is integral, and is not a residual of an exponent
24 n. Finally, we know that heat radiations require eight minutes to
pass from the sun to the earth. The inferences then that the conduct of
the ¢ radiometer ” affords any key to the problem of celestial mechanics,
or that it illustrates or suggests any analogous ‘agent acting con-
stantly according to certain laws” as ¢ the cause of gravity,” are evi-
dently unfounded and erroneous. ¢ Nor must we forget that the more
rigidly we serutinize our received theories, our routine explanations and
interpretation of nature, and the more frankly we admit their short-
comings, the greater will be our ultimate reward.”§

* This view has since been accepted by Mr. Crookes himself.
tIf any such actiou really existed, its effects would be just as certain and as disas-
trous if applied gradually as if applied suddenly.
{ Quarterly Journal of Science, April, 1876, vol. vi, p. 254. § Loco cital., p. 256,
s 18
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part of the volume of the earth, would he flattened if its rotation was
as rapid as that of the surface of our globe. This incontestable fact is
no proof against the supposition of a primitive fluidity ; it rather shows
us that the idea of fluidity is quite relative, for that which assumes a
certain form upon our earth may become level upon a globe where the
weight is greater. Spencer himself does not deny this fluidity, which is,
moreover, now generally admitted.

At the commencement of the period at which we stopped in the his-
tory of our globe, the nucleus, composed of liquid and incandescent lava,
possessed a uniform very high temperature. A dense atmosphere sur-
rounded it, containing the elements of the present atmosphere, also sub-
stances not condensed, and all the water of the earth in a state of
vapor. This uniform temperature of the incandescent lava could not
continue indefinitely, for the liquids which were precipitated from the
upper strata of the atmosphere, where they were condensed by the cold,
decreased the heat by a new volatilization. This constant cooling of
the surface of the nucleus determined the first congealment of its
liquid mass. :

The scoria formed by this congelation were broken and heaped up by
the continual ebullition of the liquid sea of matter, by storms, which were
of aviolence in proportion to the chemical activity of the globe, and the
denseness of the atmosphere and by the tides, produced by the attrac-
tion of the sun and moon. Their débris collected into floating islands,
which were constantly increasing in extent and number, and at last by
their union formed the first, but still greatly-agitated, crust of the earth.

Sir William Thomson* has shown that the central heat can haveno influ-
ence upon the temperature of the surface of the globe ten thousand years
after the definite formation of the terrestrial crust. This fact has its cause
in the want of conductibility of heat of the eruptive or plutonian rocks.
As an instance of this, one may walk with impunity upon a bed of lava,
a few days after an eruption, while at the depth of only a few feet the
lava is still incandescent, and so continues, sometimes for nearly a cen-
tury.t The thermal sources and the eruptions of lava may have main-
tained the temperature at a very high degree, even during more recent
times ; and it is probable that for three or four millions of years vege-
tation was affected by the high temperature of the soil whenever the
roots penetrated more than a yard below the surface.{

As soon as the central heat ceased to act upon the temperature of the
surface of the globe and of the atmosphere, the precipitation of vapors
must have become almost general. The temperature of the first water
was undoubtedly high, on account of the great pressure of the atmos-
phere, of the heat liberated by condensation, and of the sensible influence
of the still recent crust. This high temperatare of the water facilitated

* Phil. Mag., January, 15363, p. &.
t L. Figuier, La Terre avant le Déluge, 1863, p. 3.)
t Thomson, Phil. Mag., January, 1863.
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cepted that the Coal period required a temperature of from 27° to 280
C., and that the temperature of our day is from 7° to 15° at the mean.
Gibbert has calculated the duration of the same period to be five mil-
lions of years. But why admit a temperature of 27° for the carbonifer-
ous period? The preponderance alone of the Cryptogames over the Phan-
erogames does not justify this estimate, as proves the flora of New
Zealand, which is almost exclusively cryptogamic. Moreover the cool-
ing of a mass of basalt takes place in a medium and under conditions
quite different from those which determine the cooling of the earth. It
is, then, with little hope of attaining the truth that we try to calculate
the duration of geological ages. We must, however, admit that they
were immense compared with our short existence, and in every case
greater than the figures mentioned.

CHAPTER IL
CENTRAL HEAT.

The central heat is a constant source of forces, which, in different
ways, act upon the crust of the globe.

The contraction of the solid crust, the cracking of this crust, and the
escape of incandescent matter are direct consequences of the loss of
this heat. The plications, the faults, the elevations and depressions of
the sedimentary crust take place because the sediments can no more
contract, but, on account of their weight, sink at certain points of the
solid nucleus.

From these two kinds of forces there result a series of phenomena,
of which the rising and sinking of entire countries, earthquakes, and
volcanic eruptions are the most important.

The actuality of these risings and sinkings of the crust of the globe
has been confirmed in so many ways that all savans now agree in attrib-
uting to them a large part in the successive modifications of the surface
of the earth, and in the raising of the continents. If there were no
other convincing proof, the fact that the mountains are, on an average,
10,000 meters above the mean of the oceanic depressions would confirm
the idea that these masses cannot be of marine formation, but are the
product of a central force—of an action slow but constant, rarely sud-
den or violent, '

Uplheavals and subsidences are observable at many points of the
globe, and some even are taking place under our eyes, but so slowly
that the effect is perceptible only after a long period of action. Thus it
is proved that the northern part of Sweden is rising so rapidly that we
may foresee the time when the Gulf of Bothnia will be completely dry.
This elevation diminishes toward the southern part of this country, and
there is even a sinkin gof the shores of Germany, of the islands of
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height of the Himalayas, the Andes, the Alps, and the Pyrenees. Only
their intensity has not been always the same; this is greater in propor-
tion as the crust where the rupture takes place is stronger. On account
of its slight thickness the first erust of the earth offered very little re-
sistance to the escape of the ignited substances, which easily forced a
passage through the large rifts and cracks in its surface, and, as the
first sedimentary strata were still plastic, they followed easily the con-
traction of the solid crust. To-day the thickness of this envelope is
estimated at more than 25 miles; its resistance, therefore, is much
greater, and continues to increase by new eruptions and new solidifica-
tions of ignited and fluid substances. On this account the more recent
geological periods have been marked by fewer of the catalysms,indicated
by the formation of mountain chains, but their intensity and violence
have been proportionately greater, giving rise to the Andes and to the
mountains of Central Asia, which are more recent than the mountain
systems of Furope, and relatively much more important.

Earthquakes are phenomena which most frequently accompany all
modification of the crust of the giobe. What we, know of their nature is
that they are undulasions of the ground, sometimes more, sometimes less
elastic. The starting-point of these waves is in the interior of the earth,
often very near the surface, (at 3,400 meters, or 11,000 feet,) sometimes
at a very great depth, in which case a circle is shaken, including many
countries and entire seas. The earthquake which, on the 31st of No-
vember, 1755, destroyed the city of Lisbon, was felt in Labrador, and
from Canada to the Carolinas, in the Antilles, Morocco, the north of
Italy, Germany, a part of Russia, the south of Sweden and of Norway,
and England felt its influence. The district affected by this earthquake
extended approximately 1000 in longitude and 50° in latitude, and com-
prised a surface of 325 square myriameters, (12,500 square miles.) Other
districts affected by earthquakes have been quite equal to this one in
extent. Thus the region of earthquakes on the Mediterranean extends
from the Azores to beyond Lake Baikal.

The causes of earthquakes may then vary in nature, according to the
depth from which they proceed, although in general their origin is the
same; but, whatever may be their cause, we can, through analogy of
their effects, make use of some mechanical laws to explain the phenom-
ena which accompany them.

It is known that in a homogeneous and elastic medium the sum of the
active forces remains constant and is propagated in all directions. In
applying this law to earthquakes, it follows very simply that, first, the
point most agitated is also the nearest to the origin of the agitation,
and that the points at equal distance from the center of the movement
are similarly affected, according to the. principle that the effects of a
blow transmitted upon different points are under identical conditions as
the sine of the angle at which the surface is attained;* and, second, that

* Prof. Pfaft, Zeitschrift der deutsch. geolog. Gesellsch., 1860, p. 453,
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the point nearest to the origin of agitation is the first to be influenced
by the commotion which is transmitted to other points in isochronal
circles.

Close observation of these isochronal circles would undoubtedly con-
tribute much to the knowledge of the nature of earthquakes. For this
end meteorological stations should be provided with instruments for
determining the direction and intensity of these phenomena. But all
the instraments for this purpose, hitherto proposed, fail either because
they are too complicated or on account of their want of aceuracy, and
the seismometers employed are for the most part not as good as a bottle
with the inside polish taken off and filled with a liquid slightly colored.
Such a bottle, suitably placed in a quiet spot, will indicate, in case of a
commotion, by the highest points of the side wet and colored, the direc-
tion of the current, and by the width of the zone the relative intensity
for the same place.

Many scientists distingunish in the motion of earthquakes an agitation
by shocks, a movement of undulation, and a movement of rotation, (or
of twisting.) The centers of commotion of the crust, where the effects
are the most violent, sometimes present the phenomenon of a shock
from below upward. During the great earthquake which, in 1783, de-
vastated Southern Calabria and the city of Messina, blocks of granite
were seen to jump up without changing place, while men and even ani-
mals were thrown into the air and deposited in some cases upon much
higher ground. When the earthquake in-1797 destroyed the city of
Reobamba, situated to the south of Quito, the corpses of several of the
former inhabitants were thrown upon the hill La Cullca,a height of sev-
eral hundred feet. It is said that during the earthquake in Chili,which
took place on the Tth of November, 1837, a pole sunk 8.5 meters (28
feet) in the ground, and sustained by iron bars, was violently thrown
upward, leaving a deep hole.*

The undulatory movement of the ground is more frequent than the
movement by shocks, and its relation to the latter movement is analo-
gous to the undulation of a surface of water compared with the spot at
which a body falls into it; with the difference that the surface of the
soil receives the first shock from below upward. The surface of the
ground is agitated as a liquid surface. Thus, to several eye-witnesses
of the earthquake of Lisbon, the buildings of that city appeared to
rise and fall like a flotilla with the waves of a heavy sea. The move-
ment of the ground produces upon the mind an effect well described by
Humboldt. ¢ This impression,” says the author of the Cosmos, ‘ does
not in my opinion proceed from the memory of the numerous similar
catastrophes recorded by history, which then crowd upon the imagina-
tion. What affects us is, that we lose suddenly our innate confidence
in the stability of the ground. From our infancy we are habituated to
the contrast of the mobility of the water with the immobility of the

* Girard, op. cit., p. &
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ground. The testimony of our senses strengthens our security. Does
this solid, and as we supposed thoroughly reliable surface commence to
tremble, a moment suffices to destroy the experience of a life-time. An
unknown power is suddenly revealed ; the calm of nature was only an
illusion, and we feel ourselves violently thrown back into a chaos of
destructive forces. Then every noise, every breath of the wind, excites
atttention; we distrust above all the earth we tread upon. Even the
animals are disturbed by the unusual phenomenon, and accompany
every shock with cries and bellows, while the birds indicate the approach
of the earthquake by their uncertain and terrified flight.”

The third kind of oscillation of the ground is probably only a modifi.
cation of the undulatory movement. It is known that there are often
many spots within the radius of activity of an earthquake which
remain intact, an island amidst countries destroyed. This is because the
ground is not of a character to transmit the movement. Suppose then
a disposition of similar ground in a horizontal direction to retard the
progress of the waves at one angle more than at another, the rotary
movement would be produced which curves the rectilinear boundaries
of plantations and changes the orientation of buildings. The triangu-
lar obelisk of the Episcopal square at Agram was, three years ago, a
curious example of this phenomenon. The angles of the superposed
parts of the obelisk were displaced horizontally at least 25°. A repara-
tion of the obelisk has effaced this proof of the existence of tlie rotary
movement, whicl, however, is neither as frequent nor asimportant as the
two others.

Thus far we have ‘said nothing of the cause of earthquakes. Is
this cause the giving way of subterranean caverns, or the sinking of
rocky masses? Is it the effect of the dilation of the crystals which are
formed in a supersaturated solution, as Mr. Volger believes, or is it a
subterranesan storm, as was declared by the ancient philosophers %

All these hypotheses, and many others that have been advanced upon
this subject, are far from being entirely false, but their application can
be only very limited and often purely local. Now we require a theory
which finds a reason for the phenomena in the physical constitution of
the earth; an agent whose powerful action can be proved in the geologi-
cal periods and whose important effects may be foreseen in the {uture.

Here, as before, we have reccurse to the central heat, which maintains
in a state of liquidity the greater part of the terrestrial mass, except
a thin solid envelope which covers it. The supposition that this is the
cause we are seeking coincides with what we know of the mobility of
the crust of the globe. We will say, then, that it is the loss of the cen-
tral heat which produces directly or indirectly ruptures and sinkings of
the terrestrial crust, the mechanical effects of which are transmitted by
waves over great surfaces and give rise to earthquakes. It should be
added that many other circumstances may modify this action. Thus
earthquakes are most frequently felt in the vicinity of the sea and of vol-
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CHAPTER IIL
THE FLUID ENVELOPE OF THE EARTH.

