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LETTER

FROM THE

SECRETARY OF THE SMITHSONIAN INSTITUTION,

BURMITTING

THE ANNUAL REPORT OF THE BOARD OF REGENTE OF THE
INSTITUTION FOR THE YEAR ENDING JUNE 30, 1811.

X

SMITHSONIAN [NBTITUTION,
y Washington, April 3, 1912.
To the Congress of the United Stales: R T
In sccordance with section 5503 of -the Revised Statutes of the
United States, I have the honor, in behalf of the Board of Regents,
to submit to Congress the annual report of the operations, expendi-
tures, and condition of the Smithsonian Institution for the year end-
ing June 30, 1911. I have the honor to be,
Very respectfully, your obedient servant,
Cuarves D. Wavrcorr, Secretary.
Inr
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ANNUAL REPORT OF THE BOARD OF REGENTS OF THE SMITH-
SONIAN INSTITUTION FOR THE YEAR ENDING JUNE 30, 1911

SURIECTSE.

1. Annual report of the secretary, giving an account of the opera-
tions and conditions of the Institution for the year ending June 30,
1011, with statistics of exchanges, ete.

2, Report of the exccutive committee, exhibiting the financial
affuirs of the Institution, including a statement of the Smithsonian
fund, and receipts and expenditures for the year ending June 30,
1911.

3. Proceedings of the Board of Regents for the sessions of Decem-
ber 8, 1910, and February 9, 1911.

4. General appendix, comprising a selection of miscellaneous mem-
oirs of interest to collaborators and correspondents of the Institution,
teachers, and others engaged in the promotion of knowledge. These
memoirs relate chiefly to the calendar year 1911.
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REPORT

OF THE

SECRETARY OF THE SMITHSONIAN INSTITUTION

CHARLES D. WALCOTT,

FOR THE YEAR ENDING JUNE 30, 1911,

To the Board of Regents of the Smithsonian Inséitution:

Gesteemex: I have the honor to submit a report showing the
operations of the Institution and its branches during the year ending
June 30, 1911, including the work placed by Congress under the direc-
tion of the Board of Regents in the United States National Museum,
the Bureau of American Ethnology, the International Exchanges,
the National Zoological Parlk, the Astrophysical Observatory, and the
United States Bureau of the International Catalogue of Scientific
Literature.

The general report reviews the affairs of the Institution proper.
with brief paragraphs relating to the several branches, while the
appendix presents detailed reports by those in direct charge of the
work. Independently of the present report, the operations of the
National Museum and the Burean of American Ethnology are fully
treated of in separate volumes,

THE SMITHSONTAN INSTITUTION.

THE ESTABLISHMENT.,

The Smithsonian Institution was created an establishment by act
of Congress approved August 10, 1846, TIts statutory members are
the President of the United States, the Vice President, the Chief
Justice, and the heads of the executive departments,

THE BOARD OF REGENTS.

The Board of Regents consists of the Vice President and the Chief
Justice of the United States as ex officio members, three Members of
the Senate, three Members of the House of Representatives, and six
citizens, “ two of whom shall be resident in the city of Washington,
and the other four shall be inhabitants of some State, but no two of
them of the same State.”

38734°—ax 1911——1 1
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On July 4, 1910, Chief Justice Fuller died and was succeeded on
December 19 by Chief Justice Edward Douglass White as ex officio
member of the board.

At a meeting of the Board of Regents on December 8, 1910, the
Hon, James S. Sherman, Vice President of the United States, was
elected Chancellor.

The personnel of the board has been further changed by the resig-
nation of Hon. John B. Henderson and the appointment of John B.
Henderson, jr., as a Regent.

GENERAL CONSIDERATIONS.

The Smithsonian Institution has had a powerful influence for more
than 60 years in the development of science in the United States.
Its achievements in many lines of research and exploration have been
of great good in the promotion of the welfare of the human race.
The Institution and its branches continue to be engaged in a wide
range of activities, covering practically the entire field of natural
and physienl science, as well ns anthropological and archeological
researches,

In my last report T referred to the establishment of a trust fund,
throngh the generosity of Mrs. E. H. Harriman, which yields an
annual income of $12,000, to be devoted to the definite purpose of car-
ryving on scientific studies, particularly of American mammals and
other animals, the donor specifying Dr. C. Hart Merriam as the in-
vestigator to carry on the work during his lifetime. T believe it desir-
able to establish a number of such research associateships, whereby
especially eapable men in other branches of science may be afforded
opportunities for research work without the care and burden of
administrative duties, and with full assurance that as long as their
work is properly conduected it will be continued and that provision
will be made for them when ineapacitated for active service. The
field for scientific investigation is extensive, and there are numbers
of worthy projects that can not now be undertaken because of lack
of means—projects that could not properly be carried on through
Government appropriation, but which the Smithsonian Institution
could readily undertake were the means available.

Friends of the Tnstitution have from time to time generously pro-
vided funds for carrying on important explorations and researches,
as in the case of the Smithsonian African expedition, and more
recently by largely supporting the Smithsonian biological survey of
the Panama Canal Zone.

Tt seems proper that I should here call special attention to the
motive which led the late George W. Poore, of Lowell, Massachu-
setts, who died December 17, 1910, to make the Smithsonian Insti-
tution his residual legatee, By the terms of the will the estate, esti-
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mated to be about $10,000, is bequeathed under the condition that
the income from this sum should be added to the principal until a
total of $250,000 should have been reached, and that then the income
only should be used for the purposes for which the Tnstitution was
created. The fund will be known as the Lucy T. and George W.
Poore fund. The closing words of this item of the will read as
follows:

I make this gift not so much beeanse of its amonnt as becquse T hope it will
prove an example for other Amerfeans to follow, by supporting and enconrnging
80 wise and beneficent an institutlon as I believe the Smithsoninn Institute to
be, und yet it hos been neglected and overlooked by American cltizens,

ADMINISTRATION,
-

On account of the large increase in the administrative work of the
Institution and its branches, brought about by the natural growth of
their activities and the addition of new interests, it appeared ad-
visable to appoint an additional Assistant Secretary, to have imme-
diate charge of the Library and International Exchanges, With the
approval of the Regents, T appointed to that position Dr. Frederick
William True, who entered the service of the Institution in 1878 and
for several years had been head curator of biology in the United
States National Museum. Dr. True entered upon the active duties
of his office on June 1, 1911.

FINANCOHES,

The permanent fund of the Institution and the sources from which
it was derived are as follows:

Depogited in the Treasury of the United Stales.

Bequest of Smitheon, 1846____ L —— . $515,180.00
Residunry Iuiu-g of Bmithson, 1867 __ o . . 4 O, 210, 63
Deposit from savings of income, 1867_______ 108, 620, 37
Bequest of James Hamilton, 1876 £1, 000, 00
Accnmulnted Interest on Homilton fund, 1505 1, (00, ()
———— R 00000
Bequest of Bimeon Habel, 1880 ____ Sy, 00
Deposit from proceeds of sale of bonds, 1881~ 61, 500, 00
Gift of Thomns G, Hodgking, 1801 i = e 2N MM, N
Part of resldunry legney of Thomas G, Hodgklns, 1804 B, 000, 00
Deposit from savings of Income, 1008._____ __________ 235, D00, 00
Residonry legacy of Thomas G. Hodgkina. . ______ 7. 018 6D
Tatal amonnt of fund in the United States Treasury________ 044, 018,80
Reglstered and guaranteed bonds of the West Shore 1. It Co. (par
Yalue), part of legney of Thomas G. Hodgkins_.._______ 42, 000, 00

Total permanent fund _ - - DEG, 118 69
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In addition to the above, there are four pieces of real estate be-
queathed to the Institution by the late R. S. Avery, some of which
yield a nominal rental and all are free from taxation.

That part of the fund deposited in the Treasury of the United
States bears interest at 6 per cent per annum, under the provisions
of the act organizing the Institution and an act of Congress approved
March 12, 1804, The rute of interest on the West Shore Railroad
bonds is 4 per cent per annum.

The income of the Institution during the year, amounting to
$85,435.80, was derived as follows: Interest on the permanent foun-
dation, $58,875.12; contributions from various sources for specific
purposes, $14,518.43 ; and from other miscellaneous sources, $10,541.75;
all of which was deposited in the Treasury of the United States to
the credit of the current account of the Institution. -

With the balance of $35,364.88 on July 1, 1910, the total resources
for the fiscal vear amounted to $118,800.18. The disbursements,
which are given in detail in the annual report of the executive com-
mittee, amounted to $86,374.52, leaving a balance of $32425.66 on
deposit June 30, 1911, in the United States Treasury.

The Institution was charged by Congress with the disbursement
of the following appropriations for the year ending June 30, 1911:

Internationnl exchanges . oo L0
Ameriean Ethoology e e ——————————————— 42, 000
Astrophysical Observiory e e e 13, 000
Kational Museum :
Fomifureand fixtozes . e 135,000
Heating and WEhbing 00, N0
Presarvation of collectlons. . 200, D00
R e T e — 2,000
POBREE - ——————— 000
Building repairs . _____ e YO0
Bl s s = e R TR T, 000
Mational Toologleml PovbCe . o e 125,000
Interoational Catalogue of Sclentific Liternture____ 0 7,500
Elevators, Smithsoninn Boitdleg e 10,000
Total - e e TED, 00O

EXPLORATIONS AND RESEARCHES,

Various scientific explorations and researches have been carried on
during the past year by the Institution as far as its limited income
and the generosity of its friends would permit. There have also been
important biclogical, ethnological, and astrophysical researches by
the National Museum, the Bureau of American Ethnology, and the
Astrophysical Observatory, respectively, which are discussed else-
where in this report.
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STUDIES IN CAMBEIAN GEOLOGY AND PALEONTOLOGY.

During the field season of 1910 T continued the study of the Cam-
brian sirata of the section of the Rocky Mountains adjacent to the
main line of the Canadian Pacific Railway, special attention being
given to the Stephen formation. The outerop of this formation was
carefully examined for many miles along the mountain sides, with the
hope of finding a locality where conditions had been favorable for
the preservation of the life of the epoch. The famous trilobite
locality on the slope of Mount Stephen above Field had long been
known and many species of fossils collected from it, but even there
the conditions had not been favorable for the presence and preserva-
tion of examples of much of the life that, from what was known of
older faunas and the advanced stage of development of the Upper
Cambrian fauna, must have existed in the Middle Cambrian seas.
The finding, during the season of 1909, of a block of fossiliferous
siliceous shale that had been brought down by a snowslide on the
slope between Mount Field and Mount Wapta led us to make a
thorough examination of the section above in 1910. Every layer of
limestone and shale above was examined, until we finally located the
fossil-bearing band. After that for 30 days we quarried the shale,
slid it down the mountain side in blocks to a trail, and transported
it to camp on pack horses, where the shale was split, trimmed, and
packed and then taken down to the railway station at Field, 3,000
feet below.

A number of sections of the Cambrian rocks were studied and
measured in the mountains north and south of Laggan, Alberta, and
many beautiful panoramic photographs secured.

RIOLOGICAL SURVEY OF THE FPANAMA CANAL ZONE.

At the date of my last annual report the Institution contemplated
an exhaustive biological survey of the Panama Canal Zone, and it
was then hoped that definite plans would soon be completed and the
survey undertaken within a few months. I am glad now to report
that chiefly through the generosity of friends of the Institution the
necessary funds for carrying on the work became available. With
the cooperation of several of the executive departments, and of the
Field Museum of Natural History, a party of about 10 naturalists
was accordingly sent to the zone, and the results so far accomplished
have béen very satisfactory. Large collections of biological material
have been received, including specimens of a considerable number of
genera and species new to science.

Much interest is manifest in the survey both here and in the zone.
The Republic of Panama was so impressed with the importance of
the work that it invited the Institution to extend the survey within
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the bounds of that country, which was done with gratifying results

as far as the limited means and time permitted.

As stated in my last report, it seemed to be highly important to
seience that such a survey of the Canal Zone be made, for, although
it was known in n genéral way that a certain number of species of
animals and plants in the fresh-water streams on the Atlantic side
of the Tsthmus were different from those on the Pacific side, no defi-
nite knowledge of the extent of these differences had been acquired.
Tt also seemed important to determine exactly the geographical dis-
tribution of the various organisms inhabiting the 1sthmus, which is
one of the routes by which the animals and plants of South America
have entered North America and vice versa. When the Panama
Canal is completed the organisms of the various watersheds will be
offered n ready means of mingling together, the natural distinetions
as regards distribution now existing will be obliterated, and the data
for a true understanding of the fauna and flora will be placed for-
ever out of reach. Moreover, a great fresh-water lake will be cre-
ated by the construction of the Gatun Dam, and the majority of the
animals and plants inhabiting that locality will be driven away or
drowned, and quite possibly some species may be exterminated before
they become known to science.

BIOLOGICAL EXPEDITION IN CANADA.

Through the courtesy of the Canadian Government and of Dr.
A. O, Wheeler, president of the Alpine Club of Canada, the Smith-
sonian Institution was enabled to send a small party of naturalists
to accompany Dr. Wheeler on his topographical survey of the British
Columbia and Alberta boundary line and the Mount Robson region.
The party started in June, 1911.

The region to be surveyed includes a most rugged and broken
country in the midst of the Canadian Rockies, abounding in a great
variety of animals and plants, and it is expected that the expedition
will result in n large and valuable collection of birds, mammals,
insects, and plants to be added to the National Museum series,

RAINEY EXTEDITION IN AFRIOA,

Mr. Paul J. Rainey, of New York City, having planned a hunting
and collecting trip of several months' duration in Africa, offered to
present to the Institution the natural history material obtained dur-
ing the trip if there could be sent with him some person skilled in
the preparation of specimens. Mr., Rainey generously offered to
bear all the expenses of the trip. The route of travel was to be north
of that of the recent Smithsonian African expedition, through the
country lying between the northern portion of British East Afriea
and the southern part of Abyssinia. Mr. Edmund Heller, who was



REPORT OF THE SECRETARY. T

one of the field naturalists of the Smithsonian African expedition
under the direction of Col. Roosevelt, was accordingly detailed to
nccompany Mr. Rainey, and letters have been received indicating
very successful results.

BIRD STUDIES IN THE ALEUTIAN ISLANDS AND BERING SEA.

A small party of naturalists made a brief visit to the Aleutian
Tslands and Bering Sea during the season of 1911, chiefly in the
interest of the Smithsonian Institution and the Biological Survey of
the Department of Agriculture, especially for a study of land and
marine birds. Through the cooperation of the Treasury Depart-
ment the party was afforded transportation on the revenue cutter
Tahoma.

The principal results of the visit were the collection of a good
series of all the land birds of the islands visited, including a particu-
larly fine series of ptarmigan, and a large number of eggs, and the
securing of some interesting observations on the distribution and
habits of the birds of that region. These observations will be made
use of by Mr. A. C. Bent, who has undertaken to complete the work
on the life histories of North American birds, two volumes of which,
by the late Maj. Charles Bendire, have been published by the Na-
tional Museum and the Smithsonian Institution.

ANTHROPOLOGICAL RESEARCHES IN FPERU.

PDuring the summer of 1910 Dr. Ale3 Hrdlitka, of the National
Museum, visited the great ruins of the temples and city of Pachaca-
mae, nbout 18 miles south of Lima, and also the ruins and cemeteries
in the district of Trujillo, Peru, where he collected upward of 3,400
cranin and a quantity of other skeletal parts. A large percentage
of the gathered skulls are free from artificial deformation and there-
fore afford a much better opportunity than previous collections for
a critical study of the peoples who centuries ago occupied and con-
gregated in these regions.

Pachacamac was a religious center, much like the Egyptian Thebes
and the Mohammedan Mecea, to which pilgrims flocked from all
paris of Pern. After the destruction of the Temple of the Sun by
the Spaniards, the place became a desolate pile of ruins, with from
60,000 to 80,000 graves of pilgrims who had come from widely
separated regions, The Valley of Chicama, near Trujillo, with the
neighboring country, was the seat of the powerful people known after
one of their chiefs as Chimu.

As to the importance of the material collected, Dr. Hrdlicka
remarks:

Peru may well be regarded, even in lis present territorinl restrictions, as

the mailn key to the anthropology of South Amerien. Due to the numbers of
fts anclent inbabitantg, nml to thelr far-reaching socinl differentiations, indl-
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cating long occupancy, i good knowledge of the people of Pera from the earliest
times I8 very desirable, and would constitute a solld basis from which it
would be relatively easy to extend anthropological comparison to alt the rest
of the native peoples of the southern continent. Such anthropologlenl com-
parisons will be greatly facllitnted by the collections acquired on this expedition.
Some of the interesting results of his work are described by Dr.
Hrdlitka in « pamphlet recently published by the Institution.

RESEARCHES UNDER THE HODGEINS FUND.

With a view to aiding in the establishment of an international
seale for the measurement of solar radiation, as mentioned in my
last report, a limited grant from the Hodgkins fund has been
approved for the construction, in the Smithsonian workshops, of
several silver disk pyrheliometers, after the design of Mr. C. G.
Abbot, Director of the Smithsonian Astrophysical Observatory.

The International Solar Union has for some time been inter-
ested in the establishment of an international standard scale of
radiation, and pytheliometers of varying types have been in use
at different observatories. The desire, however, for still another
simple but accurate instrument seemed general, and the Institution
has been gratified to learn that, by the use of the Abbot pyrheli-
ometer, a more exact knowledge of solar radiation and the influence
of the terrestrial atmosphere upon it have been promoted.

Arrangements have been made whereby the Abbot pyrheliometer
is now in use in widely separated localities. There is one in the
astronomical observatory established by Harvard College at Are-
quipa, Peru; another in the observatory at Teneriffe: and two have
been sent to the minister of agriculture in Buenos Aires for meteoro-
logical stations in Argentine, The Department of Agriculture, the
Bureau of Standards, and the United States Weather Bureau in
Washington are supplied with the instruments; Prof. Chistoni, of
the Royal University of Naples, has installed one there, and the
Imperial College of Science and Technology at South Kensington,
London, has secured one. Prof. Violle, of the National Observatory
of Arts and Crafts, Paris, was among the first to install one of the
Abbot instruments, and one has been sent to Dr, Hellmann, director
of the Royal Prussian Meteorological Institute, Berlin, The Uni-
versity of Toronto, Canada, the University of Wisconsin, and the
Central Physical Observatory of St. Petersburg also have them, and
inquiries from other institutions as to the mode of securing them
are frequent, so that the establishment of the desired international
standard of estimating and recording the variations of solar radig-
tion seems to have been already aided by the use of uniform instry-
ments in many widely separated localities.
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The distinguished specialists who form the committee on award
for the examination of the memoirs submitted in the Hodgkins prize
competition, announced in connection with the Congress on Tuber-
culosis of 1908, have not yet submitted their decision. This delay
is regretted by the Institution as sincerely as by the competitors, but
has seemed to be unavoidable as the large number of papers pre-
sented and their technical character make it very difficult to render
a prompt decizion.

Then, too, it is to be remembered that, according to the terms of
the competition, the successful paper is to embody an original theory
or discovery for the treatment of tuberculosis, not before published,
a difficult task at a time when the attention of the medical world is
so generally directed to the same subject.

The Langley Memoir on Mechanical Flight, the publication of
which by the Hodgkins fund of the Institution was unfortunately
delayed by causes beyond the control of the Institution, was com-
pleted just at the close of the fiscal year, as mentioned on another

page.
SMITHSONIAN TABLE AT NAPLES ZOOLOGICAL STATION.

The Smithsonian Institution for 18 years past has maintained a
table for the use of American biologists at the Naples Zoologieal
Station. Exceptional opportunities are there afforded for the study
of marine life, and it is believed that the cause of biologieal science
has been thereby much advanced.

The application of Dr. R. 8. Williams, of Miami University,
mentioned in the Secretary’s Report for 1910, was approved for
March and April, 1911, Dr. Williams was chiefly occupied at
. Naples in ascertaining the rate of growth of recent encrusting
organisms, especially bryozoans, with a view to the use of this
information in researches on the Richmond division of the Ordo-
vician period. The results thus far obtained by him he considers
preliminary, and he proposes to continue the same research at some
future time on a float anchored in the open sea.

In addition to his work on the bryozoan fauna, Dr. Williams
secured a representative collection of the jaw apparatus of the
free-swimming annelids belonging to the Eunicidea and the
(ilyceridea.

The appointment of Dr. Sergius Morgulis, a Parker Traveling
Fellow from Harvard for 1911, was approved for the Smithsonian
seat at Naples for the months of May, June, and July of this year.

Dr. C. W. Hargitt, of Syracuse University, a Smithsonian ap-
pointee at Naples for three months in 1903, was accorded a second
oceupancy during the present year. Several papers, among which
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may be mentioned “The Hydromedusae of the Bay of Naples ™
and “ Regeneration in Rhizostoma pulmo,” were published by Dr.
Hargitt as a result of his former appointment, and a report of his
work during the present year is now in hand. He mentions with
appreciation the cordial welcome accorded him by the director and
atafl of the laboratory, and the generosity with which the facilities
for his work were provided.

Two papers embodying the results of Dr. Hargitt's recent investi-
gations have been completed since his term at Naples, and are now
in course of publication in the Journal of Experimental Zoology.

The application of Dr. Ch. Zeleny, associate professor of zoology
in the University of Illinais, was approved for one month's oecu-
pancy, to cover part of June and July, 1911. No summary of the
work accomplished during this peviod has yet been received from
Dr. Zeleny.

When the same period is selected by more than one student the
earliest application is considered first, the approval of the later ones
becoming necessarily dependent on the ability of the station to pro-
vide for more than one Smithsonian appointee at the same time.
Tt should be added that the obliging courtesy shown in this connec-
tion to appointees of the Smithsonian Institution by the director of
the station often permits appointments to the seat which would
otherwise be impracticable.

The prompt and cfficient aid of the advisory committee in examin-
ing and reporting on applieations for the table is still, as it has al-
ways been, of great service to the Institution and is very thoroughly
appreciated.

PUBLICATIONS.

The Smithsonian Institution and its branches distributed during
the past year nearly 200,000 copies of their various publications.
These were sent chiefly to libraries and learned institutions through-
out the world and to a limited list of specialists in the subjects
discussed. It would be impracticable, without a very great increase
in the size of the editions, to meet the popular demand for copies of
Smithsonian publications. In the case, however, of the publications
jssued by the Government bureaus under direction of the Institu-
tion, which are printed under congressional appropriations, the law
provides that they may be purchased by all who desire them at a
slight advance over the cost of printing by application to the Super-
intendent of Documents.

Tt is through its publications that the Smithsonian Institution per-
forms one of its principal functions—the diffusion of knowledge.
Two series of works are issued by the Institution proper at the ex-
pense of the Smithsonian funds, namely, Smitlisonian Contributions
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to Knowledge, in quarto, and Smithsonian Miscellaneous Collections,
in octavo form. The editions of these series are necessarily limited
in number for distribution almost entirely to a carefully selected
list of libraries throughout the world, where they may be readily
consulted by students and investigators. There is also issued, at the
cost of Government appropriations, an annual report, in the general
appendix of which is included a considerable number of papers,
either original or sclected from more or less innccessible sources,
reviewing the progress and present condition of the natural and
physical sciences and other branches of human knowledge. Al-
though the edition of the report is considerable, yet the supply is
each year exhausted within a very short time after its publication.
COentributions to Knowledge.—The Langley Memoir on Mechanical
Flight, referred to in my last report, had been put to press and was
nearly ready for distribution at the close of the fiscal year. This
work forms a quarto volume of over 300 pages and a hundred plates.
The memoir was in preparation at the time of Mr. Langley's death
in 1906 and part of it had been written by him, bringing the work
down to May, 1896, the date of his demonstration that a machine
heavier than air could be made to fly under its own power. The
sceount of later experiments, from 1897 to 1903, was written by Mr.
Charles M. Manly, who became Mr. Langley’s chief assistant in 1898.
Miscellaneous Collections—Twenty papers on various subjects have
been added to the series of Smithsonian Miscellaneous Collections,
including descriptions of a number of new species of animals ob-
tained by the Smithsonian African expedition and the biological
survey of the Panama Canal Zone, and several papers, mentioned
elsewhere, giving some resnlts of my studies and field work in
Cambrian geology and paleontology, besides an interesting paper
by Dr. Hrdli¢ka on his anthropological investigations in Peru.
Smithsonian Tables.—In connection with the system of meteoro-
logical observations established by the Smithsonian Institution about
1850, a series of meteorological tables was compiled by Dr. Arnold
Guyot at the request of Secretary Henry, and the first edition was
published in 1852, Though primarily designed for meteorological
observers reporting to the Smithsonian Institution, the tables were
g0 widely used by physicists that it seemed desirable to recast the
entire work. It was decided to publish three separate sets of tables,
each containing the latest knowledge in the field which it covered,
but together forming a homogeneous series. The first of the new
series, Meteorological Tables, was published in 1803; the second,
Geographical Tables, in 1804; and the third, Physical Tables, in
1806, In 1909 another volume was added, so that the series now
comprises: (@) Smithsonian Meteorological Tables, (#) Smithsonian
Geographieal Tables, (¢) Smithsonian Physical Tables, and (d)
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Smithsonian Mathematical Tables. Euch of these works has heen
published in revised editions, with such corrections and additions
as became necessary by the advance of scientific knowledge.

The years that had elapsed since the publication of the first edi-
tion of the Physical Tables in 1896 had brought such changes in the
materinl upon which these tables must be based that it became
necessary to almost wholly recast the work for the fifth revised
edition, which was published during the past year. Recent data and
many new fables have been added, including several mathematical
tables especially computed for this work, which forms a volume of
about 350 pages.

Opinions on Zoological Nomenclature.—As stated with some detail
in my last report, the Institution cooperates with the International
Commission on Zoological Nomenclature by providing clerical assist-
ance for its secretary and by the publication of the commission’s
opinions. During the past year two pamphlets were issued contain-
ing opinions 1 to 25 and 26 to 29, covering important questions of
nomenclature that had been matters of diseussion among zoologists.
In connection with the summary of each opinion there is printed a
statement of the case and the dizcussion thereon by members of the
commizsion. The rules to be followed in submitting cases for
opinion * as laid down by the commission are as follows:

(1) The commission does not undertake to act as a bibliograplile or nomen-

clatural burean, but rather as an advigser In connectlon with the more difficnlt
nnd disputed cases of nomenclntore.

{2) All cases submitted should be accompanied by (@) a conclse stntement
of he polat at issue, (b) the full arguments on both sides In case o dlsputed
point is involved, and (¢) complete and exact bibliographle referepces to every
book or article bearing on the polnt at lssue.

The more complete the data when the cnse I8 submitted the more promptly
ean it be acted upon.

(8) Of necessity, cases snbmitted with Incomplete bibllographic references
ean not be studied and must be returoed by the commission to the sendor.

(4) Cases upon which an oplolon I8 desired may be sent to any member of
the commission, but—

(6) In order that the work of the commission may be confined as much as
possible to the more diffienlt and the disputed cuses, it is urged that zoologlsta
study the code and settle for themselves ns many cuses as possible. i

Harriman Alaska series.—The Institution has réceived from Mrs,
Edward H. Harriman several thousand copies of volumes descrip-
tive of the results of the Harriman expedition to Alaska in 1899,
The expedition was organized in cooperation with the Washington
Academy of Sciences, but entirely at the expense of Mr. Harriman,
He invited as his guests 3 artists and 25 men of science represent-
ing various branches of research. The expedition sailed from Seattle

1 Cases should be forwarded o the secretary of the commission, Dr, Cl Wardell Stiles,
, B. Hyglenle Laboratory, Washington, D. C.
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on May 30, 1899, on a special steamer, and was gone about two months,
visiting the Aleutian Islands, the Pribilof Islands, and the Eskimo
settlements on the Asiatic and American shores. The journey was
extended through Bering Strait and return, and covered 9,000 miles,
Large and important collections were made of mammals, birds,
insects, marine animals, fossil shells, and fossil plants. Studies were
also made of the great glaciers and of the geological formations of
the regions visited. The contents of the volumes received by the
Institution are enumerated by the editor in the appendix to the
present report. The series consists of 11 volumes, printed and illus-
trated in the best manner. These books, now known as the Harri-
man Alaska Series of the Smithsonian Institution, have been dis-
tributed, under special Smithsonian title pages, to a selected list of
libraries throughout the world, the few copies of certain volumes
remaining after such a distribution being held for sale in accordance
- with the terms of the ngreement.

Musewm publications—The National Museum published its an-
nual report, two volumes of proceedings and several bulletins, cover-
ing the usual wide range of subjects, but chiefly pertaining to zoology
and botany.

Ethnological publications—The Bureau of American Ethnology
issued several bulletins, including part 2 of the Handbook of Ameri-
can Indians North of Mexico; part 1 of the Handbook of American
Indian Languages; Antiquities of Central snd Southeastern Mis-
sissippi Valley; Antiquities of the Mesa Verde National Park, and
bulletins on other ethnological subjects,

Publications of historical and patriotio societies—Annual reports
of the American Historical Association and the National Society of
the Daughters of the American Revolution were as usual commu-
nicated to Congress in accordance with law.

Advisory committee on printing and publication—The committee
on printing and publication has continued to examine manuscripts
proposed for publication by the branches of the Institution, and has
considered various questions concerning public printing and binding.
Twenty-four meetings of the committee were held during the year
and 115 manuscripts were passed upon. The personnel of the com-
mittee is as follows: Dr. Frederick W. True, Assistant Secretary
of the Smithsonian Institution, chairman: Mr. C. G. Abbot, Director
of the Astrophysical Observatory; Mr. W. 1. Adams, disbursing
officer of the Smithsonian Institution; Dr. Frank Baker, superin-
tendent of the National Zoological Park; Mr. A. Howard Clark,
editor of the Smithsonian Institution; Mr. F. W. Hodge, ethnologist
in charge of the Buresu of American Ethnology; Dr. George P.
Merrill, head curator of geology, United States National Museum
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and Dr. Leonhard Stejneger, head curator of biology, United States
National Museum,

Allotments for printing.—The allotments to the Institution and its
branches, under the head of “ Public printing and binding,” during
the past fizeal year, aggregating $72,700, were, as far as practicable,
expended prior to June 80. The allotments for the year ending June
80, 1912, aggregating $72,000, are as follows:

For the Smithsonian Tnstitutipn, for printing and binding annoal re-

ports of the Board of Regents, with general appendixes. . £10, 000
For the annual reports of the Nutional Museum, with genernl nppen-

dixes, and for printing labels and binoks, and for the bulletins and

proceedings of the National Museum, the editions of which shall not

excoed 4,000 coples, and binding, In half turkey or materinl not more

expensive, sclentific books and pamphlets presented to or nequired by

the Mautions]l Moseum Hbrary_ e -, 000D
For the anuual reports and bulleting of the Burean of American Eth-

nology and for miscellaneons printing and binding for the bureau___. 21, 000
For miscellunecns printing and binding :

Intammationnl exchanmes . 200

Internntionnl Catalogne of Scientific Literntore oo 100

Natloos] Tovlogleal PAYR oo e e 200

Astrophysical Observatory oo BT R R % - 400

For the annual report of the Amerfean Historieal Asgocintion___ 7,000

L R bR M e e o e e A s
LIBBARY.

The libraries of the Smithsoninn Institution and of its several
branches show an increase of about 18,000 volumes and pamphlets
during the last year, being largely additions to the National Museum
library and the Smithsvnian deposit in the Library of Congress.

During the last five years improved methods and consolidation of
work have been adopted in the interest of economy and efficiency, as
discussed by the Assistant Secretary in the appendix to this report.

The library of the Bureau of Ethnology has been transferred from
its former quarters in a rented building to the galleries of the main
hall in the Smithsonian Building where it is much more con-
venient for reference, though the books are still arranged on
temporary wooden shelves. It is hoped that this hall, which was
originally planned for library purposes, may in the near future be-
come available for such use. It is proposed, if necessary funds be-
come available, to remove the wooden galleries, stairways, win-
dow sashes and frames, and book cases in this hall and substitute
fireproof bookstacks, stairways, and windows. The new stacks
and cases would accommodate the books belonging to the several
burenus under the direction of the Institution, including a part of the
library. of the National Museum, which should be kept in a eentral
loeation. They would also provide a safe place to assemble the
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Smithsonian books constantly used by the bureaus, of which several
thousand are now scattered through various rooms in the Smith-
sonian Building.

LANGLEY MEMORIAL TABLET.

The memorial tablet authorized by the Regents to be erected in
the Smithsonian building commemorative of the seronautical work
of the late Secretary Langley has not yet been completed. A design
for the tablet has, however, been prepared and is under consideration
by the committee appointed for the purpose.

INTERNATIONAL CONGRESSES AND OHLEBRATIONS.

The Institution each year receives invitations to numerous scien-
tific congresses and celebrations in the United States and abroad.
but as funds are not available for the expenses of delegates few of
these invitations can be accepted. In some instances, however, it is
possible to arrange for representation by collaborators of the Insti-
tution who are visiting the localities on official or private business,

Congress of Americanists—Dr. Aled Hrdlitka was appointed rep-
resenfative of the Smithsoninn Institution and the National Mu-
seum and delegate on the part of the United States at the second
session of the Seventeenth International Congress of Americanists,
held in the Museo Nacional, Mexico City, September 8 to 14, 1910.
He presented an account of his recent explorations in Peru, and also
described the uncovering of an especially interesting sepulchre which
he had been invited by the Mexican authorities to open in the ancient
ruins of San Juan Teotihuacan.

The meeting was held in the Museo Nacional, and was well at-
tended, especially by scientific men from the United States.

Dr. C. W. Currier, of Washington, was also designated delegute
of the United States and a representative of the Smithsonian Insti-
tution at the above congress,

International American Scientific Congress—Mr. Bailey Willis, as
delegate on the part of the Smithsonian Institution, attended the
International Scientific Congress whith was held at Buenos Aires,
Argentina, July 10 to July 25, 1910.

Geological Congress—In August, 1910, the Eleventh International
Geological Congress met in Stockholm. Dr. George F. Becker, of
the United States Geological Survey, was a delegate on the part of
the Smithsonian Institution. The congress was more largely at-
tended than any of its predecessors, and nothing could exceed the
hospitality of its reception. The principal subjects of discussion
were the distribution and extent of the iron ore deposits of the
world, Cambrian paleontology, and the change of climate since the
lnst maximum of glaciation. To all of these subjects painstaking
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contributions were made from every quarter of the globe, and the
publications of the congress contain the most authoritative exposi-
tion of the present state of knowledge on these vital questions.
Among the papers presented to the congress was one expressing my
view on “ the abrupt appearance of the Cambrian fauna.”

Zoological Congress.—The Seventh International Zoological Con-
gress was held at Graz, Austria, in August, 1910. The delegates on
the part of the United States and the Smithsonian Institution and
National Museum were Dr. H. H. Field, Dr. W, R. Kellicott, Dr. Ch.
Wardell Stiles, and Mr, Austin H. Clark. About 600 members were
present at this congress, of whom about 60 were from the United
States, the majority of these representing scientific societies or educa-
tional institutions. To facilitate its labors, the congress was divided
into sections, each section representing a definite subject or group of
subjects, Papers of general interest were read in the Stephanien-
salle, a large hall in the center of the city, while papers of more
restricted scope were presented in the various lecture rooms of the
university. Taken as a whole, the papers read were of a distinetly
progressive nature, the authors, especially the younger ones, showing
a marked disposition to depart from the time-honored and accepted
lines of work and thought, and to approach their subjects from
entirely new view points,

Congress of Bibliography and Documentation.—Mr, Panl Brockett,
assistant librarian of the Institution, who was appointed a delegate
to the International Congress of Bibliography and Documentation
at Brussels, August 25 to 27, 1910, attended the congress and sub-
mitted a report on its proceedings, which is printed in the appendix.

Congress of Archivists and Librarians—An International Con-
gress of Archivists and Librarians was held at Brussels August 20
to 31, 1910, when the Institution was represented by Mr. Paul
Brockett, whose report appears in the accompanying appendix.

MISOELLANEOUS,

Hamback collection of fossils—The Institution has secured from
Dr. Gustav Hambach, of St." Louis, a collection of about 20,000
specimens of fossil echinoderms and other animals, with more than
100 types. Almost all the fossils were collected in the Mississippi
Valley and are the choicest obtainable. The series of Blastoids, a
group of fossil echinoderms, is unique. The collection econtains
representatives of the various classes of animals, among which may
be mentioned many insects from the Cenozoie formation in Colorado;
many specimens of Paleozoic fishes, including an especially inter-
esting series of teeth and spines; a complete series of fossil seg-
urchins; the jaws of a Carboniferous batrachian over a foot long,
and of a mastodon.
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Chinese photographs—The Institution has received a valuable
series of large photographic negatives taken by Mr. Bailey Willis in
connection with his geological work in China. These photographs
represent scenery, particularly landscapes in which the loess forma-
tion is conspicuous, and also Chinese buildings, monuments, and the
people themselves. The route of the expedition through the Prov-
inces of Chihli, Shansi, and Shensi led through the district of the
loess formation and some remote mountain regions of great interest
and scenic beauty. Copies of many of these photographs have been
furnished at cost to various institutions for educational purposes.

NATIONAL MUSEUM.

The most important item of interest in connection with the Na-
tional Museum during the year was the completion on June 20, 1911,
of all structural work on the new building, just six years after the
excavations for the foundation were commenced. On another page
the Assistant Secretary in charge of the Museum mentions the very
superior character of the building for museum purposes. Tt is mas-
sive and imposing in appearance. It is well lighted. There is little
room that can not be utilized. More than one-half of the 10 acres
of floor space is placed at the service of the public in the interest of
popular education, while the remaining space is used for reserve col-
lections and laboratories of the scientific departments and divisions
and for the maintenance of the building and the operation of the
heating, lighting, and ventilating plant. The greater part of the
natural-history collections, including ethnology, have been removed
to the new structure; while in the old building space is now afforded
for the proper display of objects pertaining to the arts and indus-
tries, including the colleetion illustrating the graphic arts and the art
textiles, and also for the large and interesting series illustrative of
American history. Although there has as yet been no formal dedi-
cation of the new building, the exhibition halls are being opened to
the public one after another as the reinstallation of the exhibifs pro-
gresses. It is planned in the near future to admit visitors to the
new building, for a portion of the day at least, on Sundays in order
that the people of Washington may be afforded a long-desired op-
portunity to study the national collections in their leisure hours,

The number of visitors to the new building during the year was
151,112 and to the old building 207,010,

The auditorium in the new building has been utilized for meetings
of various scientific bodies and important lectures, The First Ameri-
can International Humane Congress was held there from Oetober
10 to 15, 1010, and in connection therewith an interesting exhibit was
displayed.

88734°—sm 1011—2
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The accessions received by the Museum during the year include
moreé than 200,000 specimens of animals and plants, besides 6,600
specimens relating to geology and paleontology, and about 17,000
anthropological objects. To the National Gallery of Art were added
94 paintings and engravings. In addition, about 1,600 objects of
art and anthropology were accepted by the Museum as loans for ex-
hibition. Among important accessions that merit special mention
was a collection of 3,400 ancient crania, 6,000 bones, and 1,500 archeo-
logical objects, gathered chiefly in Peru by Dr. Hrdli¢ka, as men-
tioned on another page. Other interesting archeological objects were
received from the ancient pucblos of Arizona and New Mexico, be-
sides a valunble series of skulls and skeletons from Arkansas and
Mississippi. About 50,000 specimens of mollusks, collected in Alaska
by Dr. William H. Dall between the Years 1871 and 1899, were re-
ceived during the year, together with many thousands of Japanese
mollusks from the Tmperial University of Japan.

Muny other interesting accessions of objects of zoology, hotany,
geology, and anthropelogy are referred to by the Assistant Secre-
tary in his report.

The paintings of the National Gallery of Art, exhibited in the
middle hall of the new building, continue to attract much publie
attention. Mr, William T. Evans has added 13 canvases to his
notable gift, which now comprises 127 pictures, representing 90
contemporary American painters.

Mr. Charles L. Freer has also added a large number of objects of
oriental art to his most important gift to the Nation, the entire collee-
tion remaining, however, in his keeping at Detroit, Mich.

The great exhibition halls of the new building will afford op-
portunity for the proper display of the national collections illustra-
tive of natural history, and especially such large and striking objects
85 groups of mammals, skeletons of fossil vertebrata animals, and
groups representing the habits and customs of the races of mankind,
The eollections pertaining to the ethnology of America had increased
year by year so rapidly in extent that they long ago outgrew the
space that could be allotted to them in the old building, TIn the new
etructure they are installed with adequate regard to their gize and
importance.

The loan collection of lnces and other art textiles has been largely
increased numerically and in variety of contents under the ghle
supervision of Mrs, James W, Pinchot, who initiated the movement.

The Museum has continued the distribution of collections of dupli-
cate specimens to schools and colleges throughout the country. About
8,000 specimens, chiefly recent and fossi] animals, were thus dis.
tributed during the year, and about 23,500 duplicate specimens wers
used in making exchanges.
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Considerable progress has been made in arranging the large
quantities of natural-history specimens collected by the Smithsonian
African expedition and the Smithsonian biological survey of the
Panama Canal Zone. Some of the African mammals of greatest
public interest have been mounted in groups.

BUREAU OF AMERICAN ETHNOLOGY.

The Burean of American Ethnology has been engaged for a
number of years in scientific studies of the American aborigines,
including their arts and industries, government, religious and soci-
ological systems, and languages, as well as their mental and physical
characteristies, their history, and antiquities. Much has been ac-
complished in this direction, and many of the resulis have been
permanently recorded and disseminated by means of publication;
but a large body of material still awaits final study and arrange-
ment, and much work remains to be done both in the field and in the

The investigations of the bureau have, however, reached a stage
at which it has been found possible to summarize some of the results
in the form of handbooks, designed especially for the use of schools
and unprofessional students. The demand for those already issued,
or about to be published, is very large. Many changes are taking
place among the Indians, owing to their advance in civilization, and
for that reason the researches are being pressed with all possible
speed while knowledge of primitive conditions is stil] available. The
Indians form one of the great races of mankind, and the world
properly looks to our Government to gather and record accurate
knowledge of this branch of the human family, while by many the
work of the Bureau of American Ethnology is regarded as the basis
of American history.

One of the immediate demands upon the burean is vigorous activity
in the exploration and preservation of antiquities, especially in
Arizona, Colorado, and New Mexico, before these important and
most interesting ruins are entirely destroyed by vandalism or the
elements, ;

Another important work that should speedily be undertaken is
an ethnological study of thé Indians and Eskimo of Alaska before
the advent of greater numbers of white people shall have so modified
them s to destroy their primitive character. So also there js need
of further activity in the study of the few survivors of Indian tribes
in the Middle West.

The bureau has conducted various lines of field work among the
tribes which composed the Creek Confederacy of the Southern
States; the Tewa Indians of the Rio Grande Valley, New Mexico;
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the Winnebago Indians of Wisconsin and Nebraska; the Piegan,
Blackfeet, Cheyenne, and Menominee Indians of the Algonguian
family; the Chippewn Indians, especially with reference to their
music; the Osage Indians, now in Oklahoma, and the Iroquois in
New York.

A study of the past and present population of the Indians, with
the various causes of their decrease is being conducted,

Some very interesting studies were made in Cuba, indicating that
the western end of the island, including the Tsle of Pines, was once
inhabited by a eave-dwelling people of low culture and without agri-
culture. Tt is believed that these people were in that condition at
the time of the visit of Columbus, and that they were the survivors of
8 cave-dwelling population once occupying all of Cuba and repre-
sented in Porto Rico and elsewhere in the West Indies.

The Smithsonian Institution, through its Bureau of Ameriean
Ethnology in cooperation with the Archwological Institute of Amer-
ica, has carried on excavations in prehistoric oliff dwellings and
pueblo ruins in New Mexico, In one locality these dwellings extend
along the walls of a canyon for about 2 miles. In cooperation with
the Colorado Cliff Dwellers® Association, the Institution excavated
and repaired the celebrated Balcony House in Colorado. Excava-
tions have also been made in newly discovered cliff dwellings and
other archeological remains in northwestern Arizona,

INTERNATIONAL EXCHANGES.

An idea of the magnitude of the work conducted by this branch
of the Institution may be obtained from the statement that 298,698
packages were handled during the year, an increase over the number
for the preceding 12 months of 7,073, The weight of these packages
was 500,808 pounds, a guin of 76,124 pounds.

The total available resources for carrying on this work were
$36,001.99, $32200 of which was appropriated by Congress, and
$4.754.99 was derived from the exchange repayments to the Insti-
tution.

Several changes made during the year in the routine of the Ex-
change Office have resulted in a more economical and efficient admin.
istration of the service.

It was stated in the last report that the German authorities had
under eonsideration the founding in Berlin of an establishment to
promote cultural relations between Germany and the United Stq
and that one of its functions would be to conduet on behalf of Ger.
many the international exchange of publications which the Smith-
sonian Institution carries on for the United States. This establish-
ment, which is known as the Amerika-Institut, was organized in the
fall of 1910 and the exchange duties were assumed by it on J anuary
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1, 1911. The exchange agency maintained by the Smithsonian Insti-
tution in Leipzig was discontinued on the latter date.

Packages for Luxemburg and Roumania have heretofore been dis-
tributed through the Leipzig agency. Since its discontinuance the
Amerika-Institut has been good enough to assume charge of the dis-
tribution of packages in Luxemburg, and the Academia Romana at
Bucharest has been asked to act as the Roumanian exchange inter-
mediary.

The Japanese Government has transferred the exchange agency of
that country from the Department of Foreign A ffairs to the Imperial
Library at Tokyo. The regular series of United States official doci-
ments, which had been sent to the former for a number of years, has
also been deposited in the Tmperial Library.

The Government of the United Provinces of Agra and Oudh,
Allahabad, India, has, at its request, been listed to receive & partial
set of United States official publications, the total number of such
depositories being now 84. The number of depositories of full sets of
governmental documents remains the same as at the close of last year,
namely, 55,

The Governments of the Argentine Republie, Denmark, and Great
Britain have entered into the immediate exchange of their parlia-
mentary record during the past year, 20 countries now taking part
in this exchange with the United States.

Important collections of foreign publications have, through the
efforts of the Exchange Office, been obtained during the past year
for the Library of Congress and for several other establishments of
the Government.

The accessions to the Zoological Park during the past year were
435 animals, and the total number of animals on hand June 30, 1911,
was 1414, representing 876 species of mammals, birds, and reptiles,
about 20 species being new to the park.

Among the important additions to the collections T may mention a
pair of northern fur seals from Alaskn, a hippopotamus, an East Af-
riean buffalo, three prong-horn antelopes, a pair of reindeer, and a

- large Asiatic macaque monkey,

The number of visitors was 521,440, or a daily average of 1428,
As an indication of the educational value of the park, it may be men-
tioned that it was visited by 169 schools, classes, ete., with 4.966
pupils, an increase of about a thousand over the year preceding.
While most of the classes were from the District of Columbia, some
of them belonged in various parts of the country, including all the
New England States, New York, Pennsylvania, and North Carolina.
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The equipment of the Zoological Park, both as regards the accom-
modations for the collections and facilities for visitors, is still in-
adequate and is inferior to that of other establishments of the kind
of equal importance.

Many of the animals are kept in temporary quarters that are in-
sufficient in size, more or less insanitary, and quite costly to maintain.
This is particularly true of the fine series of birds, which includes
some of exceptional interest and rarity. The rough temporary build-
ing in which they are now kept is too small for the exhibition of the
entire collection and the conditions are such that it is difficult to keep
the birds in a good state of health. In a suitable structure the bird
collection would be one of the most attractive features of the park.

Permanent paddocks are also needed for the hardy deer, wild
sheep, goats, and cattle, which are now scattered in temporary inclo-
sures, some of them altogether unsuitable.

A new bridge across Rock Creek is urgently needed to replace the
present temporary log structure, and it should be of a permanent
character and sufficiently wide to provide for the greatly increased
travel when the valley of Rock Creek is fully developed.

The roadways and walks in the park were greatly improved at the
cost of a special appropriation for that purpose. Nearly a mile of
the roads were treated either by reshaping and supplying a top layer
of stone or by regrading and furnishing the entire thickness of road-
bed metal. About 13 miles of walks were also laid or repaired and steps
were constructed where grades had before been too steep. A consid-
erable amount of work was also done to provide proper drainage.

ASTROPHYSICAL OBSERVATORY.

The Astrophysical Observatory has been engaged in three principal
lines of work during the year.

Observations by the spectrobolometric method were continued in
order to confirm the view referred to in last year’s report that the
determinations of the intensity of the solar radiation outside the
earth's atmosphere are independent of the observer’s altitude above
sea level, provided the conditions are otherwise good. Observations
for the * solar constant ” were accordingly taken on Mount Whitney
in the summer of 1910, where opportunity was afforded also for
measurements of the brightness of the sky by day and by night, the
influence of the water vapor on the sun's spectrum, and the distriby-
tion of the sun’s energy spectrum outside the atmosphere. The re-
sults of these observations show no discrepancy due to altitude be-
tween Mount Wilson (5,840 feet) and Mount Whitney (14,502 feet).

It also seemed important to confirm by further observation the
variability of the solar constant of radiation. Observations were geo-
cordingly continued daily at Mount Wilson until November 10, 1910,
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and renewed again on June 11, 1911, which tend to confirm the con-
clusion that the sun's output of radiation varies from day to day in
a manner irregular in period and quantity. Assurance seems now
complete that this latter result will be tested during the next fiscal
year by long-continued daily observations taken simultaneously at
two widely separated stations, where the atmosphere is believed to be
specially favorable for such research. The definite determination of
the laws governing the apparent variability of the “solar constant ™
it is expected will be of much value in the probable forecast of
climatic conditions from year to year.

Measurements have also been made of the transparency, for long
wave radiation, of columns of air containing known quantities of
water vapor. Thisline of research promises highly interesting results.

As mentioned on another page, arrangements have been made with
several observatories, widely separated through the world, for the
use of the standard silver-disk secondary pyrheliometer designed by
the director of the Smithsonian Astrophysical Observatory. It is
hoped to thus secure not only uniformity of radiation measures, but
also a more exact knowledge of solar radiation and the influence of
the terrestrial atmosphere upon it.

INTERNATIONAL CATALOGUE OF SCIENTIFIC
LITERATURE.