The formation of the crust of the earth is controlled by two powerful
agents, one of which is known to us as the force of central heat, and the
other has for its domain the atmosphere and the sea, and for principal
motive-power solar heat and its unequal distribution at the surface of
the globe. Such is the present state of the earth, but these conditions
have not always been the same, for the influence of the solar heat is
relatively recent, while for a long time the atmosphere was affected only
by terrestrial heat, of which it was the medium. When the influence of
this heat reached almost its limit, most of the vapors contained in the
atmosphere were precipitated, and from the first drop of water which
fell upon the still burning surface of the earth to the first ray of sun-
light which shone upon the ocean in the full majesty of its power is the
period when the geologist must look for the greatest manifestation of
the plutonian forces upon the crust of the globe. It is also at this epoch
that the formation of most of the rocks occurred, which for a long time
have been considered of eruptive character. Further consideration of
the necessarily greater activity of the atmosphere and of the sea at this
early stage of the world’s history, and of the composition of these rocks,
will give us some light as to their character.

The temperature of the atmosphere at the time of the precipitation
of the first waters was still considerable, for to the heat proceeding from
the radiation of the earth was added the heat resulting from the con-
densation of the aqueous vapors. Now most bodies are more readily
dissolved in warm water than in cold, and the same must have been the
case on a grand scale when the sea was at an elevated temperature,
and uniformly covered the face of the globe. This dissolving action
extended to the silica and to the various silicates which form the base of
the granite rocks. The first sea acted upon the crust of the earth by its
excessive turbulence, by the rapid movement of its waters promoted by
the continual oscillation of the crust itself, still very thin, and by the
impualsion of a dense atmosphere in which the enormous evaporation
and the condensation of the water gave rise to electrical discharges, to
storms and whirlwinds, which are not possibleunder present conditions.
Nothing could resist the destructive impetuosity of these waters which,
breaking and overleaping all obstacles, became necessarily so over-
charged with materials held in suspension, as to form at last only a
thick muddy paste. Want of liquidity for a time arrested the move-
ment of this mud, but as new waters were precipitated, equally agitated
by the causes mentioned, it followed that in many cases this mud was
taken up again and deposited anew. However, the impetuosity of
these elements began at last to diminish, and in intervals of repose
the stratified sediments were disposited.
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products, as well as by free carbonic acid, and by other substances less
prevalent in the atmosphere.

The d¢bris of these rocks were carried into the sea by the rains, pro-
ceeding from the condensation of vapors. The waters charged with
material in suspension were united-into streams and rivers, and emptied
into lakes and seas. The denudation of the islands and continents,
under the influence of atmospheric agents, is considerable. M. Croll *
has calculated how much the American continent has been denuded in
the entire Mississippi region. Knowing the quantity of material in sus-
pension in the water (3545 of its weight), the amount of water annually
emptied into the Gulf of Mexico, and the whole extent of the basin of
which the waters empty into this river, this savant found that in 4,566
years 1 foot (304 millimeters) of earth is carried into the ocean. Taking
into account the specific weight of the sediments (1.9) and of the crys-
talline rocks (2.5), we ought to bring the number of years to 6,000.
As the mean height of the American continent is estimated by Hum-
boldt at 748 feet (227 meters), the entire continent must at this rate be
leveled and buried in the sea in 4,000,000 years; that is, if no ulterior
uprising takes place. This denudation is not everywhere the same. It
depends in general upon the mean elevation of the continent above the
level of the sea. Thus the denudation of India, at least three times more
rapid than that of North America, is easily accounted for by the great
elevation of the Himalayan regions, which send down their waters
through the tributary rivers of the Ganges and the Indus, and by the
very frequent atmospherical precipitations which are the consequence
of this elevation. The sources of the Ganges are found at a height of
3,962 meters, (24 miles).

If we consider the effects of denudation during a time which is ounly a
small fraction of the geological epochs, we may well ask how many
times whole continents have been carried into the sea, to be sent forth
again by the central forces of the earth’s nucleus. Ve readily perceive
that the various sediments have been several times destroyed and re-
formed by the effect of denudation; those primitive beds which have
remained uninterrupted in the succession of their deposits owe their
preservation to several circumstances, particularly to their being sub-
merged, until the more recent epochs.

Speaking in general terms, we may say that the entire mass consti-
tuting all the mountains and continents, of a mean elevation of 307
meters (1,000 feet) above the level of the sea,t has been diminished by
an amount of material sufficient to. fill up an abyss six times the depth
of the ocean. It must not be forgotten, however, that the continents
are continually rising, and that certain parts of the ocean may, by up-
heaval, become land ; likewise the continents may have been lowered at
certain points, and submerged for a time, to appear again regenerated
and enriched with new formations of strata.

* On Geological Time, etc., Philosoph. Magazine, vol. xxxv, 1868, p. 379.
t Humboldt, Asie Centrale, t. 1, pp. 182, 127.
s 20
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Nothing resists the slow and continual action of marine waters, and
whenever they do not create they inevitably destroy. The island of
Helgoland, in the tenth century large and flourishing, is to-day reduced
to a mere fraction of its former size, and at every tempest loses a con-
stituent part of its frail existence. The destructive force of the sea is
especially manifested upon abrupt projections, where the continuous
shock of the waves isre-enforced by the action of the tides. In the
Mediterranean, where the tides are nearly insensible, the action of the
sea is governed by the submarine currents and by the prevailing winds.
The oriental shores of the Adriatic are for the most part corroded, ab-
rupt, and deeply indented, and the number of islands is very great.
On the western shore, on the contrary, the sand beach is constantly
increased, both by the sediment of the numerous rivers, having their
source in the Alps, and by the detritus deposited at the bottom of the
sea. This explains why Ravenna, which at the time of the Romans was
a sea-port, is, at the present day, several leagues from the Adriatic. A
similar phenomenon is manifested upon the coast of Western Flanders,
where several villages, maritime in the middle ages, are now at a con-
siderable distance from the sea, while other towns, now ports, can only
be preserved by great labor from a similar fate.

At the bottom of the sea the deposit of sedimentary rocks is formed
according to the nature of the material transported by the rivers or
washed away by the action of the waves. An estimation somewhat
uncertain in the present state of science gives to the sedimentary crust
a mean thickness of 500 meters (1,600 feet) for the entire surface of our
planet. 'We may, however, safely admit that this thickness exceeds a
hundred meters (328 feet). Now as the sedimentation at the bottom of
one of the most corrosive arms of the ocean, the British Channel, is only
about four centimeters (about an inch and a half) a century,* we see
that the process of sedimentation even in the ocean must be excessively
slow, and require millions of centuries to form beds equal to the vast
deposits of sandstone and calcareous matter. Isnot the same slowness
of action often observed in mountain regions, where a shallow sheet of
water excavates a ravine of over a hundred yards in depth, while the
hard rock is scarcely affected by a force much greater, but not persist-
ent? It is not the momentary forces which produce the greatest
changes at the surface and in the interior of our planet; it is the smaller
but constant forces which, multiplied by an indefinite time, give those
prodigious results which dazzle our senses, and of which we fail to dis-
cover the origin, because we cannot conceive of the time required to
produce them,

“The calcareous earths, and particularly the chalk, are rot sediments
of inorganic material, but rather deposits of organized débris, formed,
according to Ehrenberg and several other micrographers, of the calcare-
ous carapaces of microscopical animals. Great masses of the pure

* Houzeau, Histoire du Sol de L’ Europe, Bruxelles, 1857, p. 135.
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white of marble, of chalk and of the calcareous formations would be
impossible without the intervention of organisms.* Marine water con-
tains about 3.5 per cent. of salt, of which the sulphate of lime consti-
tutes 4.617 per cent. A thousand parts in weight of marine water
contains, then, 1.67 parts of sulphate of lime or of gypsum. Reckoning
the mean depth of the sea at 2,000 meters, this quantity will correspond
to 1,670,000,000,000 of kilograms (1,640,000,000 tons), and the specific
gravity of gypsum being equal to 2.9, the total volume of this material
will be represented by 578,000,000,000 of cubic meters (751,000,000,000
cubic yards). This quantity is greater than the mass of all the calcareous
rocks of the continents, and sufficient material is afforded by it for the
formation of new calecareous rocks. But as the carbonate of lime is not
found in considerable quantities in marine water, and as the gypsum
is the only calcareous compound so distributed, we must look for the
source of the carbonate of lime, which is the chief constituent of the
shells and the carapaces of marine animals. According to the various
investigations in regard to this matter, plants decompose the gypsum,
the sulphur of which serves in the formation of the albumen, the
principal aliment of animals. The lime contained in the cells of the
alimentary plants is put in circulation by the digestion of these plants,
and after having contributed to the purification of the nourishing liquid
which it deprives of its carbonic acid, it is secreted and forms the shells
and the carapaces.

Among all the marine animals the smallest are the Infusoria, and
especially the Rhizopodes, which contribute mostly to the formation of
the calcareous strata.

The other organized deposits, parttcularly those which proceed from
the débris of the Testacea, are formed for the most part along the sea-
coast and principally upon the flat, sandy, muddy shallows, or very
slight inclinations of quiet gulfs.t After the death of the shell animals
the disengagement of the gas consequent upon their decomposition
renders them specifically lighter, so that the constant play of the waves
throws them readily either upon flat shores, where they are piled up
with their shells unbroken, or upoun steep cliffs, where the continual
shock of the water reduces them to consolidated masses of débris which
constitute the shell-marl. Submarine banks covered with Testacea of
the genus Ostrea are constantly raised by the remains of these animals,
while at the same time they gain in extent by the accumulation of the
shells which fall from the bank and gradually fill up the surrounding
depths.

The sand and clay transported by the rivers are generally the products
of siliceous rocks and of the trituration of their débris encountered in
the beds of rivers under the form of pebbles and gravel. The two

* Mohr, Neue Ansicht iiber die Entstehung der Kall:gebirge, Niederrhein. Sitzungsberichte,
t. xxii, pp. €5, 99.
t D’Arcliiac, Cours de Paldontologie Stratigraphique, t. ii, p. 304,
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epochs and formations quite as well as the Brackiopods, or, among the
plants, Equisetacea. The first series is composed of Orthoceratites, of
Delemnites, and of Sepias; until the Zechstein, the Orthoceratites predom-
inate, and after a long period appear in great numbers the Belemnites,
which disappear in the Chalk, leaving no representatives, unless in the
cuttle-tish and the sepia of our sea, of which fossil species are also
found. The Ammonites form the second series, which commence with the
Graywacke, and continue to the upper strata of the Chalk. The cham-
bered Cephalopods are remarkable for the rapidity with which they
developed into genera and species, and still more so for their quick dis-
appearance after a renewal of the same forms in the Baculites, Scaphites,
Turrilites, Hamites. 1t is a question whether with the sudden disappear-
ance of the Crinoids, of the Belemnites, and a larger part of the Sauri-
ans, the conditions of animal life were not completely changed after the
Jurassic period. The abrupt extinction of certain organisms is repeated
quite often in the history of the sedimentary crust, and at intervals so
regular that to attribute it to a fixed law, independent of all biological
processes, is in accordance with all the facts furnished by contemporary
geology, concerning the changes which have modified the surface of the
globe. These fossil remains are a powerful auxiliary for the demonstra-
tion of this law.

The Crustaceans appear with the Trilobites, animals of a peculiar struct-
ure, which have no analogues among the Crustaceans nowliving. Their
eyes, of complicated structure, are, according to Buckland,* the most
ancient testimony of the existence of light. Other Crustaceans after-
ward appear, but have more analogy with those of the present time.

Insects are found in great numbers, distributed among the fossil plants
of the Coal formation ; later they are found in the Lignite or in yellow
amber, which is the fossil gum of the Pinnites succinifer.

The large class of Fishes commence with the mica-schist. Professor
Agassizt divides the largest number of the fossil species into four orders,
two of which, the Glanoids and the Placoids, continue from the mica-
schist until our day, while the Ctenoids and the Cycloids are observed
only since the Chalk. The fish of the primitive world were organized
in accordance with the nature of the medium they inhabited. The most
ancient were enveloped in a veritable armor of scales, which protected
them from the violence of the elements. In course of time this envelope
grew thinner, and at last disappeared.

The first tracesof reptiles are found in the Zechstein,in the Protosaurus,
which is not found in the following deposits. Some foot-prints found
in the Old Red Sandstone haye been attributed to saurians. In the
Triassicformation we find the Dracosaurus, the Notosaurus,the Phytosau-
rus; in the Jurassic formation, the Ichthyosaurus, the Plesiosaurus, the
Teleosaurus, and other species not less strange in form and proportion ;

* Pouchet, L’ Univers, note 94, p. 420.
t Researches upon Fossil Iish, t. 1., pp. 165, 172.
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must have been four times greater, and this inequality of heat received
and lost by radiation, combined with the « ther atimospheric causes of
which we have spoken, would produce a considerable cooling of one
hemisphere, which would be followed, as a consequence, by great
extension of the polar glacier. The humidity necessary for the accumu-
lation of the ice is furnished, as we have seen, by the upper aerial cur-
rents contrary to the trade-winds. The precipitation of this humidity
necessitates renewed currents, and the entire glacier, when it attains
certain dimensions, acts as a drain upon the neighboring atmosphere
with force in proportion to its size. The long-continued precipitations
of the humidity in the form of snow, unless a considerable portion melt,
must at last inerease the glacier to such a degree that it will influence
the center of gravity of the earth, and produce a change in the position
of the fluid matter of the globe.