The International Catnlogue of Scientific Literature publishes,
through the cooperation of countries in all parts of the world, a
current classified index tothe literature of science. Seventeen volumes
have been published annually, beginning with the literature of 1001,
The organization consists of a central bureau in London and regional
bureaus established in and supported by the 32 countries taking part
in the enterprise. Supreme control of the catalogue is vested in an
international convention, which met in London July, 1905, and July,
1910, and is to meet every tenth year hereafter. The second inter-
national convention met in London at the rooms of the Royal Society
on July 12 and 13, 1910, and Mr. Leonard C. Gunnell, assistant in
charge of the United States regional bureau, was sent by the Insti-
tution as the delegate from the United States. The convention de-
~ cided that on account of the success already achieved by the Interna-

tional Catalogue and the great importance of the objects promoted,
the enterprise would be continued. Attention was called to the ur-
gent need of a permanent fund to aid in carrying on and extending
the work. Tt was pointed out that although various regional bureaus
for the collection of material were supported by the countries in
which they were located, the maintenance of the central bureau for
general administration and actual publication of the 17 annual vol-
umes was dependent entirely on the funds derived from the sub-
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scribers to the published volumes. Though every care has been used
to edit and publish the work in the most economical way, the income
of the central bureau has proved to be insufficient to meet current
expenses and in addition pay interest on approximately $35.000 of
borrowed capital.

As a more detailed report of the work of the bureau and of the
proceedings of the convention will be found in the appendix to this
report, it will be sufficient here to call attention to the great value
and importance of the work, and to say that it would be difficult to
find an enterprise more deserving of endowment. A capital fund,
yielding an annual income of from $5,000 to $10,000, would enable
the central burean not only to broaden the scope of the catalogue
but also to reduce the subscription price now charged for the annual
volumes. This charge is $85 per year which, although not large
when the amount of matter published is considered, is found to be
far beyond the means of many who would otherwise be glad to
avail themselves of this important aid to scientific research.

The Smithsonian Institution has a peculiar interest in the Inter-
national Catalogue, for the reason that the original idea was con-
ceived by the first Secretary of the Institution in 1855. The Roys!
Society through its Catalogue of Scientific Papers later partly
carried out Secretary Henry’s idea. Experience proved that the
enterprise was too great for any one society, or, indeed, any one
nation, to undertake, and the Smithsonian Institution, representing
the United States, joined in the movement to make the work
international.

The history of this international movement is briefly as follows:

The British foreign office in 1894, at the instance of the Royal
Society, requested the United States Government, through the De-
partment of State, to send delegates to a conference to be held in
London in 1896. The matter was referred to the Smithsonian
Institution, and the late Prof. Simon Newcomb and Dr. John S.
Billings were sent as delegates. The second conference was held in
1898, and Dr. Cyrus Adler, librarian of the Smithsonian Institution,
attended as a delegate.

In 1901, when success or failure depended on obtaining the co-
operation of the United States in the enterprise, the Smithsonian
Institution agreed to and did support a regional bureau from that
time until 1906, when Congress made its first annual appropriation
to carry on the work in this country. Tt will thus be seen that in each
step the United States has, through the Smithsonian Institution, been
prominent in the movement, and it would be g matter of much
gratification if now that the enterprise has been s0 auspiciously
started it could be further aided by an endowment fund originating
in this country.
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NECROLOGY.
Mervimae Weston Fouzs.

It becomes my duty to record here the death of Chief Justice Mel-
ville Weston Fuller, Chancellor of the Smithsonian Institution, who
was born at Augusta, Maine, February 11, 1838, and died at his sum-
mer home, Sorrento, Maine, July 4, 1910. For 22 years prior to his
death, Chief Justice Fuller had been deeply interested in the welfare
of the Institution, and only on one occasion was he absent from a
meeting of the Regents during the entire period of his service as a
member of the board.

During his long and useful life Justice Fuller served his country
faithfully in several civil offices of trust and as Chief Justice of the
Supreme Court of the United States. His achievements as o jurist
were most adequately portrayed by the resolutions and eulogies pro-
nounced in his memory at a meeting of members of the bar of the
Supreme Court on December 10, 1910, and at the session of the
Supreme Court on January 3, 1911,

The Board of Regents of the Smithsonian Institution expressed
their sorrow in the following words of tribute adopted at the annual
meeting of the board on December 8, 1910:

Whereas the Board of Regents of the Smithsoninn Institution have received
the sad intelligence of the death, on July 4, 1010, of Melville Weston Fuller,
Chief Justice of the United States, and for twenty-two years chancellor of the
Inmstitution : Therefore be it

Reaolved, Thot we deslre here to record our profound sorrow at the severing
of the tle that has bound us to him for so long a period of honored sarvice;
that we feel keenly the loss of a wise preslding officer, whose vast store of
learning and gracious dignity bave proved so Invaluable In the dellberations
of this board, and whoee Joynl interest In the Smithsonlan Institution hos been
o source of inspiration to hiz colleagues,

Resolved, That we share in the grief of the Natlon nt the passing away of
one who was at once a distinguished leader of the greatest legal tribunal of
our land, an eminent Jurist, o patriotic cltizen, a shining example of Christinn
gentleness, and who also possessed so charming a personallty 08 0 man and as
n friend,

Resolved, Thal we respecifully tender to the members of the family of our
Inte nesoclate our sincerest sympathy In thelr great bersavement.

Resolved, That an engrossed copy of these resolutions be tronsmitted to the
family of the late chaneellor.

Respectfully submitted,
Cranves D. Warcorr, Secretary.



Arpexpix 1.
REPORT ON THE UNITED STATES NATIONAL MUSEUM,

Bm: I have the honor to submit the following report on the operntions of the
United States Natlonal Muoseum for the fiscal year ending June 30, 1011 ;

COMPLETION AND GCOUPATION OF THE NEW RUILDING.

It is gratifying to be nble to report the completion of all stroctural work on
the new bullding for the Museum on June 20, 1811, Juet slx years after the
excavations for its foundntions were commenced. While the time Timit orig-
Inally estimated wis somewhat exceedad on account of delays In the fulflliment
of certain contracts, the work was porposely conductel slowly in order to
insure entire sinbility and permanency of constructlon, which It 1z confidently
belleved have been secored. The bullding I8 massive and Imposing In appear-
nnee, o notable addition to the group of Government structures at the Caplial,
and has already been proved to be admirably adapted to the purposes for
which It wns deslgned.

There s comparatively lttle room In the bullding that can not be wtillzed.
Of the approximately 10 acres of foor space which It contalns, fully one-half
has been allotted to the public in the interest of popular education. The other
half, after dedueting the area required for the maintenance and operntion of the
bullding, Is assigned to the storage of the reserve collectlons and to the labora-
torics. The cecupation of the bullding did not await its final completion, but
wus begun during the summer of 10600, and has been continned as rapidly as
the necessary furnlture could be provided

The work done on and In counection with the bullding durlng last year com-
prised the finishing of the rotunda, the south approaches, and the auditoriom;
ithe painting of the interior plastered walls nnd Ironwork: and, undsr the
direction of the officer In charge of publie bulldings and grounds, the grading
and sodding of the grounds Immedintely surroundlng the bulldlng and the
constriction of roads and walks leading to the severnl entrances.

By the close of the year essentially all of the reserve collections and all of
the lnboratories of the severnl divislons of anthropology, zoology, geolory, and
paleontology had been established In the new bnilding, as had also most of
the ndministrative offices which are to be located there. The eollections had,
moreover, been nearly all arranged In a manner convenlent for study and
reference, and In greater part had recelved their permanent systemnatic Instalia-
tlon. Much remains to be done, however, in perfecting this arrangement and
in completing the ecatnlogues nnd Indexes

The exhibition collections had alsoe been moved with the exception of the
Amerienn mammals, the birds, the marine invertebrates, the osteologleal specl-
mens, the fossll plants, the bullding stones, the gems, and a small section of
ethnology. The only poblle Installatlons that had been completed In the new
building, besides the paintings of the Nationnl Gallery of Art, were, however,
of ethmology, which occopled the sides and ends of the middle hall on the
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main floor, and most of the two adjacent ranges. To thess halls In greater or
less part the public had been admitted from March 17, 1010, when the bullding
was first opened. Work was nctively progressing In the preparation of the
exhibits for all of the other branches, the delays belng due In lnrge measure
to the slow rate ut which furniture wns supplied, and had been well advanesd
for archeology, mineralogy, and the fossil vertebrates.

ADDITIONS T0 THE COLLECTIONS,

The permanent acquisitions received during the year comprised approxi-
mutely 225042 specimens and objects, of which 204 540 were of animals and
plants, G647 were geologlenl and paleontological, 17,361 belonged to the several
divigions Included In the department of anthropology, and 4 were palntings
nnd engravings presented to the National Gallery of Art. In addition, 1,620
objects of art and anthropology were accepited as loans for exhibltion,

One of the most Important accesslons of the year resulied from an Investl-
gntion In Argenting, econducted under the nusplees of the Smithsonian Instl-
tution by Dir. AleS Hrdlidka, curator of physical anthropology, partly in con-
Junetion with Mr, Balley Willls as geologlst, for (he purpose of determining
the nature and valoe of the evidence relating to man's antiquity In that
country, The skeletal pnd archeological remalns attributed to early man or
bis forerunners preserved in the museums were situdled. the more lmportant
localities where soch remains have been discoversd were visited, and on the
journey to and from Argentinn short stops were made in Brasil, Peru,
Panama, and Mexlco, Some 3,400 anclent cranla, 8,000 long and other bones,
and 1,500 archeoclogical objects of human manufacture composed the collec-
tion brought to Washington. A large number of prehlstorle utensils, lme
plements, ornnments, examples of weaving, ete., obtained by Dr. J. W. Fewkes
during excavations In the Navaho Natlonal Monument and at the anclent
Hopl puehlo of Wukokl at Black Falls, Little Colorndo River, Ariz, were
transferred by the Burean of Amerlean Ethnology. Collectlons of n similar
charncter, but Including anclent human crania and skeletons, from the north-
enstern puehlo reglon of New Mexico, were recelved from the School of
Ameriean Arclimology of the Archmological Instliute of Amerlen, ot Santn Fe,
and a valuable series of skulls and skeletons from Arknnsas and Mississippl
wans presented by Mr. Clorence B, Moora,

Two Interesting ethnological collections, one from Liberin the other from
Abyssinin, were lent for exhibitlon by Mr, George W. Ellls, jr., and Mr. Hof-
man FPhillp, respectively, and a number of specimens relating to the Indlans
of North Amerlca were acquired by gift and purchase.

The finnl ghipments from the Smithsoninn African expedition, which arrived
in the early part of the year, contaloed several thousund speclmens of mammals,
birds, reptlles, fishes, and mollnsks, The notable eollection of mammals
belonging to Dr. C. Hart Merrlam and consistlng of abont 5800 skins, @000
skulls, and 100 complete skeletons, was secured throngh the gencrosity of Mrs:
Edward H. Harriman, of New York, by whom It wns porchased nnd donnted
to the Institution. The other principal sdditions of mammals were from
British East Africn, Abyssinla, and China: while of birds the more Important
contributions were from Norih and Central America, the Phllippine Islands,
and Chinp, The United States Biologleal Survey and the United States
Bureau of Fisheries transmitted many reptiles from varlous parts of the
DUnited Btates nnd Mexico, and the Intter also an Interesting serles from the
FPhillppines. The fishes recelved were mainly from explorations by the Burean
of Fisherles in the eastern part of the United States. Large numbers of
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Insects were deposited by the Bureau of Entomology, and importnnt enllections
of hymenoptern were presented by Mr. 8. A. Robhwer and Mr. P. B. Myera.

An especlally noteworthy acceession congisted of the collection of mollusks
made in Alnska by Dr. Willlam H. Dall while in the field for the United
Btates Coast and Geodetic Survey, and Inter for the Unlied States Geological
Survey, belween 1571 apd 1880, It comprises about 15,000 lots and 50,000
specimens, snd I8 undoubtedly the largest collection of the shells of moderate
depths of water that hns eéver been nssembled from that reglon. Another
extensive contribotlon of mollnsks, consisting of many thonsands of Japanese
specimens, was obinined from the Imperial Unlversity of Tokyoe. Important
type collections, recently deseribed. of isopod crostanceans, medosm, hydroids,
and siphonophores, from explorations by the steamer Albofross In the Paeclfie
Ocean and nt the Philippine Islands, were transferred by the Burean of
Fisherles. Deenpod crustaceans, representing o large number of specles, wers
received from the Indian Musenm at Caleuttn: many lsopods fh_m: severnl
French explorations, Incloding the Charcot expedition to the Antarctie Ocean,
were obtalned from the Mustum A"Histolre Noturelle at Paris: and an inter-
esting serlea of recent crinolds was securad from fhe Zoologieal Museum at
Copenhagen.

The collection of plants was Increased by over 38,000 specimens, of which
the largest contributions were from the blologleal survey of the Panama Canal
Zone and the Depariment of Agriculture, thongh many specimens were obtialned
from the Durean of Fisheries, and by gift and exchange. On the biologienl
survey of the Canal Zone, which is belng carried on under the nuspices of the
Smithsoniin Tustitution, the Musenm was represented during the year by one
member of Its staff, Mr. W, BE. Maxon, assistnnt curator of plants Mr. Maxon
spent about two and one-half months in the fleld, worklng in conjunction with
Mr. Henry Pittler, who is In charge of the botunical investigations, and in
vlew of the richness of the reglon the exploration ylelded excesdingly important
resnlts. DTir, J. K. Rose, associate curntor of plants, and Dr. Paul Bartsch,
nssistant curator of mollusks, were members of an expedition by the Burean
of Fisheries stoamer Albalross, which visited Guodaloupe Tsland, procesded
down the outer coast of Lower Californin and nscended the Gulf of Callfornin
for n considerable distnnce. Valuable zerles of marine animals and of plants
were secured, the former wostly by means of dredging, the latter during
stops made nlong the coast,

The aceesslons in geology ond mineralogy from the Geologieal Survey and
other sources contained much Interesting materinl and & number of type
gpecimens.  Especlally important were several type serles of Combrinn fossils
described by Dr. Charles D. Walcott, and Included in the notewoarthy discoveries
resulting from his reeent explorations in British Columblns. Investigntions In
Keutueky and Tennessee by Dr. I 5, Bassler and Mr. Frank Springer yieldad
valuahle collectlons of Silurian and Misslssipplan fosslle, In vertebrate
paleontology the more Important ndditlons consisted of mammalinn and rep-
tillan remaing obtained in exchange. .

An Interesting serles of articles of nickel produced by the late Joseph Whar-
ton, of Philadelphia, who was recognized as the leader In the technology of
this metal, was recelved as n donatlon from the exeentors of his estate,
This eollection, which had been preserved by Mr. Wharton in o cabinet at his
home, comprises over 60 pleces, Inclnding pure nickel in severa] forns, harness
and door trimmings, household utensils, forceps, magnetic needles, colnage
blanks, ete, and Is of moch historical value

The historical collection wns greatly enrlebied, mainl

¥ by lonms, and, by
extending the exhibition space Into n secomd b

nll, Its Installntlon hus been mueh
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Improved. Rear Admirn]l R E. Peary, United States Navy, retired, deposited
the many mednls conferred vpon him by various geographicnl socleties in roe-
ognition of his service to selence In arctic exploration; the silver model of o
sghip amnd three loving cops presented fo him; and two of the flags that he
earried to the North Pole In 1000 ; all of which have been nrranged together In
a single ecase. Important additionz toe the collection of memorials of the
Balley-Myers-Mason family were recelved from Mrs. Jullan James: valuable
memorinls of the Salter nnd Codwise families of coloninl and revolutionary
New York and New Jersey were lent by Mi=s Lonise Salter Codwise: and inter-
esting relles of the Schenck family of New Jersey dating back three generatlions
were contributed by Dr. Clarn 8. Lodlow. The Gustavos Vasa Foxo collection
of Ruosslan memorials wns materfally Increased, and 11 pieces of furniture
that once belonged to Gen. Rofus Potnom were recelved as a gift from his
great-grandson, the late Judge E. M. P, Brister. An inhaler of the type nsed
by Dr, William T. G. Morton in 1844, in the first operation which he performed
with the use of ether as an anesthetie, and two bosts of Dr. Morton were
presented. ;
NATIONAL GALLEEY OF ANT,

The palntings of the Nationnl Gallery of Art continue to be exhibited in the
Inrge middle hall of the new building, the central part of which wag speclally
fitted op for the purpose In 10010. While these quarters are already too Te-
sirletod for the needs of the Gallery, the excellent lighting of this space makes
possible an entirely satisfactory Installation, which has atitracted much
attention.

Mr. Willinm T. Bvans, of New York, added 18 canvases to his notable collec-
tion of the works of contemporary Amerlean palnters, which now comprises 127
pletures representing 00 artists. Mr. Evans also presented 81 examples of &
serles of 100 proofs designed to [Nustrate the work of the foremost Amerlean
wood engrovers, which he announced =ome time ago his Intention to contribnte
Mr. Charles L. Freer, whose Important gift to the Natlon of American and ori-
ental art still remnins In his keeping nt Detrolt, Mich., secured many valuable
additlons for his collection during an extended trip abroad, moch of which was
spent in Chinn. The Gallery was fortunate In obininlng several interesting
loans, including numerous exnmples of the palntlngs of enrly masters, and
contributed to n number of Important exhibitions held in other cities.

ART TEXTILES,

The lonn collection of laces and other art textiles, which occuples one of the
northern ranges in the older Muosenm bullding, was very largely Incrensed
both numerically and in the variety of Itz contents. Thirty-two loan contri-
butlons and three gifts, comprising 240 speclmens, many of great beauty and
value, brought the totnl number of specimens on exhibltion up to 1.007. The
supervislon of the collection has been continued by Mra James W. Pinchot,
to whose Initlntive and subsequent efforts, with the active cooperation of n
number of lndies of Washington, the movement owes its soccess.

MISUELLANEDUS.

Of duplicate specimens inken from the eollectlons, over 3,000, princlpally b
recent animals and fossils, were distriboted to schoois and colleges, and about
23,000 were used In making exchanges. Approximately 24600 specimens of
varlous kinds were gent for stndy to speclallsts both In this country aimd abroad,
mainly to be worked up and identified for the Muosenm.
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The totn]l number of visltors to the older Museum building wase 207,010, to
the 8mithsonlan buflding 167,085, and to the new Muoseum bullding 151112
Congidering that the buildings have been openad only during working honrs
on week dnye, this 1s to be regnnded as a fair attendance. That 1t wns smallest
at the new bollding was owing to the faet that less than one-sixth of the
exhibition space had been mode ready for the public.

The publications issued comprised the annual report for 1910, two volumes
of Proceedings, five bulletins, one volume of Contributions from the National
Herbarinm, ond o Inrge number of separate papers belonging to three unfin-
Ished volomes of Procecdings and two of Contributions. With the exception
of the annual report, all were descriptive of material in the Museum collectlons.
The number of coples of the various publications distribnted was over 110,000,

By the additlon of 6,127 books, pamphlets, and perlodieals, the Museum
library was Increased to 40,211 volmunes and 60,074 unbound publicatlons

The aovditorium In the new bullding was nsed on severnl occasions for meet-
ings of lmportant sclentific bodles. The sesslons of the First Amerlean Inter-
nntional Humane Congress, In connection with which an Interesting exhiblt
was Installed, were nlso held here from October 10 to 15, 1910,

The position of head corntor of the department of blology, made vncant hy
the designation of Dr. F. W. Troe as an Asslstant Secretary of the Imstitotion
on June 1, was filled by the nppointment of Dr. Leonhard Stelneger, curntor
of reptiles and batrnchlans. For convenlence of administration, the divisions
of Invertebrate paleontology, vertebrate paleontology, and palecbotnny were
comblped, under the title of sections, in o single divislon of paleontology, with
Dr. R. 8. Bassler as curntor.

Respectfully submitted.
Rrcmasp RaTneomw,
Assistant Beeretary in Charge, U. 5. Notlonal ifusesm,
Dr. Cuances D, Warcotr,
Becretary of the Smithsonfon Tnatituiion.
Noveuser 18, 1011,



Arrenpix I1.
REPORT ON THE BUREATU OF AMERICAN ETHNOLOGY.

8m: I have the honor to present the followlng report on the operations of the
Burean of American Ethnology during the flscal vear ending June 30, 1911, com-
ducted In accordance with the provisions of the act of Congress approved June
25, 1010, nuthorizglng the continnation of ethnologlenl researches mmong the
American Indians and the natives of Hawall, under the direction of the Smith-
sonian Institution, and in necordance with the plan of operations approved by
the Becretary June 15, 1910

The systematic ethnological researches of the hurean were continoed duoring
the year with the regular sclentific staff, conslsting of nine ethnologlst=, as
follows: Mr. F. W. Hodge, ethnologist in charge; Mr. James Mooney, Dr.
J. Walter Fewkes, Mra. Matilda Coxe Stevenson, Mr. J. N, B. Hewltt, Dr. John R.
Swanton, Dr. Truman Michelson, Dr. Paul Radin, and Mr. Fraocis La Flesche,
In addition the services of several specialists In thelr respective fields wers
enlisted for specinl work, as follows:

Dr. Frupz Boas, honorary philologist, with severnl assistants, for research In
connection with the preparation and poblieation of the Handbook of Amerlean
Indlan Langunges,

Misg Allee C. Fletcher and Mr. Franels La Flesche, for the final revision of
the proofs of their monograph on the Omahn Indinns for publication in the
twenty-seventh annual report.

Miss Frances Densmore, for resenrches in Indian musie,

Mr. J. P. Dimnn, for studies of the tribes of the Middle West.

Mr. John P. Harringtom, for researches among the Mohave Indinns of the
Colorado Valley.

Rev. Dr. George P. Donehoo, for Investigntions In the history, geogrnphy, awd
ethnology of the tribes of Pennsylvanla for fncorporation in the Handbook of
Ameriean Indinns

Mr. Willlam R. Gerard, for studies of the etymology of Algonguinn placa
lndmtumunndo:temmnthnmheminmqmmtediumnnsﬂuh
Innguage for use In the same work.

Prof. H. M. Ballon, for hibllographic research In eonnection with the com-
plintion of the List of Works Relating to Hawnil

Mr. James R. Murle, for resenrches pertaining to the ethnology of the Pawnee
Indlnns.

The systemntic ethnological researches by members of the regnlar staff of
the burean mny be summarized as follows:

Mr. F. W. Hodge, ethnologist in charge, in addition to conducting the ndmin-
Istrative work of the bureau, devoted attentlon, with the nssistance of Mre.
Frances 8. Nichols, to the final revislon of the remalning proofs of Part 2 of the
Handbook of American Indians | Bulletln 80), which wns published in January,
1811. This work met with such great popular demand that the edition of
ibe two parts became exhapsted Immediately after publication, causing the
burenn much embarrassment owlng to the thonsands of requesis that it has

&1
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not been possible to supply. To meet this need in part, the Benate, on May 12,
adopted a concurrent resolntion aunthorizing the reprinting of the entire hand-
book, and ot the close of the fizenl year the resolution was under conslderntion
by the Commitiee on Priuilug of the House of Representatives. The SBuperin-
tendent of Documents has likewise been In receipt of many orders for the work,
necessitntlog the reprinting of part 1 some mouths after lts appearance, and
about the close of the fiscal year another reprint of this part was contemplated.
Mnech materinl for incorporntion In o revised editlon for future publication was
prepared during the year, but lack of funds necessary for the employment of
apecinl asslsinnts prevented the prosecution of this work as fully ns was desired.

The burean has been interested In and has coudneted archeologienl explorn-
tlons In the Poeblo reglon of New Mexleo and Arlzona for many years. Sinee
the establishment of the School of American Archmology In 1007, following the
revlval of Interest in American archeology, by the Archmological Institute of
America, that body llkewlse commenced systematic work in the archeology of
that great region. In order to avold duplication of effort, nrrangements were
made between the bureau and the school for conducting archeologieal investign-
tions in cooperation, the expense of the field work to be borne equally, a molety
of the collections of the artifnets and all the skeletnl remains to become the
properiy of the Notlonal Muoseum, and the bureau to hive the privilege of the
publication of all sclentifle resulis

Actlve work under this jeint arrangement was commenced In the Rito de los
Frijoles, northwest of Santa F¢, New Mexico, In July, 1010, work having
already been initinted there during the previous summer by the school Inde
pendently, under the directorship of Dr. Edgar L. Heweit. In August, 1910,
Mr. Hodge visited New Mexico for the purpose of participating In the work on
the part of the bhurean, and remained in the Geld for B montlh,

The great prehistorie sile in the Rito de los Frijoles is characterized by an
immense clrenlar many-celled pueblo roln, most of the stone walls of wihilch
are stlll stunding to a height of several feet, and o serles of cavate dwelllngs
hewn In the soft tufn throughout severnl hundred yvards of the northern wall
of the canyon. Accompanying the great community ruin and also the cavate
dwellings are underground klvas, or ceremonlal chombers. In front of the
cavate lodges were originally structures of masmry bollt agailnst the cliff and
forming front rooms, but practically the only remains of these nre the founda-
tlon walls and the mfier holes In the cliff face. The débris covering these
structures hns been largely eleared away and the foundations exposed, and the
wills of about two-thirds of the grent pueblo structure In the valley have been
bared by excavation. At the western exiremlty of the canyon, far up In the
northern wall, 18 n natural cavern, known as Ceremoninl Cave, In which Hre n
Inrge kiva, remarknbly well preserved, and other Interesting remnins of aborig-
Inal cccupancy. This great archeologleal site In the Rito de los Frijoles is
impertnnt to the eloeldation of the problem of the early distribution of the
FPueblos of the Rlo Grande Valley, and there Is reason to belleve that when
the resenrches nre completed much light will be shed thereon. There Is n
paucity of artifacts in the habliations uncovered, aside from stone Implements,
of which large numbers have been found

AL the close of the work in the Rito de los Frijoles the Joint expedition pro-
ceeded to the valley of the Jemez River, near the Hot Springs, where a weelk
wis spent In excavating the cemetory of the old Jemes villnge of Glusiwa,
About 80 burinls were disinterred here, and a few accompaniments of pottery
vessels and other artifacts were recovered: but In the main the deposits had
been completely destroyed by aboriginal disturbance, enused in part by cover
Ing the burials with heavy stones nnd partly h" 'llﬂlfllﬂ.'llg the skeletons pre-
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vlously buried when subsequent Interments were made.  Glusiwa was inhabited
In prehistoric times and also well within the historical perlod, ns I8 attested
by Its masslve, roofless church, built about the beginning of the seventeenth
century. Nevertheless, no indication of Spanish Inflnence was found o the
anclent cemetery, and It fs assumed that burlal therein ceased with the com-
Ing of the misslonnries and the establishment of the enmpo santo adjacent to the
church. All collections gnthered at Giusiwa have been deposited in the National
Museum.

Other Immense rulns on the summits of the mesas bounding the valley on the
west were examined with the view of their future exenvation. The exact posl-
tion of the Jemez tribe among the Pucblo peoples I8 a problem, and both
archeologleal and ethnological studies thereof are essential to lts determination,

On completing this reconnoissance exenvation wag condocted in o cemetery at
the great stone pueblo of Puye, on o mesa 8 miles west of the Tewa village of
Santa Clara. About 60 burinls were exhumed and sent to the National Museum,
but artifscts were not found in abundance here, nnd as o role they are not ex-
eellent in quallity. In the jolnt work In the Rito de los Frijoles the expedition
was fortunate In having the cooperntion of Prof. Junins Henderson and Prof.
W. W. Robbins, of the University of Colorado at Boulder, whao, respectively,
while the excavations were In progress, conducted studies In the ethno-zoology
and the ethno-botnny of the Tewn Indinns, and also on the {nfluence of climnte
and geology on the life of the enrly inhabitunts of the Rito de los Frijoles. At
the same time Mr. J. P. Harrington continued his researches In Tewn goo-
graphic nomenclature and cooperated with Professors Henderson nnd Robbingz in
supplylng the native terms for plants and animals used by these Indians ns
food and medicine In ceremonles and for other purpoges. The expedition was
also fortunate in having the services of Mr. Sylvanus G. Maorley In connection
with the excavations In the Rito, of Mr, K. M. Chapman In the study of the
decoration of the pottery and of the pletographs of the entlre npper Rlo Grande
reglon, of Mr. Jesse T. Nusboum In the photographic work, and of Mr, J. P,
Adnme in the surveying. Valued nid was nlso rendered by Messrs, Nell M. Judd,
Donald Benuregard, nod Nathan Goldsmith.

The sclentific results of the Joint research are rapldly nearing completion and
will be submitted to the buresy for publcation at an early date,

Throughout almost the entire year Mr, James Mooney, ethnologlst, was oe-
cupled In the office In compiling the materinl for his study of Indinn population
covering the whole terrltory north of Mexico from the first white OCCUPADCY
to the present time. By request of the Nebraska State Historieal Soclety he
was detalled In January, 1911, to attend the Joint session of that body and the
Mississippl Valley Historical Assoclation, at Lincoln, Nebrasku. where he de-
livered three principal addresses bearing particolurly on the method and resnlis
of the researches of the buresu with the view of thelr application in loeal his-
toricnl and ethnologleal Investigations,

On June 4 Mr. Mooney started for the reservation of the East Cherokee in
North Carolina to eontinue former studies of the sacred formulas nnd general
ethnology of that tribe, and was engaged In this work at the elose of the month,

At the beginning of the fiscal yenr Dr. J. Walter Fewkes, ethnologist, was in
northern Arizons examining the great eave pueblos and other rulns within
the Navaho Natlonn! Monument, He found that sinoe his visit in 1000 eon-
giderable excavatlon lind been done by others in the rooms of Betntokin, and
that the walls of Kitsiel, the other lurge ellf ruln, were greatly in need of re-
pair, Guided by resident Navaho, he visited several hitherto undescribed cliff
dwellings and gathered a falrly good collection of objects illustrating prehistorie
enlture of this part of northern Arizons, which have been deposited In the
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Watlonal Museum. In order to facllinte the archeologienl work nnd to make the
reglon accessible to students and visitors It wng necessary to brenk a wagon road
from Marsh Pnss through the middle of the Navaho Natlonal Monoment to the
nelghborhood of Betatakin, and by thls means the valley was traversed with
wagons Tor the first time.

On the return journey to Fligstnfl, Dr. Fewkes visited the rulns In Nitsl, or
West Canyon, and examined Inseription House, a prehistorie. cliff dwelling of
congiderable size, hitherto undeseribed, the walls of which are built of loaf-
shaped adobes strengthensd with sticke. On account of the size nnd great
interest of these rulns, it Is recommendsd that the aren covered thereby be
Included in the Navaho Natlonal Monument and the rulns permanently pre-
served, and that either Betatokin or Kitsiel be exenvated, repaired, and made
a “type roin®™ of this colture area. Along the road to Flagstaff from West
Canyon, Dr. Fewkes observed several rulns and learned of many others
ascribed to the anclent Hopl. He visited the Hopl pneblo of Moenkopl, near
Tuba, and obtalned considerable new ethnologieal materinl from an old priest
of that villnge regarding legends of the clans that formerly lived in northern
Arizonn. He lenrned nlso of a cliff, or rock, covered with pletographs of Hopl
origin, at Willow Spring, not far from Toba, the figures of which shed light
on Hopl clan migration legends

Returning to Flagstaff, Dr. Fewkes reoutfitted In order to conduct Investiga-
tions of the roins nenr Black Falls of the Little Colorado Rlver, especinlly the
ong called Wokeki, reputed to have been ihe Inst habitation of the Snaoke
clans of the Hopl In thelr southern migration before they finally settled near
the East Mesn, A llttle more than a month was spent at these rulns, during
which time extensive exenvitlong were made In numerons subterranean rooms,
or pit dwelllngs, a new type of habltations found at the bages of many of the
Inrge roined pueblos on the Little Colorndo.  Incidentaily several other pueblo
ruing, hitherto wmknown, with accompanying reservoirs and slirlnes, ware ob-
servid. The exeavatlons at Wukokl ylelded about 1.500 specimens, consisting
of painted pottery, beautiful shell ornaments, stone implements, bnsketry,
wooden objects, cane “cloud blowers” prayer sticks, a prayer-stick box, an
Idol, and other objects, The results of the excavations nt Wuokoki will be in-
t:Bnlrrnrntu:l In a forthcoming bulletin on Antlquities of the Little Colorido

sin.

On the completion of his work at the Black Falls rulns, Dr. Fowkes returned
to Washington in Beptember and devoted the next three months to the prepara-
tion of & monograph on Cnsa Grande, Arizona.

At the elose of January, 1911, Dr. Fewkes agaln took the fleld, vislting Cuba
for the purpose of gathering Informntion on the prefistorle Inhabitants of that
lgland and their reputed contempornnelty with fossil gloths, shurks, and eroco-
diles. A fortnight was devoted to the study of collections of prehistoric ob-
Jects In Habana, espacinlly the materfal In the University Museum from ciives
in Puerto Principe Province, deseribed by Drs. Montoné nnd Carlos de In Torre.
With this preparntion he proceeded to the Isle of Pines and commenced work
near Noeva Geronn.  In this island there are several eaves from which hunminn
hones have been reported loeally, but the Coeva de los Indios, situated in the
hills about o mile from the clty named, promizsed the greatest rewnnd. A
week's excavation In this eave yielded four fragments of Indian skulls, not
heyond repalr; one undeformed, well-preservid, human eraninm: and nogy
fragments of pelves, humerl, and femors. The excavations in the middle of
the cave Indicated that the soll there had previously been dug over: these
ylelded lttle of value, the best-preserved remains occurring near the an‘tmunn,
on each side. The skulls were arranged in a row withln a pocket shelterad by



REPORT OF THE SECRETARY. 85

an overhanging side of the cave, npd were burled aboutl 2 feet In the guano and
goll; beneath these cranin were human long-bones, crossed, Several fragments
of a single skull or of several skunlls were emboedded In o hard stalegmitic
formatlon over the deposit of long-bones. No Indian implemeats or pottery
accompaniad the bones, and no fossils were found in assoclation with them, So
far as recorded this {8 the first instance of the finding of skeletal remalns of
cive man in the Isle of Pines. Thelr genernl appearance and mode of burial
were the snme as in the case of those discovered by Dre. Montoné and Carlos
de la Torre. - -

Dr, Fewkes also examined, In the Isle of Pines, about 30 structures known
us cacimbas, their Indinn name, These are vase-shaped, subterranean recep-
tacles, averaging 6 feet In depth and 4 feet in maximum dinmeter, genceally
constricted to about 2 feet ut the neck, and with the opening level with the
eurface of the ground. Althongh these cacimbas are generally ascribed to the
Indinns, they are thought by some to be of Spanish origin, and are connected
by others with buccaneers, pirates, and slavers. They are bullt of masonry or
cot In the solld rock; the sides are often plastered and the bottoms commonly
covered with a layer of tar, On the ground near the openings {here |s gener-
ally a level, circular space, with ralsed periphery. The whole appearance sup-
poris the theory that these structures were nsed in the manufacture of turpen-
tine or tar, the circular area belng the oven nnd the caclmba the receptacle for
the product.

Dr. Fewkes found that the Pineros, or natives of the lsland, employ many
aboriginnl terms for animals, plants, and places, and In some Instances two
Indlan words are used for the same object. An ncknowledged descendant of
a Cuban Indinn expilalned this linguistic duallty by saying that the Indians
of the eastern end of the Isle of Pines spoke n dialect different from those of
the western end, and that when those from Camaguey, who were Tninan and
of enstern Cuban origin, came to the Isle of Pines at the instance of the Spanish
nuthoritles they brought with them a nomenclature different from that then
in use on that Island.

Several old Spanish structures of masonry, the dates of which are unknown,
were algo examined in the nelghborbood of Santa Fé, Isle of Plnes. The roaf
of a cave at Punta de Este, the southeastern nngle of the fsland, bears ab-
original pletographs of the sun and other objects, sugpesting that It I8 com-
parable with the cave in Haitl, in which, in Indian legend, the sun and tha
moon originated and from which the races of man emerged.

Dr. Fewkes has now collected sufficlent material in Cuba to Indicate that lis
western end, including the Igle of Pines, was once inhabited by a enve-dwelling
reople, low in culture and without agriculture. His observatlons support the
bellef that this people were in that conditlon when Columbus visited the Isle of
Pines and that they were survivors of the Guannhatibibes, a cave-dwelling
population formerly occupying the whole of Cubn and represented In Porto
Rico and other islands of the West Indles.

Dr. Fewkes also visited several of the coral keys southwest of Isle of Pines,
but, finding no aboriginal traces, he crossed the channel to Cayman Grande,
about 250 miles from Nueva Gerona. The Coyman group conslsts of coral
Islands bulit on a submarine continuation of the mountning of Santlago
Province, Cubn. A enve with Indian bones and pottery, probably of Carib
orlgin, was found near Boddentown on the eastern end of the island, and a
few stone Implements were obtalned from natives, bot as these specimens may
have been brought from adjncent shores they afford little evidence of & former
aboriginal population of Cayman Grande. The elevation of the Cayman
Islands, computed from the annual accretion, would indicate that Cayman
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Grande was a shallow reef when Columbus visited Cubs, and could not hove
been Inhabited at that time. The diseoverer passed very near it on his seeond
voynge, when his course Iny from the Isle of Pines to Jamalea, but he reported
neither name nor people,

Dr, Fewkes returned to Washington in April and spent the remainder of the
Fear in completing his report on Casa Grande.

Dr. John R. Bwanton. ethnologist, devoted the first quarter of the year
chiefly to collecting material from librarles and nrchives, as the bagls of his
study of the Creek ‘Tndians. From the latter part of September until early In
December he wis engaged In fleld research among the Creek, Natchez, Tonkawa,
and Alibamu Indlans In Oklahomna nnd Texns, and also remained n short thme
with the remnant of the Tunlea and Chitimacha In Louisiann, and made a few
side trips In search of tribes which have been lost to sight within recent years,
On his return to Washington, Dr. Swanton transcribed the llogulstic and
ethnologle material collected durlng his fald excurslon, read the proofs of

"Bulleting 44, 46, and 47, added to the lterary material regandling the Creek

Indians, collected additional data for a tribal map of the Indians of the United
Btntes, and initinted a study of the Natchez Inngunge with the special object
of comparing it with the other dinlects of the Muskhogenn famlly. Dr. Swan-
ton also spent some tlme in studying the Chitimacha and Tunica Inngnnges.

From July, 1010, until the middle of April, 1911, Mes. M. C Stevenzon,
ethnologist, was engnged In the completion of a paper on Dress and Adorn-
ment of the Pueblo Indians, o the elaboration of her report on Zufli Plants
and Their Uses, and in transeribing her field notes pertalning to Zufil religions
concepts and the mythology and ethnology of the Tucs Indiang,

Mre. Stevenson left Washington on April 12 and procesded dlrectly to the
conntry of the Tewa Indians, in the valley of the Rio Grande in New Mexieo,
for the purpose of continulng her Investlgntion of those people. Until the close
of the fiscal year her energles were devoted to the pueblo of San Ildefonso and
Incidentally to Santa Clara, information particnlarly In regnrd to the Tewn
calendar system, ceremonies, and materlal culture being gained. Mrs Steven-
son finds that the worship of the San Tldefonmo Indinne includes the snme
eelestinl bodles as are held sacred by the Zufii and other Pueblos From the
fonndation Inld during her previous researches nmong the Tewn, Mrs. Steyen-
Bon reports that she has experienced Iitile difficulty in obtaining an Insight
Into the esoteric life of these people, nnd Is dally adding to her store of
knowledge respecting their religion and soclology. A eomplete record of
obstetrieal practices of the Tewa has been made, and It s found that they nre
n8 elnbornte n= related proctices of the Tnos people. The San Ndefonso in-
habitants do not seem to have changed their early customs regnrding land
tenure, and they adhere tenaclonsly to their marringe costoms and birth rites,
notwithstanding the long perlod during which misslonaries have been nmong
them, Tt Is expected that, of her many lines of study among the Tewn tribes,
the subject of their material culture will produce the first results for publi.
cation,

After completing some specinl articles on ethnologie toples for the closing
pages of Part 2 of the Handbook of American Indinns, Mr., J. X. B Howltt,
ethnologist, pursued the study of the Wlstory of the tribes formerly dwmm;
in the Susquehnnnn and upper Oblo valleys, Progress In these researches was
interrupted by the necessity of assigning him to the editerinl revision and
amnotation of » collection of 120 legends, traditions, and myths of the Senecn
Indinng, recorded In 1884 and 1985 by the Inte Jeremiah Curtin. At the cloge
of the year this work was far advaneed, only about 150 Pages of a tota] of
1400 pages remainlng to be treated It is designed to publish thig ma terinl
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with Mr. Hewitt's introduction, notes, and explanatory matter, in a forth-
comlng annuonl report. As opportunity afforded, Mr, Hewltt also resumed the
preparation of his sketch of the grammar of the Iroquels for Incorporation In
the Handbook of Ameriean Indian Languages

As In previons yenrs, Mr. Hewitt prepared and collected data for replies to
numnerons correspondents requesting special Information, particolarly In regard
to the Iroguois amd Algonquinn tribes. Mr. Hewltt also hnd charge of the
Important collection of 1,718 manuvscripts of the burean, catnlogulng new acces-
slons and keeping n record of those withdrawn in the progress of the bureau's
regenrches, During the year, 378 manuoseripts were thus made use of by the
members of the burean and Its collaborators. Excluslve of the numerous manu-
seriptas prepared by the staff of the burean and by those In collaboratlon with
it, referred to in this report, 12 Items were ndded during the year. These
pertain to the Pawnee, Chippewn, Zufll, and Tewn tribes, and relate to music,
soclology, economlics, and lingulstics

The beginning of the fiscal year found Dr. Truman Michelson, ethnologist,
condueting ethinological and linguistic Investgations among the Plegan Indinns
of Montana, whence he proceeded to the Northern Cheyenne and Northern
Arapaho, theoce to the Menomines of Wisconsln, and finslly to the Micmae of
Restlgonche, Canndan—all Algonguisn tribes, the peed of a more definite lin-
guistic classification of which has long been felt. Dr. Michelson returnad to
Washington at the close of November and Immediately commenced the elaboration
of his fleld notes, one of the results of which I8 a manuseript bearing the title
“A Linguistic Classlfication of the Algonguian Tribes,” submlitted for publl-
cation in the twenty-eighth aonual report. Alsoe In connectlon with his Algon-
quian work Dr. Michelson devoted attention to the further revision of the
material pertalning to the Fox grammar, by the late Dr. Willlam Jones, the
outline of which Is Incorperated In the Handbook of American Indlan Lan-
gunges. . During the winter Dr, Michelson took advantage of the pressnce In
Waushington of a deputation of Chippewn Indlans from White Earth, Minne
sotn, by enligting thelr services In gaining an Insight Into the soclal organiz-
tion of that tribe and also in adding to the bureaw's accumulation of Chippewa
lnguistic data. Toward the close of June, 1011, Dr. Michelson proceaded to the
Sauk and Fox Reservation in Jown for the purpose of continuing his study of
that Algonguian group.

The months of July and August and half of September, 1010, were spent by
Dr. Paul Radin, ethnologist, among the Winnebago Indlans of Nebruska and
Wisconsin, his efforts being devoted to o continoatlon of his studles of the
culture of those people, with special reference’to thelr ceremoninl and soelal
organization and thelr gencral goclal customs. Part of the tlme was devoted
to n study of the Winnebago material culture, but little progress was made in
this directlon, as few objects of aboriginal origin are now possessed by these
people, consequently the study must be completed by examination of thelr
objecta preserved in museums and private collections A beginning in this
direction wag made by Dr. Radin during the latter half of September and in
October at the American Museum of Natural History, New York City. Durlng
the remainder of the fiscal year Dr. Radin was engaged in arranging the eth-
nologieal material gnthered by him durlng the several years he has devoted to
the Winnebago tribe, and in the preparatlon of a monograph on the Medicine
Ceremony of the Winnebago and n memolr on the ethnology of the Winnebago
tribe in general In June, 1011, he again took the feld in Wisconsin for the
purpose of obtaining the datn necessary to complete the tribal monograph.
Both these monuscripts, it Is expected, will be finished by the close of the
present calendar year.
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By arrangement with the Commissioner of Indian Affairs the burean was
fortunate In enllsting the services of Mr. Francls La Flesche, who has been
frequently mentloned In the annnal reports of the bureau In connection with
his studles, Jointly with Miss Allee . Fletcher, of the ethnology of the Omaha
tribe of the Siouan family. Having been assigned the tusk of making n com-
parative study of the Osage tribe of the same family, Mr. La Flesche pro-
ceeded to their reservation in Oklahomn In September. The older Osage men,
lke the older Indlnns generally, nre very conservatlve, and time and tact were
necessary to obiain such standing In the tribe as would ennble him to estab-
lish friendly relatlons with those to whom it was necessary to look for trusg-
worthy Information. Although the Osage language 1s similar to that of the
Omaba, Mr. La Flesehe's native tongue, there are many words and phrises that
sound alike bot are used in n different sense by the two tribes. Having prac-
tically mastered the language, Mr. La Flesche was prepared to devote severnl
months to what Is known as the No™ho"zhi*gn Te’tn, the general term applied
to o complex series of ceremontes which partake of the nnture of degrees, but
are not, strietly epeaking, successive steps, nithough each one is lnked to the
other In n genernl sequence. While at the present stage of the investigation
it would be prematore to make a definite statement as to the full meaning and
Interrelation of these Osage ceremonies, there uppenr to be seven divisfons of
the No*ho*zhi*ga Te'ta, the nnmes, functions, and sequence of which have been
lesrned, but whether the sequence thus far noted is nlways malntained remgins
to be determined. From Saucy-Calf, one of the three surviving Osage regarded
os past masters In these ceremonles, phonographle records of the first of the
ceremonies, the Waxo'be-awatho®, have been made in its entirety, consisting
of B0 songs with words and muosle, and 7 prayere A1l these have besn tran-
seribed and In part transinted inte English, comprising a mannscript exeeed-
Ing 300 pages. In order to discuss with the Osage the meaning of these ritunls,
Mr. La Flesche found it necessary to commit them to memory, a8 reading from
the mannscript discopcerted the old seer. At Saney-Calf's Invitatlon Mr,
La Flesche witnessed In the autumm, nt Grayhorse, a performance of the core-
mony of the Waxo'be-awntho®, the recitation of the rituals of which requires
one day, part of a night, nod more than half of the following day. It is Mr.
La Flesche's purpose to record, If possible, the ritnnls of the remalning six
divisions of the No*ho'zhign Te'ta. He has already obtalned n pharaphrass of
the seventh ceremony (the Nik'Ino'k'o*), and hopes soon to procure a phono-
graphic record of all the rituals pertnining thereto.

In eonnection with his ethnological work Mr. La Flesche has been so fortunate
a8 to obtain for the Natlonal Museum four of the wixo'be, or sncred macks, sach
of which formed a part of the paraphernalln of the No“ho'shiPzn Te'ta, ns
well 15 a waxo'be-to™ gn, the great waxo’be which contains the instruments for
tnttoolng. Only those Osage are tattooed who have performed certain acts pre-
seribed In the rites of the NoVho'zshi"gn Te'ta. The rites of the tattooing
ceremony are yet to be recorded nnd elucidated. While the wanxo'be 18 the most
sacred of the artleles that form the paraphernalin of the No™ho"zhi"gn Ie'ta
rites, It is mot complete In itself; other thinge are Indispensable to their HeE-

-formance, and It Is hoped that these may be procured st some future time.

While not recorded as one of the ceremonianl divislons of the No*ho"zhi*ga
Te'ta, there I8 n ceremony so closely connected with It that it might well be
regurded as n part thereof—this s the Washa’benthi® watsl, or the dunce of the
standirds. The Introductory part of this ceremony |s called Akixa
Ing over one another in mutual sympathy by the membops of
diviglons of the tribe. There I8 no regular time f
Washo'beath!®n ceremony, It Is glven only when

Ee. or weap-
the two grest
or the performance of the
& member of the tribe loses
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by death some specinlly loved aond favored relative and seeks n ceremonial
expression of sympathy from the entire tribe. It is the Intention to procure
the songs amd riteals of this ceremony, and speclmens of the standards
employed In it performanece.

Altogether Mr, Ln Flesche has made excellent progress in his study of the
Osage people, and the results are already shedding light on the organization
and the orlgin and function of the ceremonies of this Important tribe

The special resenrches of the burean in the fleld of lnguistics were conducted
by Dr. Franz Boas, booornry phllologist, one of the immedinte and tangible
results of which was the publication of Part 1 of the Handbook of American
Indinn Langunges. It seems desirable to restate at the present time the
development of the plan and the obfect of this work.

Through the efforts of the Inte Maj. Powell and his ecollaborators o great
number of vocabularies and a few grammars of American Indian langunges
had been accumulated, but no attempt had been made to glve a socelnet

" description of the morphology of all the langunges of the coutinent. In order
to do this, a series of publications was neécessary. The sobject matter had to
be representad by o number of grammaticnl sketches, soch ns are now being
assembled In the Handbook of Amerlcan Indian Languages. To substantiate
the Indoetlons contalned in this grammar, collections of texts are indispensable
to the student, and finally n serles of extended vocabularies are required. The
plan, a8 developed between 1800 and 1000, contemplated the assembling In the
bulletin serles of the bureau of n series of texts which were to form the basls
of the handbook. Of this series, Dir. Boas's Chinook, Knthlamet, and Telmslian
Texts, nnd Swanton's Halda nnd Tloglt Texis, subsequently published, form a
part, but at the time Swaniou's Texts appesred it wos balleved by Secretary
Langley that material of this kind was too techinleal In character to warrant
publication In a governmentnl serles. It was, therefore, decided to discontinoe
the text serles in the bulleting of the burean and to divert them to the Publica-
tions of the American Ethnologieal Soclety and the Columbia University Con-
tributions to Anthropology. Other serles were commenced by the Unlversity
of Californis and the Unlverslty of Pennsylvanin. The method of pnblication
pursued at the present time, though different from that first planned, I8
neceptable, since all the material is accessible to students, nod the burenn is
snved the expense of publieation.

Dir. Boas has been ennbled to base all the sketches In the first volume of his
bhandbook on necompanying text serles, as follows:

(1) Athapascan. Text published by the University of Callfornia.

{2) Tlingit. Text published by the Burean of Amerlean Ethuology, but too
lute to be used systematically.

(3) Halda. Texts published by the Burean of Amerlean Ethnology.

(4) Tsimshinn, Texts published by the Burean of Ameriean Etl:mulug and
the Amerlean Fihnological Soclety.

(5) Kwaklutl, Texts published by the Jesup Expedition amd In the Colum-
bla University serles,

() Chinodk. Texts published by the Burenu of Amerlean Ethnology.

(T) Maldu. Texts published by the Amerlenn Ethnologienl Soclety, but too
late to be used

(8) Algonquinn, Texts publlshed by the American Fthnologleal Boclety.

(0} Bloux. Texts In Contributions to North Amerlean Ethnology.

(10y Eskimo, Texts In * Meddelelser om Grgnland,” bot not used system-
atically.