The height of the accumulation necessary to produce this change
might be calculated, were the volume of the waters known, their eccen-
tricity, the extension of the two glaciers, the center of gravity of the
earth, and that of the fluid mass. But as only a very uncertain esti-
mate can be made of the mean depth of the seas, the result of such an
attempt can only approximate reality. M. Adhémar compares the vol-
ume of the austral glacier to a stratum of ice, 20 leagues in height and
extending uniformly like a cap over the sphere, having for its base the
seventieth parallel. As the glacier at the outside edges is rarely less
than a thousand yards in height, we may suppose that near the pole it
is doable that thickness. This enormous stratum of ice, which effaces
the flattening of the earth at the poles, would be represented upon a
globe, of the radius of a meter, by an elevation of 0.0214,

Were we to reduce this mass one-half, one-quarter, or even more, its
action would still be sufficient to produce a submersion of a large part
of the continents of the boreal hemisphere, if on the return of the con-
ditions of cold the north pole was covered with a cupola of ice anal-
ogous to that of the south pole. As these conditions of temperature
change every 10,500 years, by virtue of the precession of the equinoxes,
it must be at the end of this period of time that the waters are removed
from one hemisphere to the other. This removal commences with the
melting of the greater glacier and the increase of the small one. This
action is at first very slow, but it progressively acquires great rapidity,
and when, in the general breaking up of the ice, the lower stratum which
rests upon the bottom of the ocean is carried away, the waters are dis-
persed with such velocity that the sedimentary surface is deeply fur-
rowed and large blocks are transported to a great distance. It is easy
to see that thus great currents must be produced twice from the north
to the south, and twice from the south to the north, in the period of
21,000 years. .

In all the bypotheses of M. Adhémar, the only conjectural point is the
thickness of the austral glacier; the other facts are so evident that they
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for doubt but for the timely arrival of confirmatory evidence while the
engraving was being executed. Prof. William M. Gabb has sent to the -
National Museum, with the joint compliments of himself and Mr. D. R.
Frith, of Turk’s and Caicos Islands, two wooden stools, fac-similes of
those spoken of in Herrera. (I'igs. 23 and 24.) Tig. 25 is an attempt
to restore Fig. 24, which has been mutilated, not by the tooth of
time, but by the hatchet of the vandal. These objects are made
of a very hard dark wood, and are just fitted to an ordinary man
when reclining as in a hammock, from which the pattern of a stool is
possibly derived. These two specimens were found in a cave. The
stone stool described above is a fac-simile, except in size, of those sent
by Professor Gabb, the scrolled ornamental band across the stone stool
being represented in one of the wooden ones by an elaborate scroll-
work in relief. The mathematical accuracy in this and other drawings
is no exaggeration of the originals. In the wooden objects,as in the
stone one, the eyes excavated for precious stones are plainly visible,
but the jewels are wanting. (I'igs. 26, 27, and 28.) TIig. 26 is the
tail ornament of Fig. 23, and is somewhat effaced. Tigs. 27 and 28
are the head ornament and scrolled band of Fig. 24. The use of
these stools of state is frequently mentioned by the historians of the
voyages of Columbus. (Irving’s Columbus, i, 194, 234.) Oune of the
provinces of Cuba paid tribute in themn. (Stephens’s Herrera, i, 63, 74.)
Especial thanks are due to Professor Gabb and Mr. Frith for the timely
opportunity of illustrating what was previously a rather dark text to
me.
SPHEROIDAL AND DISCOIDAL STONES.

It is impossible to tell the uses to which these stones were put.
It is something to know that-they show signs of use, and testify that in
the Antilles, as elsewhere in the world, nature has gently led her child-
ren by the hand, furnishing them with their simplest implements ready-
made, and thereby imparting the first lessons of civilization.

17046. A small kiduey-shaped pebble, with natural perforations.

17034. A small egg-shaped bowlder, similar to those used by the Da-
kota Indians ip their flail-like war-clubs.

17058. A spindle-shaped pebble, covered with a deposit of iron. It
seems to have been used in grinding paint.

17069. A spherical stone, diameter 3.6 inches.

17070. A similar stone, 2.75 inches in diameter.

17071. A rough spheroidal stone.

17072. A discoidal granite pebble.

17131. A massive spheroidal stone, diameters 8.95 and 10.2 inches. A
small perforated disk of soft material like soapstone, and carved to re-
semble the spindle-whorls found in various countries is shown in Fig. 29.

BEADS.

17042. An oblong syenite bead, not perforated.
17043. A similar bead to the foregoing. The hole not coming out as
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16982. This specimen is of a dark volcanic material. The face and
feet are both well turned up. The anterior and the posterior furrows are
deep, the left side bulged out, and the bottom slightly hollowed.
Length 11.6, width 4.3, and height 5.65 inches. (Fig. 37.)

16933. A rough specimen made of dark volcanie stone. . The head and
feet are close to the mamma, leaving very slight intervening furrows.
The bottomn is hollowed out. Length 7.3, width 3.6, and height 3.7
inches.

16984. A large specimen, made of white marble. Across the forehead

is a chevroned band, the triangular spaces of the chevrons being filled
with straight lines parallel to the lines of the chevron consecutively.
The right side is fuller than the left, and the bottom slightly hollowed.
Length 12.3, width 5.9, and height 6.35 inches.
% 16985. A dark volcanic stone, broken. The head has a high ridge
running above the forehead, making a deep furrow between it and the
mamma. The bottom is quite flat. Length 11.1, width 5.5, and height
7.7 inches.

16986. A rough specimen, made of voleanic stone. The face and feet
are much flattened out, and the anterior and posterior farrow are broad
and shallow. The left side is fuller than the right. The mamma is
slightly winged, or angular, on the sides, front, and rear. The bottom
is nearly flat, and very rough. Length 8, width 3 55, height 3.8 inches.

16987. A dark-colored specimen, of volcanic material. The head is
grotesque and high-ridged, making the front furrow deep. Across the
thighs is a chevroned band. The feet are twisted around so as to bring
the toes against the rump. The right side is fuller than the left. The
bottom is warped up and hollowed out. There are four shallow cylin-
drical depressions on the mamma on a level with the furrows, one on
either side of the anterior and posterior portions. Length 11.65, width
4.6, height 4.05 inches. (Fig. 38.)

16989. A very smooth bluish-gray specimen. The head resembles
that of a parrot, and there is a perforation through the beak. The
thighs of tlie prostrate figure are ornamented with chevrons and dotted
circles. The right side is fuller than the left, and the bottom elevated
and hollowed out. Length (.85, width 3, height 3 inches. Although
this is a very smooth specimen, the different style of illustration adopted
by the artist exaggerates this feature unduly, in comparison with others
which are hatched in the engraving. (Fig. 39.)

16990. A polished specimen, made of mottled black and white marble,
The head and posterior portion are very much flattened out, making the
furrows lonyg and shallow. The left sideis fuller than the right, and the
bottom is elevated mearly an inch, and hollowed out. Length 10.75,
width 4.3, height 4.1 inches.

16991. A rough volcanic stone. The human figure is not visible in
this specimen, the ends being simple knobs, between which and the base
of the mamma there are slight furrows. The bottom is flat. If we were
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looking for the evolution of higher from lower forms, this stone would
typify the lowest grade, or possibly the starting-point in the departure
from a conical implement. Length 7.9, width 3.4, and height 4.2 inches.

16992, A light-bluish specimen. The head and feet are quite close to
the mamma, making the furrows narrow and shallow. The right side is
fuller than the lett, and the bottom smooth. Length 8.2, width 4,
height 4.45 inches.

16994. A dark, mottled, volcanic stone. The face has been very much
battered by time. There is an elevated band across the forehead, mak-
ing the furrows narrow and deep. The right side is fuller than the left,
and the bottom elevated and hollowed out. Length 7.95, width 3.5,
height 4 inches.

16695. A light-blue voleanic stone. The furrows are almost wanting,
and, as in a specimen previously mentioned, the feet are reversed. The
bottom is very roughly hollowed out. Length 5.6, width 2.4, height
3.6 inches.

16996. This specimen is made of yellowish white marble. The fur-
rows are broad and shallow. The right side is fuller than the left, and
the bottom hollow. The plane of the bottom is also twisted or warped,
due probably to the original form of the stone. Length 108, width
4.6, height 4.55 inches.

16998. A dark volcanic specimen. The head-band abuts on the mam-
ma, leaving a very slight furrow in front, but the posterior furrow is
deeper. On the sides of the mamma are cup-cuttings. The bottom is
elevated and hollow. Length, 6.15, width 3.2, height 2.7 inches.

17000. Of mottled marble. The head resembles that of a hog or pec-
cary, but is grotesque. The feet are human ; the furrows are broad and
deep ; the left side is fuller than the right, and the bottom is deeply
hollowed. Length 12.55, width 5.5, and height 5.3 inches. (Fig. 40.)

17001. A smooth specimen, made of volcanic material. The furrows -
are broad and deep, the right side swelled out, and the bottom elevated
and hollow. Length 8 55, width 4.15, height 4.4 inches.

17002, A rough specimen, made of marble. The furrows are narrow
and shallow, the left side full, the bottom elevated and slightly hollowed.
This specimen is much weather worn. Length 8.5, width 4, height 4ef
inches. ,

17003. A fine specimen, made of white marble. The face is well exe-
cuted, the head-band being wide and ornamented with cup-enttings and
frets. The feet are broken off. Instead of a cymbiform ecavity in the
bottom, there is a deep cup-cutting, around the border of which is a
perfectly cireular furrow. This object has been battered by secondary
use as a pestle. The dimensions are estimated. Length 12.8,width 4.4,
height 3.75 inches. o

17004. Of a rough volcanic material. The head resembles that of a
hog or peceary. The furrows are deep. There are two deep cup-cuttings
at the feet. The left side is full and the bottom elevated. Length 9.65,
width 4.4, height 3.5 inches. '
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cylindrical knobs proceed, looking, again, very much like attachments
for a handle. 17022 is a very rude mask of marble.

COLLARS.

The objects commonly called collars receive their name from their
resemblance to horse-collars, and not {rom any knowledge we have of
their use. There were thirty-five of them in the Latimer collection,
but some were exchanged and sent away before this description was:
written. Four of them are yet in the rough state—so rough, in fact,
that we cannot positively affirm that they were destined for collars,
(Fig. 50.) None of the characteristic marks of the collars are visible.
Assuming this as their probable end, they serve to show what an im-
mense amount of labor it must have taken to reduce a stone of such
great size and hardness to the slender and graceful finished object. The
accompanying table gives their dimensions in inches:

— _ - - b
a . < R} . S . c3
=3 as a4 =3 e
Number. g Ho 8 Hg 28
®E | 28 | WE | 2B | 3F
R — R = o3

9.5 15.3 7 4.5

10. 2 16.9 7 5.5

8. 4 1.7 7.3 5.8

11 17 6.5 3.9

Of those that; are finished there are two classes—the massive oval,
and the slender oblique-ovate, or pear-shaped collars. The latter are-
far more highly polished and ornamented than the former, and some of
the ornamental patterns on the massive forms are reproduced but more:
elaborated on the slender variety, notably the gourd-shaped ridge sur--
rounding the panels. One of these objects is figured in ¢ Flint-Chips,”
p.- 231, but it is either wrongly drawn or represents another clasg
entirely different from any in the Latimer collection. Another is said
to be engraved in Mem. de la Soc. du Nord, containing Mr. C. Rafn’s
report on the *Cabinet d’Antiquitées Américainesa Copenhagen, 1858,”
but I have not seen it. In Scribner’s Monthly, August, 1875, are four
woodcuts of collars pretty faithfully drawn. Both classes are marked
by the presence of a projection or prominence resembling a knot on the
outside of the upper limb of the circumference. This projection, always
midway between the anterior and the posterior margin, is sometimes on
the right side and sometimes on the left. This circumstance gives rise
to two subclasses, the right-shouldered and the left-shouldered. The
other marks which, by their peculiar forms, or by their presence or ab-
sence, give individuality to the different specimens are: the shoulder;
the shoulder-ridge, or fillet; the boss, or swelling at the bottom ; the
right panel ; the left panel; the panel ornament (always most elaborate
on the side opposite the shoulder); the marginal prominences of the
shouldered side; the panel border, or scroll; and the marginal ridge
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an enemy. There is no mention, however, so far as I am acquainted, of
the natives performing human sacrifices. This lashing theory is strength--
ened by the fact that on some of the masks which closely resemble the
-mammiform stones there are cleat-like projections, evidently to be

lashed to a handle. There are no grooves worn in the furrows by a

lashing that I could discover. The bulging to one side of the mammae,

some to the right, others to the left, hints at their use in pairs. Their

elegance of design and variety of execution in conformity with an ideal,

characterize these as the highest type of sculpture with stone imple-

ments in the world.

The collars are quite as puzzling. Their right and left shouldering,
and the more exquisite finish of the panel opposite the shoulder, when
the panel is present, seem to prove that they were to be used in pairs.
Their gradation in ornament, the presence or absence and the form of
certain conventional parts, seem to speak of distinctions of some kind.
Some very interesting indications of the manner in which humanity has
elaborated its culture, guided by the leading-strings of nature, are given
in the course and construction of the ridges and furrows which consti-
tute the ornaments of the panels and the marginal ornaments. There
are no sharp and deep corners, but the furrows wind about in curves
returning into themselves, or run out into some deeper furrow, simply
because a man working with a stone tool cannot make a sharp and deep
corner. Some of the designs on these panels and marginal ornaments
are very ingenious, as may be seen by the patterns given in Figs. 52,
b4, 56, 57, and 60. The same characteristic is noticeable in the scroll-
work of the wooden tools, and in Fig. 43. Such is the form of these
relics of an extinct race; but whether they were the regalia of sacrifi-
cial victims, of military heroes, of ecclesiastical worthies, or of members
of some privileged caste, who marched in double file through the streets
of Porto Rican villages long since decayed, will perhaps forever remain
a mystery. (Stepbens’s Herrera, i, 62.)