Althongh Dr., Boas has urged the desirability of nundertaking the publication
of the series of vocabolories, no deflnite steps have yet been takea toward the
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realization of this plan, owing largely to luck of funds for the employment of
assistants In preparing the materials. It Is hoped, however, that such a serles
of voeabularies, based on the published grommare and on the serles of texts
‘above referred to, may be prepared for publication lu the near futore. Much
of the preliminary work hns been done. There are, for example, extended
manuscript dictionaries of the Halda, Tslmshinn, Kwakintl, Chinook, and Sioux,
but none of them Is yet rendy for the printer,

The work on Part 2 of the Hindbook of Amerlean Indian Languages s pro-
gressing satisfactorily, The sketch of the Takelma Is in page form (pp. 1-204),
bat Dir. Boas has undertnken the correlation of this sketeh with the Takelmn
Texts which mesnwhile have been published by the University of Pennsylvanin,
and & considerable nmount of work remains to be done to finlsh thls revision.
The Coos grammar I8 in galleys. The Coos Texts nre nt the present writing
belng printed by the Amerlean Ethnologlenl Soclety, and here also references
are belng inserted. Dr. Leo J. Frachtenberg has contlnued his collectlon of
materinl for the handbook with commendnble energy ond Intelligence. The
field work has been finnnelally alded by Columbla University, partly throogh
o gift made by Mre Henry Villard and partly throngh funds provided by Mr,
Homer E. Bargent. 1t has also been possible to utlllze for the work on the
Algen the ecollections made nt o former time by Prof. Livingston Farrand on an
expedition supported by the late Mr. Henry Villard. On his Inst ex peditlon
Dr. Frachtenberg wias able to determine that the Sluslaw is nn independent
stock, although morphologleally nfillated with the Alsen, Coog, snd Siuslaw
group. He nlso collected extensive material on the Alsen and Maolala,

The most Important result, which is appearing more and more elearly from
the Investigations carrled out under the direction of Dr. Boas, lles In the fact
that 1t will be possible to classify Amerlcan Iangunges on a basls wider than
that of linguistic stocks. In 1803 Dr. Boas ealled attention to the fact that
& number of languages in nortbern British Columbia seem to have certaln
morphologleal tralts In common, by which they are sharply diferentiated from
all the neighboring langonges, althongh the evidence for g common orlgin of
the stocks is unsatisfactory. Dr. Boas and hils asslstants have followed this
observation, and It can now be shown that throughout the continent Innguapes
may be clagsed In wider morphological groups. It is Interesting to note that
phonetie groups may be distinguished In a similar manner, but these do not
colnelde with the morphologleal groups. These ohservations nre In accord
with the results of modern Inqoirfes In Africa and Asiy, where the Influence of
Homltle phonetics on Inngunges of the Sudan and the influence of Sumerian
on early Babylontan have been traced in a similar manner, Analogous con-
ditions seem to prevall also in South Africn, where the phonetics of the Bush-
man langunges have Inflnenced the neighboring Bantn langnages. In this way
a number of entirely new and fundumental problems in linguigtic ethnography
have been formulated, the solutlon of which Is of the greatest lmportance for
f clear understnnding of the early history of the Amerlenn Continent.

The Handbook of American Indian Languages ns planned at the [resent
time deals exclusively with an mnalytieal study of the morpliology of each
Nnguistic family, withoul any attempt at a detailed discusslon of phonetic
processes, thelr Influence vpon the development of the language, and the relg.
tion of dialects. Dr. Boas recommends that the present Handbook of Amerlean
Indian Languages be followed by a series of handbooks enel devored to a
single lingmistie stock, In which the development of each language, so far as it
can be traced by comparative stodies, should be treated,

The etudy of aborlginal Ameriean mnsic was condueted among the Chippewn
Indinns by Miss Frances Densmore, who extended her feld of work previousty
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begun among that people and elaborated the system of analyzing their songs.
After spending severnl weeks on the Lac du Flambean Reservation In Wis-
congin she accompanied the Chlppewa from that reservation to the Menomines
Heservation In the same State, where the Lac duo Flambeau Chippews cere-
monially presented two drums to the Menominee, This ceremony was closely
observed, photographs belng taken and the speeches of presentntion translated,
and the songs of the ceremony were recorded by Miss Densmore on o phono-

. graph after the return of the drum party to Lae du Flambeau. Many of the

songs are of Sloux origin, as the ceremony was adopted from that people; con-
sequently the songs were annlyeed separately from those of Chippewa origin.
Numerous old war songs were recorded at Lae du Flambeau, also songs sald
te have been composed during dreams, and others used ns accompaniments
to gumes and dances. The analytical tables published during the year In Bul-
letin 45, Chippewn Music, bave been combined by Miss Densmore with those of
songs collected doring the yenr 1910-11, making a total of 340 Chippews songs
under analysle. These are annlyzed In 12 tables, showling the structnre, tone
material, meledle progression, and rliythm of the songs, the rhythm of the
drum, the relation between the metric unit of the volee and drum, and other
points bearing on the development and form of primitive munsleal expression.
This material 1s now alimost rendy for publieation. The Sloux songs of the
drum presentation ceremony, similarly annlyzed, constitute the beginning of
an analytical study of the Sloux musie, which will be continued and extended
during the fiseal year 1911-12

Miss Alice C. Fletcher and Mr. La Flesche conducted the final proof revision
of their monograph on the Omaha tribe, to accompany the twenty-seventh
annual report, which was In press at the close of the fiscal year, This memolr
will comprise 658 printed pages and will form the most complete monograph
of & single tribe that has yet appeared.

Mr. J. P. Dunn, whose studies of the Algonguian tribes of the Alddle West
have been mentioned In previous reports, deemed It advisable, before continu-
Ing his lovestigntion of the languages of the tribes comprising the former
Illinois confederacy, to awalt the completion of the copying of the ARONF O
manuseript Miaml-French Dictionary, nttribuied to Pire Joseph Ignativs Le
Boulanger, in the Jobhn Carter HBrown Library at Providence, Bhode Island.
Through the courteons permission of Mr. George Parker Winship, librarian,
the burenn has been ennbled to commence the copying of this manuseript, the
dificult task being assigned to Miss Maorgaret Bingham Stillwell, under Mr.
Winship's immediate direction. At the elose of the flscal year 203 pages of the
original (comprising 85 pages of transeript), of the total of 165 pages of the
dietlonary proper, were finished and submitted to the bureau. It 1s hoped
that on the completion of the copylng the bureau will have a basis for the
study of the Minmi and related languages that would not be possible among the
greatly modifled remnant of the Indians still speaking them,

Prof. Howard M. Ballon, of Honololu, has continued the preparation of the
List of Works Relating to Hawnll, undertaken In eollaboration with the late
Dr. Cyros Thomas, and during the year submitted the titles of many early
publications, including those of obseure books printed in the Hawallan langunge.

Mr. John P. Harrington, of the School of American Archmology, proceeded in
March to the Colornde Valley in Arizonn and California for the purpose of
continuing his studies, commenced a few years before, nmong the Mohave
Indians, and incidentally to make collections for the United States Natlonal
Musenm. Mr., Harrington was still among these Indians at the close of July,
and the results of his stodies, which cover every phase of the life of this
interesting people, are to be placed at the disposal of the burean for publlcation.
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FURLICATIONS,

The general editorial work of the burean continued o Immedinte charge of
Mr. J. G. Gurley, editor. The editing of Part 2 of Bulletin 30, Handbook of
Amerienn Indians, was condocted by Mr. Hodge, while the editorin] supervision
of Bulletln 40, Handbook of American Indinn Langunges, was In charge of
Dr. Boas. At the close of the fiscal yesr the twenty-seventh anoonl report
was nearly rendy for the bindery; more than one-thlrd of Bulletin 40, Part 2,
wig In type (mostly in pages) ; and Buolletin 47, n Dictlonary of the Bilox! and
Ofo Languuges, by Dorsey and Swanton, was In puge form. Some Progress
had been made In the revision of the galley proof of Bulletin 46, Dylngton's
Choetaw Dictionary, & work requiring the expenditure of considerable thme
and lnbor, Much of Mr. Gurley's time during the year was given to the work
of éditing and proof reading the twenty-seventh nnnual report and lts sccom-
panylng paper, the monograph on the Omnaha tribe, by Migs Fleteher amd Mr
La Flesche, above referred to. The following publications were Issned during
the yeur:

Bolletin 30. Handbook of Amerlean Indians North of Mexico (F. W. Hodge,
editor), Part 2.

Bulletin 37, Antiquities of Central and Sountheastern Missourl (Gerand
Fowke).

Bulletin 40. Handbook of Amerlean Indian Tanguages (Fronz Bous, editor),
Part 1.

Bulletin 43, Tndian Tribes of the Lower Mlssissippl Valley and Adjacent
Coast of the Gulf of Mexico (J. R. Swanton).

Bulletin 44, Indian Tanguazes of Mexico and Central America and their
Geographical Distribution (Cyrus Thomas and J. B. Swainton).

Bulletin 45. Chippewn Muosie (Frances Densmore).

Bulletin 50. Preliminary Report on a Visit to the Navaho National Monument,
Arizonn (J, Walter Fewkes).

Bulletin 51. Antlquities of the Mesa Verde Natlonpal Park: CUf Palnce .
Walter Fewlkes).

‘The preparation of the illustrations for the publications of the burenn and the
making of photographle portrailts of the members of visiting deputations of
Indiang were In charge of Mr. De Lancey Gill, lllostrator. Of the 246 negatives
made, 120 comprise portrnits of visiting Indians, In addition 572 photographle
filmg, exposed by members of the burean in connectlon with their fleld work,
were developed and printed. Photographic prints for puoblication and exchnnge
were made to the nomber of 1,460, nnd 22 drawings for nse as illustrations wers
prepared.  Mr. GUI wos assisted, as In the past, by Mr. Henry Walther,

LIBEABY.

The library of the burean has continned in the Immediate charge of Miss
Elln Leary, Ubrarlan. During the year that part of the sontheastern sullery
of the lower main holl of the Smithsoninn Bullding which was vacated by the
Nationnl Museum, was assigned to the use of the burean lbrary, and three addl-
tional stacks were built, providing shelf room for abont 2,500 volumes, Nearly
that number of books which had been stored, and consequently made Inscees-
sible, were placed on the new shelves. The policy carried out from ¥ear to year
of lucreasing the library by exchange with other Institutions has been con-
tinued, and speclal effort made to complete the collection of serial publica-
tions.  Especially to be noted Is the completion of the sets of publlications of
the Maine Historleal Soclety and the Archives of Pennsylvania, both rieh in
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materfal pertaining to the Indisns.  As In the past, it has boen necessary for
the burean to moke use-of the Library of Congress from time to time, about 200
volumes having been borrowed doring the year. Twelve bhundred books and
approximately 660 pamphlets were received, o addition to the current numbers
of more than 600 perlodicals. Of the books and pamphlets received, 148 wers
aequired by purchnse, the remnainder by gift or exchange. Six hundred and
elghty-nine volumes were bound by the Government Printlng Office, payment
therefor belng Junde from the allotment ®for printing and binding = * *
annuil reports and bulleting of the Bureau of American Ethnology, and for mis-
cellineons printing and binding,” autborized by the sundry civil act. This pro-
viglon has enabled the bureau, durlng the last two years, to bind many volumes
nlmost in dally use which were threatened with destroctlon. The catalogue of
the burenu now records 17,250 volumes; there nre alse about 12,200 pamphlets,
and sggvernl thousand uobound periodicals. The llbrary is constantly referred
to by stodents not connected with the bureau, as well as by varlous officials of
the Government service

FROFERTY.

As noted In previous reports the principal property of the bureau conslsts of
its library, manuseripts, snd photograplile negatives, In addltion it possesses a
number of camerns, phonographle machines, and ordinary apparntos and
equipment for fleld work, statlonery and office supplies; a moderate amount of
office furnlture, typewrlters, ete, and the undistributed stock of its publleations.
The sum of $304.62 was expended for office furniture (Including bookstocks ut o
coat of §200) during the fiseal yenr.

RECOMMENDATIONS,

For the purpose of extending the systematic researches of the burean and of
affording additional faellities for Its administration, the following recommends-
tlons are made: 1

A guestlon having arisen in the Commitiee on Appropriations of the House
of Representatives ns to the purpose for which an Increase of $2,000 In the
burean's appropriation In 1809 was intended, the work of excavating nnd re-
pairing antiquities exlsting in national parks and monoments hns been cur-
talled. The Importance of elucidating the archeological problems connected
with these nnclent remalns and of repairing the more Important of them for
visitors and for future students Is so apparent that the need of contlnulng this
work 1s penerally recognized, consequently an estimate of $4,000 * for the px-
plotation and preservation of antignities™ hns been spbmitted for the next
fiscal year,

Ethnological research in Alaska is urgently needed by reason of the great
chauges tnklog place anmong the Indlans and the Bskimo since the inflox of
white people o few years ago. Unless this Investigntion is undertaken at onee
the aboriginal inhnbitants will have become so modified by contact with whites
that knowledge of much of thelr primitive life will be Jost. It s recommended
that the sum of $4,000 be npproprinted for this work.

The more speedy extension of ethnologleal researches among the remnants
of the Algonquian tribes formerly eccupying the Middle West is desired. In a
number of cases these tribes are represented by only n few survivors who retaln
any knowledge of the tralts, Innguage, and customs of thelr people, hence It
will be lmpossible to gnther muoch of this Informatlon unless the work 18 ex-
tended more ropldly, as the funds now ot the bureauv's disposal for this pur-
pose nre inadequate.  The additions] som of $1,000 s recommended for this
plrpose,
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As previously stated, the demand for the Hundbook of American Indlans
has been so grent that many schools and librarles liave necessarily been denld.
The nead of o revised editlon Is urgent, but the revision can not be satlsfac-
torily undertaken and the latest Information lncorporated without the employ-
ment of special ethnologic assistants—those who have devoted special study to
particular tribes—and editorinl and clerieal ald. It is recommended that the
gum of $3.800 be npproprinted for thls purpose,

The burenun I8 constantly In recelpt of requests from schools, historieal
gocieties, compllers of textbooks, ete, for photographie prints of Indian sub-
Jects, since it is generally known that the burean possesses many thousands of
pegatives necomnlnted (o the course of g Investigutions. As no funds are now
avnllable for this purpose, it is pecommended that o ressonnble sum, say $1,000,
ba approprinted for the purpose of furnishing prints for educationnl purposes.
In most cases applicants wounld doubtless be willlng to pay the cost, but at
present the bureau has no nothority for selling photographs.  °

The mannseripts accumolated by the bureau form s priceless collectlon;
indeed many of them, If lost, conld not be replaced, since they represent the
resulte of studles of Indians who have become extinet or have lost thelr tribal
identity. 1t 1s therefore urgently recommended that the sum of $1.850 be ap-
proprinted for fireproofing o room and for providing metal cases for the
permanent preservation of the manuseripts

Respectfully submitted.

F. W. Hovae, Ethnologist in Charge,

Dr, Caances D, WarLcoTr,

Seerclarg of (he Smithsomdan Institabion.



Arpexprx ITL.
REPORT ON THE INTERNATIONAL EXCHANGES,

gig: I have the bonor to submit the following report on the operntions of the

International Exchange SBervice during the fiscal year ending June 30, 1811,
which was prepared under the direction of Mr. C. W. Shoemnker, chlef clerk,
who was in charge of the service from Janunry, 1010, unt{l June 1, 1011,
« The congressional approprintion for the support of the service during 1011
was £32.200 (the snme amount granted for the past three years), and the sum
collected on account of repayments wans $4,704.00, making the total avallable
resources for earrying on the system of International exchnnges $86,054.99.

The total nomber of packages handled during the year wans 228 808—an In-
crease over the number for the preceding year of 7078, The weight of these
packages was §60,808 pounds—a galn of 76,124 pounds. For purposes of com-
parison the number and welght of packages of different classes are indiested
in the following table:

Packages, Welght.
Sent :nmu.] Senf. |Recelved,
[ | Poundy. | Pounds,
Unlied Btates parliamentery docaoments sent abroad . ..........] MW7 | ... 18,288 [,
Publications recelved in pstum for parliamentory decuments. .| ......... | LT52 |cemennnnas 18, 487
United States dopartmental documents sent abroad. . .......... | sa.lui.| .......... | 208,088 ... P
Publleations recelved in return for departmental documents.... | cooweeee- a.dalr .......... 18, &7
Publlications from miscallanoons souross sent abroad............ P8 B Livaiiins 5O, I |, .oaivaine
Publications recelved from abroad for misnollaneots distribu-
e R R R R R e e R e M..-'ﬂul 13,44
e T 2 P L ww | o | 0| s
S N i e Mt B e B s o | sM0,808

The disparity between the number of packages recelved nnd those sent may
be mecounted for, In part, by the fact that many returns for publieations sent
abroad are forwarded to their destinations by mall and not throogh the exchange
service. This difference Is further doe to the fact that wherens packages sent
nre made up In most cases of separate publications, those received contnin
eeveril volumes—in some instances the term * package ™ belng applled to large
boxes often containing 100 or more publications,

By referring to the above stntement it will be noted that Gi per cent of the
work of the office has been conducted In behalf of the United Stotes govern-
mental establishments.

Of the 2880 boxes used In forwarding exchanges to foreign bureans and
agencies for distribution {an Incrense of 347 boxes over 1810), 385 boxes con-
tained full sets of United States officln] documents for authorized depositories
and 1,065 were filled with departmenta]l and other publications for depositories
of partinl sets and for miscellanecus correspondents,




46 ANNUAL REPORT SMITHSONIAN INETITUTION, 1011

Bevernl changes have been made during the year in the routine of the Ex-
change Office looking to the economical and eficlent administration of the
service. These changes are here briefly referred to.

It hod been the practice for many years to keep n eard record of both in-
coming and outgoing packnges—a credit and debit necount with each establish-
ment or Individual using the facllities of the Exchange Service—thus enabling
the Institution to answer Inquiries concerning the transmisson of any partieolar
packnge without delay. As the keeping of these eards involved a great deal of
labor—quite out of proportion to the benefits derived therefrom—and nlso as
most of the Information given thereon could, with the expenditure of n little
more time, be obtnined from otber records In the office, the detnlled statement
of outgeing packnges bns been discontinued. This curtallinent in the work
Lns made it possible to dispense with the services of one of the clerks In the
record room. The discontinunnce of these cards has, furthermore, bronght
about n change In the work In the shipplng room whereby the preparation of
consignments for transmission abroad |s facilitated.

Sluee the fiscal year 1587 there has been printed In the report on the ex-
changes, tnder the caption * Interchange of Publications hetween the United
States and Other Countries,” a statement showlng in detafl the number of
mackages sent to and recelved from each country through the Internntional Ex-
change Service. In most Instances, the statistics contained in these stute-
ments Indieated that a much larger number of packnges were sent nbroad than
were recelved In return. While §f I8 true that a cerinin disparlty exists, the
Etatements were misleading, sinee, a8 already explained, a great many packnges
are received through other channels by correspondents in this conntry In return
for those sent through ihe Exchange Service. In view of this fact, and also
becnuse the stntlstics contalned in these statements were seldom required for
the use of the Exchange Office, the keeplng of the detniled record from which
they were derived has been discontinned. The time saved by this and other
minor changes In the recelving room hae ennbled the clerical foree In that roam
to keep the work required in handling and recording the large number of
packnges received for transmission through the service more nenrly up to date,

Mentlon wne made in the last report that the German nuthorities had in’
contemplation the founding of an Institutlon at Berlin to further culturnl
relations between Germany and the United States, and that one of its fune-
tions would be the transmission and distribution of German exchanges, This
establishment, which Is known as the “Amerika-Institut,” was organized In
the fall of 1010, and the exchange of publications was tnken up by It on
Janunry 1, 1011. On the latter date the exchange ageney maintained by the
Smithsonian Institution in Leipzig at the publishing house of Karl W. Hierse-
mann was discontinued.

Frior to the discontinuance of the Lelpziz agency the Interchange of pabll-
cations between correspondents in Luxemburg and Roumania and those in the
United Sintes was conducted through that medium. In complinnce with the
Institution's request, the Amerika-Institut hos been good enoungh to assume
charge of the distribution of packnges In Luxemburg. The Academin Romnna
at Bucharest—the depository of a partinl set of Unlted States governmenta]
documents—hans been approached with o view to enlisting its sorvices In the
Interchange of publications between Roumania and the United States, and It
is boped that the acndemy may find it convenlent to have this work condneted
under Its ansploes.

The Japanese exchange agency and the depository of a full get of United
States governmental documents was transferred by the Japanese Government,
during the latter part of the year, from the Department of Forelgn Affalrs ty



HEPORT OF THE SECBETARY. 47

the Imperial Library at Tokyo. The regular serles of official docmnents, as
well ns all publications for distribution in Japan, are therefore now forwarded
to that library.

An application received by the Instlitution from the gnder secretary to the
Government of the United Provinces of Agrn and Oudb, Allababad, India, for
coples of such United States official publicatlons as might be of Interest to it
was favorably acted upon by the Library of Congress, and that Government was
added to the st of those countrles recelving partinl sets of governinental
documents, The first shipment, consisting of six boxes, was forwarded to
the under secrotary on October 11, 1010,

Twi cases forwarded from Washington in October, 1010, contalning exchanges
for miscellanecus addresses In New South Wales, were destroyed in trunsit
to that conntry, the steamship by which the conslgnment was transmitted
having beon bomed st sen. The senders of the packages contnlned In thess
cuses were communieated with, and It s gratifying to state that It was possible
for most of them to supply copies of the lost publications.

The work inaugurated In 10038 of actively seeking returns from forelgn
couniries for the exchanges sent to them by this Government has resalted dur-
Ing the year In the sequisition of Important collections of publications for the
Library of Congress and for several other establishments of the Government.

About 10,000 forelgn governmental documents of a statistieal charncter, re-
turned by the Library of Congress as dupllcates, have been stored for some
thme in the Smithsoninn Institution. These books were arrnnged and listed
during the year under the direction of the nssistant librarinn, while the
Exchange Serviee, through which the docnments were recelved from abrond,
provided the extra clerieal assistance requirad. TUpon completion of this work
most of the docnments were forwanded to the New York Public Library to
complete its series of forelgn governmental publications.

FOREIGN DEPOSITORIER OF UNITED STATES GOVERNMENTAL DOCUTMENTS.

In accordance with treaty stipulations and under the anthority of the con-
gressional resolutions of Mareh 2, 1867, and March 2, 1901, setting apart a
certnln number of documents for exchange with forelgn countries, there are
now sent regu'arly to depositories abroad 55 foll sets of United States offieix)
poblicatione and 34 partinl sets, the United Provioces of Agra and Oudh
having been ndded during the year to the list of countries recelving partinl sets

The reclplents of full and partinl sets nre as follows :

DEFOEITORIES OF FULL BETSH.

Argentina : Ministerlo de Relaclones Exteriores, Buenos Alres

Argenting ; Biblioteca de 1a Universidad Nacional de La Flata,

Anstralia: Library of the Commonwealth Parlinment, Maelbourne.

Austrin; K. K. Siatistlsche Contral-Commission, Viennn.

Baden : Unlversitiite-Bibliothek, Frelburg.

Bavarin: Kinigliche Hof- und Staats-Bibliothek, Munich.

Belgium ; Bibllothiqoe Roynle, Brussels

Brazil : Bibliotheen Naclonal, Rio de Janelro.

Cpnadn : Parlinmentory Library, Ottawa.

Cope Colony : Government Stntlonery Department, Cape Town.

Chile: Bibliotecn del Congreso Naclonnl, SEantingo,

Chinn: Ameriean-Chinese Publlication Exchange Department, Shanghai Burean
of Forelgn Affairs, Shanghal.

Colombina : Bibliotecn Naclonal, Bogotn. |

Costa Rica : Oficina de Depdsito y Canje de Publicaclones, San José,
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Coba: Secreiaria de Estndo (Asuntos Generales y Canje Internacional),
Habana.

Denmark: Kongelige Bibliotheket, Copenhagen.

England: British Museum, London.

England : Loudon School of Economics and Political Science, London.

France ; Bibllothique Nationnle, Parls.

France : Préfecture de 1a Selne, Paris,

Germany : Dentsche Relchstags-Bibllothek, Berlin.

Greece : Bibliothdque Notlonale, Athens.

Haiti: Secréinirerie d'Bint des Relailons Extérieures, Port au Prince

Hungary : Hungarian House of Delegntes, Budapest.

Indin : Department of Educttion (Books), Government of Indis, Caleutta.

Irelnnd : Nationnl Library of Ireland. Dublin

Ttaly: Biblioteca Nazionale Vittorio Emanuvele, Rome.

Jdapan; Imperial Library of Japan, Tokyo.

Manitoba : Provinclal Library, Winnlpeg.

Mexico: Instituto Bibllogrifico, Bibliotecn Naclonal, Mexico.

Notherlands: Library of the States General, The Hagne,

New Bouth Wales: Board for International Exchanges, Sydney.

New Zealund: General Assembly Library, Welllngton.

Norwny: Storthingets Bibliothek, Christinnin,

Ontario : Legizintlve Library, Toronto.

Peru: Bibllotecn Naclonnl, Tidman.

Portugnl: Bibllotheen Naclonal, Lisbon.

Prussia ; Eiinigliche Bibllothek, Berlin.

Quebec ; Leglslative Library, Quebec.

Queenslond : Parliamentary Library, Brisbane.

Rusgln : Imperinl Poblie Library, St Petershorg.

Saxony: Kinlgliche Oeffentliche Bibliothek, Dresden.

Bervin: Sectlon Adminlstrative du Ministire des Affaires Etrangires, Belgrade.

Bouth Aunstralin: Parlinmentary Library, Adelnide

Bpain: Serviclo del Camblo Internnelonnl de Publicacliones, Coerpo Facultative
de Archiveros, Bibllotecarios ¥ Arquetlogos, Madrid.

Bweden: Kunglign Biblloteket, Stockholm.

Bwitzerlund : Bibliothique Fédérnle, Berne.

Tasmania: Parllamentary Library, Hobart

Transvanl ; Government Library, Pretorla.

Turkey: Department of Puoblic Instroction, Constantineple.

Urnguay : Oficinn de Canje Internacional de Publicnclones, Montevideo,

Venesueln : Bibliotecn Nacionnl, Carficns

¥ictorln : Publie Library, Melbourne.

Western Australin: Publie Library of Western Anstralin, Perth,

Wilrttemberg: Kinigliche Landesbibliothek, Stuttgart.

DEFOSITORIES OF PANTIAL SETSH

Albertn : Legislative Library, Edmonton,

‘Alsgce-Lorraine: K. Ministerium fiir Elsass-Lothringen, Strassburg.
Bolivin ;: Ministerio de Colenizgaclén y Agrienlturn, La Pax

Bremen : Senntskommission fir Relchs- und Aunswiirtige Angelegenhelten,
British Columbin : Legislative Library, Victoris.

Bualgarin : Minigter of Forelgn AfMalrs, Sofia.

Ceylon: United Btates Consul, Colombo,

Ecundor: Biblloteca Naclonal, Quito,
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Egypt: Bibliothéque Khiédiviale, Calro,

Guontemala : Secretory of the Government, Guatemala.

Hamburg: Senntskommission filr die Reiche- und Auswiirtigen Angelegenheiten

Hesse: Grossherzogliche Hof-Bibliothek, Darmstndt.

Honduras: Secretary of the Government, Teguclgalpa.

Jumalea : Coloninl Secretary, Kingston.

Liberln : Department of Stnte, Monrovia.

Lourengo Marquez : Government Library, Lourenco Marques.

Mnalta : Lientenant-Governor, Valetta.

Montenegro : Minlstére des Affalres Eiranghres, Cetinje.

Natal: Colonin]l Secretary’s Office, Pletermaritzburg.

New Brunswick: Leglglative Library, 8t John

Newfoundland : Colonlnl Secretnry, St John's

Nilearagua: Superintendente de Archivos Noclonales, Managun.

Northwest Territories: Government Library, Regina.

Nova Scotin: Provinelnl Secretary of Nova Scotin, Halifnx,

Orange River Colony : Government Library, Bloemfonteln.

Pannmau : Secretarin de Relanclones Exteriores, Panama.

Paraguay : Oficinn General de Informaciones ¥ Canjez ¥ Commlisarin Generanl
de Inmigraclon, Asuncion.

Prince Edward Island: Legislative Library, Charlottetown.

HRoumuania : Academin Romann, Bucarest.

Salvador: Minlsterlo de Helaclones Exterlores, San Salvador.

Siam: Depnrtment of Foreign Affairs, Bangkok.

Straits Settlements: Coloninl Secretary, Singapore

United Provinees of Agra and Ondh : Under Secretary to Government, Allahabad.

Vienna ; Blrgermelstor dor Hoopt- und Resldens-Stadt.

INTEEFARLIAMENTARY EXCHANGE OF THE OFFICIAL JOURNAL,

Ag mentioned In previons reports, a resolution of the Congress was approved
March 4, 1900, setting aside such number ns might be required, not excesding
100 coples, of the daily issne of the Congressional Record for exchange, through
the ageney of the Smithsonlan Institutlon, with the legislative chambers of snch
forelgn governments as might ngree to send to the United States In return cur-
rent coples of thelr parlinmentary record or like publieation. The purpose of
this resclution wns to enable the Institution, on the part of the United States,
to more folly earry into efMfect the provisions of the convention concluded at
Brussels in 18586, providing for the immedinte exchange of the officlal Journal,

The Governments of the Argentine Republic, Denmark, and Great Britain
bave entered Into this exchange during the year. A complete list of the coun-
tries to which the Congressional Record is now seot s given below:

Argentine Repulyle. France. FPrussia,
Australia, Great Britaln. Roumanin.
Anstria, Greece, Russis.

Baden. Guatemala. Eervin.

Belgium, Honduras. Spaln,

Brazil. Hungary. Switzerland.
Canadna. Italy. Transvanl.
Cape of Good Hope, New Sonth Wales. Urngoay.

Cuba. New Zealand. Western Australin,
Denmnrle Portagal.

6734 —sm 10011—A
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There are at present 20 countries with which the Immediate exchange of
the officinl journal s earried on. To some of these countries two coples of
the Congressionn]l Hecord are sent—one to the upper and one to the lower
house of parliament—the total nomber transmitted being 34.

It may be repeated in this connection that the exchange here alluded to Is
separate and distinet from the exchange of official documents which has
cxisted between the United Stntes and other countries for many years It
is Interparlinmentary, and provides for the immedinte transmizsion, direct by
mail, of the official journal as soon as published.

LIST OF HUREATUS OR AGENCIES THEOUGH WHIOH EXOHNANGES ARE TRANSMITTED,

The following is a ligt of bureaus or agencles throngh which the distribution
of exchanges ls effected, Those In the larger and many in the smallér countries
forward to the Smithsoninn Institution, In return, contributions for dlstribution
In the United States: .

Algerin, vin France
Angoln, vin Portugal,
Argentinn : Comislifn Protectora de Biblloteeas Popmiares, Reconguistn G538,

Buenos Alres.

Austrin ; K. K. Statistische Central-Commission, Vienna.

Azores, vin Portugal

Barbados : Imperin]l Department of Agrienlture, Bridgetown.

Belginm: Service Belge des Echanges Internntionnux, Roe du Musée 5§, Bros
sels

Bollvia: Oficlnn Naclonal de Estadfstica, La Paz

Brazll: Servigo de Permutacdes Internacionacs, Bibliotheen Naclonal, Rio de
Janeiro.

British Colonfes: Crown Agents for the Colonies, London.!

British Gulann: Roynl Agriculturnl and Commercinl Soclety, Georgetown.

Britlsh Honduras: Colenlal Secretnry, Bellze

Bulgarin : Institutlons Sclentifigues de 8. M. le Rol de Bulgnrie, Sofin,

Canary Islands, vin Spain

Cape Colony : Government Statlonery Department, Cape Town.

Chile: Serviclo de Canjes Imternaclonales, Blblioteca Naclonnl, Bantinge,

Chinn ¢ Zl-kn-wel Observatory, Shanghal.

Colombin : Oficinn de Canjes Intermncionnles ¥ Reparto, Biblloteea Nnclonal,

Bogotn.

Cosin Itlen : Oficing de Depdsito ¥ Canfe de Publicaclones, San José,
Denmark : Kongelige Danske Videnskabernes Selskab, Copenhagen.

Dutch Guinns : Sorinsnmsche Koloninle Eibllotheek, Paramaribo.

Eenador : Minlsterlo de Relaclones Exterlores, Qulto.

Egypt : Director-General, Survey Department, Glza (Mudiria).

France: Bervice Francais des Echanges Inmterngtionaux, 110 Rue de Grenelle,

Paris.

Germany : Amerlka-Institot, Berlin, N. W. 7.
Great Britaln and Ireland: Messrs, Willlam Wesley & Son, 25 Essex Street,

Btrand, London.

Greece : Bibllothéque Nationale, Athens
Greenland, vin Denmark.

1This method s employed for communieating with severai of 11 F
e Bri colonles
with which ne wedlum ls avallable for forwarding exchanges dirnet, b tish
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Guadeloupe, vin France.

Guatemals : Instituto Naclonal de Varones, Guatemala.

Guinea, vin Portugal.

Haltl: Seerétalre 'Etat des Relations HExtérleures, Port nu Prince.

Honduras: Blblioteca Naclounal, Tegucignipa.

Hungary : Dr. Julins Plkler, Municipal Office of Statistics, City Hall, Budapest.

Iceland, vin Denmark. '

Indin: Indin Store Department, India Office, Tondon.

Italy: Ufficlo degll Seambl Internaxionnll, Bibliotecn Nazionale Vittorio Eman-
nele, Rome.

Jomalea ; Institote of Jomalen, Kingston

Japan: Imperinl Library of Japan, Tokyo.

Java, via Netherlands

Koren : His Imperinl Japaness Majesty's Residency-Genernl, Seoul.

Liberin ;: Department of State, Monrovia.

Lourengo Marquez: Government Library, Lourenco Marquez.

Luxemburg, via Germany.

Madagasecar, vin France.

Madelrn, vin Portugal,

Montenbgro : Minlstire des Affnires Firangires, Cetinje.

Mozamblque, vin Portugal.

Natal: Agent-General for Natal, London.

Netherlnnds: Bureau Sclentifiqgue Central Neéerlandals, Bibllothdque de I'Unl-
versitd, Leyden.

New Guinen, vin Netherlands,

New South Wales: Board for Internationa] Exchanges, Public Library, Sydney.

New Zealnnd : Dominlon Musenm, Wellington,

Nicarngun : Ministerio de Relaclones Exterlores, Managun,

Norway: Kongelige Norske Frederiks Universitet Bibllotheket, Christianin.

Ponama : Secretnrin de Relaclones Exterlores, Panaman.

Paragoay ¢ Ministerlo de Relaciones Exterfores, Asuncion,

Persin ; Board of Forelgn Missions of the Presbyterian Church, New York Clty.

Pern: Oficlna de Reparto, Depbsito ¥ Canje Internaclonal de Publicaciones,
Ministerio de Fomentoe, Lima.

Portugnl: Bervico de Permutaces Internacionnes, Bibliotheca Naclonal, Lisbon.

Queensland : Board of Exchanges of Internationanl Publieations, Parliament
Honge, Brishane.

Ttussin; Commission Russe des Echanges Internationanx, Bibllothéque Im-
périnle Publigoe, 8t. Petersburg.

Salvador: Ministerio de Relaciones Exterfores, 8an Salvador.

Rorvin: Bection Administrative du Ministire des Affaires Etrangires, Belgrade.

8Blam : Department of Foreign Affalrs, Bangkok.

Bonth Australia ; Public Library of Sonth Australin, Adelnide.

Spain: Berviclo del Cambio Internncional de Publicaclones, Cuerpo Facultative
de Archiveros, Bibliotecarios ¥ Arquefilogos, Madrid.

Bomatra, vin Netherlands

Sweden: Konglign Svenska Vetenskaps Akndemien, Stockholm.

Bwitzerland : Service des Echanges Internationnux, Bibliothdque Fédérale Cen-
trale, Barn. J

Syrin: Board of Forelgn Missions of the Presbyterian Church, New York.

Taemania : Roynl Soclety of Tasmnnin, Hobart

Transvanl: Government Library, Pretoria.

24444
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Trinldad: Vietoria Institute, Port of Bpain.
Tunis, vin Franee.
Turkey: American Board of Commissloners for Forelgn Missions, Boston.
Urugoay : Oficing de Canje Internaclonal, Montevideo.
Venezuela ; Biblloteca Naclonal, Carncas,
Victoria : Public Library of Victoria, Melbourne,
Western Auvstralin: Puoblic Library of Western Australia, Perth.
I may add here, as & matter of record, that I was appolnted assistant secre-
tary in charge of Library and Exchanges on June 1, 1011.

Respectinlly submitted.
F. W. TauUE,

Assistant Becretary in Charge of Librory and Exchanges.

Dr. Ceanres D, WALCOTT,
Becretary of the Smithsonion Institulion,



Arrewprx IV.
EEPORT OX THE NATIONAL ZOOLOGICAL TAREK.

8m: I have the honor to present herewlth a report of the operntions of the
Natlonal Zoologlenl Park for the flseal year ending June 30, 1011

The general approprintion made by Congress for that year was $100,000, and
in addition to this an appropriation of $15,000 was made for roads and walks

The cost of malntenance was $81,825, and the amount remnining from the
genernl appropristion, $18675, was expended In various lmprovements and
repalra.

ACCESSIONE.

Among the Important accesslons of the year were a pair of Haytian soleno-
dons, o rare Insectivorous mammal, presented by Mr. and Mrs. Franklin Adams
of the Pan American Union. A pair of northern fur seals was recelved from
the Unlted States Burean of Filsheries, a fing female grizzly bear from Maj.
H. O. Benson, acting superintendent of the Yellowstone National Park, and
four Virginla deer from Gen. Joseph 8, Smith, manager of the National Soldiers
Home, Bangor, Malne. By purchase, the park obtained a hippopotamus, an
East African buffalo, three prong-horn antelopes, a pair of reindeer, n Inrge
Asiatic mncaque monkey, and varlous other nnlmals, Some important animals ©
were also obinined by exchange, a8 noted below, The neeessions ineluded about
twenty species not before represented In the collection,

Burly in its history the park exhibited for two years n hippopotamus which
had been recelved as o loan. Bince that was withdrawn the specles has not
been represented in the collectlon. The present animal, o female about 2 years
old, 1s from East Afriea and weighs 850 pounds. The buffalo was captured In
German Hast Africa amd s believed to be the form described ns Buffelus
neumanni. The African buffulo has for some time been rather diffienlt to
obtaln, and the park was fortunate in being able to secure a speclmen nt com-
paratively small cost. It was also fortunafe In obtaining in western Texas n
male and two female prong-horn antelopes, all aduolt, from which two vigorous
young huve been born. Through an animal dealer on the Pacific coast the large
brown mneaque monkey of sontheastern Asin and several other species new
to the collection were obtalned which had not been procurable elsewhere

EXCHANOES.

Burplus animals were disposed of by exchange as usual, in accordance with
the terms of the act estnblishing the park. They were sent to the New York
Zoologleal Park, the London Zoologleal Garden, and various dealers and private
individuals. In return for these, the park secured a nomber of Important ani-
mnls, including a fine specimen each of bontebok, blesshok, and springbok, n
small anteater, a palr of tenrecs (Insectivorous mammals of Madagnscar), and
other mammals and birds. The bontebok and blesshok, which are very beautiful
African antelopes, are especially valued, us the former now exists only in a few
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semiwild herds in Cape Colony, 200 Individuals, perhaps, remaining from the
“ thousands upon thousands ™ described by early hunters in Sooth Afries, while
the lutter has been greatly reduced o numbers.

Whenever pozsible, direct exchange wus made, but where the person who
desired to obtain an animal from the park had nothing ncceptable to offer,
the exchange was effected through some one of the responsible dealers In

anlmals

Black-erowned night herons had bred so freely In the flying cage that it be-
came o necessity to materially reduce thelr number and some were sent (as gifis)
to the New York Zoologleal Park, London Zoological Garden, and the park

departments of 85t Louls nnd Rochester,

Animals fn the colleetion June 30, 1911,
MAMMALS,

Grivet monkey {Cercopifhrcus sobous) -
Green monkey (Cercopithecus callltri-
B e e
Mona monkey (Cercopiiheous momag) .
Dlana monkey (Cercopitheous diana).-
Booty mungabey (Cercocebus fuliging
o) o e
White-collared mangabey (Cercocebus
collarii) i e
Bonnet monkey (Maoacus sindous) ..
Macague monkey (Macacus cpnomol-
pus) ..
Plg-tajled monkey {Mocacus nesmcafri-

Ehesus monkey (MNacacus rhedun) .
Brown macague (Mocaons arcloides) -
Japanese monkey (MNococus fusouius)-
Formosan rock-macnque (Woceous oy

B e
Black ape (Cynoplitheous niger). .
Anubls baboon (Poplo auubie) oo __
East Afrlean baloon (Paple eynoceph-

e e e e
Chacma {Paplo porcoriue)
Mandrill (Papio maimon) o e oo
Drill (Papio lexcopheud) omeoo |
Giray splder monkey (Afeles geoffropi) -
White-throated capuchin monkey | Cebuas

Aypolewows)
Brown monkey {Cebus fatuellut) oo ..
Weeper monkey (Cebus copucinua)____
RBuffed lemor (Lemur varfua) .
Ring-talled lemur (Lemur caffo) eeeas
Tenree (Cenfefes cooudofis) oeee. .
FPolar bear (Tholorglos marilivue) -
European brown bear (Uraus arclos) ..
Eadlak bear {Crous middendorfl) ..
Yakuint bear (Orous dallil) oo oo
Alaskan brown bear (Drsus gyos). ...
Eldder's bear {Crows bidderd) ...
Himalnyan bear {Urewr thibetonus)._
Grisaly bear {Ursuws horribilis)

Black bear (Draus omericanus) . S0
Clonamon bear (Draus gmericanys) ...
Bloth bear (Melursus ursinos) .

Elnkajou (Oercoleptes coudivolenius)
Cacomlatle {Fessariscus astula)
Gray coatlmundl {Nema nariog) —. .
Raccoon (Procyon Jofor) oo

1

1
2
|
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American badgoer (Toridea americana) -
Common skunk (Mephitls mephifion)__
Wolverine (Gulo Tusouwd) mmeee e
Amerlean murten | Yuatela amerioans)
Flsher {(Mustelo pennantily _________
Common forret (Putorius pulorfsd) ..
Black-footed ferret | Putorine sigripes) -
North Amerfean otter (Lutra canaden-
o i i B e b e S b
Eskimo dog (Canis fomiliorie.______
Dingo (Conds dinge) o _______ -
Gray wolf {Cunis cocidentalla) ... ___
Black wolf (Canis oocldentalls) _.____
Coyote (Comis lofroms) ... ____
Woodbouse's coyote (Canls frustror)__
Crab-tmting dog (Canls concriverus).__
Red fox (Vulpes pemmeplvanioss).___
Bwift fox (Vulpes velor)____
Arctle fox (Vulpes logopus)y_______
Gray fox (U'rocyon cinereo-grpenteua) .
Biriped byena (Hpena atrigta) oo
Afrlenn palm elvet {Vicerra clvctia) -
Common genet (Genctia genetia)____
Hudan Mon (Pells feo).______
Killmanjaro Won (Pelis leo sabakion-
Yy e
Tiger (Felts g e e At
Cougur (Pelis oregonensis hipgolentes)
Jaguar (Felia onca) e
Mexlean Jogunr (Fella onca goldmani)
Leopnrd (Pells pordun)______ ol
Blnck leopard (Pelis pardus)_______
Berval (Pelia dorval) ... o
Ocelot (Pelis pardalia)._ =g
Canndn lynx (Lyns conadensin) .
Bay lynx (Lymes i) oo e
Bpotted lynx (Lyne rufus tecensia) __
Florlda Iynx (Lynr rufus Roridanus) _
Steller's sen Non (Fumcfopion #icilerd)
Californla sen lion (Zalophus californi-
) T
Harbor seal |Phosa vituling) .. _____
Fox squirrel (Sefurus Mger)y__ .
Western for squlrrel (Selurus Tudopi-
clanus) —— e e
Gray squirrel (Sciurss wrullnmhj—
Black squlrrel (Seiurns mﬂumﬁr
Pralrie dog (Cymompn rudnrintunn:l_:

Alplne marmot (drotomys marmotta)_

B i et 3 e BT
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Woodehuck (Arofompd mones)
American beaver (Casfor cosgdeasis) .
Coypu  (Myocostor coypul) o eee
Hutls-conga (Cupromys pilorides) -
Iodlan porcuplne (Hpsiriz leuowra)__
Mexlean agoutl {Dasyprocto mesioana)
Azara's agout] (Dasgprocis asare).--
Golden agoutl {Dasyprocfa oputi)
Hulry-rumped  agoutl  (Dasyprocts

prymmolopha)
Paca (Cologenys poca)
Gulnea plg (Covla cutlert) e
Patagonian cavy (Dolichotls pologo-

#ica)
Domestie rabbit [ Lepur cunfoulus) -
Cape hyrax (Procacia copenals) .
Indian elephant (Elephor marimus)..
Bragjlian tapir (Tapirus aomericonus) .
Grevy's sebra (Myuus preval) ..
Zobra-donkey hybrid (Bquus grecyi-

aaimnus)
Grant's sebra ( Bquus burchelli granti) -
Collared peceary { Dicotylcs angulatus)y
Wild boar (Bus serofe) - - eeeeem
Northern wart bog (Phacocherus afri-

e

Hippopstnmus ( Hippopofomus amphil-

Guanaco {(Loma hwenaches) —. . .
Linma (Lama glema) oo e
Alpaca (Lamas pacos)
Vicugna (Lema tiosuma) e e e o
Bactrinn enmel (Caomelos bactrionus)_
Muntjae (Cervulus mundjoc) ..
Bambar doer (Cerves aristofelis) .-
Fhlllppine deer (Cerews philippinue) o
Hing deer (Uerenas porcines) - .
Barasingha deer (Corvus durauceli)_ .
Axils desr (Corvud arld) e
Japanese dear (Cdrves sibad. oo
Red deer (Corvus claphus)
American elk (Cervus congdonsis)
Fallow deer (Corrus dama ) e

Europeen blackblrd (Merula merula)_
Cathind (Dumetells corolinensis) ...
Brown throsher [(Torosiomo rafum) ..
Japaness robln (Ldothrir lufeus) -
Laughing throsh (Gorrules lewcolo-
R e Lo
Orange-checked waxbill (Estrelds mel-
poda)
Cordon-bleu (Estrelda phenicotis) ..
Cut-throat finch (Amoding farcicfa) ..
Zeben finch (Amoding cosfomatis) .-
Bluck-headed finch (Munia alrica-
pilla)
White-headsd finch (Munlo mofa)-——-
Nutmeg finch (Nunio punctularia)___
Java sparrow (Munfa orpsioorg)....
White Java sparrow (MNumia orpsi-
varal
Parson finch (Pofphils cincta)
Boarded finch (Spermophile ap.) oo
Madagasear weaver (Foudis madopas-
carieneii )

Eed-billed weaver (Quelca gquelea) -

Lo - -
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Relndeer (Rangifer forandus)_
Virglnla deer (Odocoilens virginianus) -
Mule deer (Odocollews hemionud) ————
Columblan black-talled deer {Odocolleus
columblonus) -
Coban deer |(Odocollens BP.) —cmmmaeea
Prong-horn antelope {Astilocopra amer-
OaRE) e
Coke's hartebeest (Hubalis cokel) - o
DBontebok (Demaliscus pygorgus) -
Blezsbok (Domaliscus albifrons) e
White-tniled gou {Connccheics gnul ..
Defuasa water bock (Cobus defassa)—-
Indlan ontelope (Anillope cervicapra) -
Springbock (Antidoroos cuchore) -
Grant's gazells (Gazella grantl) .
Nilgal (Boselaphus trogocomelug)
Congo harnessed antelope | Progelophus
prratus)
Enat African eland (Oreas comng pot-
feraonianus) =T
Chamols (Rupioapra brogus) . __ .
Tabr (Hemitragus femilaious) —memee—r
Common goat (Copre hircus)
Angora goat (Capro Mlrows)
Barbary sheep (Ovie tropelophes) ...
Barbados shesp (Oris arics-trapela-
T e e e e S
Anoa {Anoa depresslornil) e e e
East African buffale (Bufclus nes-
I e
Febu (Bitos dndicud ) e e
Yak {Poephagus grunnlens) s
American bison (fison americanus) .
Halry armadille (Dosppes villoses). ...
Wallaroo {WNooropus roburfes) . _
Ited-nocked wallaby (Mocropus rufiood
L[ J— — —
Drush-tailed rock kangaroo (Prirogale
b e e e
Virglnla opposum | Hdclphps marsupi-
alis)
-~

BIRDS,
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Whydah weaver (Vidua parodisca) ...
Falnted bunting (Porsoring oirie) o
Rod-crested eardinal (Poroerla ouowl-
7 R s Sl S T TR Ll
Common candloal {Cordisalis cardi-
nalis)
Hose-breasted grosbeak (Zamelodia lo-
R L e
Blskin (Bpinue epined)
European goldfineh  (Corduclis  ele-
gana}
Yellaow hammer (Emberiza elirinclla).
Common canary (Seriney canarisa) __
Bullfinch (Pyrrhsla europea)
Cowbird (WNolothrus afer) eme e e
Purple grackle (Quiscalus guiscula)._.
Red-winged blackblrd (Agefciar pha-
10T ) =
Common mynah (Aeridotheres tristin) .
European raven (Corows ooras) ...
American raven (Corvus corns sinua-
afus)
Blue jay (COyonocitia eristald) .-

&
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European magple (Pica ploa)
American magple (Pice plos  hud-

momica)
Plplng crow (Gymnorking Hidcen) - __
Glant kinglsher {(Dacelo gigas) —mme-
Salphur-crested cockatoo (Cocafus go-

lerita)
White cockatoo (Cecuiuc alda) -
Leadbeater's cocknatoo (Cocufua lead-

Bare-eyed cockatod (Cacotua  gym-
napia}
Boseate cockatoo (Cacufua roscica-
pilla)
Gang-gang cockntoo  (Celiocophalon
lentum)
Yellow and hive macaw |Arg orardu-
LT

Eed and yellow and blue macaw (dra

maega
Ded and blue macaw (Ara ehlorop-

tera)
Great green macaw (dra militaris)
Eea (Nestor notabilie) e
Mexican conure (Conurus holochiorus)

Carolina  peroquet | Comuropeis coro-

Hncnsie) e
Tovl parrakest {Brotogerys fugularis) _
Cuban parrot {Amezong leucocephala) -
Orange-winged amazon (4Amazons amg-

somic )
Parto: Rlean amason (Amgsoma wit-

tata) =
Yellow-shouldered amagon (Amasons
ochropliera) - = TR,
Yellow-fronted amazon (Amesona och-
rocephala) —ean
Yellow-headad amazon | Amazons lecail-
lanti)
Lesser vaes parrot | Corgoopals migro)_
Plgeon parrakeet  (Polxornis colum-
boides) —
Love bled (Agapernis pullaria) . ___.
Green parrakest (Loriculus sp.)
Peonant's parrakeet (Mlofyoerous cle-
oL
Pale-beaded parrakest (Platycercus pal-

Hdicepa ) -—a
Bhell parrakeet (Melopaitfocus wndu-

Tatus) . =
Great borned owl (Bubs virginionus) .
Arctle horned owl (Bubo wvirginiamus

mbaretiond)
Bereech owl (Odwe awbo) oo o __
Barred owl (Striz pario)

Barn owl {Adlico pratinooli) . —eeoo___
Sparrow hawk (Faloo sporverius) .
Bald eagle (Holodfus levcocepholus) .
Alaskan bald eagle (Holizétus leuco-
oephalur eloscanwe) . __________
Bhart-talled sagle | Terathopius eoauda-
e e s
Harpy eagle (Thrasaitus harppio) ..
Crowned hawk eagle (Spizodtus coro-
- —
‘Enst African hawk {Buteo sp.) ..
Bed-tallsd bawk (Bufeo Borealis)..___
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Red-shouldered hawk (Buten lineotus) .
Bharp-shinned hawk (Accipiter velor) .-
Yenesnelan bawk . _____
Caracara (Polyborus cherlicay)
Lammergeyer {Gypaftus barbotus)...._
South Amerlean condar (Sercorhom-

phus gryphur)
California condor (Gymnogype califor-

manur) e e
Griffon valture (Gyps felvesh.. . __
Bgyptlan volture (Neophron peronop-

e R e R W
Pllented yulture (Neophron pileatus) -
Turkey voltore (Cothartes ourg).. .-

Black vulture (Cofherirts wrabi)_____ °

Elng vulture (@Gypagus papa)
Ring dove (Columbdo palambue) ... "
Bed-billed plgeon  (Columba foviros-

e}
Mourning dove (Zenelfura mocrosra) .
Peaceful dove (Geopelio tromguilla) __
Cape dove ((Hno copemsls) .. __
Crested plgeon (Qopphaps lophotes)
Chachalaca {(Orialis vetulo) o . ___
Purplish guan (Pesclope purpuros-

BN e e i
Mixiean curassow [Crar globicera)
Chapman's eurassow {Cros chapmoni) .
Danhenton's curassow  (Ores  deuben-

i e e S

Wild turkey (Meleagris gallopave  wil-
s e J (| et P O I S
Penfowl (Pove oristate) . .
Jungle fowl (Gallus bonkive)_____
Reoves's pheasant (Pharianus recean)_
Golden pheasant | Thoumalea picta)___
Bllver pheasant (Euplocomus myethemn-
b R S 3 SRR e o L =
Black cock (Lyrurus L P
European quall [ Coturnis communis) ..
Hungarian partridge (Perdis peridiz) -
Babrwhite (Colnus vlrpinionus) ...
Mountaln quall {Oreortyr picta)____
Seafed quall (Callipepla aquamaia).__
Callfornia  quall (Lophortys  califor.
alca ) e o e et e e
Mansenna quall (Cyrionys menfesume)
Parple gallloule (Porphyria oxrulea) .
Black-backed gallingle (Porphyris me-
lonotus) _____

Ameriean oot (Pulica americana) ...
Fllghtless rall | Oopdronus curiralis)
Common enrfamn (Coriama cristata)..
Demolsolle erane { Anthropoides virga) -
Crowned crane |Balearica pavonding) _
Bandhill erane (Grus mericana)_____
Australlan  crane [ Grus custralom-

o) oo ——————————

Indian white crane {Grus leseogerg.
[ PR e

Thick-knte (Edienemus

Ruff (Macketes Pugmar) m"}_-

Black-crowned night heron {.’H‘wﬂm-_“—
rar apcticorar noeviue)

Little blue beron {Florida W‘l‘l‘l;]_:

Loulslann heras (Hydranassa tricol
ruficollis) . .

R e
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Roddish egret (Dichromonamsa rufes- Amerlean white-fronted goose (Anser
e} a albifrone pambell o
Bnowy egret | Hgreita mumm:__ 4 | Chinese goona (Anser cpgnoiden) .
Great white horon (Herodias egretfa). 1 | Red-hended duck (Morils americana) .
Great blue heron (Ardes herodiss) . 4 | Wood duck (Aiz sponsa)
Boat-blll {Cancroma cochlearin) ... 2 | Mandarln duck xﬂnmum gulad-
Black stork (Clcomia migre) - 1 culata) :
Whits stork (Ciconda olconia) ceeee 2 | Pintall (Dofile sostd) e oo —— _—
Marabou stork | Lepfoptilus dubdus)__. 1 | Shoveler duck (Spotula elypeata)
Wood Ihls (Mycterie americans)__ 2 | Dlue-winged teal (Querqueduls  dis-
Bacred \bis (1000 @thioplog) —eee——o 4 COTl) -
White Ibls (Guora albo) e 21 | Green-winged teal (Nettion corolin-
Rogeate spoonblil (Ajoju ajafe) —-—.o 3 - | P R s
Europenn faminge (Phenicopierus an- Black duck (Anas rubripes)
tiguorum) f | Mallard (Anes plotyrdynchos) ———
Trumpeter swan (Olor buccinator).... 2 | Amerlean white pelican  (Peleconus
Whistling swan (Olor columblonus)_. 2 erythrorhymckos) ———
Mute wwan (Oygnus gibbus) 2 | Enropean  white pellean (Peleconus
Muscovy duck (Cairina moschata) — 2 ongcrotalus) o PR —
White muscovy duck (Cairing mos- Itoseate pellean (Peleconus roscus)
ehata) R - 3| Brown pelican {Pelecomus occidenfalis)
treed racygnG Black-backed gull (Lorus ocarinus) -
W::mtl‘ ok, Ly i g | Herrlag gull {Larus argenfofus) o ——-
Fulvous tree-dnck  (Dendrocypna  bi- Amerlean herrlng gull (Larus argenfa-
calor) 2 Lur“ m:?‘:lcln:anu) -.‘ml;.i--_,_._
= ughing Larua a e e o
Australlan wood-duck (Chenonetta ju- Gannet (Sula DOSFOAG) —moeemommemme
bata) e 1| Florida cormorant {Phulacrocoras auri
Egyptlan gooss (Chemaloper agypli- tux foridansa)
aous ) 1| Mexican cormorant (Phalocrocoras -
Brant {Hraste bernicla glowcopostra). 1 gua mexioanus)
Canadn goose (Branto conodensis)—— B | Water turkey (Ankings anhings) . __
Hutchins's gosse (Hronfs conodensis Bomall ostrich  (Struthisc  molybdo-
Tt e . 4 phanes)
Lesser snow goose (Chem hpperbe- Common cassowary (Cosusrius goléa-
TEHE) 2 fus)
Greater nnow goose (Chem hyperborens Commaon rhea [Rhea ameripana)
nivalis) 1 | Bmu {Dromeus nora hollandie) -
REPTILESR,
Alligator [Alligator missizgippiensis) . 16 | Spreading adder (Heferodon plaofy-
Palnted turtle (Chrysemps picta) - 4 RS T e i T i
Diamond-back terrapin  {Malococlemys Green soake (Cyclophis ocafives)—
polustrit) oo e 1 | Blnck sonke (Zomenis constrictor) -
Three-toed box-tortolse (Cirtudo friun- Coneh-whip snnke (Zomenis fapeilum).
puis) e 8| Corn snake (Coluber gutlefus) oL
Paloted box-tortcise (Clstuds ermafaj. 0§ | Common chicken snake (Coluber guad-
Gopher turtle { Yerobafes polyphemus) . 1 rivitiatus)
Tunean Island tortolse (Testude ephip- Gopher spnke (Compsosoma corgls cou-
Ty Rl e ) Pl e e UL B parll) St e o e tech3
Albemarle Island tortolse (Testudo of Pine snoke (Pityophls melanolenous)
cine) —- ——— e e & | Bull anake- (Piiyopkis 8o} e
Comb lisard (Tfen o Bp.) 1 | Texns chicken enake (Ophibolus celli-
Alllgator llzard (Soeloporus undula- porter) .-
tus) . B 2 | King snake (Ophibolus getulua)
Horned llenrd (Phrymosoma  corsd- Texas garter snako ( Eutenia prosima).
fumn ) L R e o 1 | Water moceasin (Aneistrodon placie-
Gln monster (Helodermo suspectum) ~ 4 arus) _
Green Usard (Loceris virfdie) aecaen 1 opperhead (Ancistrodon confortric) -
Anaconda (Funecfes murinus) . 2 | Dinmond = rattlesnake  {Crofales - ads-
Common hoa (Hog conatrictor) eemmeae 1 =T T R IR R A 51 | N L Y
Antillean boa (Boo diciniloqua) .- 1 | Banded rattlestake (Crofoles horri-
Coban tree-boa (Epicrates ongulifer)_- 3 dus) -
GIFTS.
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Mr. and Mre. Franklin Adams, Pan Ameriean Union, two Haitlan solenodons.
Miss M. Alexnnder, Moorefield, W. V., a brown Capochin monkey.
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D, Panl Bartsch, Washington, D. C,, two common ¢rows.

Frederick Carl, Jr., Washington, D. C., two scresch owls

Miss Catharine Carroll, Washington, D. ., & barn owl.

B. 8. Case, Takoma Park, D. O., three blue jJays

Migs M. B, Cole, Washington, I, C., an alligutor.

Mrs. Mary F. Crown, Washington, D. C., 4 yellow-headed Amazon parrot.

Mre. B, 8. Day, Washington, D. C., a common canary.

Boris de Street, Washington, I, O, an alligator.

J. R. Eddy, Lamedeer, Mont., an American badger.

Mr. Eustls, Leesburg, Va., o red-talled hawk.

Dr. Cecil French, Wnshington, D. C., four Hungarian quail

Guy M. Gribble, Buckhannon, W. Va., a red-tailed hawlk.

Jesse Hand, Jr., Belleplaln, N. J., two king snakes.

Mr. Q. A. Hollund, Fenowlck, Vo., a bittern.

Clarence Howard, Washington, D, (., a copperhead snnke.

E C. Howe, Washington, D. C., two alligntors,

W. H. Kelly, S8andusky, Ohlo, two bald eagles.

Mr, Lansdale, Washington, D, C., two common opossums.

Carvel Leary, Washington, D, €., a guinea plg.

Miss Frances McMullen, Largo, Fla., an alligntor snapping turtle,

(. W. Marks, Berryville, Va., a black snake.

8. 8. Paschals, Chevy Chase, M., two zebra finches,

L. E Perry, Gorgone, Canal Zone, n spider monkey.

F. W, Pllling, Washington, D. C., 10 common canarles, n red-crested candinad
and 2 white Java sparrows

Mrs. J. E. Pleltner, Washington, D. €, a green Amaxon parrot.

N, Bchutz, Washington, D, C., n sereech owl.

John B, S8mith, Renovo, Pu., n banded rattlesnnke.

Mrs, H. Clay Stewart, Washington, D, C., two cominon canaries,

J. P. Taylor, Washington, D. C., a copperhead snake and a blsck enake

Dr. James R. Tubman, Washington, D. 0., n great horned owl,

United States Bureau of Fisherles, two northern fur seals

James Woreester, Washington, I, O, an alligator,

Unknown donors, a bawk, a parrakeet, and n woodehuck.

LOSSES OF ANIMALS,

The most Important Josses durlng the year were a pair of clonded leopards,
a lon, and o young Alasken brown bear from parasitism: a lencoryx, a water
buck, and a nilgai, from tuberculosis; a female American hison and a earlbou,
in the collectlon for 10 years, from peritonitis: two solenodons from sep-
tlcemia, and two young fur seals from eateritls and heat stroke.

Dead unimals, to the number of 142, were transferred to the Unlted States
Nutlonal Musenm. Autopsles were made, as usual, by the Pathologleal Divislon
of the Bureau of Anlmal Industry, United States Department of Agriculture?

#The causes of denth were as follows: Pneumonia, 10: tuberculeals, B; puimonary
edema, 1: aspergillosis, 7; peeudomembranous tracheltis, 1; enteritls, 0; gastritis, 1;
gastroenteritis, 7; poeumoenteritis, 1; intestinal coccidlonls, T peritonitis, 6: nophiritis,
3; fatty degeneration of liver, 1: parasitlsm, 3; stomatitis, 2: strangulated hernla,
rupture of gleeard, 1; lntarnal hemorrhage, 1; ahscess of scrotum, 1: abscess of head,
unable to deliver young, 1; doodenitis, 1; colitis, 1 echinococoonis, 1; necrobacilioals,
proscianensbaclilesls, 1; porocephaloats, 1: septicemis, 3: enterotoxism, 1; eystitls,
endoearditls, 1; viscernl gout, 1; sarcomatosls, 2; cancer of pouch, 1: leokemin,
feterus, 1: Impaction, 3; duodenal obwtructiom, 1: atarvatlon, 2; aceldents and

Injurles, 13; killed because unfit for exhibition, 4: result of t £
i . of nutopsy Indoterminste, 3;

e e we

[



REPORT OF THE SECRETARY. 659

Btatement of the collection,

ACCESHIONS DURING THE YEARL

Presented . L]
Recelved from Yellowstone National Park. . 1
Recelved In exchange. s LT Maf S M i 5 13
Lent et N N,
Purchased. g - 10
Born and hatehed in National Zoologieal Park . 116
Totnl iz = i | i
SUMMARY.
Animals on hand July 1, 1910 1,424
Acceaslons during the year________ = | B RETTREE S
Total e 4 L ]
Dedoet loss (by exchnnge, death, and returning of anlmals) . .. 846
On hand June 30, 1611 izt i i Rl e 1,414
Individ-
Class, Spectes. | 1T
Mammals. .. SEuEsERTEEE PSR 7 w18
b S A e e R SRy g 158 Lo
R ek Ae e L db TLLA i S Lo L AT e D i o B e
T b A O P A e 1 1,414
VIBITORS.

The number of visitors to the park during the year was 521,440, a dally
average of 1,428, The largest numbper in any one month was 95,585, In April,
1911, o dally average for the month of 3,158L

During the year there vislted the park 109 schools, Sunday schools, clusses,
ete., with 4568 puplls, a monthly avernge of 414 pupils Thls number s an
increase over the previons year of 14 schools, 1,083 pupils, and nn incresse in
the monthly average of 90 puplls. While most of the clagses were from the
Distriet of Columbla, 47 of them were from nelghboring States, and classes
came from Meriden, Hopedale, Norton, North Attleboro, Clinton, Hodson, and
Whitman, Massachusetts; Dover, Peterboro, Lancaster, and Exeter, New Hamp-
shire; Bath, Augusta, Biddeford, Gardiner, and Sanfond, Mnine; Bellows Falls,
Yermont; Ralelgh, North Carolina; Middleport (two) and Penn Yan, New
York; Waynesburg, Pennsylvanin ; and Hartford, Connecticut.

IMPEOVEMENTB.

A house for gebras, a frame bullding 35 feet square, was constructed, pro-
viding fonr good-gized stalls with ynrds atiached. This I8 now occopled by a
male Grant's zebra, the male Grevy's zebra, which was returned from the
experiment station of the Burean of Animal Industry at Bethesds, Marylnnd,
after useé there In breeding, and a hybrid from the latter animal and a do-
miestie ags,

The existing yards on the west slde of the antelope house were too small,
and the fences aroond them, which were of temporary character, had seriously



60 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1911,

deterlorated. The constructlon of new steel fences was begun, Inclosing a
considerably lnrger aren than the former yards, and was nearly completed by
the close of the year. The yards on the north and east sldes of the antelope
house, which had been begun durlng the previous year, were completed.

The temporary bind house, which had been in very bad condlifon, was exten-
gively repaired. New roof covering was put on, and the wooden floor, some of
the walls nnd cages, and much other Interlor work were renewed.

Bome alterstions were made In the large cages In the lion honse to permit
more convenient handling of the animals durlng feeding and the cleaning of
the onges.  The woodwork of this portion of the bullding was also refinished.

The publie comfort room for women, which was In a very dllapldated econdl-
tlon, was removed to muke way for the yards of the antelope hounse, and a new
comfort room was constructed beneath the outdoor enges of the small mammal
house. A small frame bullding for the same purpose was erected nesr the
Adnms MIT Rond entrance, that portion of the park being a much frequentad
resort for women with young children.

A new publle comfort room for men was also constructed In the bazement of
the antelope house, providing permanent conveniences, which are much better
and more adequate than have existed heretofore.

The drainage culvert In the beaver valley was extendsd to the flying capge,
a distanee of 800 feet, thus providing sewerage, as well ns for the carrylng
away of surface water without the erosion which had occurred previously.

Foundations were Inid for cages on the east slde of the small mammal houes,
and a conerete walk was constructed there,

Varlous small Improvements and repalrs were made. A cage was bu'lt in
the llon house with a pool for the young hippopotamus, which wnas recelved In
May; n paddock with shelter was bullt for the chamois: an inclosure and pool
for fur seals; the condor cage and enge for horned owls were extensively re-
paired ; an Inclosure with shelter was bullt for kangnroos; an additonal watch
house wns bulit; new wagon scales were set mear the shop and coul vault:
and the heatlng condunit and mnins from the central heating plant were ex-
tended to the elephant house and zebra honss,

The cost of this work was:

e T Tl ke e (A L e e - $2 50D
New yards on west glde of antelope house_________ 1,775
Completing yards on north and east sldes of antelope house____________
Rapales to temporary i hopse. .~ - -0 o nrp 5 &

Extenfing Gralosge ecolvect. . . - - 0 700 1,500
New concrete walk and cage foundations at small mammal housze, with
retaining walls, ste_ o e e Fo S Ty ol i)
Additionn] yatchhovse_______________ 125
Extending beating condunit and mains
New wagon scales at ghop.____

I
288358
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BOADWAYE AND WALER.

From the approprintion for reconstructing and repairing rondwoys and walks
4,770 linenr feet, or ninetenths of a mile of rond, was treated, from 10 to 45
feet wide, avernging slightly more than 20 feet, a total of 10,700 square yards.
The work varied from merely reshaplng and supplylng a top layer of stone to
furnishing the entire thickness of rondbed material, with considerable cxcavat-
ing and filling in some places where the existing grades were too steep. One
thousand six hundred square yards (the *concourse") were finished with
tarvin. The work cost from 22 cents to $1 per square yard, and the total
amount expended for roads was $7,220,

During the year 8,200 linear feet, or 1% miles, of wnlks were Inld or repaired.
They were from 6 to 16 feet wide, or an avernge width of about 9 feet, com-
prislng in all 9,230 equare yards. Of this about 6,500 sguare yards was old
macadam walk, the remainder gravel or dirt walks. A considerable amount of
excavation and filling bad to be done In certanin places In order to secure
reasonably uniform grades, and steps were constructed at polnts where the
grade had before been too steep. The walks are of stone mncadnm, the surface
treated with tarvia by the penetration method. The cost of Iaying them was
from 85 cents to 85 cents per square yard. A considerable amount of work
had to be done alse In providing proper drainage. The total expenditure for
walks was $7,780.

Respectfolly submitted.

Frank Baxen, Superinfendent.

Dir, Cuanres b, WALCOTT,

Secrotary of the Smithsoniun Institution,



Arpexmx V.
REPMORT ON THE ASTROPHYSIOATL OHREERYVATORY,

Sm: I have the honor to present the following report on the operntions of
the Bmithsonlan Astrophysleal Observitory for the year ending June 30, 1011 ¢

EQUIPMESNT.

The equipment of the observatory is ns follows:

(2} At Washington there is an inclosure of nbout 16,000 square feet con-
taining five small frame bulldings used for observing and eomputing PUrpses,
thirea movnble frame shelters covering several ont-of-door pleces of apparatus,
anil aleo one small brick bullding contalning a storage hattery nnd electrical
distribution apparatuos.

() At Mount Wilson, Californin, upon o leased plat of ground 100 feet
square In horlzontal projection, nre located one-story cement observing
structure, designed cspeclally for solar-constnnt measurements, and also a
Hitle frnme cottage, 21 feet by 25 feet, for observer's quarters,

There were no important ndditions to the Instrument equipment of the
observatory during the year.

In 1000 the Smithsoninn Institutfon, at the expense of the Hodgking fund,
erected on the summit of Mount Whitney, California (height 14,602 feat), n
stone and steel house (o shelter observers who might apply to the Institution
for the use of the house to promote investigations in any branch of science.
While this structore s not the actual property of the Astrophysical Observatory,
It affords an excellent opportunity for observations in conpection with those
tnken on Momnt Wilson.

WORE OF THE TEAR

In order to thoroughly confirm the results obtalned on the summit of Mount
Whitney (4420 meters or 14,502 feet) In 1900, discusand In my Inst annual
report, an expedition agaln occupled that place in August, 1010, The person-
nel conslsted of the director snd Mr. G. F. Mnrsh, of Lone Pine, Collfornin.
Nearly all of the equipment for spectrobolometric work had heen left on Mount
Whitney through the winter and was found In good condition. Additionnl
apparatus for mensuring the brightness of the eky by day and by night was
earried up by pack traln under the care of Mr. Elder, of Lone Pine. The good
fortune which had attended the 1900 expedition fafled for a moment in 1810,
and one mole, carrying the silver-disk pyrhellometer and other loading, rolled
off nmong the rocks and was killed. The pyrhellometer fortunntely received
oo Injury.

Bolnr-constant measurements were made successfully on Mount Whitney in

1010 n;z three successive days, Mr. Fowle made solar-constant observations
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simultaneously on Mount Wilson. I give below the resulis obfained nt Mount
Wilson and Mount Whitney in 1000 and 1010

Bept. 3, | Aug 12, | Aung 18, | Aog. 14,
5. | Tagin.” o, | ‘i,
Bolar constani:
A e e e i e ] L3 L3 LM 1, 004
Mectl WhHDAY- . . oo sinisrrmmn s s snnns srmmmn s s s L oag L 1. 033 L oca

Taking the menn of the differences between the results obtained simultane-
ongly at the two stations, it appears that the results obtained on Mount Whitney
avernge 1.4 per cent higher than those obtained on Mount Wilson. But con-
sidering that the optieal apparatus used on Mount Wilson comprised a silvered
ginss mirror coelostnt, an ultra-violet crown glass prism, and two silvered
glass mirrors, while that on Mount Whitney comprised only a quartz prism
and two magnaliom mirrors, and, fortbermore, that the pyrhellometers em-
ployed at the two stations were read at very different temperatores, it is prob-
able that the sllght difference found between the results may be due wholly
to experimentn] differences and Implies no diserepancy doe to the difference
of altitude between the two stations

Thig concluslion seems worth emphasizing, We have now made slmultane
onsly solar-constant determinations at sea level (Washington), at over a mile
altitude (Mount Wilson), amd again at Mount Wiison, and at nearly 3 miles
altitnde (Mount Whitney). Althongh both the quantity and the qualiy of
ithe solar radintion found at these stations differ very much, nelther the * golar
eonstant ™ nor the dlstribution of the solar energy in the spectrum outside the
atmosphere, ns fixed by the wholly Independent measurements at these three
gtntions, differs more than would be expectad in view of the unavoldable small
errors of observation. We seem Jostified In concluding that we do, In faet,
ellminnte the effects of atmospherie losses and actoally determine the troe
quantity and quality of the sun's radintion outside the atmosphere a8 we might
do If we conld observe In free space with no atmosphere at all to hinder.

Expeditions to Mount Wilson have now been made In 1005, 1006, 1008, 1900,
and 1810, The last, llke the others, continued from May untll November. In
the eariler years the observations were not made dally, but In 1908, 1009, and
1610 dally determinations of the solar constant were made when possible. As
stated In earller reports, the results indicate n variability of the sun. In order
to show the strength of the nrgument for this conelusion, I give In the accom-
panying figure a diagram showing all the * solar constant™ values obtnined In
the first four years of ohservation (fig. 1).

The “solar eonstant™ resnlts lle between 1.80 and 2.00 calories per square
centimeter per minute. I call particular attentlon to the two later years. It
will be noted that snccessive days' results march step by step regularly from
low to high valoes and the reverse, amd that this order of march is not the
exception, but almost without exception the rule. This seems to render it
highly Improbable that the fluctuations are due to accldental error, for such a
regularity of fluctuntion Is Incompatible with that supposition. As it has now
been shown that the altitude of the observing station Is Immaterinl, at least
for altitudes below 3 miles, it seems nleo reasonable to conclude that the
finctuation 15 not dne to fanlty estimates of the losses of radiation in the air,
Henee the most probable conclusion s that the sun actually varies from day to
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day In its output of radintion within limte of from 0 to 10 per cent In quantity
and in lrreguinr periods of from 5 to 10 days. This conclusion I state tenin-
tively. Before It can be accepted without question It must be confirmed by
showlng that the results obtnined doy nfter day at nnother equally good station,
at o great distance, confirm those obtained simultaneously at Mount Wilson.
Boch a final test, it Is now expected, will be made during the coming fiscal year.

Summary of solar-conatant valucs,

m Miunt Wilson, Mount Whitney,

1903-1907 | 1905 1006 i 1005 1009 1010 1009 1910

Tlmes obaorved. ... £ 55 <] 113 1] 1 1 ]
Memn valin. . oeeeves 1060 Loz L Le L &0 Lala L0k 1060

i (ither days of oheervation not yet ready,

Oeneral mean, 10X calocke (15" C.) por squore cenbimeter por minube,
Number of dstarminathms, 46,

Other observations made on Mount Whitnoy.—Although the maln purpose
of the Mount Whitney expedition of 1910 was served by proving that the
determinations of the solar constant of radiation are Independent of the altltude
of the cbserving station, advantage was taken of the unusual opportunity to
make several other kinds of observations. Kapteyn's sky photometer was
employed there on two suecessive nights to measure the relative brightness of
the different regions of the night sky and to estimate the totn] quantity of sky
fllumination per sqonare degree compmred with that of a first-magnitode star.
Yntemn had employed similar apparatus in Holland, He found the average
brightness of the Mllky Way about two or three times that of nongalactic
reglons of the sky, such as the north polar region, but that the sky near the
horizon was of about the same brightness ag the Milky Way. He concluded
that the sky at night is lluminated more by some terrestrinl sources of lght
than by the stars.

The results obtnlned on Mount Whitney at nearly & miles elevation agreed
in general with those of Y¥ntema. The following is n summary of the prin-
cipal polnts. Mean values are given:

Brighinesas of night sky.

[Folnr brightnes=1. Mount Whitnay, 19001510}

Galactle latitada.
. i Near borf-
| | E0T.
0* loi 8" ! L1567 to 2 30° | £45° to L 60° | 260" Lo+ TH*
Balativabeightness................oo.. 210 i.ﬂi L19 117 L4

The total {lumination from 1 square degree of polar sky was found to bo
0.0746 that of one first-magnitude star in the zenith. It Is possible that the
fraction just given may be a little too small, owing to a source of error discoy-
gred after the observations were ended.
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Computations from the Mount Whitney resolts confirm ¥ntemn's eonclusion
that the great Increase of brightness townrd the horizon can not be doe to any
arrangement of starlight, but must be cavsed by some terrestrial source of
Ught, perhaps a continuous falnt aurora.

Bolometrle measurements were made on Mount Whitney to determine the
relatlve rndlation of the sky by day In nll directions, ns compared with the
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sun. These measurements were numerous and seom to have been successful,
but are not yet redoced.

The sun's energy speclrum.—A summary has been prepared showing the mean
result of determinntions of the distribution of the sun's energy In the spectrum,
as It wonld be found outside the atmoespbere. The measurements on which It

- i3 based Include Washington, Mount Wilson, and Mount Whitney work of 1803

AT —sM 1911—6
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to 1610, and have been made with many different optical systems. There 1s
great difficulty in getting an accumte estimate of the relntive losses sullered
by rays of different wave lengths In traversing the spectroseope, Especinlly s
this the cnse for the violet and ultra-violet rays, where thesa losses are greatest
The summary has shown that further determinations are needed to fix the dis-
tribuotion in the extreme ultra violet, and observations for this purpose were
made In June, 1611, on Mount Wilson, but are not yet reduced. 1 glve below
the summary, excluding the work of 1811

Intensgities in normal solar speotrum, oulgide the atmosphere,
[Ohserved at Washington, Mount Wilson, Mount Whitnoy, 160@-1910.]

n " B B n B B
Wamlsngth..........cocoaeee 0.30 0,55 0,40 0,45 47 0,50 0,60
T R £40 2,700 4, 355 LA 0, 255 084 B, 4T
Probabda error (percentage).... 50 (T} 7.3 LS L4 LB Lo 1
Warnlength. .. coeiiiiinniaiane 0. B0 L0 1.8 LG .0 5 3.0
TORBSAY . . ooeieianansis E - B w7 £ 248 o n
Frobable orror (perceniagn)..... L1 0T oy L4 24 4.8 (1)

The sun's temperalure—If we employ the so-called ** Wien displneement
formula,” which connecls the absolute temperature of o perfect radiation with
the wave length of its maximom radiation, we may proceed ns follows, to eati-
mate the solar femperature, on the assumptiion that the sun I8 A perfect
radiator:

.1-.;T=2‘93ﬂ.
If Amax=0.470 ji then T=0230" nhe, O,

Another radintion formuln is that of Stefan, which connects the totul guan-
tity of radintion of a perfect radiator per square centimeter per minute with
the absolute tempernture Employing this formula, still assaming the sun to
be a perfect raodiator, its mean disinnee 140,000,000 kilometers, 1is mean diame-
ter 606,000 kilometers, and the mean yalue of the solar constant of radintion
1.922 calories per square centlmeter per minnte, we procesd ns follows:

3
?ﬁ.ﬂ}(lﬂ_“){(% Ti=1.922 T=5830° nha, .

A third means of estimating the sun's probable temperatnre comes from com-
parisons of the distribution of the energy In e spectrum with that in the
spectrum of the perfect radiator, ns computed according to the Wien-Planek
formula of spectrum energy distribution. The sun's energy curve and that
of the perfect radiator at two temperntures are glven in the accompanylng
Mlpstration (fig. 2). It appenrs at once from this comparison that the sun's
radintlon dlfers grestly from thot of the perfect radlator at any temperature.
The solar radintion Is greater in the Infra-red spectrum, and mueh Iess in the
ultra-violet spectrum, than that of perfect radintors glving approximately the
same relntive spectral distribution as the sun for visible raya, Taking every-
thing in consideration, the solar energy spectrum scems most comparable with
that of a perfect radintor between 6,000° and 7,000° In absolute temperature.

The causes of the discrepancles we hinve noted may be sovernl, First, there
is the Influence of the selectlve absorption of rays In the Fraunbofer lines.
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These lines are much crowded toward and within the ultra-vielet spectrum, so
that perhaps this indicates a principal reason for the wenkness of the sun's
gpecirum in that reglon. Second, it seems probable that we are dealing with
a mixture of rays from sources at different temperatures. The canse and

2

ol
n

—
24

2.4

[ ]

I
2.0

Fio. 2.—Energy spectrum of sun compared with black body.
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effect of this difference may each be twofold: For, firstly, at the center of the
gun's visible disk we look probably to deeperlylng and hence hotter layers
than at the sun's edge, where the line of sight is oblique; and, secondly,
. glnee the transmission of the sun’s atmosphere is probably like the earth's,
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much less for violet and ultra-violet rays than for red and infro-red ones, we
probably get Infra-ved rays from deeperlying and hence hotter layers in the
sgun than we do ultra-violet ones.

We conclude that the solar radiation comes from sources runging In tem-

perature perhiaps between the limits 5,000° and 7.000° nbsolute centlgrade, but
mostly from sources between 6,000° and T7,000°,

Washington observotions.—Further experiments hnve been mnde;

umnder Mr., Fowle's directlon, on the transmission of radiation of sreat

wave lengths through long colnmns of alr containing known qualities

of wnter vapor. Many of these observatlons are not yet redoced,

£0 that it is not yet proper to give a nnmericnl summory of

resnlis.  The length of the column experimented upon hns heen

increased to 500 feet. The mensurements cover Lthe nfra-red

spectrum, from the A line to a wave length of about 17

The observations of the water contents of the alr eolumn

are made by means of pairs of wet and dry thermome-

tera Jocated ot n number of polnts along the path.

The alr Is thoroughly stirred before readings. Check

\ experiments by Mr. Aldrich, in which be drew the

X air through phosphorua pentoxide tubes and

b "«.h wisighed the waiter absorbed, linve confirmed
e b the acenracy of the woater-vapor detorming.
- "W tlons. Mr. Fowle hus made o prellmiuary

b i) comparieon of the upper infra-red spee-

W trum bands p, o, 7, 9, ¥, nnd £, as

3 observed throngh the (nbe with

R, the same bands as  observed

P 0 i through the whole ntmosphere

hS % at Washington, Mount Wiison,

Sl and Mount Whitney. Tle ri-

g salis are most interesting, though

il 1l net yet ripe for publcation, amd

) | o ] will probably fead to more exnct

knowledge of the total gquantity
of water vapor in the atmos-
phere, and its varintlon with
b the altitude of the observer nnd
.'!||!
I

the =enson of the year,
Reduction of obscervalions—
it Upward of 100 dnys of solar-
:IlHl': comstant  measnrements  hove
been mode on  Mount
Wilson on enell of (e
Inst savernl yenrs. Each
day requires the eqguiva
Fia, 8.—Abbot sllver disk pyrhellometer. Ient of three foll days of
computation, This work
is being done at Washington by Messre. Fowle and Aldrich and Miss Graves
and eertaln graphical parts of it by minor clerk Segal. The solnr-ronstant
reductions are computed ns far as the middle of the observing season of 1510,
Pyrheliometry—Additional comparisons of the Mount Wilson secondary pyT-
hellometers have been made with primary standard pyrhellometer No, 8. Thess
are not yet all reduced, but soch as have been finished confirm the results of
the previous flscal year, so that we may regard the scale of nbsolute pyrheli-




REPORT OF THE SECRETARY. 69

mmummﬂuﬁmﬂxﬂnﬁimmmﬂltﬂmmﬂlmu{m
solur constant of radiation for the epoch 1005-1010 s fixed ot 1.632 calorles
per square centimeter per minute,

Addltional coples of the secondary silver-disk pyrheliometer gshown In the
accompanying Ilustration (fig. 3) have been standardized and sent abroad by
the Institutlon as loans or purchases. There have now been sent coples to
Russin, Germany, France, Italy, England, Peru, Argenting, and soveral within
the TUnited States, making in all 10 coples now in other hands than ours, be-
giles soveral now being made to onder. The Institution has undertaken the
business reluting to furnishing these pyrheliometers, which are stendardized
at the Astrophysical Observatory, to promote exact knowledge of the sun and
Its possible variability.

EUMMARY.

The year has been distingulshed by a successful expedition to AMount Whitney.
The results obtained there confirm the vlew that determinations of the Intensity
of the solnr radintion outside the earth’s atmesplhere by the spectrobolometric
method of high and low sun observation are not dependent on tha observer's
altitude above sen level, provided the conditions are otherwise good. The
Mount Whitney expedition furnished opportunities also for measurements of
the brightness of the sky by day and by night, the influence of waler vajor on
the sun's spectrum, nnd the distribution of the sun's energy spectrum ontside
the atmosphere.

Solar.constant observations and closely related researches were continned
daily at Mount Wilson until November, 1910, and were taken up agaln In
June, 1011,

Forther resesrch tends to confirm the conclusion that the sun's output of
radintlon varies from day to day In o manner irreguiar in period and guantity,
but roughly running lts courses within perlods of § to 10 days in time and 3 to
10 per cent In amplitude. Assurance seems now complete that this result will
be tested In the next fiseal wvear by long-continued dally observations made
simultaneously at two widely separnted sintions.

Muny copies of the sllver-disk secondary pyrhellometer have been standard-
fzed g sent out to ohservers In this and forelgn eountries to promote exactly
comparable observatlons of the sun's radiation.

Mensurements of the transparency, for long-wnve radiation, of colnmns of air
containing known quantitles of water vapor have been continued, and promiss
highly Interesting results

Respectfully submitted. (

C. G. Amsor, Director.

Dr. Caarces D. WarLcorT,

Secrelary of the Smithsonion Institution.
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Aprexpix VI

REPORT ON THE LIBRARY.

Bm: I have the honor to present the following report on the operations of
the Library of the Smithsoninn Institution for the fiseal year ending June an,
1911, which was prepared by Mr. Paul Brockett, nssistant lbrarian, who had
charge until June 1, 1911

The following improved methods and consolldatlon of work have been
adopted during the past five years by the Library, in the interest of economy
and efficiency : 1

The eatnlogne hos been modified 20 ns to Include the pothor and donor
eards and nll previons records, thos making It necessary to consult only one
fille of cards for any information relnting to the contents of the Library. The
aecesafon record 1s typewrltten on sheets in accordnnee with fhe loose-leaf
hinding system, thus saviog the tlme of eopylng titles by hand. The nnnuals
have been transferred from the perlodien]l record to the aothor catalogue, thus
avolding the making of two entries

A new system of fililng letters In numbered folders, with a eard Index, has
‘been Introdoesd, moking eastly necessible the correspondence which, in con-
junetion with the aothor and donor catnlogue, forms a permanent record of
the exchanges for the Smithsonlon poblications, The old files are geadunlly
being rearmoged and incorporated with the new system.

The lending of books In the reference room and perfodical reading room has
been ploced In charge of one person, In connection with other duties,

The titles of purchassd books are now entered on enrds which are filed
slphabetically. These card entries take the place of entries on sheets In book
form, with eard Index.

With n thoronghly modern equipment in the way of furniture and fixtures
greater Improvements ¢ould be made than {8 possible at presest.

Eztension of apooe oconpied by library—Tentative plans have been prepared
and submitted for fireproof bookstacks and bookeases for the large hall on the
maln floor of the Smithsonlan Bullding to contain the librarles of the Covern-
ment bureans under the Smithsoninn Institutlon. More definlte plans fire now
in preparntion.

International Congress of Archivists and Librarians end the International
Congress of Bibliography and Documentation.—The Tnstitution was represented
by the assistnnt librarian, Mr. Paul Brockett, who presenied a paper giving the
views of the Smithsonian Institution in the matter of Internationnl exchunge.
At the same time he made observationsg on the methods and arrangement of
Earopean libraries. A separate report on this matter hag been submitted by
him.

ACCEBHIONA.

For the Smithsonian deposlt, Library of Congress, the accesslons recorded
nnmbered 8,136 volumes, 1,277 parts of volumes, 3,137 pamphlets, and 4580 charts,
making o totnl of 5,030 publications. The accession numbers ron from 500,001
to 504,148,

T0
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The parts of serinl publications entered on the card catalogne numbered
24,426, and 1,100 slips for completed volumes were made, and 100 cards for new
periodicals and annunls,

These publications wore forwarded to the Library of Congress lmmediately
upon thelr receipt and entry. In thelr transmission 230 boxes were required,
containing approximately the equivalent of 9,200 volumes. 'The actual number
of pleces sent, including parts of periodicals, pamphlets, and volumes, was
of. 286, Thls statement does not, however, Include nbout 3,200 parts of serinl
puhllcnﬂqlua gecured In exchange to complete eets and transmitted separately.

Ingugural dissertations aod academiec publications were recelved from
universities at the following pluces:

Basal, Hulle-an-der-Sanle. Parls.

Bonn, Helilelbery. Prague,
Berlin. Kilel. Rostock.
Breslon. Leipzig. 8t. Petershurg.
Cuzco, Liege. Tiibingen.
Dorpat. London, Utrecht.
Freiburg 1. B, Lund. Wiirzburg.
Glessen, Marburg. Zilrich.

Graz. New Haven.

Greifswnlil Ovledo,

Similar publications have been recelved from the technical high schools at
Berlin, Brammschwelg, Karlsruhe, and Muonich.

The office lbrary recelved 440 volumes and pamphlets, and 77 paris of
velumes and charts, moking a total of 517 publications. Thirteen volumes were
purchased for the smployees’ library and one recelved by donation,

As alrendy mentioned, an author eatalogue, combining nuthor and donor
entrles on cands of standnrd size wos estoblished this year and has taken the
place of the previons * donor ™ record. Catalogue cards made for the nuthor-
donor entalogue numbersd 5,190, In addition, a new finding list of 320 entries
was made for the perlodicals in the reading room, making & total of 3,510 cards,
The recatalogulng of sclentific serinls and annunls was commenced. The
volomes recatalogued numbered 1,008

The policy of sending forelgn publle documents presented to the Institution
.to the Library of Congress without stanmping or entering has bheen continued,
and the number of publlcations given above does not include these, nor does
it Include other publications for the Library of Congress received through the
Internationn] Exchange Berviee

The work of checking up and completing the Smithsonian deposit sets of
publications of sclentific socleties and learned institutions of the world has
been continned, and those of France have recelved specinl consideration.

-
DUPLICATES,

For & number of years about 10,000 duplicate Government documents returned
by the Libmry of Congress, prineipally relating to stntlstics, were stored in the
south tower of the Smithsonian Bullding. With the assistnnce of the Inter-
national Exchanges during the previous year these publications were nrronged
and listed and Inter the larger part was turned over to the New York Publie
Library to complete its sets, Public documents of the United States were re-
turned to the Superintendent of Documents,
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EXCHANOES.

The establlshing of new exchanges and the securing of missing parts to
complete sets of publications in the Smithsonlan Library required the writing
of 2,600 lJetters, resulting in the addition of about 100 periodicals and in the
recelpt of about 3,200 miszing parts

The mull recelpts numbered 32647 packages, and 3,500 packages were re-
colved throngh the Internationnl Exchange Service, The publications con-
tained therein were stamped and distributed for entry from the mall desk.

About 4,463 acknowledgments were made on the regular forms I nddition
to the letters whilch were written In acknowledgment of publications received
In response to the reqoests of the Institution for exchange.

New exchanges of the annual reports of the American Historieal Associntion
from the allotment agrecd upon for that porpose resulted In the acquisition
of n number of publieations of historical socleties thronghout the world, which
were ndded to the Smithsonlan deposit in the Library of Congress.

HEADIRG BOOM.

The periodical bins in the reading room were rearranged aml, os nlready
mentioned, a new finding st was made ont on cards which were arranged
‘alphabetically. Poblientions no longer consulted were transferred to the per-
manent sets, cither in the Smithsonian deposit or in some one of the libraries
of ihe Government braoches of the Institution to which they belong. This
gives the Institutlon and its branches a thoroughly nseful perlodical rending
nam.

As many of the publications kept in this room are not to be found in other
Ameriean libraries, they are consulted not only by Washington Investigntors, but
by some from other centers. During the year the selentifie staff of the Institu-
tlon sond its hrunches made use of 131 bound volumes of perlodicals, and
o040 parts of sclentific periodieals and popular magazines. In addition, the
varions bureaus of the Government continue to avail themselves of the oppor-
tunity to use these publications, ns well as those in the sectional libraries of
the branches of the Institution, and the library s frequently visited by In-
vestigntors from all parts of the world.

ANT ROOM.

o additions were made (o the art objects or engravings In this room ilu:l.ug'
the past year. With the additionnl sponee available for the use of the Division
of Graphle Arts In the Natlonal Museum, It s expectad that some of the
engravings will be exhibited there

THE EMPLOYFES' LIRRARY.

The books added to this library by purehase numbered 13, hnd one publiea-
tion was presented. By binding, 4156 volnmes of pericdicals were made available
for cirenlation. The totnl nomber of books borrowed wans 1,570, A number
of booke selected especinlly for the purpose were sent to the Natlonal Zoologleal
Park, a8 In previons years.

LIBRARIES OF THE SMITHSONIAN HILANCIES.

United Statea National Musewm.—The congestion in the mmsenm library
reported Inst year hns been relieved to a ceriain extent by the temporary
employment of four cataloguers amd the assignment of space on two of the
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mnterial, The duplicates were armnged, placed on temporary shelving, and
roughiy catalogued, and the guestion of disposing of such part of them as are
not required in the general library or by the selentific sto® will be taken up
during the early part of the coming fscal year,

Many importaut gifis were received during the year, and the following
members of the stalf have presented publications: Dr. Theodore N. GIll, Mr.
J. H. Riley, Dr. C. W. Rickmond, Mr. Robert Ridgway, Dr. W. H. Dall, Dr.
Paul Bartsch, Mr. W. H. Holmes, Dr. Walter Hough, Dr. F. H. Enowlton, Mr,
J. €. Crawford, ond the late Mr. D. W, Coqulllett.

The Museum lbrary now contains 40,211 volumes, 60,674 unbound papers,
aud 110 nmouserlps. 'The accessions during the year consisted of 1.011 books,
4,014 pamphlets, and 202 parts of volumes; 578 books, 1,083 complete volumes
of periodicals, nnd 4,181 pamphlets wére catnlogued.

Attentlon hag been given to the preparation of volumes for binding, with the
result that 509 books were sent to the Government hindery.

The number of books, periodiculs, and pamphlets borrowed from the general
library amounted to 25028, among which were 5,652 obinined from the Libeary
of Congress aud other libraries, and 4,142 assigned to the sectional librarles of
the Museum.

One sectlonal Kbrary bas been andded to those alveady estnblished, and the
complete st now stands as follows;

Administration Geology Paleohotnny
Administrative asslst- History Barasites

ant's office Insects Physicnl anthropology
Anthropology Invertebrate paleontology  Prehistoric archeslogy
Biology Mammals Ieptiles and batruchians
Birds Marine lnvertebrates Superintendent’'s olfice
Eotnny Materin mediea Taxidermy
Compariiive analocmy Mesoxole fossils Technology
Editor's office Minernlogy YVertebrnte paleontology
Ethnology Mollnsks
Fighes Orlentul archealogy

The records of the Musenm Hbrary consist of an authors’ catalogue, nn
necession book, n periodiend recon] on standord curds, and n lending reconl,
This Jendlng record 1s on cards and inclndes the books borrowed from the
Library of Congress and other libraries for the use of the scientific staff. No
changes were made elther In the arrangement or in the methods of earrying on
this work.

Letters requesting new exchanges and for the purpose of completing the sets
already In the Museom library Lave been given every consideraiion, and o
number of titles have been added in this woy.

Owing to the crowded condition of the general library, It has heen necessary
to use the reading room ns a place for receiving and distributing publications
for the Museum 1lbrary. The transfer and arranging of the duplicates on the
enllerios will relleve this condition to some extent and make it possible for
that work to be done elsewhere.

Burecw of American Ethnology.—The report of this library will be made
by the ethnologist In charge and incorporated In his general report.

Astrophysical Observotory.—A thorough overhauling of this library and the
removal of duplicates and such other material as i not needed was undertaken
during the year. As n resnlt, the observatory now has for reference a very
efficlent working library reluting to astrophysics and allled subjects. During
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ﬁnmwrﬂmﬁﬂn parts of volumes were added, making a total addi-
tion of 104 publications.
National Zoological Park.—A small reference library of zoological books s
imnintained nt the park, to which 13 volumes were added doring the year.
Hummury of accessions.—The following stutement summarizes all the ne-
‘cesslons during the year, except for the Bureau of American Ethnology, which
1= separntely administered:

Smithsonlan deposit in Library of Congress, including parts to com-

pletesets. o oo e e 11,230
‘Smithsoninn office, Astrophysical Observatory, Natlonal Zoological Park,
‘aod Interoational Exchanges .. G670
United States Natlonal Musewm Librury . NPPLCHRS YL 1.
Totul et AR I
Respectfolly submitted.
F. W. Toux.

Agwistant Seoretary in charge of Litrary and Erchangos.
Dr. Crances Ir. WarncorT,

Beoratary of the Smithsonian Imstitution,
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REPORT ON THE INTERNATIONAL CATALOGUE OF SCIENTIFIC
LITERATURE.

8m: T have the honor to submit the following report on the operations of
the Tnited States Burean of the International Catalogue of Sclentlfic Literature
for the year ending June 30, 1011, together with a report of {he proceedings
at the Second TInternationn]l Conventlon of the International Catalogue of
Sclentific Literature held In London July 12 and 13, 1010, outlining the general
condition of the whole enterprise:

The npproprintion mnde by Congress for the malntenance of the burean
during the year wns §7.000, nn Inerense of $1,600 over the approprintion for
the previous year.

Five persons are regularly employed In the bureau, and the services of
temporary clerical asslstants occuslonnlly engaged.

In erder to properly analyze and clessify the many sclentific works now
belng published in the United States it 1s not only desirable but necessary to
obtnin the advice and assistance of sclentific men who nre specialists in the
severn] sclences Included In the scope of the eatnlogue, and the Increase of
£1.500 In the approprintion for the ecatalogne this year has made it possible to
have some of the more technleal papers referred to such specialists,

It is n matter of gratification to report that the ntmost Interest has been
shown by all the sclentific men who have been approached for ald, and that for
a nominal som claossification eltations are prepared and furnished to the burean,
thus rendering It posslble for the.scleotific poblications of the Unlted States
to be not only Indexed in a thorough bibliographical mnnner, but also, when
necessary, classified by speciallsts. The classification numbers used In the
gubject-entnlogne refer to the subject-contents of the papers clted, and fornish
the equivalent of nn abstruct of each paper Indexed.

During the yenr 26,020 cards were sent from this boreau, as follows:

Literature of—

A e bt a
1002 . e R e o b 1
k|1 R S e L e - 28
sl EE R e S s DAl T N X e 18
B A S e e e A S e e s 120
1006 et e S e et R 874
IR0T. ol = e . 423
<t Y M | N S L 1,301
TR st R e G = 8, 830
R e e T s g e i 14, 682

Total B e e e i 24, 020

Thirty-two regional bureaus are now cooperating in the preparation and
publication of the International Catalogue of Belentific Literature. The cata-
logue consisiz of 17 anoual volumes published by a central burean in London.
The reglonal bureans are maintalned by the countries they represent, usoally

i
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by direct governmentd] grants; the central bureau is maintained by funds de-
rived from subscriptions to the work. Supreme control of the enterprise is
vested In a body known &s an International conventlon which met in London In
1005 and agein In July, 1010, thereafter to meet every 10 years. Each
country maintalning a reglonal burenn has the right to send delegates to
this convention. The assistant in charge of the regional bureau for the United
Bintes wos appointed by the Secretary of the Smithsonian Institution to repre-
sent the United Stotes ai the secomd International convention, The principal
eonntries of the world sent delegates to the conventlon as follows: Austrin, Bel-
gium, Denmark, France, Gernmny, Netherlands, Indin, Ttaly, Japan, New South
Wales, Russia, South Australia, Sweden, the United Eingdom, and the United

States,

_ At the opening meeting held In the rooms of the Roynl Soclety on July 12,
1810, Sir Archibald Gelkie, president of the Royal Soclety, was elected chulr-
man, and Prof. Henry E Armstrong, F. R. 8, viee chalrman. The report of
ihe executive commlitiee wans then laid before the convention. This report
stuted that the seven nnnual issues of the catnlogue already published, compris-
ing 117 volumes, had cost the London eentral burenu to odit, print, and puob-
lish, $2067.080, for which $246,410 had been received from the subscribers to the
cantalogue.  Each aunual lssue of 17 volumes had avernged 9,117 pages. From
estimates made It appeared that when the first 10 annual issues were pob-
lished the recelpts and expenditures of the central bureau would probably bal-
ance, and it was thought that taking Into account the extent nnd diffienlty of
the enterprise this result would not be unsatisfactory.