One of the objects of this perbhaps too detailed description will be
accomplished, if the light thrown upon this neolithic people by the
Latimer collection shall guide some future explorer among their anti-
quities, if haply he may be able to decipher their meaning.
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to deprive the museums of their entiré collections; and the private
persons who were desirous of contributing their share in rendering the
exposition more perfect had to abstain from sending all their objects,
considering that the corridors of the National Museum, which alone
were at our disposal, are already too narrow for a really complete exhi-
bition representing the entire kingdom.

Objects of stag-horn and bone occur in prodigious number in some
counties, more especially among the remains of repasts, and they are
fashioned with a degree of skill which could only be acquired by long
practice in the leisure hours of savage life. One may see, for instance,
at Magyarad, at Szihalom, at Tészeg, at Szelevény, and at Csépa, objects
of deer-horn and bone by the hundred and thousand, while articles of
bronze and iron are but singly and sporadically met in these localities.

Our characteristic bronze articles are known throughout Europe: it
has been sufficiently demonstrated that they are distinguished by pecu-
liar forms. The numerous utensils, weapons, and ornaments of bronze
bear witness: that the Danubian countries had a civilization of their
own, a fact becoming still more apparent by the quantity of the raw
material and the number and size of the objects of copper. Is it neces-
sary, gentlemen, to recall to your memory that these very articles of
bronze and copper induced you at Stockholm to choose the capital of
Hungary as the place of meeting for this year ¢

It is known that among semi-savage and warlike nations the nobility
indulges in an excessive love of show. Their horsemen carry nearly all
their treasure on their persons and horses, and hence they exhibit an
extravagant taste in their offensive and defensive weapons, as well as
in their armlets, fibul®, necklaces, diadems, and horse-trappings, all of
which are profusely embellished with spirals, with bells of different
forms, with pendants presenting the shape of funnels, &ec. Certain
tubes, often overloaded with the ornaments peculiar to our districts,
also should be mentioned.

In addition to the weapons and ornaments, there are utensils of cop-
per and bronze, designed for digging the ground, for felling trees, and
for cutting crops and brushwood. You will further see the metallic
raw material, numerous fragments collected for being melted, ingots,
molds, and unfinished objects, all of which are indicative of work per-
formed in loco. Indeed, hearths for melting metals are not rare in our
country.*

* During the fourth session of the congress, September 7, Mr. De Pulsky spoke of a
copper age, which, he thinks, can be traced in Hungary. He believes that many imple-
ments in the National Museum, which are supposed to pertain to the age of bronze,
consist in reality of copper. Nine of those instruments having been analyzed, it was
found that they contain no trace of tin. Some consisted of pure copper, correspending
to the native copper of Hungary; others contained a little silver, like certain copper
ores found in the same country. The implements in question most frequently resemble
either the hatchets of woodcutters or the pickaxes still used by miners. These forms
differ, according to Mr. De Pulsky, from the types characteristic of the bronze age, and
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people, and their association in secure places of habitation of great ex-
tent, can furthermore be inferred from the enormous tumuli which one
sees scattered widely apart over the country, and which, for this reason,
have been considered as lookouts for sentinels, or as hills upon which
the Turkish viziers pitched their tents ; for our people ascribe everything
of a strange character to the Turks. Yet these mounds, so different in
construction and character, stood originally by the side of villages or
camps, amid large forests which no longer exist. Even in our time
mounds are met in the primeval forests, from Bakony to Szadzhalom, near
Bakonybél, at Tatika, and in other extensive timbered regions of our
country.

Arriving at the period of iron, that which lies nearest to our own
time, it must be confessed that our relics composed of that metal are
less numerous than those of bronze and even of stone, although these
latter belong to more remote times. This fact will not surprise you
when you learn that until now objects of iron have been totally neglected,
Being in most cases corroded by rust and broken, and resembling, more-
over, very often the implements of the present time, they were generally
undervalued, not only by the common people, but also by the more
instructed, who chiefly prize objects composed of precious metals,
especially when they are well preserved and present elegant and extra-
ordinary forms. Thus it has been until now; but in future these
underrated relics, which are of such importance in their bearing on
archaological questions, will be carefully collected and preserved.

This is all we can say in reference to our progress in archaological
studies.

As for anthropology, it must be confessed that this science has not
been cultivated among us to the extent it deserves. We have not yet a
noticeable collection, and those of our savants who pursue that study
must exert themselves, in order to keep pace with the anthropologists of
other countries. We expect much, however, from the intimate inter-
course that will spring up during this congress.

In general we may state, without self-praise, that for several years the
interest of our countrymen has been increasing. Arch®@ological publi-
cations are dispersed throughout our literature; museums multiply in
the counties in a manner highly satisfactory to the iriends of our science.
I find everywhere collectors of antiquities, and the taste for original
research is growing, as can be inferred from our improvised exposition.
Thus we are entitled to the hope that henceforward our compatriots will
preserve what they find, and that we shall soon possess all the material
required for our studies.

It is true, we have no megalithic monaments; we cannot show you

- kitchen-middens or lacustrine habitations. They are either wanting in
our country, or, it they exist, have not yet been discovered. On the
other hand, we can place before you all that has come to light in our
country within these last years. The liberality of our museums and the
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“ white, like lard, yellow, like chestnuts cooked in the steam of boiling
water, black, like varnish, red, like a cock’s comb or painted lips;” but the
green and transparent variety, more or less deep colored, is by far the
most common. That of a whitish hue partakes of nine shades or grada-
tions of color, from the finest to the commonest. During the years
siou-an-no, the notice adds, there wasat the palace a standard of compari-
son for all the various tints and shades of jade to which all specimens
were subjected when acquired for the emperor, just as now there is a
standard for estimating the different degrees of purity in gold, and es-
tablishing its value.

This collection of notices is not the only work in which are found aec-
counts of different colored jades. Thke Chi-kung, a book of verses, a
collection of odes and songs dating previous to the sixth century before
ourera, and arranged by Confucius, speaks of a celestial blue jade ; and
according to Chi-tchin, who quotes from the Tai-phing-yu-Kian, thereis
found at Lant-hian a lamb-like jade, which is the color of pastel-blue,
whence it appears that the country has received the name of Lan-thian,
signifying the pastel country. The author also undertakes to describe
the sources as follows : The white yn is found at Kiao-tcheon; the red
yu in Fou-yu, a part of Corea; the green yu in the land of I-leon, or
Eastern Tartary; the pale-green yu in Tai-tseou; the Dblack yu in
the western part of the land of Chou, toward Thibet. The Tcheou-li,
when speaking of the coronef of the emperor, says, further, that a band
around the upper part is composed of six colors, and twelve pendants
complete. All of these pendants are composed of twelve pieces of jade
of five colors. Finally the Li-Ki, or book of ceremonies, distinguishes
jade as flesh-colored, yellow, white, red, cinnabar, and deep maroon;
but, as the yn was a chief ornament of the imperial dress, and as it is
to this occasion that the Li-Ki refers, we are led to infer that the word
vu comprised other and different kinds of precious stones, since, at the
present day, there are not found any specimens which correspond in
color to those mentioned in this ancient canonical book.

Now let us return to the jade mine of IKho-tan. The Chinese have
resorted to this city for their supplies of the mineral from very ancient
times. The notices, quoted above, furnish sure proof of the antiquity
of these beds. One of them, on the history of the dynasty of Soung,
relates, in fact, that the embassadors of the King of Yu-thian sent, in
the third year of Kian-te (965,) a tribute consisting of five hundred
pieces of jade and five hundred pounds of yellow amber. The city of
Yu-thian was moreover annually subjected to this impost levied by the
Son of Heaven, as the author of the same notice declares that a year
was never suffered to pass without the exaction and payment of this
tribute.

Finally, in the course of the years Tai-kouan, about 1167-'70, the Chi-
nese desiring to execute some enibellishments, a large mass of jade was
demanded of the King of Khotan. He sent an embassador with aletter,
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in this respect the above-named treatise of P. Amyot, the plates of
which represent many very auzcient musical stones, sculptured in per-
fection, and bearing rings cut out of the same chief mass.

The Chinese comedy, entitled “The Accomplished Soubrette,” informs
us that the sonorous stones servelikewise as ahydraulic clock. ¢ Observe
that the drop of water falls on the clepsydra of sonorcus jade,” as Fan-
son says to Pe-min-tchong.

In the first chapter of Choui-hou-tchouen, or History of the Barks of
the River, a comic romance exceedingly relisbed in China, a description
is given of a feast given by Siao-wang, governor of the imperial palace,
to the Prince Touan. That description is, in many respeets, very curi-
ous, and shows to what extent objects of art sculptured in jade were
sought for in the twelfth century of our era. At the second course
it is related ¢ that the Prince Touan, rising from the table by chance,
passed into the library, where hie saw, on the bureau of the governor, a
paper-weight, representing two small jade lions, most admirably sculp-
tured. As works of art, in fact, these works were perfect both in the
polish and design. The Prince Touan, who had taken up these two small
lions to examine them with care, and could not relinquish them, hold-
ing them in his hands, he fell into an ecstasy whilst contemplating them,
and exclaimed without ceasing, ¢ It is a master-piece ; most wonderful.”
«“I have, besides, a crayon-holder,” says the governor, having noticed
that the prince took such pleasure in looking at his paper-weights, ¢it
is in jade, and represents a dragon, and the same artist sculptured it.”
If we are to credit IFather Mailla, all these details are of high historic
fidelity. Tchao-ki, Prince of Touan, who became emperor under the
title of Hoei-tsong, is represented as a prince naturally curious and 2
lover of rare works well executed. A trifle of this kind held his atten-
tion for whole days. The courtiers, who had observed this weakness in
their monarch, searched through the country for the most interesting
paintings, the most curious cut stones, and the rarest mechanical works,
to offer them to the emperor.

It is principally in the execution of vases of jade that the skill of
Chinese artists shines forth. The quantily of them to be met with is
immense, from flasks, in which they keep snuff, to drinking-cups and
incense-burners, all showing to what perfection the art of cutting, sculp-
turing, and polishing hard stones in China has attained. -

Among the drinking-cups we would mention principally the kia,
vases made of precious stone for containing wine. A cup of this kind
of the period of Tcheou, 1122 B. C., was made known to the world, dur-
ing the last century, by the Emperor Khien-loung, and is described in
his ‘““Ancient China,” by M. G. Pauthier. The poet Tsiu-tsan seems to
allade to this class of cups when he says, in his ‘“Improvisation before
the Flowers,” “the perfume of these poor flowers penetrates into the
cups of jade and is embalmed in the wine of autumn.”

With those may also be ranked the vessels or dishes for service at
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To comprehend the patience and the incredible resources of oriental
workmen, oune has but to cast his eyes upon certain antique pieces in
the Morny colléction, as described by M. Albert Jacquemart. For ex-
ample, a jade has been fashioned into an open chalice, surmounted by a
squatting Buddhist figure, or Hindoo. The cup is supported by three
eagles with extended wings, each one holding in its beak the figure of
a lamb cut out of the same mass; their talons rest upon scroll ornaments
which re-enter the base, and, terminating by three balls, serve as a stand
for the whole. The whole work stands out so distinectly and the under-
cutting is so deep, that one fears to see it fall to pieces at the slightest
~ouch. Two small vases, one of them without mounting of any sort and
the other hanging in its Kia-tse of carved wood, appear more wonderful
still; besides the body of each vase and its lid, there is worked out from
the same nass of jade two movable rings, attached below to the handles
of the vases, and above to a cross-piece in shape of a yoke, on which is
clasped a gilded or enameled bat, which forms the point of suspension.

If we contemplate the mechanical difficulties of every kind which at-
tend the working in this hard and tough stone, to be honey-combed
with the diamond-pointed drill and polished with emery, we may begin
to appreciate the merit of such complex works and the time which is
expended on them, for, as we have already observed, almost the entire
life of a man is required to reach a good result by the laborious and
patient Chinese.

The Tchou-li, or etiquette regulations of Tcheou, twelfth century B. C.,
preserves for us some ancient usages relative to jade. Thus the great
administrator-general, Ta-tsai, serves as an assistant to the emperor in
some details of official receptions, as ¢ the homage of jade and precious
stuffs, the offerings of jade presented, the jade throne, and the jade vase.”
The orientalist, Edouard Biot, to whom we owe the first translation of
this important code, adds the following comment: ¢ The rare produc-
tions which princes bring from their kingdoms as offerings to the sov-
ereign are placed in jade vessels. The seat or throne of jade supports
the emperor as he sits on the hassock or cushion. When he rises, the
seat of jade is set forth as a mark of honor, and those who have come
to pay their homage are invited to drink from the vase of jade. In the
case of funerals, the same officer attends to receive presents in jade made
to the defunct prince and the piece prepared to be placed in his mouth.”

The treasurer, Ta-fou, has special functions to assess the value of the
first-class objects of gold and jade. Next to him is the officer placed
over the magazine of jade, (infoun,) and charged with keeping gold, jade,
and all other precious articles which are the property of the emperor.
The yu-jin, those who work on jade on the palace, are also under his
direction.

A few words now upon artificial jades. According to the words of
Telfasehi in his ¢ Kitab-al-Ahdjar,” or ¢ The Book of Flowery Thoughts on
Precious Stones,” a Persian treatise in Arabic, the ¢ yeschm,” (Persian
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shape like the first described. The mounds of No. 2 are on the east
instead of the west side and are much smaller. The size of No. 2 is 120
feet by G0 feet.

The results of No.1 were too unsatisfactory to induce me to make
any excavation of No.2. In the mean time I had examined No. 3, about
three miles distant from No. 1, and on the other side of a high mountain
ridge, which at that place runs tongue-shaped into the plainof Guatemala.

No. 3 was larger than either of the others, and has the mounds now
much reduced in height by continual cultivation and washing on the
west side. These are all the rectilinear works or embankments that I
have found or been able to hear of in the plains of Guatemala. No. 3,
however, is peculiar in this, that it commands a view of a small plain,
partly inclosed by nature and art, which has some mounds and stones
in it that are certainly singular if not interesting. This plain, partly
inclosed as stated, is in the form of a parallelogram, with its long sides
running north and south or nearly so.* Itcontains some curious stones
placed, evidently by design, in north and south lines, or nearly so, and
most if not all of them roughly wrought. I had been anxious to see
this, but had been deterred because I had heard it was almost inaccessi-
ble. One of the stones is a corner post in a street of the city, and two
others I had seen and examined in the yard and cattle lot of the hacienda
of Naranjo. Upon inquiring where they had been brought from, I was
told that the spot was about three miles in a straight. line from Guate-
mala, but impossible to reach on horseback from the city, as impassable
“barrancas” or cailons intervened. It was noticed the stones seen
had all been wrought into six-sided posts or columns and were of a
dark-colored species of granite.

In the partly inclosed plain there are three rows of stones still
standing in the ground. On the east a large isolated hill rises from
the plain to a height of probably 300 feet, which is so much the shape of
an artificial mound that its size and an examination of its surface
only prevent me from believing it is the work of man’s hands.

On the north side are several large mounds. On the west is an unu-
sually large oblong-shaped mound facing the hill or mountain on the
east and opposite to it. The distance of the bases apart is about 600
yards.

On the right and left of this oblong-shaped mound is a continuation
of smaller mounds, two of them apparently connected with it, and the
others disconnected. This range of ‘mounds extends a distance of sev-
eral hundred yards, so as to form, as I think, the west side of the inclo-
sure.

On the east side is higher nataral ground than the plain, and on the
southeast side, with its shorter side toward the plain, is the rectilinear

* The variation from a due north and south line, according to my compass, was
about 5° to the west, and this variation seems to be uniform in all the mounds and
lines of stones herein mentioned.
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So far as I can learn, the English minister who accompanied me on
my first visit to the place, and myself, are the first foreigners who have
visited the spot. This ruin is not mentioned in any work on Central
America that I have ever had access to; but there is a tradition that a
large Indian population lived around the base of the high mountain
ridge shown in the sketch.

COLLECTIONS OF HISTORICAL DOCUMENTS IN GUATEMALA.

By DrR. C. H. BERENDT.

The city of Guatemala having been for nearly three centuries the
seat of the colonial government of the ¢ Kingdom of Guatemala,” (com-
prising parts of actual Mexico and the other Central American republics,)
a vast amount of documents has been accumulated and carefully pre-
served by the various departments of administration, by the municipal-
ities, and in the convents and churches. After the separation from the
mother country, and with the suppression of the monastic orders, they
have become the property of the government and of the publie libraries.
Their extent and importance are but imperfectly known, but, to judge
from what scientific travelers occasionally report, from what we glean
from the works of the few native scholars which have reached the sci-
entific world abroad, and from what I have seen myself during a month’s .
sojourn in the capital, it is safe to say that they contain many rare and
unique documents whose study would considerably extend our knowl-
edge of the history of this continent, particularly regarding the periods
of the conquest and of the Spanish dominion, and also of the condition
of the country and people before the conquest. I heartily concur with
Mr. Williamson in the wish that these treasures, by carefully-made
copies, might be made accessible to other students besides those who
happen to visit this country. There is a particular reason for wishing
that such may be done soon, as else it might be too late. The actual
government of Guatemala, wide awake as it seems to be to the material
progress of the country, is strangely neglectful with regard to the pres-
ervation and utilization of those scientific treasures. At the simple
request of a foreigner, a German residing in Nicaragua, a considerable
amount of most valuable original documents have lately been given
away, with astonishing coolness, as so much waste paper, to the Nica-
raguan government, which never asked for them nor will care to pre-
serve them. It isto be feared that invaluable sources of information
may thus be lost forever if not saved from perdltlon by transcripts |
made in time.

The MSS. to be found here are scattered through a number of archives
and public and private libraries. Of important works one volume be-
longs to one individual, another is found at another place; of some only
parts or fragments are remaining. The principal collections are—

.
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would be willingly granted. The person recommended by Mr. William-
son for making the transcripts (Don Francisco Gavarrete) is fully com-
petent for the task as to the works written in the Spanish language.
A translation into English seems not advisable. Whoever wants to
study the history, ethnology, linguistics, &ec., of Spanish-American
countries, must, from necessity, understand the Spanish language, and
if he does not, he ought to begin by learning it. The work of copying
the writings in Indian languages requires a scholar conversant with
them and accustomed to decipher the often illegible old manuscripts,
or the copies would be worthless. The same may be said with regard
to the arduous task of selecting from the unknown contents of those
archives such as would be worthy of the trouble and expense of copy-
ing; it would require a person familiar with the literature of this spe-
cialty, particularly the various Spanish, Mexican, and other printed col-
lections of historical documents, to avoid copying writings which already
exist in print.

Regarding excavations to be made in the neighborhood of the city
of Guatemala, I have no opinion to give as to the probability of their
success. In the wide valley-plain around the city, and particularly to.
the west, at thefoot of the mountains of Mixco are many small mounds,
some of them grouped together, forming lines here, squares there; and
antiquities (principally clay and stone implements) are occasionally
found. Some of these mounds may be of a sepulchral character, and in
that case they may contain interesting objects of antiquity. There is
certainly a great deal of work still to be done in American archaology,
and no part of the continent has so great an interest for the student as
the region inhabited by the nations of the Maya-Quiché family, for bear-
ing testimony of the highest pre-Columbian civilization of this continent.
The distinguishing features of antiquities belonging to this group are
far from being satisfactorily established, and any additions to our knowl-
edge in this regard would be highly acceptable. But the difficulties in
reaching results from partial researches upon a ground which has been
inhabited successively by tribes of various nationalities and different
degrees of civilization, and, on the other hand, the tendency of the
day, by which the prehistoric man of the old world absorbs all the
interest and attention of students, even in institutions which are ex-
pressly dedicated to American archaology, are great obstacles in our
way, and convince us that the time has not yet come—as certainly it
will and must come—for a co-operative and successful working of this
branch of American science. If, however, the Smithsonian or any other
museum or academy were willing to defray the expenses of digging for
antiquities, I think ihere might be named hundreds of other places in
Central America more likely to give returns than the neighborhood of
the city of Guatemala. Mr. Osbert Salvin, the ornithologist, dug up
one or two of those Mixco mounds not more than a year ago, but, as I
am informed, he found nothing therein of antiquarian interest.
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Three instances of the representation of birds were observed, and one
of an animal like a lizard.

That these mounds were intended to represent animals can be seen at
a glance, but what particular genus of animal is seldom so evident. In
general, all that is plainly seen are the head, neck, body, and legs of an
animal. Sometimes there are added to them, ears, horns, or a tail, the
two latter being quite infrequent.

Localities of the mounds.—The following description of the several
localities where mounds were seen, with a few explanatory remarks, will
convey an idea of the former works of the mound-builders, and the sites
selected by them for their tumuli.

1. 8. B. § of N. E. 1 of sec. 36, T. 4, R. 2 Ii.—Five straight mounds,
each about 50 feet long, situated in a direct line coinciding with the
axis of a low ridge on which they are built. This ridge is the terminus
of along divide between two branches of the Pecatonica River. The
mounds are about 200 feet from the eastern branch and about 30 feet
above it. As a dwelling-site it would have been very convenient.

2. 8. W. 1 of sec. 25 and N. E. } of sec. 26, T. 4, R. 2 E.—Proceeding
in a northwesterly direction from the preceding locality, and following
the crest of the same dividing ridge, numerous long mounds are seen
Iying parallel to the axis of the ridge. This land is now under cultiva-
tion, and the mounds are nearly obliterated.

3. N. W. % of sec 22, T. 7, R. 4 W.—On the summit of a bluff at the
junction of the Green and Wisconsin Rivers a straight mound was ob-
served ; it is 200 feet long, 2 feet high, and 6 feet wide. From this point
a beautiful view of the valley is obtained. No other mounds of any kind
were found near it.

4. N. W. } of sec.25,T. 7, R.5 W.—A¢t the mouth of Dry Hollow
and near the bank of a bayou of the Wisconsin River, are a number of
mounds, both long and round, scattered abont without any apparent
order of arrangement.

5. 8. W, 1 of sec. 26, T. 7, R. 5 W.—Proceeding down the valley of
the Wisconsin to a deserted farm known as the ¢ Schlundt place,” sev-
eral long mounds were seen on the road, lying parallel to the foot of the
bluff, and a few yards from it. At the Schlundt house, one long and
three round mounds were seen, one of which is quite conspicuous for
its size. It has the form of the frustum of a cone; the diameter of
the base is 40 feet, the diameter of the upper surface 28 feet, and the
height 4 feet. Inthe center of this mound a cottonwood tree 17 inches
in diameter is growing. The appearance of the mound indicates that it
has been cut or worn down several feet, to make its upper surface level;
and that the tree was subsequently planted, perhaps for shade. The
mound is constructed of sandy clay, which, however, contains much
less sand than the adjacent ground. The material of which the mound
is constructed may have been brought from the bluff, which is not far
distant. About 100 feet south of this large mound, is a small circular
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to Bridgeport three straight mounds were found, from 100 to 150 feet
long. The mounds lie at the foot of the bluff, and parallel to it, about
15 feet above high-water mark, with a bayou of the Wisconsin in front
of them and but a few yards distant. Nothing particular was noticed in
their mode of distribution.

9. S. E. 1 sec. 14, T. 6, R. 6 W.—Quite an extensive group, consisting
of an animal form, three oblong mounds, and a number of small round
mounds is to be seen at this locality. They are situated about half a
mile above the Wisconsin River bridge, at Banfill, on a raised, level
! piece of land, near the foot of the bluff. The land was formerly under
cultivation, but not for a sufficiently long time to injure the appearance
of the mounds. The effigy-mound is quite large, and appears to be the
central figure, around which the others were grouped, and was probably
the first earthwork constructed. It is quite large and well proportioned,
with the head thrown up and forward and the legs bent forward and
backward. It seems designed to represent some animal in a springing
or jumping posture. At the intersection of the body, neck, and fore-
limbs, a hole was sunk 6 feet long by 3 wide, by Messrs. Rice, Mitchell,
Thompson, Haven, and myself. Nothing was found, except that the
mound was constructed of a very hard, and compaect clay, quite homo-
geneous throughout, and apparently the same as the underlying soil,
into which we penetrated about 18 inches.

Abandoning operations on the effigy-mound, we next excavated one
of the circular mounds by means of a trench about 2 feet wide, carried
infrom the circumference to the center on the same level as the adjacent
ground. On reaching the center a human skeleton was found, the bones
of which were so brittle and crumbling that no perfect ones could be
obtained. During the exhumation the following facts were observed.
The process of burial had been as follows: The body was seated on the
level ground with the face to the west, and the legs stretched out in the
same direction, but not separated, the knees not being at all drawn up.
The body and head were erect and the arms placed by the sides. The
mound was built up around the corpse in this position. Since then the
process of decay, by removing the soft internal parts of the body, had
permitted all the bones of the skull and ‘body to fall down into and on
the pelvis, where most of them were found confused and mingled together,
compacted in a hard dark clay, from which the bones were separated with
much difficulty. Parts of the tibia, femur, pelvis, ribs, and skull were
recovered, together with parts of the jaw-bones, and numerous teeth.
The jaw-bones and teeth were in the best state of preservation of any
obtained, the teeth being especially so. Several loose teeth were found
belonging to the upper jaw, and the lower jaw still retaining most of its
teeth. They indicated an adult individual, and were, without exception,
flattened and worn smooth on their grinding surfaces.

The clay of which the circular mound was constructed was somewhat
' difterent from that excavated in the effigy mound. The upper part of
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They were buried near the bank of a small ravine, within a few miles of
the Kaskaskia River; and, from the wear and hard service of which
they bear signs, it is inferred that they constituteda kit of tools” cached
until further needed.

The anthor of ¢Antiquities of the Southern Indians” inforimed me
that he has frequently found these disks also about old Indian camping-
grounds, along the water-courses of Georgia. Consequently they nust
have been tools in common use by tribes inhabiting a wide range of ter-
ritory.