While the gross annunl ncome recelved from subseriptions has exceeded the
estimate originally made by an avernge of over $5.000, the cost of editing nnd
printing hag been much greater than wag originally estimated. This I8 doe
mainly to the fact that the size of each Issue of the catalogue has greatly ex-
ceeded the original estimote, nnd also, In u lesser degree, to the fact that an
edition of 1,000 copdes, instend of 500, was printed. The working caplinl peaded
was also larger than originally estimated, it being necessary for (he Royal
Soclety to ndvance to the central burean $37,500, on which interest is paid.

Although the Internationa]l Catalogue Is understood to be a permannent or-
gnnization it is one of the dutles of each convention to authorize the eontiin-
ation of the publication for definite perlods. The following motlon, therefore,
was maude and it was resolved ;

That In vlew of the success already achieved by the Tnternationn]l Cotas
logne of Sclentific Liternture and the great Importance of the ohjects promoted
by It, It I8 Imperative (o continoe the poblieation of the catalogue at lenst dur-
ing the period 1911-1615, and, on recommendation of the international council,
during the subsequent lve yenrs 1016-1020,

After several motlons concernlng detufls of orgnnization, It was unani-
mously voted * that it Is most desirnble that a capltal fund should be obtnined
for the eatnlogue Tt Is now apparent that a capitnl fund to be at the dls-
pogal of the central bureau hns been urgently needed since the beginning of
the undertnking. Lacking a capital fond, it hos been necessary for the central
barean to borrow money on which interest has to be pald, and on necount of lnck
of funds It has been Impossible to carry out several plans locking to the gen-
eral improvement of the work. Had a eapital fund been avallable in the begin-
ning of the enterprise, it would not bave been necessary for the subscription
price to be placed at such a high figure. Consequently, a larger edition conld
have been disposed of and at a lower rate to each subscriber. At the session
of the convention on July 13, methods of administration were discossed nnd the
following resolution passed:
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That each regional burenn be requested to prepare o st of jonrnais in exch
sclence which the eatnlogue will completely Index In the annnal lssue following
the year of publieation, and that the central burean be authorized to publish
the lists thus prepared.

The new List of Journals will congist of titles of publieations devoted almost
exclusively to sclentific matters, and these journals will be given precedonce
in the work of the regionnl bureaus, though references o scieutific papers
published In other than regular sclentiflc Journals will eventually find a plnee
in the cstalogue, Some such actlon was necessary on account of the lmpossl-
bility of dealing promptly with the vast number of semisclentific journals now
published thronghout the world, and, as prompiness of publiention Is one of
the most desiruble features in an Index-catalogue, it was necessary to find
some means whereby an Index to the more lwportant papers could be prepared
practicilly ns soon as the papers themselves were published.

To render it possible to promptly publish future volumes of the catalogue
the following resolutfon was adopted :

That the resolutfon of the year 1800 anthorizing the central burean to close
theze volumes at different stated dates, ench volume to correspond to the
lterature of a period of 12 months, be confirmed.

The effect of this resolution will be that the separate volumes of the entalogue
will not necessarily eover the whole calendar year but will cover o perlod of
12 months, A nuomber of diseussions then followwsd, pertaining to plans for
improvements In the organization and general work of the reglonal bureaus.
It was then resolved :

Thnt In view of the resolotion adopted unanimounsly by the representatives
of the various countries constituting the convention, desiring the Royal Soclety
to continue its responsibility for the poblieation of the International Catalogue
for a furtber perlod, the committes nppointed be Instructed: (1) To take nll
posaible steps to prévent reduplication by the publication of several annunl
and simllor eatalognes and Indexes on the =ame subject, by making arrmapge
ments sucl as these pow In force with the Zoologieal Soclaty of London.
(2} To obtain further assistince and cooperation in the preparntion of the
muiterial of the catalogue from the principal selentifie socletles sud academies
and the organlzations which collect malerinls for Indexing sclentific liternture.

The iden now seems to prevall that the organization of the Internntionnl
Catalogue of Scientific Liternture will gradually be nble to cooperate with the
present aditors and publishers of the varlous sclentific Indexes and yearbooks,
50 that the annoal volumes of the International Catalogue will eventually
entirely supersede and take the place of all similar publicntions. This will
not only be of common benefit to the Internatlonnl Catalogne and to the
societles and private individusls now dolng such work, but will greatly assist
sclentific investigators and librarians In whose interest the Internatlonal Cata-
logue is prepared.

The question of publighing n decennial index was then dl=cuzsed and It was
decidled that on account of the grent expense necessarily Involved the work
conld not for the present be undertnken. The matter wns left for the aetlon
of the next international councll, which will be beld within the next two years

During the mesting of the convention the forelgn delegates were the reciplents
of numerons and graclous hospitalities from the Rtoynl Soclety, the Royal
Society Club, and Individually from the English members of the convention.

Very respectfully, yours,
Leoxanp O, GUNNELL,
Aansigtant in Charge.
Dr. Crances 1. WaALooTT, .
Beoreiury of the Smklthsonian Tnsfitulion,
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REPORT ON THE PUBLICATIONS.

Bm;: I have the honor to submit the following report on the poblications of
the Smithsonian Institution and its braoches during the fiscal year ending
June 30, 1011:

The total ntumber of coples of publications of the Smithsonian Institution and
Ita branches distributed during the year was 197,208, This ageregate In-
cluded 643 volumes and separntes of Smithsoninn Contribotions to Knowledge,
85,085 of Smithsonlan Miscellaneous Collections, 19,622 specinl publications, in-
cloding 2743 volumes on the Horriman Alaska expedition; 518 poblications

not Incloded In the Smitheonlan serfes; 22452 annnal reports and bolleting of

the Bureau of American Ethnology, and 110,000 coples of the various publica-
tions of the Natlonnl Museum.

I. EMITHEONIANR CONTRIBUTIONS TO ENOWLEDGE

The Langley Memolr on Mechanienl Flight which was begun by the late Sec-
retary Langley In 1804, and continned by Mr. Charles M. Manly, nssistant in
charge of experiments, was In type and nearly ready for distribution at the
close of the year, This work forms a part of volume 27 of the Contributions
to Enowledge.

IT, BMITHSONIAN MISCELLANEOUS COLLECTIONS.

In the series of Smithsonian Miscellaneous Collections werns poblished (1)
cover and preliminary pages for volume 51; (2) two papers of volume 53, with
cover, prellminary pages, and index, completing that volume: (3) thirteen
papers of volume 58; (4) four papers of volume 57; (5) and the Smithsonian
Physieal Tables, by I". E. Fowle, forming part of volume 58.

The lssues of the Smithsonian Miseellaneous Collections during the year were
a8 follows:

1028, Bmithsonian Miscellancous Collectlons. Cover and preliminary pages for
volome 4. Octavo, Pages v.

1064, Cambrian Geology and Paleontology. No. 6: Olenellus and other Genera
of the Mesonncidie, By Charles D, Walcott. Published Angust 12, 1910,
Octavo. Pages 231422 (unpaged index), with Plates 2344, Volume 53,
No, &

1039, Cambrian Geology and Paleontology. No. 7: Pre-Cambrian Rocks of tha
How River Valley, Albertn, Cannda, By Charles D. Waleott. Published
Aungust, 1010. Octavo. Pages 423431, with Plates 45-47. Volume 33 No. T

1M0. Cambrinn Geology and Paleontology. II. Abrupt Appearance of the
Cambrinn Fauna on the North Ameriean Continent. By Charles D. Walcoit.
Published August 18, 1810, Octgvo. Puges 1-16. Volume o7, No. L.

8
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1841, Notes on 4 Horn-feeding Lepidopterous Larva from Africa. By Anguost
Busck, Published July, 1910, Octavo. Pages 2, with 2 plates. Volome 56,
No. &

12 Deseription of Seven New Specles of East African Mammals. By Edmund
Heller. Published July 22, 1910. Octavo. Pages 5 with three plates
Volnme 58, No. 9.

1843, Bmithsonian Miscellaneous Colleetions. Cover and prelimioary poges for
volume 51, Octavo.

144, Smithsoninn Physical Tables. Fifth Bevised Editlon. By F. B Fowle
ald, Smithsonian Astrophysieal Observatory. Published May 17, 1011, Oc-
tuve, Pages xxxiv, 318, Velome 53, No, 1. 5

1046, New Landshells from the Smithsoninn Afrlean Expedition. By Willlam
Healey Dall. Published July 22, 3000, Octave, Pages 3. Volume 58, No. 10,

1846, Development of the Digestive Canal of the Ameriean Alligntor. By Albert
M. Reese, Professor of Zoology, West Virglnly University. Published October
20,1010, Ovtnve. Pages 25, with 16 plates.  Volume 58, No, 11

1T, The Flying Apparatus of the Blow-Fly. By Dr. Wolfgnug Ritter. Hodg-
Eing Fund, Poblisbed May 11, 1011, Octave. Pages 76, with 20 plntes.
Yolnme 58, No. 12,

194D, Canmbrian Geology nnd Paleontology. By Charles . Waleott. Cover,
preliminary pages, and Index for papérs 1 to 7. Publlshed Jupe 1, 1011,
Octave. Pages Ix, 433-465 Volume 63, )

1088, Two New African Ratels, By N, Holllster. Published October 10, 10140,
Octnvo, Poges 8. Volume 5, Noo 13

2008, Descriptions of Ten New African Birds. By Edgar A. Mearms Puob-
lished December 23, 1010, Octnvo. Pages 7. Volume 6, No. 14

2004. New Specles of Insectivores from Britlsh East Afrien, Ugnnda, and the
Sudan, By Edmund Heller. Pablished December 23, 1010, Octuvo. Pages
B, with one plate. Volume 58, No. 15

2005. Some Results of Recent Anthropologicn]l Explorntion in Porn By Als
Hrdlifkn. Puoblished April 26, 1911, Octuvo. Pages 16, with four plates.
Volume 68, Xo. 16, "

2000. New Specles of Hodents and Carnivores from BEquatorial Afrien. Pub-
lished February 23, 1011. Octave. Pnges 16, Volume 56, No. 17.

2007, Bibllography of the Seclentific Writings of R. . C. Stearns. By Miss
Mary R. Biearns. With Blegraphieal Sketch by Willlam H. Dall, Pub-
Hshed April 12, 3011, Octavo. Pages 15, with one plate.  Volume 68, No, 18,

2003, The Silver Disk Pyrhellometer. By. . G. Abbot. Published March 31,
1911. Oetavo. Pages 10, with one plate. Volome 56, No. 10,

2008, Cambrian Geology and Paleontology. 1L No. 2 Middle Cambrian
AMerostomatn. By Charles D Walcott. Published Aprll 8 1911, Oectavo.
Pages 1740, with six plates  Volume 57, No. 2..

2010, Descriptions of Fifteen New African Birds. By Edgar A. Mearns. Pub-
lished April 17, 1811, Octiavo. Pages 11. Yolume 56, No, 20

H011. Cambrinn Geology and Paleontology. I1. No. 8: Middle Cambrian Holo-
thorians and Medoss. By Chorles I Waleott. Puoblished June 13, 191
Octavo. Pages 41-68, with Plates §-18. Volume 57, No. 3.

22, Cambrian Geology and Paleontology. I1. No. 4: Cambrinn Faunas of
China, By Charles DD, Walcott. Published June 17, 111. Octavo. Pages 00-
108, with Flates 14-17. Valume 67, No. 4.
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The following papers of Smithsonian Miscellaneons Collections were In press

at the close of the year: .

o014, Cambrian Geology and Paleontolegy, IL No. §: Mlddle Cambrian An-
pelids. By Charles D. Walcott. Pages 100-144, with Plates 1523, Volume
57, No. b

2015, Description of n New Genus nnid Specles of Houmminghird from Pannmn.
By E. W. Neleon. Volume 5, No, 1.

111, BEMITHEONIAN ANNUAL REMOETS.

The annual report for 1009 was published in January, 1911,

1056. Annual Tteport of the Boand of Regents of the Smithsoninn Institotion,
showing Operntions, Expenditures, and Conditions of the Institution for the
year ending June 30, 1000, Octavo. Pages X, 761, with 73 plates aml 4
maps. Contnining publientions 1915, 1018, and 1050-1985,

Small editions of the following papers, forming the genernl nppendiz of the
Annual Report of the Board of Regents for 1000, were 1gzued In pamphlet form ;

1050, The Future of Mathemativs, By Henrl Poinearé, Pages 123-140,

1051, What Constifutes Superfority In an Alrship, By Panl Reanrd. Pages
141-158.

1002, RMesparches in Radiotelegraphy. By J. Al Fleming. Poages 157-158, with
two plates,

1003, Necent Progress in Physies. By Sir J. J. Thomson. Pages 185205,

1064, Production of Low Temperntures, and Refrigeration. By L. Mnrelis,
Prages 207-224. .

1065, The Nitrogen Question from the Military Standpoint. Dy Charles E.
Munroe, Pages 205-Z00.

1953, Simon Neweomb. By Ormond Stone. Pnges 237-242, with ene plate,

1607, Solnr-radintlon Reseanrches, by Jules César Janssen. By . de le Bavme
Pluvinel. Papes 243-251, with one pinte

1068, The Weturn of Halley's Comet. By W. W. Campbell. Pages 205200,
with fonr plates.

1650, The Upper Alr. By E. Gold and W. A. Harwool Pnges £G1-200,

1060, The Formation, Growth, nnd Hablt of Crystals. By Paul Goubert
Puges 271-278,

1061, The Distribution of Elements In Igoeous Iocks. By Henry 8. Wash-
ington. Pages 270-804,

1062, The Mechanisin of Voleanle Actlon. By H. J. Jonston-Lavis. DPagec
05215, with 8 plates

1063, Conservation of Natural Hesources, By James Dooglas,  Pages 317-520,

10¢4. The Antnretle Land' of Viectorin, By Maurlee Zimmermann, Pages
a51-053.

1065, 2ome 1tesnltz of the British Antarctic Expedition, 1007-0. By H. il
Blickloton. Papges 355-308, with ¢ plates and 3 maps

1000, The Ocennography of the Sea of Greenland. By D, Daumns: Pnges
B0-353, with 2 platea

1047. From the Niger, by Lake Chad, to the Nile. Dy Lient. Boyd Alexnnder.
Pages 885-400, with & pintea

1008, Mesopotnmin : Past, Present, and Futuore. By Sir Willlam Willcocks,
Pages 401-416, with 4 plates and 1 map. '

1060, Albert Gaudry and the Evolution of the Anlmal Kingdom. Dy Ph
Glangeaud. Poges 417-429.

1070, Charles Darwln. DBy August Welsmnnn, Pages 431452,
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1971, Present Problems In Plant Ecology: Problems of Local Distribution in

Arid Reglons. By Volney M. Bpalding. Pages 455403,
immlnmum-mmmmmmmmmmmm

Crustacen. By Homuald Minkiewice. Pages 465455,

1973, The Origln and Development of the Parasitical Hubits in the Cneolids,

By C. L. Barrett. Pages 457492, with 2 plates.

1974. Some Remarke on the Protective Resemblnnce of South African Birde

By Alwin Hasgner. Pages 403-504, with 2 plates,

1075, An inquiry Into the History of the Current Engllsh Names of North

American Land Birds. By Spencer Trotter. Pages S05-510, 4
1876. Condition of Wild Life in Alaskn. By Madison Grant. Pages 521-5920,

with 1 plate.

1977. Recent Discoverles Bearing on the Antiquity of Mun In Europe. By

George Gmnt MacCurdy. Pages 531-088, with 18 Pates,

1978. European Population of the Unlted Stutes. By W. % Ripley. Pages

GEG-606.

1970, The Republic of Panama and its People. By Eleanor Yorke el Puges

607037, with 14 plates
1880, Ceramle Decorntlon: Its Evolutlon and Applications. By Lonls Fran-

chet. Pages 630-650,

1081, Bome Notes on Homan Architecture. By F. T. Baggallny. Pages

G651-067, with 4 plates.

1882. The Relation of Sclence to Human Life. By Adsm Sedswick. Pages

Ghp-6a2,

1083, Intellectunl Work among the Blind. By Plerre Villey. Puges @S3-702

1884. The Relatlon of Mosgultoes, Files, Ticks, Fleas, and other Arthropods
to Pathology, By G, Marotel. Pages T08-722,

18685, Natural Resistance to Infectious Dlsease and its Relnforcement. By

S8imon Flexner, Pages 723-738.

The report of the executive committes and Proceedings of the Board of
Regents of the Institutlon, as well as the report of the Setretnry, for the
fiseal year ending June 30, 1010, both forming part of the annual report of the
Board of Regents to Congress, were published in pamphlet form in Diecember,
1010, as follows:
200L Report of the Executive Committes and Proceedings of the Board' of

Regents for the year ending June 30, 1010. Puges 21, with 1 plate,

2002 Report of the Secretary of the Smithsoninn Institation for the year end-

Inf June 30, 1910. Pages 89,

The general appendix to the Smithsonion Report for 1010 was in type, but
actual presswork could not be completed before the close of the flgel ¥ear,
In the general appendix are the following papers
Melville Weston Fuller, 1883-1010, by Charles D, Waleott.

Ornamentation of Rugs and Carpets, by Alan 8. Cole.
Recent Progress in Aviatlon, by Octave Chanote.
Progress in Reclamation of Arld Lands in the Western Unlied Biates, by ¥. H.

Newell
Electric Power from the Mississippl River, by Choster M. Clark.

Bafety Provisions lo the United States Stecl Corporation, by David S, Boyer,

The isolation of an Ion, a Preclsfon Measurement of its Charge, and the Cor-
rection of Stokes's Law, by R. A. Milllkan.

The Telegraphy of Photographs, Wireless nnd by Wire, by T, Thorne Baker,

Modern Ideas on the Constitution of Matter, by Jean Becquerel,

Bome Modern Developments In Methods of Testing Explosives, by Churles B

Munroe,

8T —sn 1911—4
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gir Willinm Hugglns, by W. W. Camphell.

The Solar Constant of Radiation, by C. G. Abbot.

Astronomical Problems of the Southern Hemisphere, by Heber D. Curtls,

The Progreseive Disclosure of the Eotire Atmosphere of the Sun, by Dr. H.
Deslandres.

Tocent Progress In Astrophysics [n the United States, by J. Bosler,

The Future Habltability of the Earih, by Thomas Chrowder Chamberlin.

What Ts Terra Firma? A review of current regearch in Isostasy, by Balley
Willis. i

Transpiration and the Ascent of 8ap, by Henry H. Dixon,

The Sacred Ear-Flower of the Aztecs, by Willinm Edwin Safford.

Forest Preservation, by Henry 8, Graves.

Alexander Agnssiz, 1835-1910, by Alfred Goldshorough Mayer.

Recent Work on the Determination of Sex, by Leonnrd Doncaster,

The Significance of the Pulse Rate in Vertebrate Animals, by Florence
Buchanan.

The Natural History of the Solltary Wasps of the Genus Syoagris, by H.
Rouband.

A Contribution to the Eeology of the Adult Hoatzin, by C. Willlam Beebe.

Migration of the Pacific Plover to and from the HAowalian Islands, by Henry
W. Henshaw.

The Plumages of the Ostrich, by Prof. J. E. Duoerden.

Manifested Life of Tissues Outside of the Organism, by Alexis Carrel amd
Montrose T. Burrows.

The Origin of Druidism, by Julins Pokorny.

Geographical and Statistical View of the Contempoiary Siny Peoples, by
Lubor Niederle

The Cave Dwelllngs of the Old and New Worlds, by J. Walter Fewhes.

The Origin of West African Crosshows, by Henry Balfour.

ganitatlon on Farms, by Allen W, Freeman.

Epidemiology of Tuberculosis, by Robert Koch.

I¥. SPECIAL FUBLICATIONS,

The following speclal pubiieatlons were issund durlog the year:

1871. A Heprint of Smithsonian Mathematical Tables: Hyperbolic Ronetions,
By George F. Becker and C. . Van Orstrand. Publishad June, 1011, Octave,
Pages 11, 321,

1082. Clnssified lst of Publlentlons avallable for distribution May, 1810,
Octnvo. Pages 87, July, 1010, z

1088, Opinions Rendered by the Internationnl Commisslon on Zoologleal No-
menclnture.  Opinfons 1 to 85, Octavo. Pages 62 July, 1010,

1080, Opinions Rendered by the International Commission on Zoologleal
Nomenclature. Opinions 26 to 20. Octavo. Pages G3-08. October, 1910,
The following specinl publication was In type but had not been issued at the

close of the yefr. '

2013, Oplnions Rendered by the Internationn] Commission on Foologleal
Nomenclature, Oplnions 30-37.

HABRITMAN ALASKA BERIES.

The Institution received from Mrs. Edward H. Harriman several thousand
coples of volumes descriptive of the Harriman expedition to Alnska In 1508,
Bpecinl Bmithsonian title pages were adided to the volumes before distribution
by the Institution. The subjects were as follows:

1000, Volume 1: Narrative, Glaclers, Natlves, By John Burronghs, John Muir,
and George Bird Grinnell. Puges 184, with 60 plates and 4 maps. ’
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1601, Volume I1: History, Geography, Hesources. By Willlam H. Dall,
Charles Keeler, B. E. Fernow, Henry Gannett, Willlam H. Brewer, . Hart
Merrinm, George Bird Grionell, and M. L. Washburn, Pages 200, with
plates and 1 map. . .

1082, Volume IIT: Glaciers and Glaciation. By Grove Karl Gilbert. Puges
231, with 17 pintes and 1 map,

1068, Volume IV: Geology and Paleantology. By B. K, Emerson, Charles
Palnche, Willinm . Dall, ¥ 0. Ulrech, and F. H. Enowlton. Pages 173,
with &2 plates and 1 map.

194, Volume V: Cryptogamic Botany, By J. Cardot, Clarn E. Cummings,
Alexander W. Evans, 0. H. Peck, P. A, Saceandn, De Alton Snunders, L.
Therlot, nnd Willlnm Trelease. Poages 424, with 44 plates.

1006, Volume VIIT*: Inseets. Part 1. By Willlnm H. Ashmead, Nanthan
Banks, A. W. Cnudell, 0. F. Cook, Rolla P. Currle, Harrvian G. Dyar, Justus
Watson Folsom, 0. Heldemann, Trevor Kineald, Theo, Pergnnde, nnd B A,
Sehwnrz. Pages 238 with 17 plates.

1808, Volume IX: Insects. Part TI. By Willlnm H. Ashmend, . W.
Coquillett, Trevor Kineald, nnd Theo, Pergande, Pages 284, with 4 plates,
1997. Yoluma X: Crustaceans. By Mary J. Eathbun, Harrlet Richnrdson,

8. J. Holmes, and Leon J. Cole. Pages 337, with 26 plates.

19858, Volume XI: Nemertennge By Wesley H. Coe. Bryorxoans. By Allce
Hobertson, Pages 251, with 25 plates.

1999, Volome XI11: Enchytrmids. By Gustay Fisen, Tubleolons Annellds,
By Eatherine J. Bush. Pnges 855, with 44 plates.

2000, Volume XIIT: Land and Freshwater Molluskse, By Willlam H. Dall
Hydrolds. By C. . Natting. Pages 250, with 16 plates

¥. FUBLICATIONS OF THE UNITED ETATES €ATIONAL MUSEUM.

The publientions of the Natlonal Museum are: (a) The annunl report to
Congrees; (b) the Procesdings of the Unlted Stntes Natlonal Musenm ; and (c)
the Bulletin of the Unfted States Nntlonal Museum, which Includes the Con-
tributions from the United States Notlonnl Herbarlum. The editorship of these
publications is in charge of Dr. Marcus Benjamin,

The puhlieations issued doring the year comprised the annual report for
1810 ; papers 1700 to 1771 of volime 38, procecdings; papers 1772 to 1845 of
volumes 20 and 40, procecdings; papers 1840, 1847, 18401852, 15854, and 1855 of
volume 41, proceadings; five bulleting and seven parts of volumes of Contribn-
timms from the National Herbarlom.

The bulleting were as follows:

No, T1. A Monograph of the Fornminifera of the North Paecific Ovcean. Part IT,
Textulariide, By Joseph Augnstine Cushman.

No. T3 An account of the Beaked Whales of the Family Ziphlid:e lo the Collee-
tlon of the United States Natioon] Meseum, with Remarks on some Specimens
In other American Museums By Frederick W. Troe.

No, T4, One some West Indlan Echinolds, By Theodor Mortenzen,

No. 5. North Pacific Ophiurans in the Collectlon of the United Sintes Nop-
tional Museam. By Hubert Lyman Clark.

No. 76, Asterolden of the North Puacific and Adjacent Waters. By Walter
Eendrick Fisher,

In the series of Contributions from the Notional Herbarinm there appeared :

Volume 15. The North American Species of Panicum. By A, 8. Hitcheock and
Agnes Chase,

1 ¥Volumes V1 and VII have not yet been prepared for publication.
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Yolume 14, Part 2. History of the Coconut Palm In Amerlen. By O, F. Cook.
Yolume 13, Part . The Type Loealitles of Plants First Deseribed from New
Mexieo, A Bibllography of New Mexicnn Botany. By Panl C. Standley.
Volume 13, Part 7. A Prelimioary Treatment of the Genus Castilla. By
Henry Plttler.

Yolume 18, Part 8 ° The Genus Talloum In Mexleo, by J. N. Rose and Paul C.
Standley ; and Two new Specles of Harperella, by J. N. Rose,

Volmne 18, Port 9. Stodles of Mexican and Contral American Plants. Mo, T.
By J. N. Rose.

Yoluns: 12, Part 10,  Miscellaneous Papers By Albert W. (0. T. Horre, Willlam
H. Brown, Joseph H. Painter, Paul €. Standley, Edward 8. Stecle, and T A,
Goldman,

YL FUBLICATIONS OF THE DUREAT OF AMERICAN ETHNOLOOY.

The publications of the burean nre discussed In detnil In another appendlx
of the Secretary’s report.  The editorial work is In charge of Mr. J. G. Gurley,
The following eight bulleting were published by the burean durlng the yeur:
Bulletin 280, Handbook of American Indinns North of Mexion, Edited by

Frederick Webb Hodge. Part 2. Published 1911, Octuve. Pages iv, 1291,

with many fizures,

Bulletin 37. Antlguities of Central and Southeastern Missourl. By Gerand
Fowke. (Report on explorations made in 1906-1007 under the nusplees of
the Archmological Instliute of America.) Published 1910, Octavo.  Pages
vil, 110, with 19 plates and 20 figures,

Bulletin 40. Handbook of American Indian Languages, By Franz Boas. Part
1. With fllgstrative sketches by Holnnd B, Dixon (Maldn), P. B Goddard
(Athapasean: Hupa), Willlam Jones, revised by Truman Michelson { Algon-
quian), John R. Bwanton (Tlnglt, Halda), Willlam Thalblizer {Eskimo) ;
(Frans Boas: Introduction, Chinook, Kwnkiutl, Tsimshian : John B. Swanton
and Frang Boas, Slonan). Puoblished 1011, Octevo.  Pages vil, 1069,

Bulletin 43. Indlan Tribes of the Lower Mississippl Valley and Adjacent Conast
of the Gulf of Mexico. By John R. Swanoton. Ppblished 1011 Oetavo.
Pages vii, 357, with 32 plates (ineluding 1 map) and 2 flgures,

Bulletin 44. Indian Loangunges of Mexico and Ceniral Amerien, ond thelr Geo-
graphical DHstribution. By Cyrus Thomns, assisted by John R. Swanton
Accompanled with a linguistic map. Published 1911, Octavo. Pages vil,
108, and 1 map.

Bulletin 45. Chippewn Music. By Frances Densmore, Published 1910, Os
tava, Pages xix, 716, with 12 plates, 8 figures, and many musical pleces,

Bulletin 50, Preliminary Report on a Vislt to the Navaho Noitlonal Monument,
Arizond., By Jesse Walter Fewkes, Puobllshed 1911  Octavo, Pages vil, 85,
with 22 plntes and 3 fgures,

Bulletin §1. Antiquities of the Mesa Verde Natlonal Park: Cliff Palace. By
Jesse Walter Fewkes. Published 1911, Octavo. Pages 82, with 85 plntes and
4 figures.

Vil. PUBLICATIONS OF THE SMITHSONIAN ASTEOPIIYSICAL QUSEEYATORY.

There were no new poblieatlons lssued by the Astrophiyeical Observatory dur=
ing the year.
VIIl. AMERICAN HISTORICAL ABSOCTATION, .

The annual reports of the Amerlean Historical Assoclation sre transmitied
by the association to the Secretary of the Smithsonlan Institution and are
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eommunicated to Congress under the provisions of the act of incorporation of
the assoclation.

Volume I of the report for the year 1008, sent to the printer in June, 1000,
waus published in July, 1910, Its contents were as follows:

Report of the Procesdings of the Twenty-fourth Annual Mecting of the Amerlean

Historieal Associatlon. By Waldo G. Leland, secretary.

Report of the Proceedings of the Fifth Annual Meeting of the Pacifle Const

Branch. By Jacob N. Bowman, secretary of the branch.

Report of Conference on Relations of Geography to History. By Erle Sparks
Proceedings of Conference on History In Secondary Schools. Edited by Andrew

0. MeLanghlin,

Report of Conference on Research in English History. By Edwand P. Cheyney.

Report of Conference on Research In Ameriean Colonlal and Revolutlonary His-
tory. By Herbert L. Osgood.

Report of Confercnce on Research in Sonthern History, By Lyon G. Tyler.

Report on Fifth Annual Conference on the Problems of State and Loenl His-
torleal Socletles, By SL George L. Sloussat

The Viceroy of New Spaln in the Eighteenth Century. By Don E. Smith,

Notes Supplementary to any Editlon of Lewis and Clark. By Frederick I.
Tegenrt,

The Historlenl Value of the Consus Records, By Joseph A, HIIL

The American Newspapers of the Elghteenth Contury ns Sources of History.
By Willlam Nelson,

The Wilderness Campalgn

1. Grant's Condnet of the Wildoerness Campalgn. By Gen, Bdward P. Alex-

ander, Confederate SBtntes Army.

2, Lee's Conduct of the Wilderness Campalgn. By Col. William R. Liver-

more, United States Army.

3. The Widerness Campnign from Our Present Polnt of View. By Maj.

Eben Swift, United States Army.
Ninth Annunl Report of the Poblic Archives Commission, By Herman V.

Ames, chnlrman,

Appendiz A. Report on the Archives of the State of Maine. By Allen
Johnson.

Appendlx B. Report on the Archives of the State of Missourl. By Jonns
Viles.

Appendix C. Report on the Archives of the State of Washington. By
Jacoh N. Bowman,

Appemlix . List of the Journals of the Counells and Assembles and the
Acts of the 18 Original Colonies In America Preserved In the Pullle
Record OfMece, London. Edited by Charles M. Andrews,

Volume IT of the 1608 report, sent to the printer April 26, 1910, had not been
entirely completed June 80, 1911 It will be made op, for convenlence, In two
parts, pages 1-807, 808-1617, contnining Parts 1T and IIT of Texas Diplomatic
Correspondence, Edited by Prof. George P. Garrison.

The manuseript of the 1009 report, to form one volume, was sent to the
printer January 10, 1911, and was practically all in type before June 30, 1911,

The manuseript of the 1810 report was sent to the printer June 2. 1911,

IX. BOCIETY OF THE DAUGHTERS OF THE AMERICAN REVOLTUTION.

The manuseript of the Thirteenth Annual Report of the National Boclety of
the Danghters of the Ameriean Revolution, for the year endlng October 11,
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mmlrudvmrmmthamw February 24, 1811, and was communicnted
to Congress on Febroary 27, In accordance with the act of Incorporation of
that organization.

X. BMITHSONIAN ADVISBORY COMMITTEE 0N PRINTING AND PURLICATION.

The editor has continned to serve as secretary of the Smithsonian advisory
commities on prioting and pobliestion. To this commitiee have been referred
the munuseripts proposed for publication by the varions branches of the Instl-
tution as well o5 those offered for printing in the Smithsonlan Miscellnneous
Collections. The committes nlso consldersd forms of routine blanks and varl-
ons matters pertalning to printing and publieation, Includlag the gualities of
paper sultnble for text and plates. Twenty-four mectings were held and 116
manuecripts were acted upon.

Respectfolly submitted.

A. Howann Crans, Hdilor,
Dr. Cosures W, WALCOTT

Beerctary of the Smithsomian Tnatifution,



Arpexprx IX.

REPORT ON CONGHRESS OF ARCHIVISTS AND LIBRARIANS, AND CON-
GRESS OF BIBLIOGRAFHY AND DOCUMENTATION,

Bim: I have the honor to present 1he following report a8 the representative
of the 8mithsonlan Institution at the Internationnl Congress of Archivisis and
Librarinna nnd the International Congress of Bibllography and Docnmentation,
beld nt Bruesels, Balglom, In August, 1910,

The Congress of Bibllography and Documentation, the first of the two
congresses ot Brussels, held its meetings from Thursday, August 25, through
Baturday, Angust 27. On the printed list of members thore were enrolled 24
aesocintions, bureans, and other organizations: 34 Individoal lbrarles and
other Institotlons; and 100 persons by name, Incloding duplications on lsts.
Forty-six countries were scheduled as in relation with the congress or with the
Instliut Internationnl de Bibllographie, under whosa anspices this congress
wag held, and there wers actuolly present representntlves from at least 16
countries, Ineluding, besldes the Unltsd States, Great Britalo, Franee, Belginm,
the Netherlinds, Germany, Austrin, Russin, Sweden, Swilzerland, Spain, Bul-
garin, Donmark, Norway, Mongeo, and Torkey, about a himdred persons being
actunlly present at most of the meotings,

This congress was officinlly opened by M. Panl Otlet, one of the secretaries.
He spoke of the work of the Institut Internatlonal de Bibliographie in collect-
ing eatalogue cards for every known selentific publication and their arrange-
ment according to the Dewey decimal classification system; also an author's
catalogue arranged alphabetieally; a collection of pleture postnl ecards of
institutions and public buildings from nll parts of the world, ng well a8 of
prominent persons, and a collection of photographic negatives covering all
subjects, from which prints could be made, for persons pursulng a certain ling
of stody. He explalned that by deenmentation was meant the collectlon and
preserving for reference of a serfes of newspaper and magazine elippings with
thelr [ustrations. He referred to the International Exchange Service and
mentioned In glowing terms the work of the Smithsonlan Instlintlon In organ-
izing and condncting the service In the United States. The congress then pro-
oeede] to consider the following subjects:

1. Docnments ;
1. Books, reviews, Journals:
2 IMustrations, forelgn photographs;
& Archives, anclent and administrative
I1. Works and collections:
1. Editing;
2 Library catnloguing.
3. Collections;
4, Encyclopedie arrangement.
IIT. Methods:
1. Cards;
2 HRules und eclassification,
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IV. Berviee, lonn coples and exchanges:
1. Partinl, general, and specinl ;
2 National;
3. International, specin:
4. Imternationnl, scientific.

The subject of “ Internationnl Exchanges” wns briefly reviewed, nnd the fol-
lowing resolution was passed :

It i desirable o promotle Turther developments of International exchange
sorviee, especlally In obtalning frequent dispateh, In incrensing the number of
comntries taking part In the International convention, and In providing for
gratuitons transmission of all correspondence relative to request for exchanges,
ta the recelpts for publications and to thelr return, It is especinlly desirnble to
admlt free or beneflelal assoclations and Institutions to such exchange,

It Is desirable that the Smithsonlan Tostitution, the initiator of the serviee of
International exchanges, shonld Itself promote the revision of the Internatlonal
eonvention of 1585 for the purpose of realizing these Improvements,

The congress ofliclally visited the Congo Musenm at Tervoeren and closed
with a2 banguet on the evening of Angnst 27,

The Congress of Archivists and Librarians, second to sssemble, hut first In
polnt of oumbers and scope, met at Brossels from Sunday, August 28, throngh
Wednesday, Aogust 81, under the aueplees of the Association of the Belgian
Archiviets nnd Librarinns, M. Tounls Stanlnloer, adminlstentor-lnspector of the
Royal Library of Belgiom, being the officinl In charge of the preliminary prepa-
ratlons, The printed list showed 18 countries represented by natlonal eom-
misslons (with especinl reference to archives), 12 conntries represented by offi-
clal delegntes, delegations from 0 Belgian learned socleties, 49 librarfes and
other institntions entered on the registry and 380 Individoal names, thesa Tnt,
of course, representing the personnel of the representative delegations as well as
Individual mémbers. These 380 earolled participants represented 21 difforent
cotntries, Including, besides the Unlted States, England, Canada, Gormany,
France, Belginm, Holland, Auvstria, Hungary, Spain, Switzerland, Portugal, Rus-
gin, Italy, Brozll, Coba, Denmark, Sweden Norway, Luxemburg, and Monsen,

This congress was convensd on the afternoon of the 28th of Angnst with
addres=es of welcome, and Immedintely divided 1nto two enctions, the archivists
and the Nbrarians, which held separate mestings. My time was lnrgely de-
yoted (o the lbrary section, and the disenssions relating particularly to library
methads incloded eataloguing, classification, and the placing of books upon the
shelves. Ay paper on the International Exchange Service, having been printed
in advance nnd distributed, was read by title. This paper 1= as follows @

There I3 no more Important subject to be dlseussed at the Congris Tnter-
patjonnl des Archivistes et des Bibllotheenlres than that of the Internntional
exchinges, as the value of that service to lbrarles can not bo averestimnted,
The time has come when the sclentific and learned Institutions, the publie, the
research workers, and the stodents of lternture demand the seientifie and
literary poblleations of the world.

Considering the questlon * Dans quel sens a-t11 lien de reorgnniser et
d'élendre lo service des &changes internationanx ” from an Ameriean point of
view, it does not appenr that reorgnnization is what s neaded, for n system
of internniionnl exchnnzes working with the Learty cooperntion of all nations
has not yet ever been devaloped on the lines of the existing conventions,

Tha present international exchange sorviee is operating under two conven-
tions made between certaln powers, and the work s brsed upon them. One
of these, signed at Brossels In 1886 and officlally proclaimed In 1880, made
provision for the exchange of officlal documents and sclentific and 1
publications, The other, which was concluded and procinimed at the sama
time, provided for the Immedinte exchange of the official Journal, ns well ns
of the parllamentary aonals and doruments of the contracting parties, The
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econventions were broadly worded and allowed for the adberence of other
states than those that became signatories at the tlme. The signers wore the
Henipotentinries of the Unlted States of Ameriea, Belginm, Brazil, Italy, Portu-
gnl and the Algarves, Servia, Spain, and the Swiss Coufederation. Later the
Argentinge Republle, Paragoay, and Uragnay sigonlfled their adherence, while
Eoli¥in, Chile, Colombin, Costn Rica, France, Liberin, the Netherlands, New
South Wales, Pern, Queensland, and Ruossin have established international
exchange bureaus without, however, glving, thelr formal adherence to the eon-
ventiong. From this It will be secn that there are eleven stntes that have
adbered to the econventlons and an équoal number that have established bureans
without adhercnce, while Great Britain, Germany, and (he other countries
contribute no funds toward the orgnnizatlon of this movement,

It Is therefore obyious that under the existing conditions It {8 not reorganiza-
tion but orgnnization that s nesded, and this may readily be aceomplishod voder
the conventlons now In foree, as they form a firm foundation for a Ereat
International [nstitution. The provisions In these conventlons made tweuty
yeara ago miay need revision in order to conform to recent internntionnl sdvanee-
ment, and It I2 possible that the powers that have already agreed to the con-
veutions and lent their support might b willing to reopen them, provided
that the powers (lint have not come In are willing to Join In the organizniion
of an internationnl exchange service,

The Interustional exchanges as now carrled on are of two classes—sclentific
and literary publieations and officin]l Government publications. The frst
namad of these I8 of the utmost mportance to the canse of education, Doth
seholpstic amd technieal, which the presont service has materially ndvanced
by emnbling indlviduals and institutlons of leartilng to disseminate knowledge
without restrictlon ‘and practleally without cost to themselves. The sclentific
Institntions sre appreciating more and more the fact that thelr sndowments are
entirely Inadequate to provide for the many calls made npon them, and if
in addition to printing their own publications they should have to purchase
those of foreign Institutions and pay the cost of teansportation It wonll menn
that rome part of thelr work wonld have to be abandoned. Tt is therefore to a
system of internationnl exchanges that they must look for rellef In this maiter,

The Government exchanges are necessary in order that Governments nay
ascertain what is being accomplished nlong slmilar lines in other countries,
and a8 such publleations are issued at the expense of the Governments they
shonld also be distributed at thelr expense,

The Internatlonal Exehange Service of the United Stntes 1= under the diree
tlon of the SBmithsonlnn Institotion, and was originally Inavgurnted for the
purpose of transmitting publientions presented by institutlons and lodividuals
in the United States to correspondents abroad, in exchange for llke contribu-
tlone from sach recipients, as one of the most efficlent means for the * diffusion
of knowledge among men” and the entire expense, Ineluding that for the
exchange of documents published by the Government from 1850 to 1851, was
paid from the private fonds of the Tnstitution.

Through the action of Congress, upon recommendntion of the Department of
State, the Smithsonian Institution Is recognized by the United Stntes Govern-
ment 48 the Ameriean agency for the international exchange of governmental,
eclentific, and literary publientions. By the congressionnl resolutions passed In
1867 and 1901 a certain number of United States Government publications
fire set aslde for exchange with those of foreign rountries, to be sent regularly
to deslgnnted depositories. In accordance with those resolutions there are
now forwarded abroad 55 foll sets of United States offickal publications and
33 partinl sets; the official journal of the proceedings of Congress, the
Congressional Record, is transmitted by mail dally to ench of the Parlinments
that 1s willing to reciprocate.

During the fiscal year ending June 30, 1008, the number of packnges for-
warded through the International exclunges of the United States samounted
to 228570, These packages were scnt direct from this country to the one
for which they were intended, and from loug experience this hos been foumnd
to he the qulegﬁt and most satisfactory method. During the lnst year nearly
2,000 boxes were shipped in this way withont the loss of a single conslgnment,
Sbhipmenis are made regulariy at least once a month, shoold the sonding be
but one package, and to the Intrer countries every weelk,

A card Index Is kept of all correspondents, and upon these eanls are
recorded the packnges sent and received by cach institution and Individnal,
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There are now In the United States 3,000 institutions and 5,000 individuals
pecorded (o this Index, while the forelgn Institutlons numbor 16500 and fndl-
yiduuls 84,232, A list of the foreizn societies and institotions is published
from time to tHime under the title of * International exchange lst,” the latest
issue being that of 1004,

The publie documents recelved from abroad In exchange are placed in the
Library of Congress. The publications recelved from the sclentific and lenrned
gocleties and Institutions of the world form an important part of the Library
of the Smithsoninn Institution, and while these remain the property of the
Institution they are in great part deposited In the Libmmry of Congress.

The needs of the Internationn]l exchanges under present conditions may be
summarized as follows: The adherence of all the civillzed nations of the
world to the present conventions, The members of the Congress of Archivists
and Libeariang can do moch to furiher the movement by lending thelr efforts
to arouse the interest of the sclentific and lHterary institutions and societies
nod governmentnl anthoritles in thelr respoctive couniries, to the emd that
officin] action may be taken. The scientifle Institutions and socletles of each
country should examine the workings of the internationsl exchange system
and sollelt exchange of publieations from llke socleties abroad, uslng the
service as g medlum of transmission.

Governments shonld provide o soffielent nomber of sefs of their oflieial

phlications for exclunge purposes In order that each country may have a

I got If desired, and in addition there gshould be copies of the oficial Journnls
of the Parlinments, or similar bodles, for the loterparliamentnry exchanges,

Bureaus already establisbed, ns well as those to be established, shonld be
granted an approprintlon that will allow the carrying out in foll of the stipn-
Intions of the conventiong. A well-pald and energetie staff with a well-equipped
office would Insure expeditious work and prompt delivery. The present facilitles
for rapld transportatlon would be greatly Increaséd by ench Internatfonal
exchange office having the franking privilege, such as is allowed In the United
Sintes, and the granting of special concesslons by the postal anthorities, through
the International Postal Unlon, which could possibly be arranged should every
niation become a party to the preseot conventlons.

The Internntlonal exchonges should be extended to every quarter of the
globe, nnd efforts shonld be made to bring the powers to realize the necessity
of perfecting an Institution already established which has for its object the
S fperease and diffusion of knowledge among men,”

.

1 gnve a résumd of the contents of the above paper aml wis asked for some
resolution which conld be passed by the congress Incorpornting o suggestion con-
tained in the paper * that the members of the Congress of Archivists and Li-
brarians conld do moch to further the movement by lending their efforte to
aronse the interest of the sclentific and lterary Institutlons and socletles and
governmental authorities in thelr respective countries, to the end that official
action may be taken.” ’

The resclution was presented In English, translated Inte French, and agaln
transinted into English, nod appears ns follows In the Library Journal:

That the scientific and Hterary Institotions, as well ps the governmenial au-
thorities of nll countries, shonld unite thelr efforts to obtaln the official pro-
vigion for internntional exchanges—VL Q. T. Internationa]l Exchanges (Paul
Brockett, Washington).

HRegnrding the use of the exchange service by private institutions, M. Langlois,
Bibliothécnire-en-chef de 1'Institut Cathollgue, of Parls, having experienced some
difflenlty In sending packnges from FPrance, presented the following resolution:

That the international exchanges shonld be accorded, liberally and in the in-
terest of all workers, to establishments of private initintive (libraries of free in-
stitutions and learned socleties), which conform to the genernl regulotions and
provide reciprocity.—VIL Q. 7. (3. Langlols, Paris, ns amended by M. Gros-
jenn, Bruxelles. )
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I had with me & éopy of Article VII of the conventions of 1888, in both
English and French, which was read:

Amr, VII. The burenus of exchange will serve, In an officinl capacity, as In-
termedinries. between the learned bodies and lterary and sclentific socleties,
ﬁ of the contracting $tates for the reception and transmission of thelr pub-

It remains, however, well understood that, in such case, the duty of the
purenus of exchange will be confined to the free transmission of the works
exchunged, and that these bureans will not in any manner take the initiative
to bring about the establishment of such relatlons,

One more resolutlon was prescuted :

That the service of International exchanges should be developed in the most
complete manner in the participating ecountries, and that like organizations
ghould be crested In the other States—VIIL Q. 7. (M. Sury, Bruxelles.)

In connection with attending this congress permission was given me to visit
the princlpal libraries of London, Paris, and Berlin, and observations were
made and are contained in a series of notes taken down at the time for refer-
ence in the Smithsoninn Library. When the libraries were closed, 1 occupled
my time In vislting the musenms, taking notes of mothods, ete.

Respectfully submitted.

Paurl. BroOKETT,
Assistant [dbrarian.

Dr. Crantes D). 'WaLooTT,
Becretary of the Smithsonion Instifution.
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REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE YEAR
ENDING JUNE 30, 1911

To the Board of Regents of the Smithsonian Institution:

Your executive committee respectfully submits the following
report in relation to the funds, receipts, and disbursements of the
Institution, and a statement of the appropriations by Congress for
the National Museum, the International Exchanges, the Burenu of
American Ethnology, the National Zoological Park, the Astrophysi-
cal Observatory, and the International Catalogue of Scientific Lit-
crature for the year ending June 30, 1911, together with balances of
previous appropriations.

BMITHEONTAN INSTITUTION.

Condition aof the fund July I, 1911,

The permanent fund of the Institution and the sources from which
it has been derived are as follows:

DIEFOSITED IN THE TIEASURY OF THE UNITED SETATES.,

Bequést of Smitheon, 384G ________ £S5 16000
Hesiduary legney of Emitheon, 1867 . 9391043
Deposlt from eavings of neome, 1867~ ______ 108.620.37

Teqnest of James Hamilton, 1876 oo 81000, 00

Accumulated interest on Hamilton fund, 1806__ 1,000, 00
| —_— 2, D00, 00
Baquest of Slmeon Hobel, 1880 0, 00
Deposits from procesds of sale of bonds, 1880 01, D0, 00
Gt of Thomas G. Hodgking, 1800 900,000, 00
Part of residunry legney of Thomas G. Hodgkins, 1504 8, 0, )
Deposit from savings of lncome, 1008 __ . . 25 000.00
Residunry legaey of Thomas G, Hodgkins._________ T.015 60
Total amount of fund In the United States Trensury_ 044, 018, 69

OTHER RESOURCES,

Registered and gunrnntesd bonds of the West Shore Rallroad Co.,
part of legacy of Thomas G. Hodgking (par valoej--_____ 42 000, 00

tnl“cormandot-toney - _ _ — 056,018.080

Alsa four small pieces of real estate bequeathed by Robert Stanton Avery, of
Washington, I, O,

o2
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That part of the fund deposited in the Treasury of the United
States bears interest at 6 per cent per annum, under the provisions of
the act of Congress of August 10, 1846, organizing the Institution,
and the act approved March 12, 1804, The rate of interest on the
West Shore Railroad bonds is 4 per cent per annum. The real estute
received from Robert Stanton Avery is exempt from taxation and
yields only & nominal revenue from rentals.