The deposit briefly noticed, on the authority of Dr. P. R. Iloy, in
Lapbam’s “Antiquities of Wisconsin,”* consisted of about forty disks,
scarcely differing in any respect from those last mentioned, and exhibit-
ing the same unmistakable indications of hard usage. One of these
ilints from a peat-bog near Racine, Wis., was given to me by Dr. Hoy,
who told me that the specimen, thongh equal in size to any of the forty
others found with it, was different in shape from the rest, having one
end broader, while all the other specimens were nearly round or oval.

Mr. John P. Jones, of Keytesville, Chariton County, Missouri, coin-
municated to me some particulars of three deposits of fint implements
which at various periods of time were brought to light in the neighbor-
wood of his home. The first was a store of spear-heads and arrow-
points, several hundreds in number, which he was too late to secure or
satisfactorily examine. The weapons were all new, a fact conclusive
that here had been the arsenal of a tribe, or the secreted stock in trade
of another primitive American merchant. Better fortune attended Mr.
Jones in the discovery of a second deposit, consisting of seventeen new
flint knives, as the greater number of them fell into his possession.

A third deposit, described by Mr. Jones, was discovered in the valley
or “second bottom ” of the Chariton River, and contained about fifty
small, flat, ovoid, pointed flints. They had been stuck into the gronnd,
point down, in concentric circles, and were then covered with earth,
forming over them a low, flat mound 12 or 18 inches in height by 5 or
6 feet in diameter. These implements had been in use for a long time
before receiving their final interment. Some were gapped on the edges,
and all were to a certain extent polished.

The deposits of stone implements in the ground, to which I have re-
ferred, are but a few representative instances of the kind from a great
number discovered in all parts of the United States. In the cases I
have cited, the intention of the person making the deposit is at once
apparent. The property was placed in the ground to hide and thereby
to secure it. Those implements found which bear the marks of use are
such as were not at the time needed, and were hidden away until again
wanted, or for safe-keeping during the temporary absence of the owner.
The new or unused articles, it is presumable, were the stores of traders

* Pablished by the Smithsonian Institution. 1855. Pp. 8 and 10.
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inches, their width 4 inches, and they are three-fourths of an inch
thick in the middle. Their average weight is one and a half pound.
The fixed pattern which they are all intended to approximate is an
ovoid with pointed apex and regularly curved base. Many of
them are flat; others are a little concave on one side and convex on the
the other, though a very large majority of those I have examined are
equally convex on both sides, and all are carefully chipped to a sharp
edge all around. They were all made from globular or oval nodules of
black or dark-gray bornstone, which were first split open and each part
again split or worked down by chipping to the shape and size required,
In several of the specimens the first fracture of the nodule forms the
side of the implement with but slight modification beyond a little trim-
ming of the edges. Many of them retain in the center the nucleus
around which the siliceous atoms agglomerated to form the nodule. In
a few the nucleus is a rough piece of limestone; in others it consists of
fragments of beautifully crystallized chalcedony, surrounded by regular
light and dark circles of eccentric accretion, and the exterior of the
rock was encrusted with a compact, drab-colored calcareo-siliceous coat-
ing balf an inch in thickness, which in some of the specimens has not
been entirely removed. Nearly all the Beardstown disks were rough-
ened and discolored with patches of calcareous concretion almost as
hard and solid as the flint itself, indicative of undisturbed repose in
their clay envelopes for a great period of time. The raw material of
which these objects were wrought was imported from some locality re-
wmote from their hiding-place. An Illinoisan myself by birth, I have
nowhere in this State, during thirty years’ observation of its geology,
found any number of hornstone nodules in any of its strata. Among
the disks of the sacrificial mound at Clark’s Work, Ohio, nodules of
hornstone were found,* but none, so far as I could ascertain, were
met with in the I'rederickville deposit, and I am certain there were
none with the Beardstown flints. The nodules of hornstone found
buried at 13ast Saint Louis, near the deposit of agricultural flint imple-
ments,t are the same in texture and color as all the disks. Nodules of
this variety of flint, I am inforined, are quite common in some parts of
Indiana, and I have often seen them in Southwestern Missouri.f Mr.
Squier thinks the Ohio disks drew their supplies of flint from a locality
known as “IFlint Ridge,” which extends through Licking and Muskingum
Counties in that State. ¢ This ridge,” he says, ‘“extends for many miles,
and countless pits are to be observed throughout its entire length, from
which the stone was taken. These excavations are often 10 or 14 feet
deep, and occupy acres in extent.”

The buried flint nodules of East Saint Louis are the only ones of the

*Ancient Monuments of the Mississippi Valley, chapter xiii, page 214.

t Smithsonian Annual Report for 1868, page 403.

1 See remarks on ““ 0ld Diggings,” pages 98 and 205 of 1 and 11 Annual Reports of
the Geological Survey of Missouri, by G. C. Swallow, State geologist»‘, Jefferson City,
1855.
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into general use, as all yet discovered were new, and none have been
found isolated, as we find specimens of all other objects of stone used by
the people, who we feel certain also made and deposited the disks.

The most rational theory in explanation of the disks in the mound at
Clark’s Work is, that they were deposited there in obedience to some
superstitious or religious idea; especially when viewed in connection
with the strange contents of the other mounds in the same inclosure.
But why similar disks, which we have the best reasons to believe were
from the same locality and made by the same people, should be trans-
ported to the banks of the Illinois River, and there receive final entomb-
ment, is not so easy of interpretation.

Until further research has thrown additional light upon the origin
and design of these curious flints, they are entitled to be ranked among
the most interesting and problematical of aboriginal stone implements.

ANCIENT MICA MINES IN NORTH CAROLINA.
By C. D. SwrTH, of Franklin, N. C.

Among the remains found in the mounds of the Mississippi Valley,
mica has been mentioned. While some of it was perhaps used for
ornamental purposes and as mirrors, it is a probable conjecture that
it was largely used in the religious rites of the mound-building race.
That found over the faces, or breasts, or over the whole skeletons had,
no doubt, attached to it something sacred in the minds of the race.
The supposition that much of the mica found in those ancient mounds
was employed in the religious ceremonies of the race, suggests the high
value placed upon it, and the immense labor employed in procuring it,
as well as the great distance to which it was transported, sustain the
idea that there was more than an economical or commercial value
attached to it.

Prof. Charles Rau suggests that the mica found in the western mounds
was probably obtained along the southern spurs of the Alleghanies.
This is, I have no doubt, correct. For here we have ancient diggings
which were open excavations. Some of these excavations are of large
proportions, and must have employed a large force and a series of years
in their accomplishment. I have not seen the slightest trace of mining
work for any metallic substance or ore. There are a great number of
these ancient excavations, and they were evidently all made in mining
for miea, with the exception of a few made in soapstone beds, where the
aborigines no doubt obtained the material for their stone pots. The
largest of the excavations in steatite which I have seen are in Tallapoosa
County, Alabama. There are several ancient mica diggings in Mitchell
County, North Carolina. Gen. T. L.Clingman, some twenty-five or thirty
years ago, supposing that these old diggings were the work of De Soto
in search for silver, had one of the old pits opened, and instead of finding
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that the débris of wood cropping from the clay might be of other than
modern growth, one trunk of a tree, which projected over the water at
a low angle, just above the water-line, attracted, by its peculiar form, a
passing glance. It produced a quick transient impression of having
been artificially wrought for some purpose. DBeing in quest of game at
the time, I gave it no thought as to what it was or how it came there.
Afterwards I returned to it with awakened interest, and made a careful
examination. It projected frown the frozen clay, a straight trunk, about
5 feet long aund 14 iunches in diameter. Its outer end was irregularly
broken and splintered. The lower side of the log was of natural cylin-
drical form, but destitute of bark. The upper side was flattened into a
shallow trough, about 10 inches wide, and 3 to 4 inches deep, with flat
bottom and flat sides. Take a common wooden lead-pencil and split it
along the glued seam; pry out the slip of black lead, and the piece of
wood which contained it will resemble the log described. The log would
be different in these respects, that the groove would be wider in propor-
tion to its deptl, and the edges would be rounded and not sharp. The
wood was sound and smooth, and on being chipped presented a grain
like pine. If this tree was a windfall and came to its present form and
position by natural causes, this smooth, true groove is an anomaly to
be accounted for. Timber naturally splitsinto longitudinal flat sections;
not accurately, of course, but approximately. Sometimes, however, a
cleft will follow one of the annual rings, in which case a gouge-shaped
shell is produced. But a natural cleft that would form a groove with
flat bottom and sides, smooth, and free from splinters, would be very
rare. A groove formed by decay would present a rough and unsound
surface. If, on the other hand, we assume that this groove could not
have been fashioned thus shapely by natural cleavage, the theory of
human workmanship is not substantiated by any manifest design.

The log being only about 14 inches in diameter, does not contain the
necessary timber for a dug-out cance. It offers some show of human
handiwork, and yet the evidence is unsatisfactory. There is no such
obseurity about the mallet, whereof the age and origin are uncertain,
but not the artificial fashion and design. It is a mallet. Whatever its
age may be, it is difficult to evade the evidence that it had a burial
coincident with that of the forest growth with which it was associated,
and that that forest growth is ancient. At first view, the evidence
might appear to be all the other way. What is there along the alluvial
banks of this portion of Connecticut River that can tarry long enongh
to become ancient? Everything within reach of the stream is traveling
southward. Any castaway of the farm or factory, if it can float, is lia-
ble to come from Vermont or Massachusetts to our shores, to be lodged

ment, when a good view of the locality could be had. The melting of the snow was
foliowed by a rise in the river, and the clay is now below the water-line. In a view,
photographically correct, the geological features of the place would be more masked
by grass, shrubs, and stumps of modern trees, adhering to sods fallen from the top of
the bank.—(March 27, 1877.)
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tion of the reservation prevents bad white men from visiting it to any
extent; on the other hand, the few whites owning hay-ranches along
the Truckee set them a poor example of thrift and industry, and, as
usual in the vicinity of reservations, are ready to prejudice them against
the agent and his subordinates. The enormous amount of sawdust
formerly thrown into the Upper Truckee was destructive to the fish ;
and, on the other hand, the citizens complained that the agent, or the
Indians, by his permission, built fish-dams in the river, which totally
prevented the fish from ascending from the lake to points where they
would be accessible to the settlers. The irrigating appliances have not
been managed well; a number of ditches have been constructed or
attempted at various times, which began too low down to give the water
sufficient elevation to irrigate any considerable amount of territory.
Consequently the amount of cereals produced (no vegetables are raised)
has been small, and the supply precarious; and the Indians have had
to replenish their larders largely from their own resources—from their
earnings in the fisheries or from aboriginal products. I judge that not
more than half of their yearly consumption has been produced on the
reservation. )

Many of these Indians labor willingly for the whites, and they fre-
quently solicit and obtain permission to go off the reserve and hire
themselves to the ranchmen about Reno and in Carson Valley, or to work
in the lumber-mills and chutes, for which they receive from $1 to $2 or
$2.50 a day, according to the season and the emergency. Indeed, a very
large proportion of the very small amount of agricultural labor done in
Nevada is performed by the Piutes. In the towns and mining camps
many are employed in washing clothes or washing dishes. A Piute
man dislikes to wash clothes, but he will wash dishes quite readily.

The disposition of the whites toward these unfortunate people is
generally friendly. Indeed, with the indiscriminate generosity charac-
teristic of the Pacific Coast, there is too much readiness to give them
cast-off clothing and fragmentary victnals from hotels and restaurants,
instead of furnishing them an opportunity of turning an honest penny
by labor. Consequently, numbers of them are seen about the streets
of most towns in Western Nevada, in a condition of filth and ragged-
ness, incessantly playing cards—a nuisance and an eyesore.

Hard by, in the suburbs of the town, they have their wretched habita-
tions, consisting chiefly of sage-brush piled up in a circle, and from
these they come to town early in the morning, and return at nightfall.

From Pyramid Lake I returned to the railroad, went to Reno, and
thence to Susanville, Lassen County, California, arriving there October
6th. There are only a few Indians around this town, and all these belong
to Big Meadows and Indian Valley, the aboriginal inhabitants of Honey
Lake Valley being now extinct. The line between the Piutes and the
California Indians was near the north end of Honey Lake; nowadays
the Californians range freely wherever they will, but no Piute dares
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Pine-nuts rank second in importance. Every tribe has its own pine-
nut district, on which it is unlawful for another to encroach ; for in-
stance, the Carson River Piutes are entitled to all the pine-nuts on
Como Hills; those on Lower Walker River to the product of Pine-nut
Valley, &c. They frequently cache their supplies in the gravel of a
high knoll or hill ; it rains so little in Nevada that they receive no detri-
ment.

In the winter and spring they dwell on the high gravelly headlands or
the mesas to escape the flooding of the streams and the gnats and mos-
quitoes; but toward autumn they are accustomed to remove down to
the lowlands and make their rude wickiups of brushwood among the
shading willows and cottonwoods.

As I said above, the Piute women are accounted comparatively vir-
tuous. Theft also is not so common as among the California Indians.
Frontiersmen relate that if they happened to come upon a white man’s
camp during his absence they would sit down and patiently await his
return, lest, if anything should chance to be missing, their tracks might
accuse them and bring them to grief, though innocent.