Htatoment of receipts and disbursements from July 1, 1910, ta June 30, 1911,

/ RECEIFTS,
Cash on deposlt July 1, 1030 — . e 35, D64, 88
Interest on fund deposited In United States Treasury

due July 1, 1910, and Jen. 1, 1001 . __ $06,605.12
Interest on West Shore Eallroad bonds due July 1, 1010,

T B | 1 1, G50, 00
Repayments, rentals, poblications, ete 10, 41, 75
Contributions from various soorces for specific purposes_ 14, 518, 43

118, 80d. 18
DISBUNSEMENTS.
Buliftingt cave and repales. . e G, 675,65
Fumitupe and fixtores. 435 0D
Genernl expenses:
e e - IR ABRER
s lins a0t I D —— 2530, 00
T N e e e et e e e e 1 P #1640
Postage, telegraph, and telephone Ta8. 456
Freight 1065. 35
Go RIS o e A e = T8, 50
T S T e R e SRS NI S TR [ -
Fosl-aod Heghte: - - o o 2151
—— 25,023, 57
U e e e Ry LS T S i e o L 28T 14
Publications and thelr distribution :
Miscollancous colleetlons____ . . ___ 5,296,956
Contributions to knowledpe - - 30, (0
TRRDOETE e e e 40, 10
Bpecial poblications=s. . 85116
Puoblleation supplles 261, 88
T A T e L e o SR U e ol el 4]y
R B 3,149, BT
—_— 16,038 27
Explorntions, researches, and collectlons 10, 169,17
Hodgkins specific fund, researches and publications 6, 127. 16
Intomationn] Exchanges . @ 4, BOS. 41

Legal expenses .. s -~ SR
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Giillery of ATt~ e e £31. 60
Advances for feld expenses._ e 4 AD0TE
Apparates e ————— 2040, 00
86,374 52

Balanee June 30, 1611, deposited with the Treasurer of the United
T R R e TR B T B
118, S0 18

By authority, vour executive committee again employed Mr.
William L. Yaeger, a public accountant of this city, to audit the
receipts and disbursements of the Smithsonian Institution during
the period covered by this report. The following certificate of ex-
amination supports the foregoing statement, and is hereby approved :

Wasmxoron, D. O, Awgust 5, 1911,
Exrcurive Cosmsrrrer, Boarp oF REGENTS,
Smithsonion Instituilon.
Sigs ¢ 1 have examined the accounts and voochers of the Smithsoninn Instito-
tlon for the fiscal year ending June 30, 1011, and certify the following to be o
correct gtntement :

Totnl receipls___ . e e £83, 435, 30
otal dishorsements.__ . . BOATAGD
Excess of disbursements over recelpts 2,030, 22
kmount from'July 1, 1000 . O S DOASE
Balance on hand June 380, 1001 e (&1L 405,66
Balance shown by Treasury statement June 30, 1000 __ 4, 446,95
Iess onistanding checks. o 2020.2
Teye balance June 30, 10010 . 3243568

The vouchers representing payments from the Smithsonian Incoms during the
year, each of which bears the approval of the seeretary, or, in his absence, of
ihe acting secretary, and n certificate that fhe moterinls and services charged
were applled to the purposes of the Institution, hnve been examined in connec-
tion with the books of the Institutlon and agree with them.

(Signod) Winnras L. Yaroen,
Publio Accountant and Awditor.

All moneys received by the Smithsonian Institution from interest,
sales, refunding of moneys temporarily advanced, or otherwise, are
deposited with the Treasurer of the United States to the credit of the
Institution, and all payments are made by checks signed by the
secretary,

The expenditures made by the disbursing agent of the Institution
and audited by the Auditor for the State and Other Departments
are reported in detail to Congress and will be found in the printed
document.

Your committee also presents the following summary of appropria-
tions for the fiscal year 1911 intrusted by Congress to the care of the
Smithsonian Institution, balances of previous appropriations at the
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beginning of the fiscal year, and amounts unexpended on June 30,

1911:
after July 1,
1000, Juma 30, 1011
comumiiited Emlrmhihomw! thalmﬂ:uxim
m h’ 0 T
5,500, 23 147
2, 0. ) 2,2 08
115 1118
A, K00, ED 27, 08
&2, i, £ 2,844, 60
A4 50 L 30 By
IR, 410 8. 42
13, i, 10 1, o0 2
207 L0
e m .71
7, 500, 00 7,12
i O, D . 0
LE | ¥ L6l
A7, 880,07 L]
125, 0. 00 34,166 1A
147, 16 VST 16
14, o8, 0 ¥, 50 42
ik, 001 ) o, 068, 11
X 3D | 25808
23, T, 15 H 401 54
A00, 000, 00 0, 62,
7705 1155
1,502 08 1, 56
2,000, 00 DS, 05
L B e e
20, 02 LMD
| 0, 50, 20 0. 30
15,000, DO 3010 57
05 i.ps
18,078 02 1 15,678 92
4.7 L.
.10 19478
7, 008, () 0, TR
13.25 15338
5.2, 60 4. 5l
11L&, oon. 0 i, 059, 53

t Carrled to crodit of surplos fand.,

Biatemen! of fncome from fhe Smithsonian fund and other revenuer, acerded
and prospective, ovailable daving the fiscal year ending June 30, 1012,

AR R P T e L s N R FO2 400G, 66
Interest on fund deposited In Unlied States Treasury,
doe July 1, 1911, and Jan, 3, 1012 __ . ____ &5, 005. 00
3 Intorest on West Shore R, RR. bonds, due July 1, 1911,
e g B S L R e S e e e . (Y]
Exchange repayments, sale of publications, rentals, ete_. 8, 562 45
Deposits for specific purposes_________ 12, (W), (0
—_— TR 0T 48
Total avallable for year ending June 30, 1092 1711, 365,14
Respectfully submitted.
A. Q. Bacox,
Arexaxoer Gramam Bevn,
| Joax Danzery,

Ewecutive Committee.
Wasminoron, D. C., December 5, 1011,
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At 2 meeting of the Board of Regents held December 14, 1909, the
following resolution was adopted:

Resolved, That hereafter the Poard of Regents of the Smithsonlun Instite-
tion shall hold thelr annusl meeting on the second Thursday in December and
a supplementary meeting on the second Thursday In February.

In accordance with this resolution the board met at 10 o'clock
a. m., on December 8, 1010, and on February 9, 1911,

ANNUAL MEETING, DECEMBER 8, 1810,

Present: The Hon, James S. Sherman, Vice President of the
United States: the Hon. John M. Harlan, presiding Justice of the
United States Supreme Court ; Senator S, M. Cullom; Senator Henry
Cabot Lodge; Senator A. O. Bacon; Representative John Dalzell;
Representative James R. Mann; Representative William M. Howard ;
Dr. Andrew D. White: the Hon. John B. Henderson; Mr. Charles .
Choate, jr.; and the secretary, Mr. Charles D. Waleott.

The meeting was called to order by the Vice President.

DEATH OF THE CHAXCELLOR,

The secretary announced the death of the chancellor of the Smith-
sonian Institution, Melville Weston Fuller, Chief Justice of the
[Tnited States, which oceurred at Sorrento, Maine, on July 4, 1910.

The intelligence of this sad event was received at the Institution in
the absence of the secretary, and Mr. Richard Rathbun, the acting
secretary, sent a telegram of condolence, both official and personal, to
Mrs. Nathaniel Franeis, who was with her father at the time of his
deatlh. Mr. Rathbun attended the obsequies at Sorrento as the repre-
sentative of the Institution, and accompanied the funeral party to
Chicago, where interment took place on July 8.

The sceretary stated that the adviee and suggestions of the chan-
cellor in relation to matters nffecting the Institution that were
brought to his attention had always been most helpful. He added
that he had enjoyed a personal acquaintance with the chancellor that
had extended over 20 years, and that it was with a deep sense of the

]
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loss sustained by the Institution as well as by himself personally that
he formally announced his death to the Board of Regents.

Senator Bacon then presented the following resolutions, which on
motion, were adopted :

Whereas the Board of Regents of the Smithsonian Institution have recelved
the sad intelligence of the death, on July 4, 1910, of Melville Weston Fuller,
Chief Justice of the Unlted States, and for 22 years chancellor of the Tnstitu-
tion ; therefore be it -

Rerolved, That we deslre here to record ouor profound sorrow at the sever-
Ing of the tie that has bound us to him for o long period of honored service:
that we feel keenly the loss of 8 wise presiding offiver, whose vast store of
lenrning and graclous dignity have proved so Invaluable in the dellberations
of this board, and whose loyal Interest In the Smithsonian Institution has been
n source of inspiration to his colleagues,

Resgolved, That we share in the grief of the natlon at the passing awany of
one who was at once n distingulshed leader of the greatest legal tribunal of onr
land, an eminent jurist, a patriotic cltizen, a shining example of Christlan
gentleness, and who nlso possessed so charming n personallty as a man nod as
a friend.

Resolved, That we respectfolly tender to the members of the family of our
Inte as=oclate our sincerest sympathy In their great bereavement.

Resolved, That an engrossed copy of these resolutions be transmitted to the
famlly of the late chaneellor. J

ELECTION OF CHANCELLOR.

The chairman announced as the next busine:s in order the elec-
tion of a chancellor to succeed the late Chief Justice Fuller.
Senator Lodge moved—

That the Vice President of the Unlted States be elected chancellor of the
Smithsonian Tnstitution.

Senator Lodge put the question, and, there being a unanimous
vote in the affirmative, announced that the Vice President was duly
elected. 3

RESOLUTION RELATIVE TO INCOME AND EXPENDITURE

Senator Henderson, chairman of the executive committee, pre-
sented the following customary resolution, which was adopted:

Resolved, That the income of the Institution for the fiscal year ending June
30, 1912, be appropriated for the service of the Institutlon, to be expended by

the secretary, with the advice of the executive committee, with full discretion
on the part of the secretnry ns to Items,

ANNUAL REPORT OF THE EXECUTIVE COMMITTEE.

Senator Henderson submitted the report of the executive com-
mittee for the fiscal year ending June 80, 1910, stating that the
members of the board had already been supplied with copies in
printed form.

On motion the report was adopted.

3BT —su 1011 —TF
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ANNUAL REPORT OF THE PERMANENT COMMITTEE.

Senator Henderson presented the following report:

To the Board of Regents of the Smithsonian Institution:

GEsTIEMES : The only matter of unfinished business In the hands of this
committee {5 the Andrews will cage. A report upon the case was made to the
board at the meeting of February 10, 1910, which after discussion was referred
hack to the committee with power to act. '

As a result of n very thorough consideration of the matter, it 1s recom-
mended by the committee that all proceedings In the Andrews will case be
dropped.

Jonx B. HexpersoN, Chairman.

On motion the report of the permanent committee was adopted.

ANNUAL REPORT OF THE EECRETARY.

The secretary stated that his report for the year ending June 30,
1910, had been printed and sent to the members of the board.

Delay in formal opening of the new building for the National
Museunm.—The secretary said that on account of the nondelivery of
cases it had been impossible to install the exhibition series in time for
the opening of the building before the present Congress adjourned.
In view of this and of the great desirability of first having the com-
plete exhibition serieg thoroughly installed and the entire building in
condition for critieal inspection he had thought it best to postpone
the formal opening until Iater. In the meantime the collections in
cases were so arranged as to be viewed by visitors.

Additions to art collections.—The secretary remarked furtber that
Mr. William T. Evans had presented 32 more paintings to the col-
lections illustrating the work of American artists, and that he under-
stood that Mr. Evans contemplated assembling also a collection illus-
trative of wood engraving, an art which, becanse of the development
of the various photo-engraving processes, had practically fallen into
disuse.

He added that Mr. Charles L. Freer had returned to China for the
purpose of enlarging his great collection illustrating the early devel-
opment of Chinese art, all of which it was expected would come to
the Institution. Many of these articles were exceedingly rare and
very difficult to obtain, and the Institution would be most fortunate
in securing them. -

Smithsonian African expedition—The secretary stated that Col.
Roosevelt's final account of the expedition would be found in the
secretary’s report to the board. This, however, gave the scientific
results of the expedition in general terms only. He would state that
the total amount subscribed for the expedition was $51,700, and that
the expenditures to date amounted to $48.353.00, leaving a balance of
$3,346.91, which was being held for expenditures necessary to the
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completion of the final reports on the expedition being prepared by
the Smithsonian members of the party.

The secretary added that the collections were being permanently
arranged by the experts of the National Museum. Tt was intended
to mount certain of the animals in groups, with accessories, 20 as to
show their environment and habits.

On motion the secretary’s report was accepted.

LANGLEY MEMORIAL TABLET.

Senator Lodge, chairman of the committee on the Langley me-
morial tablet, reported that the desire of the board that this tablet
should commemorate the work of Mr. Langley in aerial navigation
had been carried out in a design representing him as seated, engaged
in a profound study of the great problem. The committes had en-
tered into an arrangement with a New York sculptor to design a
tablet 4 feet 6 inches high by 2 feet 5 inches wide. It had been ex-
pected that the model could be exhibited at this meeting, but a letter
had been received from the artist stating that an accident to the
model necessitated the working over of a large portion of it, and
therefore it could not be sabmitted at this meeting.

BIOLOGICAL SURVEY OF THE PANAMA ZONE.

The secretary stated that the plan for a biological survey of the
Panama Canal Zone, under -the direction of the Smithsonian Insti-
tution, was described in his annual report, which had already been
distributed to the Regents.

Since the preparation of the report, a letter had been written to
the President outlining the plan, and asking if it would meet his
approval if cooperation were asked of the Isthmian Canal Com-
mission of the War Department, the Burean of Fisheries of the De-
partment of Commerce and Labor, and the Biological Survey and
Bureaus of Entomology and Plant Industry of the Department of
Agriculture. The President gave his approval and authorized the
secretary to communicate with the departments mentioned, which was
done. All have signified their desire to cooperate and have assigned
experts to aid in the work. The estimaied cost of the survey which
would have to be met by the Instituiion is $11.000, of which §5,700
has been subscribed.

For several years American and foreign naturalists have been
asking that a biological survey of the Canal Zone be undertaken,
and various attempts have been made to arrange for such a work.
The only plan that had materialized was one by the Field Museum
of Natural History, Chicago, for the collection and study of the fishes
of the Canal Zone. By agreement, this work will now be carried on
in conjunction with that of the Smithsonian Expedition,
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In answer to Senator Bacon's inquiry as to the scope of the work
intended, the secretary said it was to cover studies of the animal
and plant life of the land and waters of the Canal Zone. Such a
gurvey is necessary before the canal is completed, as it is believed
that conditions will be changed after the canal is opened to commerce
and the waters of the Atlantic Ocean nre joined with those of the
Pacific. The organisms of the various watersheds would then be
offered a ready means of mingling together, the natural barriers
would be obliterated, and the data for a true understanding of the
fauna and flora placed beyond reach.

THE HARRIMAN TRUST AND GIFT.

The secretary stated that he was desirous of establishing at the
Institution a number of research associateships. He wished to give
exceptionally strong men an opportunity to do research work with-
out the care and burden of administrative duties, and with full
knowledge that as long as their work was properly conducted it
would be continued and that in the event of incapacity for active
work, provision would be made for them.

As an illustration, he cited the case of Dr. C. Hart Merriam, who
has been provided for through the liberality of Mrs. Edward H.
Harriman. He also mentioned that the Carnegie Institution of
Washington has a number of men engaged in special fields of work,
but added that there would be no probability of duplication of work.
The Carnegie Institution does not undertake exploratory work such
as that of the African expedition or the biological survey of the
Panama Canal Zone. The field for scientific investigation is exten-
sive and there are numerous worthy projects that can not be under-
taken because of lack of means.

In this connection the secretary announced that Dr. Merriam’s
splendid collection of American mammals had been purchased by
Mrs. Harriman for $10,000 and presented to the Institution.

HODGEINS GOLD MEDAL.

The secretary called the attention of the board to the establishment
some years ago of a gold medal under the name of “The Hodgkins
Medal of the Smithsonian Institution.” This was in honor of Mr.
Thomas George Hodgkins, the donor of the Hodgkins fund, and was
to be awarded for exceptional contributions to our knowledge of
the nature and properties of atmospheric air, or for original and
practical applications of existing knowledge of the air to the welfare
of mankind. .

The first Hodgkins medal was awarded in 1808 to Prof. James
Dewar for his researches on the liquefaction and solidification of
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atmospherie air and for his discovery of the extraordinary magnetic
properties of liquid oxygen. The second award of the medal was
to Prof. J. J. Thomson in 1902 for his investigations on the conduc-
tivity of gases, especially on the gases that compose atmospherie air.

It is now proposed to award a third Hodgkins medal, provided it
is determined that sufficiently meritorious discoveries or investiga-
tions of the character mentioned have been made, and in order to
pass upon the matter an advisory committee on award has been
appointed,

PUBLICATION FUND FOR THE INSTITUTION.

The secretary stated that under the general appropriation for
public printing and binding, the Institution is allotted $10,000 for the
printing of its annual reports, but that its other publications were
paid for from private funds of the Institution.

He exhibited u set of the publications issued by the Imstitution
and its branches during the past two years, many of which had been
published at the cost of the Institution.

Mr. Manm inquired if the secretary would like to have a larger
edition of the annual report, to which the secretary replied that it
would be desirable. Mr. Mann responded that this might be possible.
by a special resolution for any one year.

There was some further discussion, during which it was suggested
that it would be proper for the secretary to speak of the matter of
an appropriation for the publications of Smithsonian works when
he was before the Committee on Appropriations.

DEATH OF OCTAVE CHANUTE,

The secretary recalled to the board that when the committee on
award of the Langley medal was appointed, Mr. Octave Chanute
was designated its chairman. Mr. Chanute died on November 23
last. His eminence as an engineer and his own important work in
the science of aeronautics peculiarly fitted him for the duties of
chairman of this committee, and his death will be a severe blow to the
new science.

The secretary added that it seemed best to defer the selection of his
successor as chairman of the committee for the present.

FULLER MEMORIAL SERVICE.

Senator Cullom said that he thought some more formal action
should be taken in regard to the death of Chief Justice Fuller than
had been adopted at this meeting, and inquired whether the matter
was being considered.
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The secretary replied that it had been his intention to request
certain members of the board to prepare sketches of Chief Justice
Fuller’s life, which might later be printed in the annual report.

Senator Cullom added that he would like very much to have an
address delivered before the Regents by Justice Harlan, who above
all others was the most competent to prepare it.

After further discussion, Senator Cullom moved—

That Mr. Justice Harlan be requested to deliver, under the auspless of the
Board of Regents, and at such time ag will best sult his convenlence, nn address
npan the life nnd work of the late Chlef Justice Melville W. Fuller,

The motion was carried, and Justice Harlan said that he would
be glad to deliver the address and that he would confer with the
secretary on the subject.

ADJOURNMENT.

There being no further business to come before the board, on mo-
tion the meeting adjourned und the Regents inspected the exhibit of
skins and mounted specimens from the African expedition collection,

L]
REGULAR MEETING, FEBRUARY 6, 1011.

Present: The Hon. James S. Sherman, Vice President of the
United States (chancellor), in the chair; the Hon. Edward Douglass
White, Chief Justice of the United States; Senator S. M. Cullom,
Senator A. O. Bacon, Representative John Dalzell. Representative
James R. Mann, Dr, James B. Angell, the Hon. John B. Henderson,
the Hon. George Gray, and the secretary, Mr. Charles D. Walcott.

ORDER OF BUSINESS.

In accordance with the previously adopted order of business, the
following matters were next reported on by the secretary :

Appointment of Regents—Scection 5580 of the Rm*i-sed Statutes
provides that the Chief Justice of the United States shall be a
Regent of the Smithsonian Imstitution. The vacancy in the office of
Chief Justice cansed by the death of Chief Justice Fuller has been
filled by the appointment by the President of Mr. Justice Edward
Douglass White, who therefore, under the operation of the section
named, becomes o Regent ex officio,

Dr. James B. Angell has been reappointed for a term of
by joint resolution of Congress.

Closing up of Andrews will case—At the annual meeting held
December 8, 1910, the board adopted a recommendation of the per-
manent committee that all further progeedings in the Andrews will

case be dropped. The instructions of the board have been complied
with.

six years
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Fuller memorial meeting.—It having appeared to be the wish of
the board at its annual meeting on December 8 last that a formal
meeting in memory of the late Chief Justice Fuller should be held
by the Regents, a resclution was then adopted inviting Justice Har-
lan to deliver such an address on a suitable occasion, the time of
which was to be left entirely to his convenience. The secretary re-
grets to report that Justice Harlan has written him to say that he
linds himself unable in the near future to comply with the wishes
of the board.

After discussion, in which it was suggested that the proposed trib-
ute to the late chancellor take the form of u memorial to be published
in the annual report, the following resolution was adopted :

Regolved, That the secretary be requested to prepare a suitable memorial of
the life and work of the late Chief Justice Melville Weston Fuller, chancellor
of the Smithsonlan Institution from 1858 to 1910, which memorial is lereby de-
cinred approved for inclusion In the next annual report of the Board of Regents,

Langley memorial tablet.—At the last meeting of the board it was
reported that the Langley memorial tablet had met with an acei-
dent and would have to be remodeled. This work of repair has been
going on, but no photograph showing the present condition of the
tablet has been submitted by the sculptor. _

Hodglkiny gold medal of the Institution—The committee ap-
pointed by the secretury to consider whether sufficiently important
investigations into the plenomena of atmospherie air in relation to
the welfare of mankind had been made to merit the award of the
third Hodgkins gold medal have reported their findings with a
recommendation, which report is now being considered.

Biological survey of the Panama Canal Zone—The secretary
stated that the board would recall that at the late annual meeting
Le had spoken of the organization of a biological survey of the
Panama Canal Zone to include studies of the life of the land and
waters of that region, and had explained the necessity for immediate
action, as the opening of the canal would mingle the waters of the
Atlantic and Pacific Oceans, which might permanently destroy the
possibility of a true understanding of the fauna and flora now
existing there.

Since that meeting a party of naturalists designated to carry on
the work has reached the zone, and the collections resulting from
their work are already arriving. Those engaged in the survey are
the following:

Prof. S. E. Meek, of the Field Museum of Natural History ; Prof.
Henry Pittier, of the United States Bureau of Plant Industry; Mr.
E. A. Goldman, of the United States Biological Survey; Mr. S, F.
Hildebrand, of the United States Bureau of Fisheries; Mr. E. A.
Schwarz and Mr. August Busck, of the United States Bureau of
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Entomology; and Mr. William R. Maxon, of the United States
National Museum.

Much interest is being manifested in this survey both here and in
the zone. The Republic of Panama is so impressed with the im-
portance of the wark that it has invited the Institution to extend
‘the survey into that country.

The Institution is indebted to the Departments of State, Agricul-
‘ure, Commerce and Labor, the War Department, and the Panama
Railroad & Steamship Co. for courtesies which have insured the
guceess of the enterprise.

As previously stated, a very considerable part of the funds neces-
sary for the survey has been received by subscription.

Appointment of an additional assistant secretary.—The seeretary
called attention to the large increase in the work of the Institution
and its branches, brought about by the natural growth of their
activities and the addition of new interests, and stated that there was
need for the appointment of an additional assistant secretary.

He desired the permission of the board to appoint to that position
before the close of the present fiscal year Dr. Frederick William
True, who entered the service of the Institution in 15878, who was
a zoologist of established reputation, and who was now head curator
of the Department of Biology in the United States National Museum,
After discussion, the following resolution was adopted:

Resolved, That the proposed appolntment by the secretary of Dr. Frederick
Willinm True as assistunt secretary of the Smithsonlan Institution be approved.

Bequest of George W, Poore.—The secretary announced that since
the annual meeting notice had been received that the Institution had
been made the residual legatee of the late George W. Poore, of
Lowell, Mass., who left an estate estimated to be $40,000, under the
condition that the income from this sum should be added to the prin-
cipal until a total of $250,000 should have been reached, and that then
the income only wus to be used for the purpozes for which the Insti-

tution was created. The portions of the will relating to the bequest
are as follows:

Irem 7. The Inrge and small photographs of wyself [ desire glven to the
Smltheonian Institnte herelnafter wentioned ; to be given o plnee in thely Insti-
fote where they may be seen, as one of the conditions of the EIft to them
bereln made by me,

Item 8. All the rest, residue, and remalnder of my estute, real, per;nna!. anil
mixed, of whatever nome or nature snd wherever found or situnte, of which
I shall die selaed, possessid, or entltled, whether at law or In equity, I glve,
devise, and bequeath to the Smithsonian Instltute, at Washington, D, €., but |n
trnst nevertheless and upen the conditlon, in addition to the condition a8 tip
photographs of myself ns nbove, that the fund realized from my estate ang
from turning the real and personal estite into money shall he held for-
ever by sald Smithsonian Tnstitute ns a fund to be called the Loey T, and
George W, Poore fund, aml upon conditlon that the Incomies only of sald fynd
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shall be used for the ponrposes only for which sald Smithsonlan Tnstltute was
crented. sald Lucy T. and George W. Poore fund to be kepi separate from all
other funds, and the income from the same not to be used until the prioeipal,
by aecumnulation of the income to be added to the principal from year to year,
shall bave reached the sum of two hundred and fifty thousand dollars, 1 make
this gift not so muoch becanse of its nmount as Heeause T hope 1t will prove an
exnmple for other Americans to follow, by supporting and encouraging so wise
and beneficent an institution as I belleve the Smithsonian Institute to be, nnd
Fet It has been neglectad and overlooked by Ameriean cltizens,

The secretary said: “At my request the Institution’s interests in
the matter are being looked after by Mr. Choate, of the Board of
Regents, who has assured me that he will be glad to act as agent or
attorney for the Institution without charge.”

The Paul J. Rainey expedition to Africa—The secretary said
that Mr. Paul J. Rainey, of New York City, recently ecalled at the
Imstitution and stated that it was his intention to make 2 hunting
and collecting trip in Afriea, and asked if a man could be sent with
him to prepare the specimens which he wished to present to the
Institution. The route of travel was to be north of that of the recent
Smithsonian expedition, through the country lying between the
northern portion of British East Africa and the southern part of
Abyssinia. Mr. Rainey agreed to bear all expenses in conneetion
with the trip.

It was thought desirable to nccept this offer, as it was hoped to
udd new material to the present collections: and Mr. Edmund
Heller, who was one of the field naturalists on the Smithsonian
expedition, and who was now engaged in working up that collection,
had been authorized to suspend work upon it temporarily, and de-
tailed to accompuny Mr. Rainey. He expected to sail on February
18, and to be ahsent nbout eight months.

Portrait of Washington—The secretary called aftention to a por-
trait of Gen. Washington, which was hanging in the room in which
the board was then meeting.

This portrait was part of the Lewis collection of Washington
relies purchased by the Government in 1878 and stored for a time
at the Patent Office. When the ‘collection was transmitted to the
National Museum in 1883, the Commissioner of Patents retained
this picture, and it is only recently that the matter came up, with
the result that the portrail was sent to the Institution by the Secre-
tary of ‘the Interior, Mr. Ballinger.

The picture has been attributed to Gilbert Stuart, but a careful
investigation fails to reveal anything to substantiate the claim, and
it is now recorded as having been painted by an unknown artist.
By some it is regurded as a copy of an original painting. Mrs. Lewis
had said that there was a tradition in the family that this was con-
sidered the best likeness of Washington ever painted.
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American Indian memorial and museum building—It was stated
by the secretary that a request to Congress to erect in Washington
an American Indian memorial and museum building, under the con-
trol of the Secretary of the Interior, had been embodied in two iden-
tieal bills designated as follows: House joint resolution 274 and Sen-
ate bill 9830,

This subject is one which, by direction of Congress, has long been
fostered by the Smithsonian Institution through the National
Museum and the Bureau of American Ethnology, all material objects
being deposited in the former, and all records of investigations in
the latter, The Museum collection is the richest in the world as
regards the Indians of North America, to which the proposed new
building is intended to be devoted. In extent and variety the eol-
lections of the National Museum are not what they might and should
be, but this is due to the fact that appropriations sufficient to perfect
these collections have never been obtainable,

The founding of a new museum, especially under the proposed
auspices, could only result in the partial duplication of objects and
records and in an increase in the cost of bringing together a proper
representation of the North American Indians. Should Congress
take any action in this matter, it would seem desirable that it be
directed toward giving increased funds for the use of the Institution
and Museum. If the movement is one tending to bring individual
help from different parts of the country, such coaperation could best
be turned toward increasing the present collections,
extensive and important,

Commercial museum.—The subject of establishing at the National
Capital a trade or commercial museum to be maintained at the ex-
pense of the Government has been recently agitated in connection
with the Board of Trade of Washington. While no bill in support
of such a measure has been submitted to Congress as vet, it is appar-
ently the intention to request congressional nction in connection with
any celebration which may be held here in commemoration of the
completion of the Panama Canal.

While such a museum would follow lines in large part not included
in the plan of the National Museum, yet in some respects the tendency
would be to duplicate its collections,

It would, furthermore, appear to those who have given the matter
consideration that Washington is not the proper place for the loca-
tion of a museum of this kind. Tt should be established and con-
duected in a large commercial center like New York City.

Prehistoric ruins—The secretary exhibited a number of photo-
graphs showing the excavations smong prehistoric cliff dwellings
and pueblo ruins in New Mexico resulting from the joint work of
the Bureau of American Ethnology and the Archeological Institute

which are alreu{]y
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of America. In one eanyon in which these excavations were econ-
ducted the eliff dwellings extend along the wall of the eanyon for
about 2 miles, while in another locality in the same general region
one of the many pueblo ruins covers an area of about 600 feet square.
Other photographs were presented showing the excavation and re-
pair of the celebrated Balcony House in southern Colorado, conducted
under the joint auspices of the Smithsonian Institution and the Colo-
rado CLff Dwellers Association. Excavations were made also in
newly discovered cliff dwellings and other archeological remains in
northwestern Arizona.

Field work has been conducted by the Bureau of American Eth-
nology amoug the tribes which composed the Creek Confederacy of
the Southern States; the Tewa Indians of the Rio Grande Valley,
New Mexico; the Winnebago Indians of Wiseonsin and Nebraska;
the Piegan, Blackfeet, Cheyenne, and Menominee Indians of the
Algonquian family; the Chippewa Indians, especially with reference
to their music; the Osage Indians, now in Oklahoma, and the Iro-
quois in New York. A study of the past and present population of
the Indians, with the varions causes of their decrease, is being con-
ducted, and a bibliography of the Hawaiian Islands is in prepa-
ration.

Resignation of Senator Henderson.—Senator Henderson stated
that he had served the Institution as a Regent for 19 years, but that
he had now reluctantly come to the conclusion that it was neces-
sary to relieve himself of all possible work, as the condition of his
hiealth would not permit him to continue his duties with satisfaction
to himself and justice to the Institution. He therefore desired to
tender his resignation as a Regent to take effect at such time as would
best suit the board’s convenience,

After discussion, the Senator first submitted his resignation as a
member of the executive committee to take effect at once, and on
motion it was carried—

That the resignation of the Hon. John B. Henderson, chalrman of the execn-
tive committes, as a member of that committes, be aecepted with regret.

The Senator then presented his resignation as a Regent to take
effect March 1, 1911.

Judge Gray offered the following resolution, which was unani-
mously adopted :

Whereas the board of Regents of the Smithsonlan Instltntion having learned
that the Hon. John B. Henderson has tendered his resignation as a Regeat, a
Mosition be has filled with signal ability for 10 years;

Resolved, That the Regents desire here to express to hlm their high apprecia-
tion of his services as a member of the board, their sincere regret at the termi-
natlon of his officlal connectlon with the Institution, and their cordial good
wishes for his future health and happiness.
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Mr. Mann then offered the following resolution, which was adopted :

Rexolved, 'That the resclutlon in relation to the resignation of the Hon. John
B. Henderson s 0 Hegent of the Smitheonian Institution be engrossed and
transmitted to him,

The chancellor stated that the secretary would communicate to Con-
gress the announcement of Senator Henderson's resignation.

Ezecutive committee vacancy filled.—The matter of the vacaney in
the membership of the executive committee was brought up, and
Senator Bacon was nominated for the position. A fier diseussion,
the following resolution was adopted :

Kesolved, That the vacancy in the membershlp of the executive committes,
caused by the resignation of the Hon. John B. Henderson, be filled by the
election of the Hon. A. O. Bacon,

Models of patents—Mr. Mann said that there were pending in
Congress bills providing for the destruction of the old models that
lLiad been on deposit in the Patent Office for many years, and asked
if the Smithsonian Institution could make any use of them,

The secretary explained that this matter had been brought to the
Institution’s attention two or three years since, and that about
12,000 of the models had been selected for the wme of the industrial
exhibit in the Museum. Those left were not suited to museum pur-
poses.

Adjournment.—There being no further business to be transacted,
on motion the board adjourned.
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ADVERTISEMENT.

The object of the GENERAL APPENDIX to the Annual Report of the
Smithsonian Institution is to furnish brief accounts of scientific dis-
covery in particular directions; reports of investigations made by
collaborators of the Institution; and memoirs of a general character
or on special topics that are of interest or value to the numerous
correspondents of the Institution.

It has been a prominent object of the Board of Regents of the
Smithsonian Institution, from a very early date, to enrich the annyal
report required of them by law with memoirs illustrating the more
remarkable and important developments in physical and biological
discovery, as well as showing the general character of the operations
of the Institution; and this purpose has, during the greater part of
its history, been carried out largely by the publication of such papers
as would possess an interest to all attracted by scientific progress.

In 1880 the secretary, induced in part by the discontinuance of an
annual summary of progress which for 30 Years previous had heen
issued by well-known private publishing firms, had prepared by com-
petent collaborators a series of abstracts, showing concisely the prom-
inent features of recent scientific progress in astronomy, geology,
meteorology, physics, chemistry, mineralogy, hotany, zoology, and
anthropology. This latter plan was continued, though not altogether
satisfactorily, down to and including the year 1888,

In the report for 1889 a return was made to the earlier method of
presenting a miscellaneous selection of papers (some of them original)
embracing a considerable range of scientific investigation and dis-
cussion. This method has been continued in the present report for
1811,
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THE GYROSTATIC COMPASS.
[With 3 plates.]

By H. Marcrasn.

The gyrostatic compass may be looked upon as one of the most
interesting inventions made during recent years,

The gyroscope is familiar to all. Nor are we ignorant to-day of
the fundamental laws which govern it. The great physicist Fou-
cault first completely formulated them as the result of his profound
researches on the subject.

The first of these laws is that a gyroscope with perfect freedom of
movement—that is, the power to move in any direction, and free from
the action of gravity—will tend to maintain the initial position given
to it. The second law is that if a gyroscope has only two degrees of
freedom, in such a way that it can undergo displacement in two planes
only, it must, if subject to the action of gravity, and provided that it
1s not at the poles of the earth, tend to place itself so that its axis is
parallel to that of the earth and accordingly will indicate the direc-
tion of true north.,

A system of this kind is free from the errors which affect the mag-
netic compass, and therefore the idea of taking advantage of it for
navigation must have early attracted the attention of investigators,
especially as the general use of steel in the construction of vessels
entails grave difficulties in the use of magnetic instruments.

Formerly the means at hand were insufficient for constructing a
satisfactory, practical instrument, and so, during the time of Foucault,
and even much later, the numerous scientists who approachsd the
problem did not meet with much success.

A German investigator, Dr. Anschiitz, has recently succeeded in
constructing an instrument on gyrostatic principles which is prae-
tical. In 1000 he commenced the study of a gyroscope with perfect
freedom of movement. Later, however, in 1006, he abandoned that
for one having only two degrees of freedom.

Even with the latter conditions the problem required great nicety.
A grave difficulty comes from the fact that such a device is affected,
under ordinary circumstances, not only by the rotation of the earth
but also by all the forces to which it is subjected beeause of the rolling
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of the ship. Therefore, in order to get a good result, it was necessary
for the compass to have a very great gyrostatic resistance, so termed,
opposing energetically any force tending to change the direction of its
axis of rotation, and that the friction of its bearings should be made
as small as possible. A consequence of the latter condition, however,
would be that the gyrostat would come to its normal position only
after a relatively long time, oscillating to and fro about that normal
position. Meanwhile it would be subject to new perturbations.

Accordingly one great desideratum was to provide some device for
lessening these oscillations; at first, Anschiitz tried for this purpose
a second gyrostat; later he developed a much more simple and effi-
cient method. His gyrostatic compass was tried on the steamer
Deutschland in 1908 and has since been used in the German Navy.
It has just been adopted by the English Navy, and other navies are
also trying it. .

Let us consider its principles: We know that a gyroscope once
started tends to maintain its axis in an invarigble direction, and
that if any force is applied tending to change this direction, preces-
sional movement takes place, which displaces the axis perpendicular
to the direction of the disturbing force. Such being the case, let us
imagine a gyroscope, inclosed in an appropriate box, suspended from
a float which rests in a liquid bath in such a manner that the gyro-
scope is perfectly free to swing in any direction like a pendulum
which is at rest; the center of gravity of the system is below the
metacenter; the gyroscope is mounted at the lowest point possible.
Because of its weight the axis of the gyroscope tends to maintain
itself, as well as the whole attached mechanism, in a horizontal
position.

Let us set the gyroscope disk rotating. In the past such rotation
could be effected only by rough and very unsatisfactory means; now
we have a much more advantageous method at our disposal. We
may, for instance, drive it by alittle three-phase motor fed by means of
fine conducting wires so that the rotation may be kept up indefinitely.

As soon as the gyroscope disk is in rapid rotation with its axis hori-
zontal, then if this axis is not in the plane of the terrestrial meridian,
the rotation of the earth will tend to alter the axis from its original
position. The gyroscope tends to respond, but, restricted by its
weight, which forces the axis to remain horizontal, it will undergo
only a horizontal displacement.

This leads it to take a north and south direction, because as long as
its axis is not parallel to that of the earth, the cause of this movement
is still effective, so that if it is sufficiently free to move, it will indicate
true north,

Plate 1 shows a model designed to show experimentally this action.
It consists of u small gyroscope, driven by a small three-phase elec-



THE GYROSTATIO COMPASS—MARCHAND, 113

tric motor, and entirely free to turn in any direction were it not for
two small springs, which serve to represent the attraction dus to
gravity and tend to keep the gyroscope's axis tangent to the surface
of the sphere upon which it is mounted. This apparatus may be
slipped along & large movable metallic circle Tepresenting a meridian.

the springs are detached the axis of the gyroscope tends to
take an invariable direction and to depart from it only because of the
inevitable friction which is present at the pivots.

However, once these springs are attached, if the meridian circle
is moved to another place on the globe, then the axis will change so as
tocome into the plane of the circle,one of its extremities being directed
toward the upper pole of the eircle. According to the direction of
the gyroscope and that
of the circle, one or the
other end of the axis
moves so as to point to
this upper pole.

In the Anschiitz
compass, of which fig-
ure 1 is asectional and
plate 2 a perspective
view, the gyrostat is
similarly driven by a
three-phase electric
motor; the float from
which the gyroscope is
suspended is a hollow . 1.—ansehits gyrostatic compam. Vertioal section. A, thres
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anl ':"f Etﬂﬁ! pn.rtm.ll}r sarves ag the gyrostat): R, comipass card: B, hollow armular ateel

immersed in & mer- ficat, fAcating in the mereury § and cousnterbalancing the weight
S contalnad in, G e s Tk et b
an annular box, also of  ors for leading In two branches of the three-phaso current, the thind
stoal. To the tﬂp of m;dnxmudnmnm the foating ring and the surrounding
this float is fixed the 1

compass card. The north-south line of the card coincides exactly
with the direction of the axis of the gyrostat.

The small motor which rotates the gyrostat disk is so constructed
that its stationary part is built on the box of the gyrostat. The
electrical connections to the exterior are made for two of the cirguits
through small cups of mercury, The third cireuit passes through the
mercury bath containing the float and then through the case itself.
The rotor is rigidly built on the gyrostat disk. It is of one piece,
spindle and all, and made of nickel steel. Tt is provided with ball
bearings of extra-hard steel and makes 20,000 revolutions per min-
ute. The axle is of the Laval type or “flexible axle.” TIts great
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velocity of rotation frees it from any danger of deformation due to
shocks.

A small level is attached to the compass eard to assure that the
instrument is horizontal. The whole system is mounted on gymbals
and sttached to the binnacle with springs after the usual manner with
marine magnetic compasses.

The damping of the oscillations of the compass is effected in a very
ingenious manner. Near the center and on both sides of the gyrostat
box are bored small holes. A third hole is bored in the surrounding
case. The rotation of the gyrostat produces a current of air within
and & pressure toward the exterior,

The jet of air at its exit is cut by a small blade attached to a
pendulum. When the compass is exactly horizontal, the jet is divided
equally on both sides of the blade. If it is not horizontal, the pen-
dulum displaces the blade with reference to the aperture; then the
divided portions of the jet of air are no longer equal and a damping
couple is produced.

As with other compasses, this, too, is subject to disturbing influences,
But a great advantage of the gyrostatic compasses lies in the fact
that in all cases the causes of the disturbances are independent of the
special instrument and may be corrected by specially prepared tables,

Another important property is that the directing force can be made
much greater than is possible with the magnetic needle. Generally
it is five times that of an ordinary well-constructed magnetic compass.
Further, since the axis remains both in the meridional and in the
horizontal planes, the dial can oscillate only slightly about the north
and south direction. This renders it easy to fix contact points at
the extremities of the east and west line for the electrical transmission
elsewhere of the indications of the compass.

A gyrostatic compass equipment consists of a master compass,
provided with a transmitter, and secondary compasses connected
electrically with the master. The master compass, together with
the transmitter, is placed in a convenient, well-protected place, and
the secondary ones placed wherever they are needed; or two master
compasses may be used with two systems of secondary ones,

The master compass, with its transmitter, of which a photograph
is shown in plate 3, figure 1, differs from the others in that the binnacle
is moved by a reversible electric motor controlled by contacts under
the gyrostat itself, so that it turns rapidly when necessary and follows
at all times the motions of the axis of the gyrostat.

It is this moving binnacle which sends the currents controlling the
secondary compasses and keeps them in synehronism with the master
compass. The latter earries on its axis the necessary commutator,

Special secondary compasses are employed, as shown in the illus-
tration (pl. 3, fig. 2). It may be noted that it has at its center a
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second limb, which makes one complete rotation for each 10 degrees
of deviation and thus renders visible very small deviations. The
current for the motors of the gyrostat and of the transmitter is fur-
nished at 120 volts, 333 periods per second by a 16-pole motor
generator working on an ordinary direct-current lighting cireuit. It
runs at a speed of 2,500 turns per minute. The motor of the gyrostat
is bipolar. An Anschiitz compass uses normally 700 watts. Besides
the apparatus already described, there is furnished a short description,
with the necessary directions for starting the compass and regulating
it. Ammeters are placed in each of the three circuits, and a voltmeter
may be connected between any two of them. For each wire there is
a pair of fuses so contrived that, by means of a quick-working switch,
if one of the fuses fails the other may be quickly inserted.
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RADIOTELEGRAPHY .
[With 1 plate.] -

By Commexparore G. Mancox, LL.D,, D.Be.

_ The practical application of electric waves to the purposes of wire-
less telegraphic transmission over long distances has continued to
extend to a remarkable degree during the last few years, and many of
the difficulties, which at the outset appeared almost insurmountable,
have been gradually overcome, chiefly through the improved knowl-
edge which we have obtained in regard to the subject generally and
to the principles involved.

The experiments which I have been fortunate enough to be able
to earry out, on a much larger scale than can be done in ordinary
laboratories, have made possible the investigation of phenomena often
novel and certainly unexpected.

Although we have—or believe we have—all the data necessary for
the satisfactory production and reception of electric waves, we are yet
far from possessing any very exact knowledge concerning the con-
ditions governing the transmission of these waves through space,
especially over what may be termed long distances. Although it is
now perfectly easy to design, construct, and operate stations capable of
satisfactory commercial working over distances up to 2,500 miles, no
really clear explanation has yet been given of many absolutely authen-
ticated facts concerning these waves. Some of these hitherto
apparent anomalies I shall mention briefly in passing.

Why is it that when using short waves the distances covered at
night are usually enormously greater than those traversed in the day
time, while when using much longer waves the range of transmission
by day and night is about equal and sometimes even greater by day?

What explanation has been given of the fact that the night dis-
tances obtainable in a north-soytherly direction are so much greater
than those which can be effected in an east-westerly one?

Why is it that mountains and land generally should greatly obstruct
the propagation of short waves when sunlight is present and not dur-
ing the hours of darkness ?

R by D e e eveing ing, Fridey Jonwt L
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The general principles on which practical radiotelegraphy is based
are now so well known that I need only refer to them in the briefest
possible manner.

Wireless telegraphy, which was made possible by the fields of
research thrown open by the work of Faraday, Maxwell, and Hertz, is
operated by electric waves, which are created by alternating currents
of very high frequency, induced in suitably placed elevated wires or
capacity aress. These waves are received or picked up at a distant
station on other elevated conductors tuned to the period of the waves,
and the latier are revealed to our senses by means of appropriate
detectors,

My original system as used in 1896 consisted of the arrangement
shown disgrammastically in figure 1, where an elevated or vertical wire

was employed.
} : This wire some-
: times terminated
in a capacity or
was connected to
s earth through a
spark gap.

By using an in-
duction ¢oil or
other source of
sufficiently hi gh
tension electricity
sparks were made
to jump across the
gap; thisgave rise
to oscillations of
high frequency in
the elevated conductor and earth, with the result that energy in the
form of electric waves was radiated through space.

At the receiving station (fig. 2) these waves induced oscillatory
currents in a conductor containing & detector, in the form of a coherer,
which was usually placed between the elevated conduetor and earth,

Although this arrangement was extraordinarily efficient in regard
to the radiation of electrical energy, it had numerous drawbacks.

The electrical capacity of the system was very small, with the
result that the small amount of energy in the aerial was thrown into
space in an exceedingly short period of time. In other words, the
energy, instead of giving rise to a train of waves, was all dissipated
after only a few oscillations, and, consequently, anything Approaching
good tuning between the transmitter and receiver was foung to be
unobtainable in practice.

Fio. 2
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Many mechanical analogies could be quoted which show that in
order to obtain syntony the operating energy must be supplied in the
form of a sufficient number of small oscillations or impulses properly
timed. Acoustics furnish us with numerous examples of this fact,
such as the resonance produced by the well-known tuning fork
experiment.

Other illustrations of this principle may be given; e. g., if we have
to set a heavy pendulum in motion by means of small thrusts or
impulses, the latter must be timed to the period of the pendulum, as
otherwise its oscillations would not acquire any appreciable amplitude.

In 1900 I first adopted the arrangement which is now in general
use, and which consists (as shown in fig. 3) of the inductive associa-
tion of the elevated radiating wire with a condenser cireuit which may
be used to store up a considerable amount of electrical energy and
impart it at a slow rate to the radiating
wire,

As is now well known, the oscillations in
a condenser circuit can be made to persist
for what is electrically a long period of
time, and it can be arranged moreover that
by means of suitable aerials or antennm
these oscillations are radiated into space
in the form of a series of waves, which ° a=
through their cumulative effect are emi- ! d
nently suitable for enabling good tuning
and syntony to be obtained between the 7
transmitter and receiver. |

The circuits, consisting of the condenser
circuit and the elevated aerial or radiating
cireuit, were more or less closely coupled
to each other. By adjusting the inductance in the elevated con-
duetor, and by the employment of the right value of capacity or
inductance required in the condenser circuit, the two circuits were
brought into electrical resonance, a condition which I first pointed
out as being essential in order to obtain efficient radiation and-good
tuning.

The receiver (as shown in fig. 4) also consists of an elevated con-
ductor or aerial connected to earth or capacity through an oscil-
lating transformer. The latter also contains the condenser and
detector, the circuits being made to have approximately the same
electrical time period as that of the transmitter circuits.

At the long distance station situated at Clifden, in Ireland, the
arrangement which has given the best results is based substantially
upon my syntonic system of 1900, to which have been added numerous
improvementis.

“;. - -

Fig. 1.
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An important innovation from a practical point of view was the
adoption at Clifden and Glace Bay of air condensers, composed of
insulated metallic plates suspended in air at ordinary pressure. In
this manner we greatly reduce the loss of energy which would take
place in consequence of dielectric hysteresis were a glass or solid
dielectric employed. A very considerable economy in working also
results from the absence of dielectrie breakages, for, should the
potential be so raised as to even produce a discharge from plate to
plate across the condenser, this does not permanently affect the value
of the dielectric, as air is self-healing and one of the few commodities
which can be replaced at a minimum of cost.

Various arrangements have been tried and tested for obtaining
continuous or very prolonged trains
of waves, but it has been my expe-
rience that, when utilizing the best re-
ceivers at present available, itisneither

- e

A

f economical nor efficient to attempt to
make the waves too continuous. Much

g better results are obtained when
groups of waves (fig. 5) are emitted gt

regular intervals in such manner that
their cumulative effect produces g
clear musical note in the receiver,
which is tuned not only to the period-
— P icity of the electric waves transmitted
but also to their group frequency.
In this manner the receiver may be
" doubly tuned, with the result thut a
,E“ far greater selectivity can be obtainad
than by the employment of wave tun-
ing alone,

In fact, it is quite easy to pick up simultaneously different messages
transmitted on the same wave length, but syntonized to different
group frequencies. '

As far as wave tuning goes, very good results—almost as good es
are obtainable by means of continuous oscillations—ean be achieved
with groups of waves, the decrement of which is in each group 0.03
or 0.04, which means that about 30 or 40 useful oseillations are
radiated before their amplitude has become too small to perceptibly
affect the receiver.

The condenser circuit at Clifden has a deerement of from 0.015
to 0.03 for fairly long waves.

This persistency of the oscillations has been obtained by the
employment of the system shown in figure 6, which T first described
in & patent taken out in September, 1907. This method eliminates

Fra. 4.
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almost completely the spark gap and its consequent resistance, which,
as is well known, is the principal cause of the damping or decay of
. the waves in the usual transmitting circuit.

The apparatus shown in figure 6 consists of a metal disk @, having
copper studs firmly fixed at regular intervals in its periphery and
placed transversely to its plane. This disk is caused to rotate very
rapidly between two other disks, b, by means of a rapidly revolving
electric motor or steam turbine. These side disks are also made to
slowly turn round in a plane at right angles to that of the middle
disk. The connections are as illustrated in the figure. The studs
are of such length as to just touch the side disks in passing, and
thereby bridge

the gap between B
the latter. RESONANCC CURVE =

s theadee- A o ey poeN g

o

st Clifden, name-  PRITARY CIRCUIT
ly, 45,000, when §pnkT =025
& potential of  wra resismnce 022
15,000 volts is ®cwons smag = - = STve Len™
used on the con- EEEEHHgag-HmT
denser, the spark BREAR
gap 1s practically
closed during the
time in which one

complete oseilla- o) yrve  CORREPINNG. TO ABMNE RESOMICE RV
tiononlyis taking '

place, when the :
peripherical a—ﬁ_ﬁ_ﬁ__ﬁ__‘_ﬁ_mﬁ
speed of the disk - - - -
isabout 600 feetn  SERMES .or WAVE TRAING RADIATIP weew CLIFDEM ACRIAL
second. The re- SPARK FREQUENCY SD0  pem sic,

sult is that the TR

primary circuit can continue oscillating without material loss by
resistance in the spark gap. Of course the number of oscillations
which can take place is governed by the breadth or thickness of the
side disks, the primary circuit being abruptly opened as soon as the
studs attached to the middle disk leave the side disks.

This sudden opening of the primary circuit tends to immediately
quench any oscillations which may still persist in the condenser
circuit; and this fact carries with it a further and not inconsiderable
advantage, for if the coupling of the condenser cireuit to the aerial
is of a suitable value the energy of the primary will have practically
all passed to the serial circuit during the period of time in which the
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primary condenser circuit is closed by the stud filling the gap between
the side disks; but after this the opening of the gap at the disks
prevents the energy returning to the condenser eireuit from the aerial,
a5 would happen were the ordinary spark gap employed. In this
manner the usual reaction which would take place between the nerial
and the condenser circuit can be obviated, with the result that with
this type of discharger and with a suitable degree of coupling the
energy is radiated from the serial in the form of a pure wave, the
loss from the spark gap resistance being reduced to a minimum.

I am able to show a resonance curve taken st Clifden which was
obtained from the
oscillations in the
primary alone (fig.
5).

An interesting
feature of the Clif-
den plant, espe-
cially from aprac-
tical and engineer-
ing point of view,
is the regular em-
ployment of high-
tension direct eur-
rent for charging
the condenser.
Continuous cur-
rent at a potential
which is capable
of being raised to
20,000 volts is ob-
tained by means
of special direct-
current genera-

tors; these ma-
ol chines charge a
storage battery consisting of 6,000 cells, all connected in series, and
it may be pointed out that this battery is the largest of its kind in
existence. The capucity of each cell is 40 ampere-hours, When
employing the cells alone the working voltage is from 11,000 to 12,000
volts, and when both the direct-current generators and the batte
are used together the potential may be raised to 15,000 volts through
utilizing the gassing voltage of the storage cells.

For a considerable portion of the day the storage battery alone is

employed, with a result that for 16 hours out of the 24 no running

DISE DISCHARGER

e iy
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machinery need be used for opersting the station, with the single
exception of the small motor revolving the disk.

The potential to which the condenser is charged reaches 18,000
volts when that of the battery or generators is 12,000. This poten-
tial is obtained in consequence of the rise of potential st the con-
denser plates, brought about by the rush of current through the
choking or inductance coils at each charge. These coils are placed
between the battery or generator and the condenser e, figure 6.

No practical difficulty has been encountered either at Clifden or
Glace Bay in regard to the insulation and maintenance of these high-
tension storage batteries. Satisfactory insulation has been obtained
by dividing the battery into small sets of cells placed on separate
stands. These stands are suspended on insulators attached to girders
fixed in the ceiling of the battery room. A system of switches,
which can all be operated electrically and simultaneously, divides the
battery into sections, the potential of each section being low enough
to enable the cells to be handled without inconvenience or risk.

The arrangement of aerial adopted at Clifden and Glace Bay is
shown in figure 7. This system, which is based on the result of tests
which I first de-
scribed before the
Royal Society in
June, 1906, not
only makes it pos-
sible to efficiently
radiate and receive
waves of any desired length, but it also tends to confine the main
portion of the radiation to any desired direction. The limitation of
transmission to one direction is not very sharply defined, but
nevertheless the results obtained are exceedingly useful for practical
working.

In a similar manner, by means of these horizontal wires, it is
possible to define the bearing or direction of a sending station, and
also limit the receptivity of the receiver to waves arriving from a
given direction.

The commercial working of radiotelegraphy and the widespread
application of the system on shore and afloat in nearly all parts of
the world has greatly facilitated the marshaling of facts and the
observation of effects. Many of these, as I have already stated, still
await a satisfactory explanation.

A curious result which I first noticed over nine years ago in long-
distance tests carried out on the steamship Philadelphia, and which
still remains an important feature in long-distance space telegraphy,

Fra. T.
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is the detrimental effect produced by daylight on the propagation of
electric waves over great distances.

The generally accepted hypothesis of the cause of this absorption
of electric waves in sunlight is founded on the belief that the absorp-
tion is due to the ionization of the gaseous molecules of the nir
affected by the ultra violet light, and as the ultra violet rays which
emanate from the sun are largely absorbed in the upper atmosphere
of the earth, it is probable that that portion of the earth’s atmosphere
which is facing the sun will contain more ions or electrons than that
which is in darkness, and therefore, as Sir J. J. Thomson has shown,?!
this illuminated or ionized air will absorb some of the energy of the
electric waves.

The wave length of the oscillations employed hss much to do
with this interesting phenomenon, long waves being subject to the

—effect of daylight to a very much lesser degree than are short waves,

Although certain physicists thought some years ago that the day-

light effect should be more marked on long waves than on short, the

- reverse has been my experience; indeed, in some transatlantic experi-
ments, in which waves about 8,000 meters long were used, the energy
received by day at the distant receiving station was usually greater
than that obtained at night.

Recent observation, however, reveals the interesting fact that the
effects vary greatly with the direction in which transmission js taking
place, the results obtained when transmitting in a norther y and south-
erly direction being often altogether different from those observed
in the easterly and westerly one.

Research in regard to the changes in the strength of the received
radiations which are employed for telegraphy across the Atlantic has
been recently greatly facilitated by the use of sensitive galvanom-
eters, by means of which the strength of the received signals can be
measured with a fair degree of accuracy.

In regard to moderate power stations such as are employed on ships,
and which, in compliance with the international convention, use wave
lengths of 300 and 600 meters, the distance over which communics-
tion can be effected during daytime is generally sbout the same,
whatever the bearing of the ships to each other or to the land stations
—whilst at night interesting and apparently curious results are
obtained. Ships over 1,000 miles away, off the south of Spain or
round the coast of Italy, can almost always communicate during the
hours of darkness with the post-office stations situated on the coasts
of England and Ireland, whilst the same ships, when at a similar
distance on the Atlantic to the westward of these islands and on the
usual track between England and Ameries, can hardly ever communi-

1 Philasophical Magazine, ser. 8, vol. 4, p. 253,
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cate with these shore stations unless by means of specially powerful
instruments.

It is also to be noticed that in order to reach ships in the Mediter-
ranean the electric waves have to pass over a large portion of Europe
and, in many cases, over the Alps. Such long stretches of land,
especially when including very high mountains, constitute, as is well
known, an insurmountable barrier to the propagation of short waves
during the daytime. Although no such obstacles lio between the
English and Irish stations and ships in the North Atlantic en route
for North America, a night transmission of 1,000 miles is there of
exceptionally rare occurrence. The same effects generally are notice-
able when ships are communicating with stations situated on the
Atlantic const of America. :

Although high power stations are now used for communicating
across the Atlantic Ocean, and messages can be sent by day as well
as by night, there still exist periods of fairly regular daily oceurrence
during which the strength of the received signals is at a minimum,

e . woTom ;: i3
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Thus in the morning and the evening, when, in consequence of the
difference in longitude, daylight or darkness extends only part of the
way across the ocean, the received signals are at their weakest. It
would almost appear as if electric waves, in passing from dark space
to illuminated space and vice versa, were reflected and refracted in
such a manner as to be diverted from the normal path,

Later results, however, seem to indicate that it is unlikely that
this difficulty would be experienced in telegraphing over equal dis-
tances north and south on about the same meridian, as, in this case,
the passage from daylight to darkness would occur more rapidly over
the whole distance between the two stations.

I have here some diagrams which have been carefully prepared
by Mr. H. J. Round. These show the average daily variation of the
signals received at Clifden from Glace Bay.

The curves traced on the diagram (fig. 8) show the usual varia-
tion in the strength of these transatlantic signals on two wave lengths
—one of 7,000 meters and the other of 5,000 meters.
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The strength of the received waves remains as a rule steady during
daytime.

%}r after sunset at Clifden they become gradually weaker,. and
about two hours later they are at their weakest. They then begin to
strengthen again, and reach a very high maximum at about the time
of sunset at Glace Bay.

They then gradually return to about normal strength, but through
the night they are very variable. Shortly before sunrise at Clifden
the signals commence to strengthen steadily, and reach another high

maximum shor tly
VARLATION OF SIGNALS  after sunrise at Clif-

AT CLIFDEN den. The received
FROM MAY 1910 w APRIL B11 energy then steadily
e o ENSTIOAL. OF 30 gt oe again until
EACH MONTH BEING SHEw

2l 4 it reaches a v
mw marked mini.mllrnl:ri
e = === short time beforesun-
: : rise at Glace Bu}'_
Afier that the signals

gradually come back
to normal day
strength,

It ean be noticed
that, although {he
shorter wave gives on
the average weaker
signals, its maximum
and minimum varia-
tions of strength very
sensibly exceed that
of the longer waves,

Figure 9 shows the
variations at Clifden
during periods of 24
hours, commencingat
12 noon throughout
the month of April, 1911, the vertical dotted lines representing sunset
and sunrise at Glace Bay and Clifden.

Figure 10 shows the curve for the first day of each month for one
year, from May, 1010, to April, 1011.

1 carried out a series of tests over longer distances than had ever
been previously attempted, in September and October of last year,
between the stations of Clifden and Glace Bay, and a receiving station
placed on the Italian Steamship Principessa Majalda, in the course of
a voyage from Italy to Argentina (pl. 1, fig. 1).

L
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During these tests the receiving wire was supported by means of a
kite, as was done in my early transatlantic tests of 1901, the height
of the kite varying from about 1,000 to 3,000 feet. Signals and mes-
sages were obtained without difficulty, by day as well as by night, up
to a distance of 4,000 statute miles from Clifden.

Beyond that distance reception eould only be carried out during
nighttime. At Buenos Aires, over 6,000 miles from Clifden, the
night signals from both Clifden and Glace Bay were generally good,
but their strength suffered some variations.

It is rather remarkable that the radiations from Clifden should
have been detected at Buenos Aires so elearly at nighttime and not
at all during the day, whilst in Canada the signals coming from Clif-
den (2,400 miles distant) are no stronger during the night than they
are by day.

Further tests have been earried out recently for the Italian Gov-
ernment between a station situated at Massaua in East Africa and
Coltano in Italy. Considerable interest attached to these experi-
ments, in view of the fact that the line connecting the two stations
passes over exceedingly dry eountry and across vast stretches of
desert, including parts of Abyssinia, the Soudan, and the Libyan
Desert. The distance between the two stations is about 2,600 miles.

The wave length of the sending station in Africa was too small to
allow of transmission being effected during daytime, but the results
obtained during the hours of darkness were exceedingly good, the
received signals being quite steady and readable.

The improvements introduced at Clifden and Glace Bay have had
the result of greatly minimizing the interference to which wireless
transmission over long distances was particularly exposed in the
early days.

The signals arriving at Clifden from Canada are as a rule easily
read through any ordinary electrical atmospherie disturbance. This
strengthening of the received signals has moreover made possible the
use of recording instruments, which will not only give a fixed record
of the received messages, but are also capable of being operated at a
much higher rate of speed than could ever be obtained by means of
an operator reading by sound or sight. The record of the signals is
obtained by means of photography in the following manner: A sen-
sitive Einthoven string galvanometer is connected to the magnetic
detector or valve receiver, and the deflections of its filament caused
by the incoming signals are projected and photographically fixed on
a sensitive strip, which is moved along at a suitable speed (pl. 1, fig. 2).
On some of these records, which T am able to show, it is interesting
to note the characteristic marks and signs produced amongst the
signals by natural electric waves or other electrical disturbances of
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the atmosphere, which, on account of their doubtful origin, have been
m “X‘Bﬁ"

Although the mathematical theory of electric wave propagation
through space was worked out by Clerk Maxwell more than 50 years
ago, and notwithstanding all the experimental evidence obtained in
laboratories concerning the nature of these waves, vet so far we
understand but incompletely the true fundamental principles eon-
cerning the manner of propagation of the waves on which wireless
telegraph transmission is based. For example, in the early days of
wireless telegraphy it was generally believed that the curvature of
the earth would constitute an insurmountable obstacle to the trans-
mission of electric waves between widely separated points, For a
considerable time not sufficient account was taken of the probabls
effect of the earth connection, especially in regard to the transmission
of oscillations over long distances.

Physicists seemed to consider for a long time that wireless teleg-
raphy was solely dependent on the effects of free Hertzian radiation
through space, and it was years
before the probable effect of the
conductivity of the earth was con-
sidered and discussed.

Lord Rayleigh, in referring to
transatlantic radiotelegraphy,
stated in a paper read before the
Royal Society in May, 1903, that
the results which I had obtained in signaling across the Atlantic
suggested *“a more decided bending or diffraction of the waves round
the protuberant earth than had been expected,” and further said
that it imparted a great interest to the theoretical problem.* Prof.
Fleming, in his book on eleotric wave telegraphy, gives diagrams
showing what may be taken to be a diagrammatic representation of
the detachment of semiloops of electric strain from a simple vertical
wire (fig. 11).

As will be seen, these waves do not propagate in the same manner
a8 does free radiation from a classical Hertzian oscillator, but instead
glide along the surface of the earth.

Prof. Zenneck * has carefully examined the effect of earthed roceiv-
ing and transmitting aerials, and has endeavored to show mathe-
matically that when the lines of electrical force, constituting a
wave front, pass along a surface of low specific inductive capacity—
such as the earth—they become inclined forward, their lower ends
being retarded by the resistance of the conduector, to which they are

1 Proc. Roy. Boe., vol. 72, p, 40,
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attached. It therefore would seem that wireless telegraphy as at
present practiced is, to some extent at least, dependent on the con-
ductivity of the earth, and that the difference in operation across
long distances of sea compared to over land is sufficiently explained
by the fact that sea water is a much better conductor than is land.

The importance or utility of the earth connection has been some-
times questioned, but in my opinion no practical system of wireless
telegraphy exists where the instruments are not in some manner con-
nected to earth. By connection to earth I do not necessarily mean
an ordinary metallic connection as used for wire telegraphs. The
earth wire may have a condenser in series with it, or it may be con-
nected to what is really equivalent, a capacity area placed close to
the surface of the ground. It is now perfectly well known that a
condenser, if large enough, does not prevent the passage of high-
frequency oscillations, and therefore in this case, when a so-called
balancing e¢apacity is used, the antenna is for all practical purposes
connected to earth.

I am also of opinion that there is absolutely no foundation in the
statement which has recently been repeated to the effect that an earth
connection is detrimental to good tuning, provided of course that
the earth is good.

Certainly, in consequence of its resistance, what electricians call &
bad earth will damp out the oscillations, and in that way make tuning
difficult; but no such effect is noticed when employing an efficient
earth connection.

In conclusion, I believe that I am not any too bold when I say that
wireless telegraphy is tending to revolutionize our means of communi-
eation from place to place on the earth’s surface. For example, com-
mercial messages containing a total of 812,200 words were sent and
received between Clifden and Glace Bay from May 1, 1910, to the
end of April, 1911; wireless telegraphy has already furnished means
of communiecation between ships and the shore where communication
was before practically impossible. The fact that a system of imperial
wireless telegraphy is to be discussed by the imperial conference,
now holding its meetings in London, shows the supremely important
position which radiotelegraphy over long distances has sssumed in
the short space of one decade. Its importance from a commercial,
naval, and military point of view has increased very greatly during the
last few years as a consequence of the inmumerable stations which
have been erected, or are now in course of construction, on various
coasts, in inland regions, and on board ships in all parts of the world.
Notwithstanding this multiplicity of stations and their almost con-
stant operation, T ean say from practical experience that mutusl
interference between properly equipped and efficiently tuned instru-

38734°—gu 1011—0
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ments has so far been almost entirely absent. Some interference
does without doubt take place between ships, in consequence of the
fact that the two wave lengths adopted in accordance with the rules
laid down by the international convention, are not sufficient.for the
proper handling of the very large amount of messages transmitted
from the ever increasing number of ships fitted with wireless teleg-
raphy. A considerable advantage would be obtained by the utiliza-
tion of a third and longer wave to be employed exclusively for com-
munication over long distances.

In regard to the high-power transatlamtic stations, the facility
with which interference has been prevented has to some extent ex-
ceeded my expectations. At the receiving station situated at a dis-
tance of only 8 miles from the powerful sender at Clifden, during
& recent demonstration arranged for the Admiralty, messages could
be received from Glace Bay without any interference from Clifden
when this latter station was transmitting at full POWer on & wWave
length differing only 25 per cent from the wave radiated from Glacs
Bay, the ratio between the maximum recorded range of Clifden
and 8 miles being in the proportion of 750 to 1.

Arrangements are being made to permanently send and receive
simultaneously at these stations, which, when completed, will consti-
tute in effect the duplexing of radiotelegraphic communication be-
tween Ireland and Canada.

The result which I have last referred to also goes to show that it
would be practicable to operate at one time, on slightly different
wave lengths, a great number of long-distance stations situated in
England and Treland without danger of mutual interference,

The extended use of wireless telegraphy is principally dependent
on the ease with which a number of stations can be efficiently worked
in the vieinity of each other.

Considering that the wave lengths at present in use range from
200 to 23,000 feet, and moreover that wave group tuning and diree-
tive systems are now available, it is not difficult to foresee that this
comparatively new method of communication is destined ‘to fill a
position of the greatest importance in facilitating communication
throughout the world.

Apart from long-distance work, the practical value of wireless
telegraphy may- perhaps be divided into two parts, (1) when used
for transmission over sea and (2) when used over land.

Many countries, including Italy, Canada, and Spain, have already
supplemented their ordinary telegraph systems by wireless-telegraphy
installations, but some time must pass before this method of commu-
nication will be very largely used for inland purposes in Europe
generally, owing to the efficient network of land lines already existing
which render further means of communication unnecessary; and
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therefore it is probable that, at any rate for the present, the main use
of radiotelegraphy will be confined to extra-European countries, in
some of which climatic conditions and other causes absolutely pro-
hibit the efficient maintenance of land-line telegraphy. A proof of
this has been afforded by the success which has attended the working
of the stations recently erected in Brazil on the upper Amazon.

By the majority of people the most marvelous side of wireless
telegraphy is perhaps considered to be its use at sea. Up to the
time of its introduction, ships at any appreciable distance from land
had no means of getting in touch with the shore throughout the
whole duration of their voyage. But those who now make long sea
journeys are no longer cut off from the rest of the world ; business men
can continue to correspond at reasonable rates with their offices
in America or Europe; ordinary social messages can be exchanged
between passengers and their friends on shore; a daily newspaper is
published on board most of the principal liners, giving the chief news
of the day. Wireless telegraphy has on more than one oeccasion
proved an invaluable aid to the course of justice—a well-known
instance of which is the arrest, which took place recently through its
agency, of a notorious criminal when sbout to land in Canada,

The chief benefit, however, of radiotelegraphy lies in the facility
which it affords to ships in distress of communicating their plight to
neighboring vessels or coast stations; that it is now considered
indispensable for this reason is shown by the fact that several govern-
ments have passed a law making a wireless-telegraph installation a

compulsory part of the equipment of all passenger boats entering
their ports.
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MULTIPLEX TELEPHONY AND TELEGRAPHY BY MEANS
OF ELECTRIC WAVES GUIDED BY WIRES:!

[With 1 plate.]

Di. Georce O. SquiEs,
Major Signal Corps, United States Army.

I—INTRODUCTION.

Electrical transmission of intelligence, so vital to the progress of
civilization, has taken a development at present into telephony and
telegraphy over metallic wires; and telegraphy, and, to a limited
extent, telephony, through the medium of the ether by means of
electric waves.

During the past 12 years the achievements of wireless teleg-
raphy have been truly marvelous, From an engineering viewpoint,
the wonder of it all is, that, with the transmitting energy being
radiated out over the surface of the earth in all directions, enough
of this energy is delivered at a single point on the circumference of a
circle, of which the transmitting antenna is approximately the cen-
ter, to operate successfully suitable receiving devices by which the
electromagnetic waves are translated into intelligence.

The “plant efficiency”™ for electrical energy in the best types of
wireless stations yet produced is so low that there can be no com-
parison between it and the least efficient transmission of energy by
condueting wires.

The limits of audibility, being physiological functions, are well
known to vary considerably, but they may be taken to be in the
neighborhood of 16 complete cycles per second as the lower limit
and 15,000 to 20,000 eycles per second as the upper limit. If, there-
fore, there are impressed upon a wire circuit for transmitting intelli-
gence harmonic electromotive forces of frequencies between 0 and 16
cycles per second, or, again, above 15,000 to 20,000 cycles per second,
it would seem certain that whatever effects such electric-wave fre-
quencies produced upon metallic lines, the present apparatus em-
ployed in operating them could not translate these effects into audible
signals, -

VA paper presented at the twenty-eighth aunoal convention of the American Institute of Electrical
Chicago, 111, Juns 2630, 1911, Copyright, 1011, by A. I. E. E. Reprinted by permision
from Procssdings of the Instlints for May, 1911, pp, 557-005,
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There are, therefore, two possible solutions to the problem of
multiplex telephony and telegraphy upon this principle by electric
waves, based upon the unalterable characteristics of the human ear,
viz, by employing (1) electric waves of infra sound frequencies, and
(2) those of ultra sound frequencies. One great difficulty in design-
ing generators of infra sound frequencies is in securing & pure sine
wave, as otherwise any harmonic of the fundamental would appear
within the range of audition. Furthermore, the range of frequencies
is restricted, and the physical dimensions of the tuning elements for
such low frequencies would have a tendency to become unwieldy.

The electromagnetic spectrum at present extends from about four
to eight periods per second, such as are employed upon ocean cables,
to the shortest waves of ultra-violet light. In this whole range of
frequencies there are two distinct intervals which have not as yet
been used, viz, frequencies from about 3> 10" of the extreme infra-
red to 510", which is the freqeuncy of the shortest electric waves
yet produced by electrical apparatus, and from about 80,000 to 100,000
eycles per second to about 15,000 to 20,000 cycles per second. The
upper limit of this latter interval represents about the lowest frequen-
cies yet employed for long-distance wireless telegraphy.

Within the past few years generators have been developed in the
United States giving an output of 2 kilowatts and above at a fre-
quency of 100,000 cycles per second, and also capable of being ope-
rated satisfactorily at as low a frequency as 20,000 cycles per second.
Furthermore, these machines give a practically pure sine wave.

The necessary conditions for telephony by electric waves guided
by wires are an uninterrupted source of sustained oscillations and
some form of receiving device which is quantitative in its action. In
the experiments described in multiplex telephony and telegraphy it
has been necessary and sufficient to combine the present engineering
practice of wire telephony and telegraphy with the engineering
practice of wireless telephony and telegraphy.

The frequencies involved in telephony over wires do not exceed
1,800 to 2,000, and for such frequencies the telephonic currents are
fairly well distributed throughout the cross section of the conductor.
As the frequency is increased the so-called “skin effect” becomes
noticeable, and the energy is more and more transmitted in the ether
surrounding the conductor.

It has been found possible to superimpose, upon the ordinary tele-
phonic wire circuits now commercially used, electric waves of ultra
sound frequencies without producing any harmful effects upon the
operstion of the existing telephonic service. Fortunately, therefore,
the experiments described below are constructive and additive,
rather than destructive and supplantive.
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Electric waves of ultra sound frequencies are guided by means of
wires of an existing commercial installation and are made the vehicle
for the transmission of additional telephonic and telegraphic messages.

APPARATUS AND EQUIPMENT.

Under a special appropriation granted to the Signal Corps by Con-
gress in the army appropriation act of 1909, a small research labora-
tory has been established at the Bureau of Standards, in the suburbs
of the city of Washington. This laboratory is equipped with the
latest forms of apparatus now employed in the wireless telephone and
telegraph art, and also with the standard types of telephone and
telegraph apparatus now used upon wire circuits. The small con-
struction laboratory of the United States Signal Corps is located at
1710 Pennsylvanue Avenue and is also equipped with the usual types
and forms of apparatus used in transmitting intelligence by electrical
means. Each of these laboratories is supplied with a wireless tele-
phone and telegraph installation with suitable antenns. In addi-
tion, these two laboratories are connected by a standard telephone
cable line sbout 7 miles in length, which was employed in the experi-
ments described below.

THE 100,000-CYCLE GENERATOR.!

The high-frequency alternator, which is shown complete with
driving motor and switchboard in the aceompanying illustrations, is
a special form of the inductor type designed for a frequency of 100,000
cyeles with an output of 2 kilowatts, making it adapted for use in
wireless telephony or telegraphy (pl. 1).

Driving motor.—The motor is a shunt-wound 10-horsepower ma-
chine with a normal speed of 1,250 revolutions per minute. It is
connected by a chain drive to an intermediate shaft which runs at a
speed of 2,000 revolutions per minute. The intermediate shaft
drives the flexible shaft of the alternator through a De Laval turbine
gearing, having a ratio of 10 to 1. The flexible shaft and inductor
thus revolve at a speed of 20,000 revolutions per minute.

Field coils.—The field coils, mounted on the stationary iron frame
of the alternator, surround the periphery of the inductor. The
magnetic flux pmduuad by these coils passes through the laminated
armature and armature coils, the air gap, and the inductor, This
flux is periodically decreased by the nonmagnetic sections of phos-
phor-bronze embedded radially in the inductor at its periphery.

Armature coils.—The armature or stators are ring-shaped and are
made of laminated iron. Six hundred slots are cut on the radial
face of each; a quadruple silk-covered copper wire, 0.016 inch (0.4

t Alexsnderson, Trans. Amer. Inst. Electr. Eng., vol. 25, p. 394, 1908,
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millimeter) in diameter, is wound in a continuous wave up and down
the successive slots. The peripheries of the armature frames are
threaded to screw into the iron frame of the alternator. By means of
a graduated scale on the alternator frame, the armatures can be
readily adjusted for any desired air gap.

Inductor.—The inductor or rotor has 300 teeth on each side of its
periphery, spaced 0.125 inch (3.17 millimeters) between centers.
The spaces between the teeth are filled with U-shaped phosphor-
bronze wires, securely anchored, so as to withstand the centrifugal
force of 80 pounds (36.3 kilograms) exerted by each. Since each
tooth of the inductor gives a complete cycle, 100,000 cycles per
second are developed at 20,000 revolutions per minute. The diame-
ter of the disk being 1 foot (0.30 meter), the peripheral speed is
1,047 feet (319 meters) per second, or 700 miles (1,127 kilometers) per
hour, at which rate it would roll from the United States to Europe
in four hours. By careful design and selection of material, u factor
of safely of 6.7 is obtained in the disk, although the centrifugal
force at its periphery is 68,000 times the weight of the metal thers.

Bearings—The generator has two sets of bearings, as shown in the
illustrations, the outer set being the main bearings which support
the weight of the revolving parts. These bearings are self-aligning
and are fitted with special sleeves, which are ground to coincide
with longitudinal corrugations of the shaft, thus taking up the end
thrust. A pump maintains a continuous stream of oil through these
bearings, thus allowing the machine to be run continuously at full
speed without troublesome heating.

The middle bearings normally do not touch the shaft, but take up
excessive end thrust and prevent excessive radial vibration of the
flexible shaft.

An auxiliary bearing or guide is placed midway between the gear
box and the end bearing. Its function is to limit the vibration of
that portion of the shaft.

Oritical periods.—In starting the machine, severs vibration ocours
at two disiinet critical speeds, one at about 1,700 and the other at
about 9,000 revolutions per minute. The middle bearings prevent
this vibration from becoming dangerous.

Voltage—With the normal air gap between the armatures and
revolving disk of 0.015 inch (0.38 millimeter), the potential developed
is 150 volts with the armatures connected in series. It is possible,
however, to decrease the air gap to 0.004 inch (0.10 millimeter) for
short, runs, which gives a corresponding increase in voltage up to
nearly 300 volts, It is considered insdvisable, however, to run with
this small air gap for any considerable length of time.

The machine is intended to be used with a condenser, the capacity
reactance of which balances the armature induetion reactance, which



Smithasnlan Repart, 121 Squiar,

"Il | W
. ——

FronT anp Rear ViEw oF HicH-FREQUENCY ALTERNATOR, Daving MoToR,
AND SWITCHBOARD.







MULTIPLEX TELEPHONY AND TELEGRAPHY—SQUIER, 137

is 5.4 ohms at 100,000 cycles. Tis would require a capacity of
about 0.3 microfarad for resonance at this frequency, but in the
axperiments conducted at 100,000 cycles it was found necessary to
decrease this amount on account of the fixed auxiliary inductance of
the leads.

CONSTANTS OF THE TELEPHONE LINE.

The telephone line used in these experiments extends from the
Signal Corps laboratory at 1710 Pennsylvania Avenue to the Signal
Corps research laboratory at the Buresu of Standards.

This line is made up of the regular standard commercial equipment
and consists of paper-insulated, twisted pairs in lead-covered cable,
placed in conduit in the usual manner employed for city installation.
For the sake of convenience, one of the pair is designated as No. 1
wire and the other as No. 2 wire.

The air-line distance between the two laboratories is a little over
3 miles (4.8 kilometers), but the telephone line, by passing through
thres exchanges, covers about 7 miles (11.27 kilometers). The course
of the line, with the size and type of conductor, is as follows:

Lahoratory to main exchange, underground cable; No. 22 B, & 8.

Muin exchange to west exchange, underground cable, No. 19 B. & 8.

West exchange to Cleveland exchange, underground cable, No, 18 B. & 8.

Cleveland exchange to Bureau of Standards, underground cable, No. 19 B. & 8,

All underpround cable excapt from Bureau of Standards to Wisconsin Avenue and
Picrca Mill Road, about 3,400 feot, which is nerial cable.

This line is equipped with protective heat coils of a standard type,
one in each wire of the metallic circuit, at the Cleveland exchange and
the main exchange, but none at the west exchange. The mmtant.a of
each of these coils are as follows:

Tirect cormont resistance of B5° B iooiiniiiniininnnncanrnnnnnnnss ochms.. 3.8

Size of wire, No. 30 B. & 8.

Hu.mbato[tum:mmhcuﬂ uhuut R R A B i T

Messured inductance at rﬂmﬂc}ﬂm s Ry b e s SR N
Or 4.4310* henry,

The above constants were measured from a sample of one of these
coils selected at random.

Reoststance of metallie clremit. . .. ccvocrrecesrra e rsinsnnsssisasasnns chma.. 778
Capacity mmuted (one minute electrification) between Xb. 1 and No. 2 wires
............................................................. microfarad. . 0, 69
Imulnﬂmmutlnca.
Between No. 1 wire and earth.. ...megohms.. 0.9
Between No. 2 wire and earth.. il e .,....I:Iu.... L3
Between No. 1 and No. ﬂwummpunllniamlmnh -do.... OB
Between No. 1 and No. 2 wires.. s s ﬂa... 21

The line included the usual hﬂus&-wmng at ench station, wh.mh was
undisturbed in taking the measurements.
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II.—DUPLEX-DIPLEX TELEPHONY OVEE WIRE CIROUITS.

Such has been the development of telephone engineering that at
present any proposal which requires for its success the supplanting of
the present low-frequency battery system would be most radical. It
would surely be admitted that any plan which permits the present
engineering telephone system to remain intact and superimpose
thereon additional telephone circuits would possess cardinal advan-
tages. Accordingly, the first preliminary experiments weredirected
to the inquiry as to whether or not it is possible to superimposeupon
the minute telephonic currents now employed in telephony over wires,
electric waves of ultra-sound frequencies without causing prohibitive
interference with the battery telephone currents. Manifestly, this
fundamental point can best be determined by experiments, at the
generator itself, with the most sensitive part of the telephone equip-
ment, viz, the telephone receiver. Accordingly, experiments were
first conducted with various forms and types of telephone receivers in
connection with loeal circuits at the generator. Such is the sensibility
of the telephone receiver that it was thought possible that, although
currents of frequencies entirely above audition were applied to the
receiver from & dynamo as a source, there might be some frequency or
frequencies from the operation of the apparatus which would be within
the range of audition. Such was found, in fact, to be the case at cer-
tain eritical frequencies of the machine, but they were of no practical
importance, as will be shown later.

With a collection of telephone receivers ranging from shout 50 to
over 8,000 ohms and of a variety of designs, a series of tests was made
under severe conditions to determine the above point. It was found,
in general, that alternating currents of frequencies ranging from 30,000
to 100,000 eycles per second, when coupled conductively, inductively,
or electrostatically to local circuits from the generator produced abso-
lutely no perceptible physiological effects in the receivers, excepting
only that at certain of the lower frequencies a distinet audible note
could be faintly heard in one of the receivers of about 250 ohms
resistance.

A search for the cause of this note showed that it is due to a slight
variation of the amplitude of the high-frequency current of the gen-
erator, since no evidence of it could be detected on the battery tele-
phone side of the circuit. It appears to be caused by 8 *very slight
vibration of the rotor as a whole in the magnetic field of the generator.
It was almost entirely removed by the simple device of opening out,
the stators, which increases the clearance and materially cuis down
the flux of the machine. In practice it is a distinet advantage, how-
ever, to havea trace of this note still left on the high-frequency side of
the circuit, otherwise there is no ready means of determining at the
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receiving end of the cable line whether or not the high-frequency cur-
rent is present on the line, whereas this note, which has to be searched
for in tuning and which was entirely tuned out when speech was best,
gave a very convenient method of testing for the presence of high-
frequency current. :

Having determined the general nature of this disturbance and its
comparative unimportance, no further investigation of it was consid-
ered necessary at that time.

The next fundamental point to determine was whether or not at
these frequencies a telephone can receive enough energy to make it
operative for producing sound waves in air.

Since the self-induction of a standard telephone receiver is high,
energy at these frequencies is effectively barred from it. Tn the wire-
less telegraph art, where the frequencies involved are from one hun-
dred thousand to several million per second, this problem has been
uniformly solved by the introduction of some form of detector for
electromagnetic waves, whose function is to transform the energy of
the high-frequency oscillations into other forms suitable to a type of
instrument such as a telephone receiver.

The next step, therefore, consisted in introducing various forms of
detectors, such as are now used in wireless telegraphy, between the
telephone receiver itself and the energizing circuit. Since the fre-
quencies being here considered are entirely above audition it was
necessary, in order to produce a physiological effect, to introduce
another element in this transformation, viz, some method of modify-
ing the continuous train of sustained oscillations from the generator
into groups or trains, the period of which falls within the limits of
audition. This was accomplished by employing the regular forms of
automatic interrupters, such as are now used in wireless telegraphy,
with the expected result that with these two additional and essential
pieces of apparatus operatively connected between the telephone
receiver and the generator, the energy of the generator was delivered
to the ear in a form well suited for physiological effects. Since it is
well known that the human ear is most sensitive at a period of about
500 eyecles per second, or 1,000 alternations, interrupters giving this
frequency were employed.

The presence of the detectors in this chain of transformations is
necessitated by the use of the telephone receiver as a translating
device.

Although some of the detectors for electric waves are very sensifive
to electrical energy they are here employed not beeause they are more
sensitive to electrical energy than is the telephone receiver itself,
which is not the case, but becausethe telephone receiver is not adapted,
for the reasons stated above, to translate electrical energy of these fre-
quencies into movements of its diaphragm.
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The clements of the apparatus thus far include a generator of sus-
tained high-frequency oscillations, an interrupter to modify the am-
plitude of these oscillations into groups of a period within the range of
sudition, some form of detector to rectify these oscillations, and a tele-
phone receiver. Manifestly here are all of the elements that are neces-
sary for telegraphy, using the telephone receiver to interpret the
mgllilf in the above mentioned chain of apparatus the interrupter is
replaced by some form of telephone transmitter, such as the micro-
phone, this is all that is necessary for the transmission of speech.

Experiments were made over local circuits with apparatus arranged
in this order over a range, of frequencies from 20,000 to 100,000 per
second, with the result that speech was transmitted very satisfac-
torily. Upon removing the detector from the above arrangement all
perceptible effect in the telephone receiver ceased; in fact no
ment of connections of a telephone receiver to such a high frequency
circuit which did not include some form of detector was found to be
operative for telephony, unless certain low resistance telephones were
used in which case the speech was so much weaker as to be of an
entirely different order of magnitude.

The presence of a detector in this chain of operations, is not ahso-
lutely necessary in the case of telegraphy, since if the interrupter
automatically produces a definite number of wave-trains per second,
each train consisting of at least several complete oscillations, an effect
may be produced upon a telephone receiver directly without a detector.
The physiological effect, however, is quite different, the clear funda-
mentsl note corresponding to the frequency of the interrupter being
no longer audible, but, instead, a peculiar dull hissing sound. If, how-
ever, & telephone receiver was used, which, instead of having a per-
manent magnet as a core, had one of soft iron, no effect without the
detector was produced with the energy used. :

As stated above in the case of telephony, the energy required for
telegraphy without a detector is of a different order of magnitude,

Having determined the necessary and sufficient conditions for the
accomplishment of telegraphy and telephony by means of electric
waves guided by wires upon local cireuits, the next step was to apply
these means and conditions to an actual commercial telephone cable
line, the constants of which have been given above.

The machine was run at a frequency of 100,000 eycles per second
with the circuit arrangements as shown in figure 1, where one wire of
the telephone cable was connected to one terminal of the secondary
of an air-core transformer, the other terminal being connected to
earth. '

At the recaiving end of the line, which was the Signal Corps con-
struction laboratory, at 1710 Pennsylvania Avenue, Washington,
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D. C.; this wire was connected directly to earth through a “perikon”
crystal detector, such as is well known in wireless telegraphy, and a
high resistance telephone receiver of about 8,000 ochms was shunted
around the erystal. In this preliminary experinfent no attempt was
made at tuning, either at the transmitting end or at the receiving
end of the line.

In the primary circuit of the ggnerator, arrangements were made
by which either an interrupter and telegraph key or a telephone
tranemitter could be inserted by throwing a switch.

In the line circuit a hot wire milliammeter was inserted in a con-
venient position so that the effect of the operation of either the
telegraph key or of the human voice upon the transmitter could be
observed by watching the fluctuations of the needle of the milliam-
mater.

A loose coupling was employed between the two circuits at the
transmitting end, and the line circuit adjusted by varying the eoup-
ling until the eurrent in the line was 20 to 30 milliamperes. With
this arrangement (1) telegraphic signals were sent and easily received,
and (2) speech was transmitted and received successfully over this
single wire with ground return.

The ammeter showed marked fluctuations from the human voics
and enabled the operator at the transmitting station to be certain
that modified electric waves were being transmitted over the line.

The actual ohmic resistance of the line apparently played an
unimportant part for telegraphy at 100,000 cycles, since with one
of the wires of the pair and a ground return, the effect of doubling
the conductivity of the wire by joining both wires in parallel, although
this arrangement increased the capacity of the wires, could not be
detected with certainty by an operator listening to the signals and
unaware of which arrangement was being used.

Inserting in.the line wire a noninductive carbon rod resistance
of 750 ohms, which is practically the resistance of the line itself,
could not be detected by any change in the intensity of the received
signals.

The next experiment was to determine what effect, if any, such
sustained electrical oscillations would have upon the minute tele-
phonie currents employed in battery telephony.

DUPLEX TELEFHONY, USING ONE GROUNDED CIROUIT.

To determine the fact that electric waves of ultrs sound frequency
produce no perceptible effect when superimposed on the same circuit
over which telephonic conversation is being transmitted, the next
step was to use such a train of sustained oscillations as the vehicle
for transmitting additional speech over the same circuit. For this
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purpose the twisted-pair telephone line was equipped with a com-
plete standard local battery telephone set, as installed for commercial
practice, and in addition one of the wires of the pair was equipped as’
in figure 1, the circuit-being shown disgrammatically in figure 2,
This particular arrangement was employed in this experiment for the
reason that it was desired to have the battery telephone operate
on its unsual circuit with the introduction of ground connections

at the ends of the

- LasoraTorY  line for the super-

STANDARDS SIGNAL: CORPS positionof thehigh-
frequency  cireunit.

] When such ground

l@l ; connections were

' introduced direetly

without tuning ele-

ments therein the
metallic circuit ex-
perienced the usual
disturbances found
under city conditions, but the metallic circuit could be reduced to
silence again by introducing in thq ground connections the necessary
tuning elements of magnitudes suited to wireless telegraphy.

Next, the twisted-pair telephone line was equipped with a com-
plete standard local battery telephone set, as installed for commercial
practice, with the exception that the local battery cirenit of the
transmitter tele-
phone set was

upﬂ:ned and a few e e
turns of coarse wire W | | . l:}ﬂh
inserted in series : |{

with the two dry
cells which are nor-
mallyused, asshown ml
in figure 3. Indue-
tively connected

with this coil was

the armature circuit

of the generator. A hot wire milliammeter was placed in the line
eireuit to indicate the magnitude of the high-frequency current which
was flowing on the line. With this arrangement tests were made to
determine whether or not there were any effects upon the transmission
of speech, due to superimposing high-frequency currents upon the
battery telephone sets. With an operator at each end of the line,
using the equipment in the regular commercial way, the direct-current
voltage and the alternating-current voltage in series with it in the

Fra, 1.
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primary circuit of the transmitter were varied individually and rela-
tively in a variety of ways, with the striking result that just at the
point whera the direct-current voltage was decreased, so that no
sounds were received, the line beeame absolutely silent, although the
alternating voltage in the eircuit was at its largest value, or, again,
speech would reappear at the receiving station at the moment when
sufficient direct=current voltage was introduced to produce it, and the
simultaneous presence of both fhe maximum direct voliage and
maximum high-frequency voltage in a circuit produced exactly the
same result as the
maximum direct-eur- m—'.'ﬂﬂ'-\'” !
rent voltage did alone.
When, however, the
high-frequency  cur-
réntin the local cirouit
_was forced to a point
which caused “burn-
ing” in the transmit-
ter itself, then, and
then only, did the
high-frequency  cur-
rent in any way inter-
fere with the trans-
misgon. T

By transferring this
coil from the local
eircuit of the tele-
phone set directly into
the linie itself, so that
the high-frequency
oscillations would be superimposed upon the line beyvond the iron-
cored induction coil of the telephone transmitter, it was not possible
to detect the presence or absence of high-frequency currents.

As a test under severest conditions the effect was noted upon
speech received at the same station at which the high-frequency
current is being impressed, for here are the attenuated telephonic
currents at the receiving end of the telephone line, on which is super-
imposed & high-frequency current of vastly greater magnitude at
the same point. No effects of any kind could be detected under
these conditions. From the abdve experiments it appears that in
any attempt at multiplex telephony by means of electric waves of
ultra sound frequencies superimposed upon the minute telephonic
currents employed in battery transmission there is nothing to fear
from disturbances of such currents upon the operation of the ordinary
battery equipment.
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SILENT EARTH CIRCUITS.

The electromagnetic constants of the apparatus employed in tele-
graphy and telephony over wire cireuits are of the order of magnitude
of microfarads and henrys, and since no attempt is made at tuning,
these are construeted at present with no provision for continuously
varying the units.

In wireless telegraphy and telephony these electromagnetic con-
stants are of the order of magnitude one thousand times smaller, or
are expressed in thousandths of microfarads and of henrys; further-
more, these forms of apparatus are provided with convenient means
of continuously varying their values for tuning.

In the operation of providing tuning elements for earth connections
there is at the same time afforded & certain means of eliminating any
harmful disturbances from the earth, for the condensers employed
for tuning to frequencies above sudition possess an impedance to the
frequencies involved in speech and also any disturbances from the
earth, which effectively prevents the passage of any disturbance of
audible frequency. These condensers offer a comparatively free pas-
sage to the electrical oscillations of the frequéncies here being con-
sidered. When such earth connections are selectively tuned with the
line to frequencies entirely above audition it is evident that no audible
frequencies, either in the earth itself or from the line, can pass. Sim-
ple experiments proved the efficiency of this arrangement, and when
the metallic telephone circuit, equipped with a standard local hattery
set, was connected to earth in the manner described, the operation
of the battery set was perfectly quiet and equally good with and with-
out such earth connections,

The point was now reached where the road was clear for duplex
telephony, and for this purpose the apparatus snd methods employed
in wireless telephony were applied to one of the wires of the metallic
cirenit as though it were an antenna. The actual arrangement of this
ch-nujj.isahuwninﬁgmi,inwhichﬁiathamumofausmimdbigh
frequency oscillations; C’ is the tuning condenser of the oscillatory
cirenit; L’ is the tuning inductence of the oscillatory cireuit; P is the
primary of the oscillation transformer; A is the ammeter; M is the
transmitter microphone; S is the secondary of the oesillation trans-
formerin the line circuit; C is the tuning condenser in the line cirouit;
L is the tuning inductance in the line circuit; A’ is the ammeter in the
line. At the receiving end of the line C, is the line tuning condenser;
L, is the line tuning inductance; P, is the primary of the oscillation
transformer; S, is the secondary of the oscillation transformer; LY
is the tuning inductance in the oscillatory cireuit; e,” is the tuning
condenser in the oscillatory circuit, between wiich and the tele-
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phone F’ the detector D is operatively connected; E is the earth
eonnection. .

The local battery telephone sets are connected across the two line
wires in the usual manner. In both sets 1 is the microphone trans-
mitter; 2 is the local battery; 3 is the induction coil; 4 is the ringing
system, including the bell and hand generator; 5 is the switch hook;
6 is the telephone receiver.

It was found that eross-talk was heard in the detector cireuit from
the battery transmitter at the transmitting end when the detector
cireuit alone was connected directly to earth from the line without
any tuning coil or condenser. If, however, the tuning condenser was
inserted, this cross-talk entirely disappeared, even though the tuning
eoil was not inserted. This is because the impedance of the small
tuning condenser is large for telephonic frequencies, while the tuning
coil impedance admits these telephonie frequencies. Both elements
of tuning are required for selective absorption of energy, so that the
high-frequency circuit is available as an additional telephonic cireuit.
With this arrange-

ment talkingin the |"_

transmitter of the J:F By o =y -

high-frequency side I Tl ] [

of the system was 3= 5 Te
i s 1.,l

heard only in the
detector and there
was no cross-talk
from the ordinary
local battery ecir-
cuit. Similarly,
there was no effect of the high-frequency transmission on the local
battery transmission, and the two telephonic messages were com-
pletely separated. Both circuits were entirely free from earth dis-
turbances.

The volume of speech at the receiving end of the cable is greatly
increased by simply inserting the transmitter in the dynamo eireuit
and operating this circuit at or near resonance. In addition, the
coupling at both transmitting and receiving stations should be so
designed as to permit adjustment for optimum.

The frequency used in this experiment was about 100,000 cyeles
per second. The talk on the regular battery circuit was of the usual
high standard both ways, so that the only reason at this point why
complete duplex-diplex telephony was not obtained was the fact that
there was no high-frequency dynamo available at the laboratory.
There is, however, available at this laboratory one of the latest forms
of the high-frequency are, and accordingly this was arranged with
suitable electromagnetic constants fo give a period of about 71,000

38734°—ax 1011—10

Fig. 4
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eycles per second, as measured by a standard wave meter such as is
now commonly used in wireless telephony and telegraphy. This
source of high-frequency electromotive force was induced upon the
high-frequency line wire in a similar manner to that deseribed in the
station at the Bureau of Standards, with the result that one of the
wires of the twisted pair was made to carry simultancously the bat-
tery telephonic currents from the two transmitters, the high-frequency
oscillations of about 100,000 cycles per second, applied at the Bureau
of Standards, and the high-frequency oscillations of about 71,000
cycles per second, applied at the laboratory. No influence from these
conditions was perceptible upon the excellence of the battery trans-
mission and reception of speech either way.

DUPLEX TELEPHOXY, USING METALLIC CIRCUIT.
(A) DRIDGING ARRANGEMENT.

The next experiments pertained to the standard metallic cirenit
as universally used on telephone toll lines in congested districts,
The electric constants of this line have already been given.

The next step was to remove entirely the earth connections from
the metallic circuit and superimpose both telephonic cireuits upon
the same pair of wires, as shown in figure 6, in which the high-fre-
quency apparatus, shown disgrammatically in figure 5, is bridged
across the line wires A and A’. G is the source of sustained high-
frequency oscillations; C, is the tuning condenser of the oscillatory
circuit; L, is the tuning coil of the oscillatory circuit; P is the pri-
muary of the oscillation transformer; A is the ammeter; M is the
transmitter microphone; S is the secondary of the oscillation trans-
former in the line circuit; C is the tuning condenser in the line eircuit;
L is the tuning inductance in the line cireuit; A, is the ammeter in
the line. At the receiving end of the line, € is the line tuning con-
denser; L is the line tuning inductance; P’ is the primary of the
oscillation transformer; 8’ is the secondary of the oscillation trans-
former; L' is the tuning inductance in the oscillatory cirenit; C” is
the tuning condenser in the oscillatory eireuit, between which and
the telephone F the detector D is operatively connected.

The local battery telephone sets are connected across the line wires
in the usual manner. In both sets, 1 is the microphone transmitter;
2 is the local battery; 3 is the induction coil; 4 is the ringing system,
including the bell and hand generator; 5 is the switch hook; 6 is the
telephone receiver.

Since the high-frequency apparatus as commercially developed in
the wireless felegraph art was used, each of the units was variable
and had been previously carefully calibrated by reference to the
standards of the Bureau of Standards. The coupling coils were of
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the design adapted for wireless telephony, the coefficient of coupling
being adjustable between wide limits. It was therefore a matter of
hours to run through a large number of experiments in which various
combinations were tried.

The transmitters first tried were those of the microphone type
inserted in the armature circuit of the dynamo and provided with
water cooling when currents of several amperes were to be used.

It was soon found, however, that the efficiency of transmission of
this cable line was so good for electric waves of these frequencies that
a very small eurrent, in the neighborhood of 2 milliamperes, sent into
the line was amply
sufficient for good
speech at the re- x I I%
eeiving end about i ;i :

7 miles distant.

No attempt was '
made to determine
to what lower limit the transmission current could reach in this
respect, but such small currents enabled the ordinary telephone
transmitter to be used without any provision for cooling, especially
when it was inserted in the line eireuit instead of in the armature
circuit of the dynamo.

The telephone receivers were those regularly furnished for wireless
telephony, ranging in resistance from 2,000 to 8,000 chms.

Resonance.—As was expected, the phenomena of resonance under

Fro. 5.

the conditions which here obtained were very pronounced and highly
consistent, since there is here a definite cirenit free from the disturb-
ances and variations inherent in radio telegraphy and telephony.
In wireless telegraphy and telephony it is well known that within a
few minutes transmission will drop off many fold from causes not en-
tirely understood, and from diurnal variations and electrostatic dis-
turbances, effective transmission is often prevented.

In general, the different circuits were tuned to resonance in the
same manner, for the same purpose, and with the same effect as in
wireless telephony and telegraphy.
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The line circuit itself was readily tuned to resonance for the par-
ticular frequency of the dynamo by noting the maximum reading of
the hot wire ammeter A, in the line itself. This maximum is readily
found by varying either the capacity C or the inductance L, or both.

At the receiving end of the line, coil L’ and the condenser (', as well
as the coil 1.’ and the condenser €', were tuned to give a maximum
intensity of signals in the receiving telephone of the audion.