Returning from Walker River to Virginia City and Carson, on the
25th T left the latter for Lone Pine, in Inyo County, California, On the
27th I reached Independence and remained two days. All the Indians
in Owen’s River Valley belong to the Piute nation distinctly, though
there never was any solidarity or community of feeling in this nation, and
the different sections or tribes were sometimes at bitter fend with each
other. They have the same general habits as the Piutes of Walker and
Pyramid Lakes, but are perhaps somewhat lower in the scale of intelli-
gence and morality. In the case of the Washoes we have a tribe who
have crossed the summit of the Sierra Nevada, migrating eastward ;
but here we find that the Piutes of Inyo County, locally called Monos,
(or by the California Indians Mon4chees,) have crossed the sierra in the
opposite direction, and pushed their invasion of California nearly down
to the edge of the great San Joaquin plains.

Among the articles composing their food-supply are the edible worms
or larvee found on the shores of Owen’s Lake, and which spring from
the eggs of a fly belonging to the genus Ephydra, but whose species
does not seem to have been yet determined. Some are eaten raw, and
are of a rank and oleaginous taste; others are made into soup. Among
other things it is said that these Indians formerly ate a kind of mush or
panada made from the seeds of the jimson weed, (Datura meteloides,)
from which the poison was extracted by long steaming under ground..
They also ate snakes of different kinds. The reptile was, while yet
alive, impaled lengthwise on a stick and held writhing over the fire
until broiled.

I colleeted here a few fragments of pottery made by a prehistoric
race; and there are several inscriptions at different points from Bishop -
Creek to Owen’s Lake, and in the cafions east of this lake, reaching
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defeated, and some of their bones and a skull perforated by arrows were
found in 1870 by officers of the Tenth Cavalry.

By referring to Figure 2 the advantage of the disposition of the forts
will be seen. The Figure 2.
bank along Med-
icine Bluff Oreek
is about 100 feet
high, that over
the bottom where
the corn-tields
were located is
about 80 feet,
and that on the
opposite side of
the plateauabout
60 feet. A path
comes up the
shorthollow from
the corn-fields,
and there is a
spring below the
high creek bank.
A naked bar ex-
tends on the op-
posite side of the
creek. The corn-caches are in the center of the villages. According to
Es-sad-dowa the Pawnees, to the number of 500, attacked them in the
manner shown by the line with dots. This enabled every fort to fire
and cross-fire on their line, and as there were about 400 men, women,
and children in the forts, and as about 275 of this number could handle
the bow and were firing on the line, the Pawnees, after getting inside
the town, and unable to penetrate any of the houses, were repulsed
with considerable loss.

The Pawnee tribe, of which the Wichita is an off-shoot, formlery
constructed houses nearly similar to those above deseribed and also
subterranean habitations. Of the latter, Col. A. G. Boone, the veteran
frontiersman, told me that in 1825, Figure 3.
when going to the Rocky Mountains
with Ashley’s trapping party, they
came across quite a large village of
Pawnees on the Platte. He described
the houses as being about eight feet in
diameter, neatly lined with grass and
buffalo robes, and each forming the
habitation of a family. He made a
section view of one of them, as shown in Figure 3

Fortified camp of the Wichitas,
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when at war, depend-on their improved fire-arms. The arrows are made
of straight, hard-wood sticks, feathered at one end and pointed with
sharp iron heads about 2 inches long. They can send these arrows with
such force as to drive them through the body of a buffalo. Years of
practice have made them very expert in the use of their bows, which
are really formidable weapons in dry weather, but when the bow-string
becomes damp they are not so serviceable. They all like large hunting
or scalping kuives, which are used for almost every purpose, and they
would feel utterly lost without them. The squaws have wide belts in
which these knives are worn, the belts thewselves being ornamented
with brass nails. This belt appears to be the badge of servitude among
all classes of Indian women. Sitting Bull, a warrior of the Ogalallas,
(not the great chief of that name, however,) had a long lance on which
he had placed three knife-blades, and when the Indians at the agency
became too unruly about the buildings he would use the lance to
a good purpose. On account of his lance he was sometimes called
Three IKnives. He was one of the guards for the agency, and on sev-
eral occasions proved to be a genuine friend to the white people. There
was a guard of two Indians from each band at the agency, who acted as
policemen.

The Sioux like buckskin shirts and leggings, which are ornamented
with fringes of the same material. Blue blankets are much worn, and
the more heavily an article of dress is adorned with beads the better it
is suited to their tastes. Some of the buckskin coats are stiff with bead-
work, and are really beautiful. Large silver ornaments are also worn
on the necklaces, being shaped like circles, crescents, crosses, and stars,.
Silver beads are strung together, and frequently are of great value.
These Indians do not retain the scalp-lock, but let the hair grow long
all over the head, painting it with vermilion, and wrapping the long
ends in mink and marten skins. Many of them wear black hats which
they adorn with feathers, beads, and bright-colored bands. The moc-
casins are worked with beads and porcupine quills, brightly tinted,
and are sometimes very beautiful. The women wear garments made of
buckskin with long skirts. Their hair is allowed to fall down their
backs, and the place where it is parted on the top of the head is well
painted with vermilion. In painting the face, the Indian dandy exer-
cises all his ingenuity, and daubs on lines, circles, and curves in the
strangest possible manner. Bracelets, too, of brass wire are also worn
on all occasions, and ear-rings add luster to their wonderful toilets. No
people on earth take more pains in adorning themseves than the young
Indian bucks, and the greatest pleasure they enjoy isin admiring them-
selves in the looking-glasses which they always carry about with them.

An Indian thinks himselt only half dressed without his horse, and
when he is mounted with his war-bonnet on is indeed a handsome sight.
This war-bonnet is an elaborate affair, made of the feathers of the eagle
fastened to long strips of red cloth, reaching from the top of the
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how to take care of themselves according to the ideas of civilized men.
Whether the Indians will be happier after they become civilized is an-
open question. They certainly were very happy when they were at
liberty to roam about as they pleased in search of the buffalo herds,
and enjoyed themselves as well as any human beings could while riding
over the plains, lords of the wide-stretching, grassy prairies. They
acknowledged no master, and moved about from place to place through
the long summer days. This is now changed. The Sioux are not
allowed to go south of the Platte River to hunt the buffalo, nor are
those who are near the agency allowed to leave their reservations except
in small numbers. The late battles which our soldiers have had with
them on the Powder, Rose Bud, and Little Big Horn Rivers were
to drive them to the reservations, and make them stay there. The
Ogalallas have little gardeus directly along the Dbanks of White
Earth River, where they are trying to raise something; but it is in a
feeble sort of a way, and if any great good is expected from their farm-
ing operations they must be taken to some place where they can have
ample fields, with good plows and horses. Some of them will make
good farmers, as they take an interest in farming, while others will only
surrender their wild ways with their lives.

I am convinced that the number of Sioux is greater than has gener-
ally been supposed, and the strength they have been able to bring into
the field against our troops has astonished every one. Thousands of
warriors have been seen mounted and armed, resembling more the
efforts of a well-trained army than the feeble attempt of a small nation
of savages. I have been at some pains to ascertain the whole number of
individuals in the Dakota nation, and find at the different agencies the
following result : '

Cheyenne River agency in Dakota:
Two Kettle, Sans Arc, Minneconjou, and Blackfeet Sioux.. 7,536
Crow Creek, Dakota:

Lower Yanktonnais Sioux .......... ... ..., ceceeeas 1, 200

Lower Brillé Sioux.......oiiiiiiiiiiiiiiiariiisaanane 1,800
Devil’s Lake agency, Dakota:

Sissetons, Warpetons, and Cut Heads ............. peaann 800
Flandreau agency, Dakota:

Santee SIOUX ....covvvini ciiiiinnan. . 350
Red Cloud agency, Nebraska:

Ogalallas. ..o it i iaiieeciatearetacanacaannaan 9, 136
Sisseton agency, Dakota:

Sissetons and Warpetons. ....c...oovii i, 1,807

Spotted Tail agency, Nebraska:
Upper DBriilés, Lower Briilés, Northern Brilés, and Minne-
COTJOUS -+ v e et teer e i seeicasacncacnearannsnnnracas 9, 610
Standing Rock agency, Dakota:
Upper and Lower Yanktonnais, Uncpapa, and Blackfeet
BI0OX -ttt 7,322







CONTENTS.

Page.

Order of Congress to print extra copies of the report ..o cooao ool oo . ¢ 2
Letter from the Secretary, submitting report to Congress...................... 3
List of Regents, committees, and members ex officio of the Institution.......... 5
Officers of the Institution and National Museum...... ...occoooeoiiiaan. 6
REPORT OF PROFESSOR HENRY, SECRETARY . cvunr comeenacene seoean ceccne e 7
FinancesS....cevecuesienns S emmmme e e eecccienecmemaeeea s 14
Publications .o oee i e e [ N 15
ReSearches. o e oo oo e et e e i eeamr et e 23
MeteOTOlOgY aucee aeae e e teaci i teenccccae e . 24

(0703 9 ) o107 T 3 5 U R P 26
Exchanges «.ocouoooooiiaii i, Seeemccretcmeccccnaarernacaraans 26
International exchanges....................... e e 29
Library ceceeicccceimccanannn e e e aaesesease e e anae 30
Ethnology «eeeeevecermaccnaann Ct mememneremcanesemmee e tmmcersaaane ana 32
Chemical 1abOratory «uueoe oo oo e et i iie tei e aaas 37
Photography .o e e e e ieec et aaas 37
Light-house duty ..o oo e e e i ee cm e s 37
Fish Commission......... f heeeraseeeenccan smeeaner e e aamnca aan . 7
National MuSeum .aucu. cn e oo it cace e et cac et e camn aen aean 38
Report of Professor Baird on the National Museum.................... 38

Work done in the Museum and at Philadelphia....c.oeuevmeaeeaooo.. 42
Scientific investigation of collections. ........coouieeie i oo . 44
Distribution of duplicate specimens.......occceaecoorcocanavoaana.. 45
Present condition of the Museum ................. e ecaen 45

Nature of increased accommodations required.. coceee cacoaecocaaanaon . 47
Government explorations and BUIVeYS ....c. ccuceeen ccancioeancaaeaaaann 47
APPENDIX TO THE REPORT OF THE SECRETARY evvurveneennnneneennnnnn P 64
Report of Professor Baird on the Centennial Exhibition........i.......... 64
Appropriations by Congress for the Centennial Exhibition .. ......c... ... 70
Awards decreed to the Institution at the Centennial Exhibition........... 81
Additions to the collections of the National Museum............ e 84
Entries in Museum record-books to 1876 . ..ce oot iiiiiiiiniieeae oo 106
Distribution of duplicate specimens.. .c..o.ocooas coan il 106
Statistics of literary and scientific exchanges. ... oo vacaai oo oLl 107
International exchange of United States Government publications......... 107
Packages from Europe for distribution in America..... e 108
REPORT OF THE EXECUTIVE COMMITTEE ..cvenaunn ee e ceeme e aaae s 116
Statement of condition of funds....oeveee oo 116
Recoipts .o e et e e e e e 117
Expenditures ... .o iie it iceae s et et 117
Hamilton bequest . caveen cuee iie i e it cime et cecrecmas rcin e e 117
Virginia DondS cweeen oo it ieee i e ciia e e cemee e 117
First National Bank deposit.ccvcee vomeee viinimmeiimiieiiacncacmceonneane 118
Statement of expenditures in detail.. .cocce oeeeiianeiiean e aas R 118

473






LIST OF ILLUSTRATIONS.

THE LATIMER COLLECTION OF ANTIQUITIES:
Fig. 1. Fragment of a jar.. ... «coomeoin oo i ieiecmaccecanen s
. Fragment of a shallow dish ...... e e e ceesacee e eananaa
. Handle from the edge of a dish . .... ... ieiioimiiiiiiiiona,
. Handle from the edge of a dish . «e.cee i mieviin it
. Handle from the side of a dish ... ... .. . ... .. .. ... ..
. Handle from the edge of a dish «.cvevemuerene i iiaiaae..
. Handle from the side of a dish ................. .. ... .
. Fragment of pottery, with wreath luted on... ... ... ...co.......
. Bottom of a vase, with the pattern traced on......................
10. Polished oval-sectioned celt .......ocoou oo i iiaiiiiiaaan.
11. Celt and handle of polished jadeite - .« .. .cooeveeoo oot
12. Celt of jadeite in a handle of wood, Turk’s Island ... ........._._...
13. Massive polished celt ... ... .cee oo oot icaont vaaean o
14. Two-edged polished celt.. ... .coeveeeeaa. et e e
15. Flat-sided truncated celt ... .. ..o oo iiiiaiaaaas
16, Grooved Celb. .o . e et e e aiai e
17. Paddle-shaped celbt. .. ... e i iiiiie oo
18. Smoothing-8t0me - .. ... et i e e ciecce e eaas
19. Boot-shaped smonthing-860De€. cevu cneeieenen ot et ci i iaceaeaannen
20. Bell-shaped pestle........ Geeecaceecaraccccccesseeeene e s e
21. Animal-shaped stone 8t00} . ... cocee il i i eii e aaa.
22. Upper view of Fig. 21 ... it it it it iecrre ceeaaaan
23. Wooden stool, from a cave in Turk’s and Caicos Islands............
24. Wooden stool, from a cave in Turk’s and Caicos Islands...cee. .un...
25. Upper view of Fig.24 restored.. .. .. .oovoiieiiiieinanr vacmnn.nn
26. Ornament in relief on the upper part of Fig.23.. .. ..o ..
27. Head-ornament of Fig. 24 ... .. .. iiiiiioiit i iiiiiiiicianana.
28. Scrolled ornament in relief of Fig. 24 .. ceaeoenaaen i ..
29. Disk-shaped carved 8tODe ........ccceereimeacemanaccasonronnnn-
G. Perforated bead.. .. .. .o oe o oo ool i i aaan.
31. Lizard-shaped amulet wou oeon oo o e i it cen came e
32. Amulet of marble - .o imome il
B3 12 -8 100
34. Amulet of greenish 8t0ne «.ouaoe . oomiiiiii i
35. Mammiform stone, with human face ... ... cociieaaion ...
36. Mammiform stone, with the head of a sea-bird .........._......_...
37. Mammiform stone, upper view, warped . ....c..ooiooiiiaiol..
38. Mammiform stone, front view ... ... . ..o . ... ....... . ee
39. Mammiform stone, upper view ...... ... . .ioiel iiiiiiaieaooa
40. Mammiform stone, quarter view ....... .o .ooooLiioiiaaooo.
41. Mammiform stone, with owl-shaped head . ..cccvveeen o il
42. Highly polished mammiform stone ............... coo.ioeaiiion
43. Mammiform stone, with frog-like ornament ... ....... ... ... ...
44, Mammiform stone, with alligator head ........... ..... e

475

©® OO W

Page.

372
72
72

372

372

372

372

373

373

373

373

373

374

374

374 -

374

374

374

375

375

375

376

376

377

377

377
77

378

378

378

378

378

378

378

380

380

380

380

380

383

383

383

383






INDEX.

Page
Adams, Mr., assisted in arrangement of specimens........ceeeieeeniiinnan.. 66
Africa, proposed explorations of .. ... .ooer it iaa il PO 26
Agents of exchanges. . .o oc oo i e e aaaas 27
Agricultural Department, Centennial exhibitof.............. e ememeccmceaaan 74
Alegretti, Mr., supplied refrigerator.....ccceeooooi il 67
Alexander, Prof. Stephen, labors of ... ... et i i 17
American Net and Twine Company, contributions by ...... ... 65
thanks to.......oiiiiii.io 41
American stone age, Dr. Rau’s work on.. ...o. o . iiiiiinaaa 45
Anchor steamship line, thanks to.. ... .ccoe oo i 27
Anfrye, Captain, collections presented DY . .. .cecceimmiorvomnon e coeamananns 132
Animal heat, researches respecting.... ..ooeevocmar coioin comieiaiiiiiiiaa. 24
Animal resources displayed at Centennial Exhibition... ... .......... ... 10
Aninial resources of the United States, classification of, publicationof....... 19,21
Annelids, publication on...ce e e 19
Antiquities in Guatemala, by Hon. George Williamson.............oooo o0 418
Antiquities of Tennessee, publication of ... ... ... ... ... 17
Anthozoa, publication on.. ... ... . ... ... e e i e eeea 19
Appropriations by Congress for National Museum ... .cooovooie ceon ooz, 13,120
for Centennial display....... ... ..o .oo 9,42
Arago, eulogy on Gay-LuusSac - ... cocoon ciit i i i i iece e s 138
Archaological exploration from Hamilton fund ........ ... ... crceeceanee 15
Architect of Treasury, Centennial exhibit of. ...... oo ool iiiai it 73
Argentine Republic, collections presented by ... ... .ooeocieaiai i iiaa... 131
Armory building, a depository of its collections.... ... coceoiieiiaaan.nnn 68, 69
use made of ... ... iiiiiiiiaaana. - 46
Arts, gallery of .o oo e eee e ea 8
Asteroids between Mars and Jupiter, by Daniel Kirkwood. ... .............. 358
Astronomical discoveries, telegraphic announcement of.... .. ... .cee.a.... 25
Austria, collections presented Dy . ... .. cceooooie i i i e 131
Baird, Prof. 8. F., Assistant Secretary ... ... ..ottt iiee e 6
curator of National Museum....... ... . o .. ...l..oac. 6
Iabors of, at Centennial.....coee iri oot ciee ieacen cana 9,67
report of, on National Museum ... ........_ ... .......... 38
report on the Centennial Exhibition...................... 64
United States Commissioner Fish and Fisheries............ 37
Baker, Capt. J. G.,donation from.... . .. ... ieeomim it e i et aanaa 40
Baltimore and Potomac Railroad, thanks t0... ... ..o ... . ...o......... 43
Bancroft, Hon. George, member of executive committee ..oooocoeeceee caenann 5
Regent of the Institution.............. e teeeeecean . 5
report-of executive committee .ooo. oo oL 122
acts of, as Regent ... ... ... ...io.o.. 123, 124,129, 131

report of special committee on Centennial donations
to National Museum and memorial to Congress. .... 129
Banta, Mr., supplied refrigerator . ... ... ... Lol 67







.

L]

INDEX 479
Page.
Centennial Exhibition, collection of articles for............cccoen..o. remeaee 9
completeness on opening day ... cuccemeevecnr camnnn 71
display ab ceoe e e e e e 9
ethnological branch of ... ... ... ..o ... ... 10
fish commission display at.. ..o o ..ol 10,11
Indian Bureau combined with Institutiern in ethnologi-

cal display - veceior i i i e e e 10
mineral wealth displayed at........cooeoaiiaano. 9
of Government, account of ... ... .. cc.ioiiaaao.. 70
preparation for. . ... .oc.oei oo i i 71
shipment of specimens to . ... ... coiaiaaea oL 66
summary of ... e e 71
work done.by National Museum at ......... ... ... 42
Chemical laboratory, work done in. ... .cceciie i iimaiioierieieatieeaas 37
Chester, H. C., assisted in animal and fisheries department at the Centennial.. 42
Chili, collections presented DY . .ccuemeans coie ot i it ceecee e eaaaa 132
University of Santiago, agent of exchanges - .coeeucoinvonannioiann.. 28
China, collections presented DY -.eeeeee veeime ioeme tammat e secaceaaae 132
Chionis minor, study of .e.v coue i i e i i cieeen e e 19,20
Chittenden, Gieorge B., explorations by. ..o oo iimiiiaai i i 54
Christophersen, William C., collections presented Dy .....ceceieemuae oo 133
Chrysoveloni & Co., thanks t0 . c. o voenr it e e et e s 28
Clark, 8. F., work of ... oot o i iier tiie et teeetaarccnce st caan e 19
Clarke, Prof. F. W., work of « oo uieen i et e ieiees ece eee e 13
Clymer, Hon. Hiester, Regent of the Institution ........... . 5
acts of,as Regent ... . ... cooooniiiiiiiiiial. 123, 124,129,131
report of committee on Museum. oo ceonoi o aa. 128
Coast Survey, Centennial exhibit of ... ..o ..o o oiiiiiii i 73
Coffin, Prof. James H., labors of . ... o oo oo oiir it i iaicceiiiae e 17
Coffin, Selden Jennings, 1abors of .o venveee emean.nn e e e e . 17
Congress, appropriation of, for Centennial display ... .cvceeveeranicaann 9,42
appropriation of, for fish commission . ... .. ... .. ... ...l 37
appropriation of, for National MuSeunl - -cccce vocvae camcce venean-- 13,1%0
memorial to, relative to new building for National Museum........ 129

Conkling, A. R., report of . . oo it i e e i aemaaas 49,5
Constants of Nature, publication of ... ... o oot iiii i iaean 18
Contributions to Knowledge, Smithsonian.......o... ool iiioii oo canan. 8,15,17
Cope, Bdw. D., works of . .. coue i ot i e iaaas [ 19,44
Coppee, Prof, Henry, Regent of the Institution..oc.e.ooeooeon oo ionana .. 5
acts of, as Regent. ... ............. o meemmeaesneeneccen 123
Corcoran, W. W., acknowledgment t0 .. .cocee coer vomoncimaiieon caenan 15
Corliss, Capt. A. W., U. 8. A, collections by «ecemin cmie it e iee caaenn 40
Correspondence of Institution, nature of ................. e eemeeeonan . 26
Corresponding institutions, foreign. .. ... comos oot it ia 28
Coues, Dr. Eliiott, U. 8. A., explorations DY «.uoceceeniiaes ciiiii e ot 56
WOTKS Of « e e e e e e i e 19
investigation of. .. ... ool iiia il 44
on birds of valley of the Colorado.... .ccoae ... 63
Crittenden & Co., thanks to'...... e m e ome e e e e aan e 41
Crustaceans, publication oD . ... .ooen iioat i e e i e 19,20
Cunard Steamship Company, thanks t0. ... .ooae. con oot iiiii it 27
Cushing, Frank H., assisted in arrangement of collections. ... ...co....o.... 42, 65, 66
Cuthbert, L. M., assisted in explorations.........coceeimii il as 57
Dall, Prof. W. I, in charge of conchological division . ... .cccoiiuaaeaan. 6

WOrK Of . e e it e it eccenececanstmmneanecenaaaae 19,20













INDEX. 483
Page.
Howe, Mr., services of............ . ceeee e tecacstceacencan 67
Hungary, prehistoric antiquities of. ..... . tetenceneenn 394 -
Implement of wood, ancient account of, by E. W. Ellsworth................. ‘ 445
Indian Bureau, Centennial exhibit of. ccceooe coiecmiiaieecacaccanccencan . 74
combined with Institution in ethnological display . ..... ceane 10
ethnography, American, department of, formation of. «cceeveenaan ... 8
forts and dwellings, by Dr. W. E. Doyle...... Cemceeetmsace e e . 460
vocabularies . .... Geteeumcasesceseccancuseces necansanennsaannaesanane 35
Indians, account of Sioux or Dakota ...cc.oiee e oo iricieaenee cenes 466
Inman Steamship Company, thanks £0 - ceeececememeaimmerciieaencaaaaanns 27
Insects, publication On .. .ueeue e iie e iieee e i cnaaeee e eeee 19,20
Institutions, foreign corresponding.- ..... ceeeee e eneaseccecesacsrecanscncnaana 28
International exchanges. .......c.cecce.n . e emeae e anann . 29,107
Italy, collections presented DY - ceceee camcerccaenarcaiacacniiicncnaaneonans 133
Jackson, M., photographic work done by - .. cemiinenoeiii e, 57
Jade. A study of the mineral called yu by the Chinese, by S. Blondel ....... 402
Japan, collections presented by ......... ceecccsccncenacans Ceecccrcacmsenans 133
Jones, Dr. Joseph, WOTK Of ecueeevene veniamie i iaccetceemeecmnaacaar - 17
Journal of the Board of Regents .....cc.ocoaeao.o. e eemeeseescececnananaan . 123
Karr, W, W., assisted in exploration.......coceuceeaa.ae eemmsescestoan PR 57
Kerguelen Island, botany of ........... evececcccccccnscenevmanroaaan oaeees 20
natural history @f. .. ..c .o e 19
Kershner, Surgeon, U. 8. N., work of .... .... ... e ceamemmancenccsacnnacan . 20
Kidder, Dr. J. H,, U. 8. N., Works8 of e cacreranunennnen cemeeecacncarcanaa 19,20
Kinetic theories of gravitation .......c.cioet mmanmnein i aes 205
Kingston, Mr., acknowledgment due t0..ccceenciieveirceneiiceannceceonnns 44
Kirkwood, Daniel, on the asteroids between Mars and Jupiter.......c....... 358
Kjoekkenmoeddings, researches in .......coooooieiiiiiaiioaaanianaaaaas 35
Koenig, Dr. superwsmn of loan collection ....c.oceniaiiiiiiiiiaanaaannn 65
PPN 103 177 .2 ceneens 97
Land-Office, Centennial exhibit f....ee voeen cere v cemenemeenennnens teeevan 74
Latimer collection, description of, by Otis T. Mason..... PR DU ceccaee- 372
Lawrence, George N., investigations of.............. . . 44
WOrK Of e feeeeneeen - 19,20
Leech, Daniel, corresponding clerk ... ..o oimae i iaiiaaea e 6
services at the Centennial ......... e eceeaceaaeeaaeana €9
Lewis, Dr. James, investigations of ... eeeeven i i mini e ceaiaiaaa e 45
Library of Institution, donations t0.......ccmeo it 30
deposited with Congress ......c.oceaieiaais heeaane 8
manner of forming ...... .o e 8
Light-House Boald -cnceemei oo e e i et ceeceeveemamaas 37
Centennial exhlblt of .oi.i.. e eeeemcene e aaan 73
Loan collections . oo i it ii et caccctcece e cceeccnmcacaseaaanann 65, 66
Lockwood, Lieut. George M., duties of .. ccce . on oon e 50
Loew, Dr. Oscar, in charge of chemical laboratory .............coconiiiians 37
023 0105 o ¢ R 49
Lyman, B. 8., collection by «eooee e . s 40
Mackay, Angus, collections presented by . e ..o coin i i iiie et 136
Maclean, Hon. John, member of executive committee.......cocooceovooaaan. 5
Regent of the Institution.... ... ..o i, 5
Macomb, Lieutenant, explorations by ......occoeeee.ao... e ieeaaaan 49
Malheiro, Lourengo, collection presented by ...... ..... e e 134
Mammals, publication on .. ... oo iiiiiccan-- 19
Map of the United States constructed by W. L. Nicholson................... 21,22


















	1724SMD460001
	1724SMD460002
	1724SMD460003
	1724SMD460004
	1724SMD460005
	1724SMD460006
	1724SMD460007