The audion, a detector of the so-called vacuum type, consists of an
exhausted bulb containing (¢) a tungsten filament maintained at in-
candescence by a current from a local battery of 6 volts and (5) two
platinum electrodes insulated from the filament and from each other.
To these electrodes, one of which isa platinum plate and the other a
platinum grid, there are applied through the high resistance receivers
about 35 to 45 volts from a local battery. The brilliancy of the fila-
ment is controlled by a small series theostat, and the voltage applied
to the insulated terminals by a local potentiometer.

The gases in the bulb, becoming ionized by contact with the glowing
electrode, serve as a conductor of electricity, having a high unilateral
conductivity, If the platinum wire grid is close to the hot filament
and the plate at some greater distance, the direction of greater con-
duetivity is from the plate through the gas by the ionie path to the
grid, so that if the positive terminal of the telephone battery is ap-
plied at the plate terminal and the negative at the grid terminal, a
sufficient current to operate the telephone will flow.

If the terminals of the condenser of a resonant receiving circuit are
connected to the grid and to one terminal of the filament the high
frequency e.m.f. impressed from this resonant circuit will cause a
greater current to flow through the gas in one direction than in the
other, as in the case of the direct-current potential applied through
the telephone receiver. This rectifying effect will be reproduced in
the telephone receivers, causing them to make audible the received
signals.

By changing the coefficient of coupling or the potential across the’
audion, which is adjustable, or the amount of ionization of the gases
in the tube by adjusting the current through the filament, or any
combination of these, it was found that the receiving operator could
bring out the speech to suit his particular fancy.

As stated above, the dynamo operated regularly at ranges from
100,000 eyeles per second down to 20,000 cyeles per second. It was
therefore possible to try the effect of a comparatively wide range of
frequencies in these experiments, covering three octaves, the indue-
tances and eapacities being chosen to correspond to each particular
frequency. It was found that more energy was delivered over this
particular type and length of circuit by using the lower frequencies of
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this range than the higher ones, although efficient results were easily
obtained at any point.

The battery telephone side of the equipment was left absolutely
intact, as it would be commercially used, and severe tests were made,
employing four operators, to determine the efficiency of two simulta-
neous conversations over this same pair of wires.

The ringing circuit was operative both ways with no apparent effect
on the high frequency telephone transmission. This ringing circuit
develops a comparatively large alternating current flowing in the wire
at about 30 cycles per second and at & voltuge of many times that of
either the high frequency or the battery side of the circuit.

Articulation tests, including music, numerals and other difficult
combinations, gave satisfactory results, with no interference what-
ever between the two sides of the circuit.

By holding one telephone receiver to one ear and the other receiver
to the other ear the receiving operator could hear two entirely
different conversations simultaneously over the same pair of wires.

(n) BEMIES ANRANGEMENT,

A circuit was next made up with high-frequency apparatus inserted
directly in the line in series, instead of in the bridging arrangement
shown in figure 5. The
eireuit used is shown dia; P
grammatically in figure 7, = o=c"
in which L and L’ are the W

secondary coils of the i

transmitter and receiver, ﬂ@
respectively. C and ('
represent variable con-
densers of the order of magnitude used in wireless telegraphy and serve
aslow impedance paths for the high-frequency oscillations, and at the
same time prevent the short circuiting of the low-frequency battery
telephone current. Tt was found that this arrangement gave appar-
ently as good results as the bridging arrangement of the circuit.

III.—DUPLEX-DIPLEX TELEGRAFHY,

b ||

Fia. 7.

Having described in detail the experiments for obtaining the
simultaneous transmission of two telephonic messages over a singls
circuit, it will be apparent that the problem of transmitting two
telegraphic messages over the same circuit may be solved by methods
and apparatus as far as the high-frequency side of the circuit is con-
cerned, which are practically identical with those deseribed above.

In this connection the metallic circuit referred to was equipped
with & standard Morse set for manual operation, and upon this cir-
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cuit was superimposed an equipment for transmitting in one direction
telographic messages by means of sustained high-frequency oscilla-
tions, employing the telephone as the means for receiving the signals.
The circuit used is shown diagrammatically in figure 8, in which, in
the Morse set, there are shown between the line wire and the ground G,
the line relay S, the key K, and the line battery B; and the local
battery b and the sounder s; and in which, in the high-frequency
set, are similarly shown between the line wire and the ground G the
tuning elements C and L; and at the transmitting end the oscillation
transformer T, the primary of which is in circuit with the dynamo
as a source of sustained oscillations, the telegraph key K’, the inter-
rupter I and the tuning elements C’ and 1’, and at the receiving end
the oscillation transformer R in the secondary cireuit of which are
included the usual tuning elements and operatively connected to
them the detector and its telephone as a means of receiving the

As noted in the case of the preliminary local circuit tests, it was
found that over this particular line it was not necessary to use a

detector for electromagnetic waves, since enough energy was delivered
to operate the telephone receiver by connecting it directly between
the line and the earth.

The sound produced, however, was characteristically different
in the two cases. With the detector the individual signals had the
characteristic tone corresponding to the interrupter at the trans-
mitting end of the line, whereas without the detector this tone was
entirely absent, and & general dull sound, due to the resultant action
of the wave-trains was heard. If, however, a telephone receiver was
employed with a soft iron core, instead of a permanent magnet, no
result was obtained with the limited power used on this line.

Although little mention of telegraphy by high-frequency electric
waves has been made thus far, as a matter of fact it was found
convenient during the experiments upon telephony sactually to
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employ telegraphy as a quick and ready means of determining
resonance between the circuits in each particular case.

When any particular arrangement was being employed the first
steps were invariably to send simple Morse signals over the circuit
until the operator at the distant end of the line reported maximum
loudness in the receiving telephone, which indicated that the ter-
minal spparatus with the line circuit was properly tuned. This
being accomplished, it was necessary only to throw a switch to
substitute for the automatic interrupter and telegraph key the
telephone transmitter, and the experiments could then proceed on
telephony without any material change being made at the receiving
station. Telephony and telegraphy thus proceeded hand in hand
as a mere matter of convenience, and one of the practical advantages
in the use of electric waves for transmitting intelligence is that the
whole set-up of apparatus is practically the same for each and they
ean be used interchangeably over the same circuit,

Considering the Morse equipment, indicated in figure 8, the electro-
magnetie units involved are of the order of magnitude of microfarads
and henrys, and the period of the interrupted direct current for
Morse gending is not more than the equivalent of about 10 complete
cycles per second, whereas in the high-frequency side of the circuit
the electromagnetic units are of the order of magnitude of thousandths
of a microfarad and of thousandths of a henry and with frequencies
not less than 2,000 times greater than those involved in mannal
Morse sending. Furthermore, the ohmie resistance of the line which.
plays a prominent part in limiting the distance and speed of Morse
working, is comparatively unimportant in the case of electric waves
guided by wires. The operation of the line equipped as in figure 8
was perfectly satisfactory, there being no perceptible interference
between the two messages in either direction.

Since the standard telegraph circuits of the world use a ground
return, this same equipment was arranged to operate on one of the
wires of the twisted-pair in the telephone cable as such a circuit
with earth connections at each end, and its operation was equally
successful.

Since it is a well-known characteristic of high-frequency apparatus
used in tuned cirenits that there shall be no iron involved in the
cireuit, it is evident that in cases where such a high-frequency cur-
rent is to be superimposed upon a line comprising way stations,
where line relays are inserted directly in the circuit, it will be neces-
sary and sufficient to shunt such way stations by condensers of the
order of magnitude of thousandths of a microfarad. Such con-
densers offer a comparatively free path for the high-frequency electric *
waves, but interpose a practical barrier to the Morse frequencies.
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The same general statement can be made relative to any of the
standard forms of low-frequency telegraphy over wires as now
practiced, such as the polar duplex, the differential duplex, and the
duplex-diplex, employing alternating currents of low frequency and
standard keys, relays, and sounders.

Inserting a regular 150-ohm telegraph relay in series in the line
euts down the high-frequency current to a small percentage of its
original value, which indicates the marked influence of the presence
of iron in such a circuit. Furthermore, it was noted that at 100,000
cycles the hysteresis of the iron core was so great that it became
heated very perceptibly in a few moments.

Since a portion of the telegraph lines now used is still composed
of iron wires, it would be expected that electric waves would be
propagated over such wires less efficiently than over copper wires,
although it is well known that electric waves penetrate only about
one-thirteenth as deeply into soft iron for a given frequency as into
copper, but this is modified by the fact that the iron in telegraph
wires is not soft iron and in addition is galvanized.

[Section 4 of this paper, giving details of measurements of electrie
waves of frequencies from 20,000 to 100,000 cycles per second on a
standard telephone cable line, is omitted from the present reprint
by the Smithsonian Institution.]

BUMMARY.

Radiotelegraphy has no competitor as a means of transmitting
“intelligence between ships at sea and between ships and shore stations,
and on land it is also unique in its usefulness in reaching isolated
districts and otherwise inaccessible points, To what extent it may
be also developed to furnish practical intercommunication sceording
to the high standard now enjoyed in thickly populated districts it
is not attempted to predict.

The foregoing experiments indicate that either the existing wire
system, or additional wires for the purpose may be utilized for the
efficient transmission of telephonic and telegraphic messages, and
the former without interfering with the existing telephone traffic on
these wires.

The fact that each of the circuits created by the use of super-
imposed high-frequency methods is both a telephone and a telegraph
cirouit interchangeably, makes it possible to offer to the public a new
type of service, which it is believed will offer many advantages to
the commercial world. This type of circuit should be particularly
applicable to press association service, railroad service, and leased
wire service of all kinds.

The experiments described should not be interpreted as in any way
indicating limitations to radio telegraphy and telephony in the future,
for their present rapid development gives justification for great pros-



MULTIFLEX TELEPHONY AND TELEGRAPHY—SQUIER, 158

pect for the future. It is rather considered that the whole system of
intereommunication, including both wire methods and wireless
methods, will grow apace, and as each advance is made in either of
these it will create new demands and standards for still further
development. We need more wireless telegraphy everywhere, and
not less do we need more wire telegraphy and telephony everywhere
and, again, more submarine cables. The number of submarine
cables connecting Europe with America could be increased many
times and all of them kept fully oceupied, provided the traffic were
properly classified to enable some of the enormous business which
is now carried on by mail to be transferred to the quicker and more
efficient cablegram letter. That time will surely come when the
methods of electrical intercommunication will have been so developed
and multiplied that the people of the different countries of the world
may become real neighbors.

Accustomed to the methods of transmitting energy for power pur-
poses by means of wire, it is a matter of wonder that enough energy
- can be delivered at & receiving antenna from a transmitting point
thousands of miles distant to operate successfully receiving devices.
The value of a metallic wire guide for the energy of the electric waves
is strikingly shown in the above experiments, and it furnishes an
efficient directive wireless system which confines the ether dis-
turbances to closely bounded regions and thus offers a ready solution
to the serious problems of interferences between messages which of
necessity have to be met in wireless operations through space.

The distortion of speech, which is an inherent feature of tele-
phony over wires, should be much less, if not practically absent,
when we more and more withdraw the phenomena from the metal
of the wire and confine them to alongitudinal strip of the ether which
forms the region between the two wires of 4 metallic cireuit.

The ohmic resistance of the wire as shown can be made to play a
comparstively unimportant part in the transmission of speech, and
the more the phenomena are of the ether, instead of metallic con-
duction, the more perfectly will the modified electrie waves, which
ure the vehicle for transmitiing the peech, be delivered at the receiv-
ing point without distortion.

It has been shown that the phenomens of resonance, which are
met with in so many different branches of physics, exhibit very
striking and orderly results when applied to electric waves propagated
by means of wires. By utilizing this principle it has been shown
that the receiving eurrent at the end of the line may be built up and
amplified many times over what it would be with untuned circuits.

The tuned electrical circuit at the receiving end readily admits
electromagnetic waves of a certain definite frequency, and bars
from entrance electromagnetic waves of other frequencies. This
permits the possibility of utilizing a single circuit for multiplex
telephony and telegraphy.
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RECENT EXPERIMENTS WITH INVISIELE LIGHT.:
[With 6 plates.]

By R. W. Woon, LL. D.,
Professor of Experimental Physica, Johns Hopling University,

By far the greater proportion of the discoveries which have been
made in natural science up to the present time depend upon observa-
tions made with the eye, either with or without the aid of optical
instruments. The eye is, however, sensitive to only a very small
part of the total radiation which reaches it, and it seems not unlikely
that, if its range could be extended, many new phenomena would
immediately come to light. By the employment of photography and
of instruments which detect and measure the intensity of the infra-
red or heat rays, much new information has been gathered, especially
in the science of spectroscopy; but usually these methods have been
applied only in cases where the invisible radiations were known to be
present. It seemed quite probable that if photographic methods
were applied to various physical phenomena which excluded the
action of any but invisible rays, new facts would probably be dis-
covered. I can illustrate what I mean by taking two striking cases
which were found at the very outset of the investigation, and which
will be more fully discussed presently.

H the finger be dipped into powdered zine oxide and rubbed
over a sheet of white paper, eye observation is absolutely unable
to detect the presence of the streaks made by the white powder,
unless it has been very thickly applied. If, however, we photo-
graph the paper with ultra-violet liht we obtain a picture in which
the streaks are as black as if made with powdered charcoal. This
suggests that if we apply the process to the photography of themoon
and planets, we have some reason to suspect that substances which
can not be detected visually may come out in the photographs, a
surmise which has been justified in one case at least. This and
other similar cases will be taken up in detail presently.

As an illustration of how the method may be applied to the inves-
tigation of various physical phenomena, we may take another
interesting case, in which a new radiant emission from the electrie
spark has been discovered. It was suspected that the very short

! Leeture before the Royal Institation of Oreat Britaln, Friday, May 19, 1011, Reprinted by permission
from author's separnte of Procesdings of the Hoyal Institution,
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waves discovered by Schumann, which are powerfully absorbed by
air, might possibly render the air fluorescent, the emitted light being
invisible, however, on sccount of its short wave length. A heavy
spark discharge was accordingly placed behind a small disk of metal,
which cut off all the direct light, and the surrounding region photo-
graphed with a quartz lens, which is transparent to the ultra-violet
rays. It was found that the air in the neighborhood of the spark
sctually did give off actinic invisible rays, the photograph giving
the impression of a luminous fog surrounding the metal disk.

1 will now show you an experiment which illustrates that two objects
which can not be distinguished under ordinary illumination may
appear quite different when the light which illuminates them is
restricted to certain regions of the spectrum. I have here two pieces
of scarlet silk which can not be distinguished the one from the other
in the light of the incandescent electrie lnmps which illuminate this
room. I now extinguish the lamps and place the two pieces of silk
under this Cooper-Hewitt mercury arc lamp, and as you see, one of
them still appears scarlet as before, while the other appears very dark
blue, almost black, in fact. The peculiarity of the mercury lamp lies
in the fact that it gives out little or no red light, consequently red
objects in general appear almost black. The peculiarity of this
particular piece of silk, by virtue of which it appears quite as red as
in ordinary lights, lies in the fact that the red dye with which it is
colored is fluorescent under the sction of the green rays from the
lamp; the red light is manufactured, so to speak, from the green
light by the coloring matter of the silk. If I place the are lamp
and the piece of silk behind this large sheet of red glass, you will
observe that the fabric is actually brighter than the lamp itself,
probably eight or ten times as bright. We can form an image of the
lamp on the silk with a lens, and the image will be many times
brighter than the lamp, which might be taken ss a refutation of the
old and well-known theorem in optics that no optieal system can
yield an image brighter than the source (!) Here is another piece of
white silk upon which I have made some red spots with this same
dye. By the ordinary illumination of the room it is seen to be white,
with large pink polka dots, something quite suitable for a young lady’s
summer gown. I now place it behind the red screen under the
mercury arc and it at once becomes quite diabolical in appearance,
bluish-black with flaming spots of scarlet, entirely unsuitable for the
aforementioned purpose.  The dye which was used for coloring
these fluorescent fabrics was rhodamin, The conditions of illumina-
tion and observation are, of course, rather special in these cases, and
I have introduced them merely to illustrate how the eye may be
deceived under certain conditions.
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Practically all sources of light in ordinary use give out more or
less ultra-violet light which plays no part in vision, but which can be
rendered apparent in various ways. 1 have on the table a new
arrangement by which these rays can be separated from the visible
ones. The apparatus is practically identical with the device quite
recently used by Prof. Rubens and myself for isolating the longest
heat waves that have been discovered up to the present time. It
can -be used as well for the isolation of the ultra-viclet, since its
action depends upon the high refractive index which quartz has for
these two types of radiation. The source is, in this case, an electric
spark contained in this box, and the ultra-violet rays are brought to
a focus upon a small circular aperture in a cardboard screen. The
focal length of the lens is so much greater for visible light that these
rays do not come to a focus at all, but are spread over a circular area
of a diameter nearly half that of the lens.

A penny has been fastened to the center of the lens with wax, and
this shields the aperture from the cone of visible rays coming from
the central portions of the lens. If T hold a sheet of white paper
above the aperture you observe that it remsins dark—that is, no
visible rays pass through to the paper; if, however, T substitute for
the paper this mass of uranium nitrate crystals, the presence of the
ultra-violet rays is made manifest, the erystals shining with a brilliant
green light.

Certain vapors shine with a brilliant light when exposed to these
invisible rays. One of the most striking is the vapor of metallic
mercury, which I can show you by beiling the metal in this flask of
fused quartz placed above the aperture. The metal is boiling now,
and you can all see the brilliant cone of green light which marks the
path of the ultra-violet rays through the metallic vapor. If I hold
a thin sheet of glass between the aperture and the flask, you will
observe that the vapor instantly becomes dark, for the glass stops
completely the rays in question.

The vapor of mercury exhibits an absorption band in the ultra-
violet region which resembles the band at wave-length 5803 shown
by dense sodium vapor. So powerful is this absorption that I have
detected it in the vapor of mereury at room temperature. It oceurred
to me that this light instead of being absorbed might possibly be
reemitted by the vapor laterally in all directions. To test this point
I sealed up a drop of mercury in an exhausted flask of quartz, and
focused the light of the mercury arc (burning in a silica tube) at the
center of the bulb, which was not heated. The bulb was then photo-
graphed with a quartz lens, and the picture clearly showed the eone
of focused rays precisely as if the bulb were filled with smoke. This
is another very good example of how new discoveries may be made
by ultra-violet photography.
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1f the object to be photographed gives off visible rays in addition
to the invisible ones, it is necessary to remove these by a suitable
screen or ray filter. We will begin by considering some remarkable
effects which are obtained when sunlif landscapes are photographed
by means of the obscure rays at the extreme red end of the spectrum.
A sereen can be prepared which transmits these rays, and is at the
same time opaque to all other radiations, by combining a sheet of the
densest blue cobalt glass with a solution of bichromate of potash or
some suitable orange dye.

Such a screen transmits a region of the spectrum comprised
between wave lengths 6900 and 7500. Though this region is visible
to the eye if all other rays are cut off, it is so feeble in its action that
it plays no part in ordinary vision, being overpowered by the other
radiations. We may thence, for convenience, call photographs made
through such a screen infra-red pictures, though the infra-red region
is usually considered as beginning at the point where all action upon
the human retina ceases.

The photographs which 1 am now going to show you were taken
through such a screen, with the spectrum plates made by Wratten and
Wainwright. The time of exposure was about three minutes in full
sunlight, with the lens stop set at f/8. The views were, for the most

made in Sicily and Italy, and have a very curious appearance,
for while the sky comes out in all of them almost as black as mid-
night, the foliage of the trees and the grass come out snow white.
This peculiar effect results from the failure of the atmosphere to
seatter these long rays. “The green leaves, however, reflect them very
powerfully, or, more correctly, transmit them, since we are dealing
with pigment or transmission color. If we look at 2 landseape
through the screen, carefully protecting the eye from all extraneous
light with a black cloth, we shall find that the trees shine with a
besutiful rich red light against a black sky. This condition obtains
only on very clear days, for the presence of the least haze in the air
enables it to seatter the long rays, and you will notice that in those
pictures which show the sky down to the horizon there is a pro-
gressive increase in its luminosity as we pass from the zenith down-
ward, as a result of the greater thickness of the mass of air sending
the scattered rays to the camera.

Another point to be noticed is the intense blackness of the shadows
in the infra-red pictures, due to the fact that most of the light comes
directly from the sun and little or none from the sky, which reminds
one foreibly of the conditions which obtain on the moon, where
there is no atmosphere at all to form a luminous sky.

When we come to the subject of photographs made with ultra-
violet light, we shall find that we have the conditions reversed, for
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practically all of these very short waves are scattered by the atmos-
phere, and we have no shadows even in full sunlight.

We will now run through the series of infra-red pictures as rapidly
as possible, for I have a considerable number of them. The one
which is on the sereen is one of the finest in the collection (pl. 1). It
was made in the park at Florence, and shows the long drive, over-
shadowed by trees, the one in the foreground being particularly fine
in appearance. The next one (pl. 2) was made at the bottom of
one of the old quarries or latomim at Syracuse, the view looking out
through a cavelike formation at a group of almond trees, with which
the quarry is overgrown.

Here is a fine row of eypresses growing by an old gate, taken on
a somewhat hazy day, with the sky appearing a little lighter than
usual. Some of the pictures show the advantage gained in bringing
out the detail of distant objects seen through the atmospheric haze,
and it does not seem impossible that photographs of the brighter
planets made through an infra-red screen might prove interesting if
the planets are surrounded by a light scattering atmosphere, for we
must bear in mind that the surface of the earth, as seen from & neigh-
boring planet, would be seen through a luminous haze, equal in
brilliance to the blue sky on a clear day; that is, it would present
much the same appearance as is presented by the moon when seen at
noonday.

We will now look into the question of how things would appear if
our eyes wero sensitive only to ultra-violet light. In applying the
same method which we have used for the infra-red, we require &
screen which is opaque to all visible light, but which transmits the
ultra-violet.

Glass is opaque to these rays, cutting them off almost completely,
and for this reason we can not employ glass lenses. Quartz, on the
other hand, is exceedingly transparent to these invisible rays, but it
is o little difficult to find & medium which is transparent to them and
at the same time quite opaque to visible light. Indeed, there is only
one substance known which: completely fulfills such a condition,
namely, metallic silver. If we deposit chemicully a thin film of
metallic silver on the surface of & quartz lens, a certain amount of
ultra-yviolet radiation between 3000 and 3200 is sble to struggle
through and form an image on the plate.

I have used silver films through which the filament of a tungsten
lamp is invisible. The best thickness is that at which the tungsten
lamp is just barely discernible. If the objects to be photographed
are illuminated with the light of an electric spark, or some other
source, rich in ultra-violet rays, much thinner films of silver can be
employed, but in the case of sunlight, which has passed through the
earth’s atmosphere, the ultra-violet in the region for which silyer has



160  ANNUAL REPORT SMITHSONIAN INSTITUTION, 1011,

its lowest reflecting power and greatest transparency has been so
tremendously weakened by atmospheric absorption, that it is neces-
sary to employ thick films and long exposures, otherwise the action
upon the photographic plate results chiefly from the violet and ultrs-
violet rays, which are eapable of traversing glass.

As an illustration of the behavior of silver films of different thick-
nesses, used as ray filters, we may take some pictures which were
made for the purpose of studying the reflecting power of various
metals, suitable for telescope mirrors, for ultra-violet photography.
As silver reflects only about 4 per cent of the ultra-viclet in the
spectrum range for which it is transparent, a silvered gluss reflecting
telescope for this purpose is obviously out of the question. Speculum
metal is fairly suitable, but speculum mirrors of large size are tronble-
some, and difficult to procure, T accordingly worked out a method
of depositing nickel on glass. The glass is first silvered, and then
electro-plated with nickel, by a process which I have described
recently in the “Astrophysical Journal (Deec., 1911). The double
sulphate of nickel and ammonia is used with one or two dry cells.
The solution must be very dilute (10 grams or less to the liter),
otherwise the nickel strips the silver from the glass. We have here
four pictures of a silvered glass dish, partially plated with nickel
(pl. 3, fig. 1). The silvered portion is marked Ag, the nickel Ni,
while at G we have a spot of clear gluss from which the metal has
been removed. The dish stands against a flat plate of polished
speculum metal Sp, and the metal surfaces reflect the light of the
sky to the camera. The first picture was made by blue and violet
light without any ray filter, and as you see the glass surface G is
quite black, while the silver reflects much more powerfully than the
nickel. The following three pictures were made with a quartz lens,
coanted with silver films of increasing thickness. The silver and
nickel reflect to about the same degree in the second picture, in the
third the silver is much darker than the nickel, while in the fourth
the silver is seen to reflect no more than the spot of clear glass G.
This last was made through a film, through which a tungsten lamp
was invisible. If these ultra-violet rays were visible to us, metallic
gilver would appear to have about the same reflecting power and

e as anthracite conl,

We will next take up the action of our at mosphere on these ultra-
violet rays. 1 have taken two photographs of a man standing in the
road in full sunshine, in the one case by ordinary light and in the
other by ultra-violet radiation. 1In the latter the shadow is com-
pletely ahsent. Ultra=violet behaves in exactly the opposite way to
the infra-red. The infra-red rays are enabled to drive through the
atmosphere without being scattered laterally by the molecules of the
air or the dust particles. The short or ultra-violet rays, on the other
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hand, are completely scattered, so that the greater part of the ultra-
violet light which reaches the surface of the earth comes from the sky
and not directly from the sun. If our eyes were sensitive only to
ultra-violet we should find the world appearing not greatly different
from the aspect which obtains at the time of light fog. We should,
indeed, see the sun, but it would be very dull, and there would be no
shadows, just as there are none on a foggy day. We should walk the
earth like Peter Schlemeil, the shadowless man of the German fable,

The next picture (pl. 3, fig. 2) illustrates the opacity of ordinary
window glass to ultra-violet radiation., It will be noticed that there
is no trace of the landscape seen through the glass window, although
it is clearly rendered in the companion picture taken with visible light.
Another difference to benoted in these pictures is that the flowers in
the garden, which are white in the picture taken with visible light,
disappear entirely in the picture taken by means of the ultra-violet
radiation. The white garden flowers become almost black, as is
shown in plate 4, figure 1, which shows white phlox photographed by
visible and ultra-violet light. Tt occurred to me that this ability of
the white flowers to absorb the ultra-violet rays might play some
economic part in the growth of the plant. T therefore experimented
with some flowers which had been grown under glass, and had thus
been deprived of ultra-violet, but I was unable to find any marked
difference between those which had been grown in the open and
others which had been deprived of their full quota of this radiation.
It is possible that if the experiments were carried on through the
course of a number of generations, we should find a difference. I
have found, however, that all white fowers are not equally dark when
photographed with ultra-violet light. White geraniums, for example,
come out much lighter than common white phlox, which is practically
black when photographed through the silvered quartz lens.

In order to demonstrate the difference in the appearance of one of
the common pigments when viewed respectively with visible light and
with ultra-violet radiation, some letters were painted in Chinese white
on & page of a magazine. In the photograph (pl. 4, fig. 2) taken with
visible light the Chinese white appears as white as the paper itself, if
not indeed whiter; but, photographed with the ultra-violet radiation,
it comes out absolutely black. One may say that what is Chinese
white in visible light becomes Japan black in ultra-violet. Under
this radiation also black printer's ink becomes lighter than in visible
light. This failure in the reflecting capacity of Chinese white is a
source of some annoyance in reproducing drawings executed in part
in this medium, as has been pointed out by Mr. A. J. Newton. In
working with my Chinese white I made a mistake in one letter in the
word “appears,” and carefully wiped it out, leaving no trace of the

387" —su 1011—11 e
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correction discernable in visible light; but when the photograph was
made with the ultra-violet, the erasure, otherwise invisible, showed as
a black smudge. The ultra-violet camera is evidently very much
more sensitive than the eye to the presence of traces of Chinese white
on the printed page, for so far as I could see every particle of the
pigment had been removed. Whether this has any bearing upon the
detection of forgeries has yet to be discovered.

‘Another elass of work in which this comparative study is likely to
be of service is the photography of celestial bodies. For the full
moon the exposure through the silver screen was two minutes with
altra-violet light belonging to the region 3000 to 3200. This length
of exposure necessitated an equatorial telescope with some means of
driving it to compensate for the moon's movement. The support for
my telescope was the framework of an old bicycle minus the wheels.
This carried a 4-inch refractor and & quartz-silver telescope, and by
the operation of a little screw it was possible to follow the moon
accurately for half an hour. It will be seen at once (pl. 5) that there
is very little difference between the ordinary image of the moon and
the one which is shown us by the ultra-violet radiation. Nevertheless
in the neighborhood of Aristarchus, which is the brightest crater on
the lunar surface, the photograph taken with the ultra-violet rays
chows & dark patch which is absent on the one taken with visible
light. I made an enlargement of the region in which this crater
appears, and it is evident that there is in its neighborhood a large
deposit of some material which can only be brought out by means of
the ultra-violet. These photographs of the moon make it appear
extremely probable that by carrying on experiments of this nature
on & larger scale we might get a good deal of new information as to
the materials of which the moon is composed. It is possible to
examine the igneous rocks of the earth under the different radiations,
and then compare them with the pictures of celestial objects obtained
at thessme wave-lengths. Ihave found that some rocks, which when

illuminated by ultra-violet rays appear darker than others, are lighter
than the others in visible light.

[Note added Octobar, 1911.]

(I have had constructed a 16-inch mirror of 26-feet focus which
I have coated with nickel, for extending the study of the ultra-
violet photography of the moon and planets. This is now being used
in combination with a plate of the new ultra-violet glass, 12 centi-
meters square and 1 millimeter thick, heavily silvered. The plate
was made by Zeiss, and I find that it is quite as transparent as quartz
for the rays transmitted by the silver filter. This reflector was
mounted on the 23-inch equatorial of Princeton University, and
some very fair pictures have been obtained, though the moon’s AT
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in declination could not be followed with sufficient accuracy to
secure the best results. Figure 7 (pl. 5) shows two views of the
region around Aristarchus (indicated by an arrow), one made with
yellow, the other with ultra-violet light. The dark deposit to the
right of the bright crater comes out very clearly in the latter. The
markings to the right of this region are quite different in the two
pictures. Immediately below the pictures of the moon are three
photographs made of two samples of voleanic “tuff’ arranged one
upon the other, with the crater Aristarchus marked with white chalk
(as a check upon the exposure). The left-hand picture was made
with yellow light, and the central specimen is lighter than the one
surrounding it. The right-hand one was made with ultra-violet,
and shows the central specimen distinetly darker. The middle
picture was taken with violet light, which shows the two specimens
of very nearly the same luminosity. I made an analysis of the
fragment of tuff which photographed dark in ultra-violet light, and
found that it contained iron and traces of sulphur. Photographs of
rocks stained with iron oxide did not show the required peculiarity,
and I accordingly attributed the result to the sulphur. A light deposit
of sulphur was formed on the surface of a piece of light-gray rock by
directing a fine jet of sulphur vapor against it. The deposit was so
slight that absolutely no trace of it could be detected by the eye. The
specimen was then photographed with yellow, violet, and ultra-
violet light, and it was found that the deposit was quite invisible in
the first picture, faintly visible in the second, and quite black in the
third—precisely the peculiarity shown by the deposit surrounding -
the crater Aristarchus. Plate 6, a, b, ¢, show the gradual appearance
of the deposit, which is an oval spot in the center of the specimen. I
feel inclined, therefore, to attribute this spot to an extensive deposit
of sulphur, resulting from vapor ejected from the crater. The shape
and vast extent of the deposit has always suggested to me that it
resulted from material driven out in & voleanic blast.]

Returning now from the moon to the physieal laboratory, we will
consider a further phenomenon which has been discovered and studied
by means of photography in the ultrs-violet region. The vapor of
mercury has an absorption band in this region at wave length 2536,
which I have made the subject of a somewhat extended investigation.
At low pressures the line is very narrow, resembling one of the D
lines of sodium, and I have detected its presence in mercury vapor
al room temperature by employing a tube 3 meters long closed with
quartz plates. It occurred to me that this vapor might prove to
be the substance which I have long sought for the study of what I
have named resonance radistion, i. ., a re-emission of light by absorp-
ing molecules, of precisely the same wave length as that of the light
absorbed. Sodium vapor was found to exhibit the phenomenon,
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but the experimental difficulties were so great that very little was
accomplished. A small box was made of brass and square plates of
quartz. The inside was varnished and blackened with soot, a drop
of mercury introduced, and the box exhausted. The camera with its
quartz objective was now trained on the box, and a beam of light
from a mercury lamp (quartz) focused at the center of the box.
Though the eye could see no trace of the cone of rays, the photograph
brought it out as distinetly as if the box was full of smoke. An ex-
posure of only 1 second was necessary, and with a 10-second expo-
sure the spectrum of the light scattered by the vapor was secured.
It was found to consist of a single line only (the 2536 line), though the
light entering the box was the total radiation of the mercury are, the
spectrum of which contained hundreds of lines, The pressure of tha
mereury vapor was sbout 0.001 millimeter, in other words, yrisry
of the pressure of the air in the room. It seems most extraordinary
that a vapor at such a very low pressure and at the temperature of
the room should glow so brilliantly with invisible light. A little fur-
ther experimenting resulted in a further discovery. It was found
that if the box was filled with air at atmospheric pressure, the cons
of rays glowed feebly in the mercury vapor with which the air was
saturated. As the pressurewasreduced theglowinereased in brilliancy,
reaching its maximum at a pressure of about 5 millimeters. As the
exhaustion was pushed further the mercury vapor outside of the
eone became luminous, and at the highest vacuum attainable the glow
filled the entire box. This is secondary resonance radiation excited
~ by the primary radiation of the mercury vapor, which is excited by
the cone of focused rays. The brilliancy of the cone remained about
the same, so that we can not attribute the bursting out of this see-
ondary fluorescence to a mere increase in the brilliancy of the directly
excited vapor.

Experiments are now in progress to determine why the presence of
a few millimeters of air destroys all trace of the secondary radiation.
Photographs of the glowing vapor in air at pressures of 5 millimeters,
1 millimeter, and 0 are reproduced in plate 6, d, , f.

If wo put the drop of mercury in a small flask with very thick
walls, exhaust the air, and seal the neck of the flask with the oxy-
hydrogen flame, wé are in & position to study this interesting type
of radiation in mercury vapor at high pressures. I found that as
the temperature of the flask was raised the radiation came from a
region nearer and nearer the front surface, which was illuminated by
tht rays from the lamp, and that when the pressure was sbout 10
atmospheres the ray from the lamp, which had a wave length of
2536, was selectively reflected from the surface of the vapor, pre-
cisely as if the inner surface of the bulb were plated with silver. The
other rays passed through the bulb with their usual facility. I am
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at the present time engsged in the study of just how the change
from the resonance radiation (which is seattered in all directions) to
the regular reflection takes place, s matter of great interest in con-
nection with the theory of absorption and reflection. As a matter of
fact, T expect it to turn out that the mercury light does not absorb
the light at all, for experiments indicate that the luteral emission of
the ultra-violet light is about as bright as when white paper is used
to scatter the light.

Another interesting line of investigation which 1 have recently
carried out illustrates how new discoveries may be made by the aid
of ultra-violet photography. It occurred to me that the air sur-
rounding an electric spark might possibly be rendered fluorescent by
the absorption of the very short ultra-violet waves discovered by
Schumann, but that the flourescence might be made up wholly of
ultra-violet light and consequently invisible. I therefore photo-
graphed the region surrounding a powerful spark discharge with a
quariz lens, shielded from the direct light of the spark by a eireular
disk. The photograph, when developed, showed a highly luminous
aureolo surrounding the spark and extending out in all directions to
a distance of nearly 2 centimeters. It was now necessary to prove
that this was not light scattered by the dust particles in the air. To
do this we have only to protograph the spectrum of the aureole. If
it is similar to the spectrum of the spark we are safe in attributing
it toscattered light. Tt it differs we know that it must be fluores-
cence, or the genesis of waves of different wave length from any pres-
ent in the light of the spark. A photograph of the region surround-
ing the spark was made with a quartz spectrograph, and it was at
once found that the spectrum was wholly different from that of the
spark; in fact, it was almost identical with that of the oxy-hydrogen
flame. For the further study of the phenomenon, a piece of appa-
ratus was devised by which the light of the spark could be more effee-
tually shut off. A small hole was bored through a plate of aluminum
fastened to the end of a short vertical brass tube. This plate formed
one electrode, the spark passing between an aluminum rod lying
along the axis of the tube and the underside of the plate at the point
perforated by the hole.

In a perfectly dark room, if the eye was held a litile below the
plane of the plate, no luminosity could be seen in the air above the
hole, if it was reasonably free from dust, yet a photograph taken with
a quartz lens showed a bright beam, or squirt, of light issuing from
the hole. A photograph of the phenomenon is here shown, and you
will notice the strong resemblance which it bears to a comet (pl. 6, g).

Many weeks have been spent in an attempt to determine the
exact origin of this radistion, and the question has proved to be the
most baffling one which I have ever attempted to solve. The work
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is still in progress, and many remarkable observations have been
made, each one leaving us more in the dark than before.  As an illus-
tration I may mention a circumstance discovered by Dr. Hemsalech
and myself last winter in Paris. We found that if a jet of air was
blown through the squirt of light, the luminosity was destroyed in the
region traversed by the moving current of air, but was of undimin-
ished intensity both above and below this region. This mukes it
seem @s if the emanation which comes from the spark, and which
causes the luminosity of the air, must act for a brief time upon the
air in order to cause the luminosity. Tt also shows that the emana-
tion, whatever may be its nature, is not swept aside by the air current.
We have also found that other gases become luminous when sub-
jected to the spark emanations, the spectrum in each case being
different and peculiar to the gas used, electrolytic hydrogen, for
example, giving a strong luminosity,

It is thus apparent that by employing this *‘photographie eye” of
quartz many new phenomena may be brought to light which have
previously hidden themsélves behind the limitations of the human
eye. A study of the absorption by the candle-flame of ultra-violet
has also been made. In this case the light emitted by the candle
falls out of the problem, for its flame emits little or no ultra-violet.
I can show you a photograph of the shadow cast by a flame of this
description, and you will observe that the shadow is blackest at the
point where the flame is brightest, that is, at the point whese the
minute earbon particles, which, by their incandescence, cause the
luminosity, are being set free from the hydrocarbon vapor.

There are other questions which can doubtless be investigated to
advantage by means of ultra-violet photography. Tt is well known,
for example, that the amount of ultra-violet light emitted by a body
increases with the temperature. By photographing groups of stars
through the quartz silver filter, and comparing the photometric
intensities of the images obtained in this way with the intensities
as shown on a plate made by means of yellow light, valuable data
might be obtained. This method is merely an extension of one
already in use at the Harvard Observatory.
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By Jozern W. Ricnanns,
Professor of Metallurgy, Lehigh University.

My theme is to depict for you, as clearly as I may be able, the part
which electrochemistry is playing in modern industrial processes.
Ihave no exhaustive catalogue of electrochemical processes to present,
nor columns of statistics of these industries; but my object will be
to classify the various activities of electrochemists and to analyze
the scope of the electrochemical industries.

SCOFE OF ELECTROUCHEMISTEY AND ELECTROMETALLURGY.

Chemistry is the science which investigates the composition of
substances and studies changes of composition and reactions of
substances upon each other. As an applied science, it deals chiefly
with the working over of crude natural material, and its conversion
into more valuable and more useful substances.

Some common examples, to illustrate this statement, are the
conversion of native sulphur into sulphuric acid, the manufacture of
soda and hydrochlorie acid from common salt, the conversion of
phosphate rock into superphosphate fertilizer, etc. Several pages
would not suffice to merely catalogue the great variety of chemical
industries; immense amounts of eapital are invested in them and
they are some of the most fundamental industries in their relation to
supplying the needs of a rapidly advancing civilization.

Metallurgy is the art of extracting metals from their ores, and of
purifying or refining them to the quality required by the metal-
working industries. It is a branch of applied chemistry. The
metallurgical industries form a highly important part of our national
resources; on them we depend for iron, steel, copper, brass, gold,
silver, lead, zinc, aluminum, ete., in fact for all the supply of metals
used in arts and industry.

Electrochemistry is the art of applying electrical energy to facilitat-
ing the work of the chemist. It is chemistry helped by electricity.
It is the use of a new agency in accomplishing chemical operations,
and it has not only succeeded in facilitating many of the most difficult

| An sdldress deliversd at the sevontoanth general meeting of the American Eloctrochemical Sockoty, fn
Flitshurgh, Pa., May 7, 1000, President L. H. Paskeland in the chalr, Roprinted by permibsion from tha
Tranmetlons of the American Electrochemleal Soclety, vol. 17, 1910, befng the transaetions of the seventeenth

eenmmal mesting, at Pittsburgh, Pa., May 4-7, 1910, In the preseniation of this paper Prof, Richards
showed a large numbaer of lantern slides Ulustrating electrochemiol works In operation.
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and costly of chemical reactions, but it has in many cases supplanted
them by quick, simple, and direct methods; it has even, in many
cases, developed new reactions and produced new materials which
are not otherwise capable of being made. A few examples will
illustrate these points: Caustic soda and bleaching powder are made
from common salt by a series of operations, but the electrical method
does this neatly and cheaply in practically one operation; lime and
earbon do not react by ordinary chemical processes, but in the electric
furnace they react at once to form the valuable and familiar caleium
.carbide; carbon stays carbon except when the intense heat of the elee-
tric furnace converts it into artificial graphite. The list of such opern-
tions is a long one, and it may be said that the chemist has become a
much more highly efficient and accomplished chemist since he became
an electrochemist, and he is becoming more of an electrochemist daily.

Electrometallurgy applies electric energy to facilitating the solution
of the problems confronting the metallurgist. Its birthisbut recent,
yet it has rendered invaluable service; it has made easy some of the
most difficult extractions, has produced several of the metals af g
small fraction of their former cost, and has put at our disposal in com-
mercinl quantities and st practicable prices metals which were former] y
unknown or else mere chemical curiosities. It has, further, refined
many metals to a degree of purity not previously known. The metal-
lurgist is rapidly appreciating the possibilities of electrometallurgical
methods and they already form a considerable proportion of present
metallurgical practice.

Applied electrochemistry, covering in general all of the feld
just described, is therefore an important part of chemistry and
metallurgy, and is rapidly increasing in importance. It is a new
art, people are really only beginning to understand its principles
and to appreciate its possibilities; it is an art pursued by the most
energetic and enterprising chemists, with the assistance of the
most skilled electricians. Some of its most prominent exponents
are electrical engineers who have been attracted by the vast possi-
bilities opened up by these applieations of electricity. The chem-
ists have worked with electricity like children with & new toy, or a
boy with a new machine; they have had the novel experience of
seeing what wonders their newly applied agency could accomplish,
and it is no exaggeration to say that they have astonished the
world—and themselves,

THE AGENTE OF ELECTROOHEMISTRY.

The operating agent in electrochemistry is, of course, electrie
energy, which may be used in three classes of apparatus, viz:
L. Electrolytic apparatus.
IL. Electric arcs and discharges in gases,
II1. Electrie furnaces.
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Electrolytic apparatus and processes use or utilize the separating
or decomposing power of the electric current. Whenever an
electric current is sent through a liquid material which is compound
in its nature, i. 6., a chemical compound, the current tends to decom-
pose the compound into two constituents, appearing respectively
at the two points of contact of the electric-conducting circuit with
the liquid in question, i. e., at the surface or face of contact of the
undecomposable conducting part of the circuit with the decompos-
able part, If the current has a definite direction the constituents
appear at definite electrodes. The action is simply the result of
the current extracting (or tending to extract) from the electrolyte
one of its constituents at each of the two electrode surfaces. All
subsequent changes following upon this primary tendency of the
current are called secondary reactions, and are practically simul-
taneous with the primary. These may even be regarded as truly
primary reactions also, the primitive decomposing or sepurating
power of the current passing being regarded only as a tendency
or & determining cause which practically results in the reactions
actually taking place.

This agency is an extremely vigorous and potent force for produec-
ing chemical transformations. It enables us, for instance, to split
up some of the strongest chemical compounds into their elementary
constituents, to convert cheap materials into much more valuable
derivatives, to purify impure materials, in short, to perform easily
some very difficult chemical operations and in some cases to perform
chemical operations otherwise impossible. A deseription of all
these various processes would take a volume, but a short explanation
of a few of them will make the principles clear and suffice for my
present purpose.

Electrolysis of water—As a raw material, water may be said to
cost nothing. Apply an electric current to it in the proper way,
and it is resolved into its constituent gases, hydrogen and oxygen,
as cleanly and perfectly as anyone could desire. These gases have
many and various uses, and are valued each at several cents per
pound. A whole industry has thus grown up, based on the simple
electrolysis of water, to supply these two gases for various industrial
uses. Kurope possesses many of these plants; there are a few in
the United States. The speaker has translated from the German
a small treatise on this industry.

Electrolysis of salt—Common salt, sodium chloride, is one of
the cheapest of natural chemicals. It has some uses of its own,
but centuries ago chemists and even alchemists devised chemical
processes for transforming it into other sodium salts, such as eaustic
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soda or soda lye for use in soap, soda ash or carbonate, for washing
or glassmaking, and into chlorine bleaching materials. Chemical
works operating these rather complicated chemical processes exist
on an immense scale in all civilized countries; it is estimated that
$50,000,000 is thus invested in Great Britain alone. The electrolytie
alkali industry is barely 20 years old, yet it is already more than
holding ‘its own with the older chemical process, and advancing
rapidly; 20 years more will probably see the older processes entirely
superseded—they are at present fighting for their existence. As
for the electrolytic process, the salt is simply dissolved in water
and by the action of the current converted into caustic soda at one
electrode and chlorine gas at the other. By some special devices
these are kept separate and collected by themselves, and the work
is done, The principles involved are simplicity itself as compared
with the older chemical processes, the only agent consumed is electrie
energy, and the products are clean and pure.

Chlgrates—These are salts used on matches and in gunpowder,
Chlorate of potassium is & valuable salt with important uses, Tt is
made from common cheap potassium chloride, in solution in water,
by simply electrolyzing the solution without trying to separate the
products forming at the electrodes. It is a simpler operation than
the production of electrolytic alkali. Chlorate thus forms in the
warm solution, and is obtained by letting the solution cool and the
chlorate erystallize out. The ordinary chemieal manufacture of this
salt was tedious and dangerous; the electrolytic method has practi-
cally entirely superseded it.

Perchlorates—These salis have more limited uses, but are made by
expensive chemical methods, The electrolysis of a chlorate solution
at a low temperature, without separating the products formed at the
two electrodes, results in the direct and easy production of perchlo-
rates, I cite this more to illustrate what T might call the versatility
of the electrochemical m_ethmlﬂ, rather than because of its commercial
importance.

Metallic sodium.—The caustic soda produced from salt can itself be
electrolytically decomposed; this is the easiest way of producing
metallic sodium. Sir Humphry Davy discovered sodium by electro-
lyzing melted caustic soda, and at this moment several large works
are working his method on an immense scale. The caustic contains
sodium, hydrogen, and oxygen, and the current simply liberates the
sodium as a molten metal and frees the other two as gases which
escape into the air. The process is simplicity itself—when the exact
conditions are known and rigidly adhered to. Metallic sodium is a
very useful material to the chemist, and the electrolytic method

produces it at probably one-fourth the cost of making it in any purely
chemical way. g
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Magnesium.—This is a wonderfully light metal, whose chief use is
in flashlight powders. Its compounds are abundant in nature, but
its manufacture by any other than the electrolytic method is almost
impracticable. The operation consists in simply passing the decom-
posing current through a fused magnesium sali—a chloride of
magnesium and potassium found in abundance in Germany.

Aluminium.—The most useful of the light metals; an element more
abundant in nature than iron, yet which costs by chemical methods
at least $1 per pound to produce; electrochemistry enables the
makers to sell it at a profit’at $0.25 per pound. This is probably the
most useful metal given to the world by electrochemistry. Although
the French chemist Deville obtained it by an electrolytic method in
1855, yet he had only the battery as a source of electric current, and
the process was too costly. This very city of Pittsburgh was the real
cradle of the electrolytic manufacture of aluminium, when in 1889
Mr. Charles M. Hall, with the financial assistance of the Mellons and
the business assistance of Capt. A. E. Hunt, commenced to work his
process up at Thirty-third Street on the West Side. The prineiple of
the process is here again one of beautiful simplicity—when it is once
made known. Aluminium oxide, abundant in nature, is infusible in
ordinary furnaces, but easily melts and dissolves, like sugar in water,
in certain very stable and liquid fused salts—double flourides of alu-
minium and the alkali metals. On passing the electric current
through this bath, the dissolved aluminium oxide is decomposed,
appearing at the two electrodes as aluminium and oxygen, respec-
tively. When all the oxide is thus broken up, more is added, and
the operation continues. One of the most difficult problems of
ordinary chemistry is thus simply, neatly, and effectively solved by
electrochemistry. The lower cost of power at Niagara Falls drew the
industry away from Pittsburgh in 1893, and it is now run on an
immense scale at several places where water power is chesp and
abundant. Mechanical power is, however, being produced cheaper
every year; gas engines have halved the cost of such power, steam
turbines on exhaust steam may even do better; there is no inherent
impossibility in the return of the aluminium industry to the Pitts-
burgh district. Many other factors besides cost of power bear on
the question—cost of labor, abundance of labor, cost of earbon, coal
for heating, various supplies, railroad freights, nearness to the con-
sumers, and many other considerations must be taken into account.
Aluminium is certainly destined to become the most important metal
next to iron and steel, and, as far as one ean now foresee, will always
be produced electrochemically. To have accomplished the estab-
lishment of this one single industry would of itself have proved the
usefulness of electrical methods and their importance to chemistry
and metallurgy.
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Refining of metals—Unless metals are of high purity they are
usually of very little usefulness. Electrolytic methods enable almost
perfect purity to be easily attained, and in addition permit the separa-
tion at the same time of the valuable gold and silver contained in small
amounts in the baser metals. Over $100,000,000 worth of copper is
electrically refined every year in the United States; the metal pro-
duced is purer than can be otherwise obtained, giving the electrical
engineer the highest grade of conducting metal, while several million
dollars’ worth of gold and silver are recovered which would otherwise
have to be allowed to remain in the copper. Again, the method is so
gimple that but a few words are necessary to set it forth in principle.
The impure copper is used as one electrode—the anode—in a solution
of copper sulphate containing some sulphurie acid; the receiving elec-
trode—the eathode—is a thin sheet of pure copper, or of lead, greased.
The electric action causes pure copper only to deposit upon the cath-
ode, if & properly regulated current is used, while a corresponding
amount of metal is dissolved from the anode. Silver, gold, and plati-
num are undissolved, and remain as mud or sediment in the bottom
of the bath; other impurities may go into the solution, but are not
deposited on the cathode if the current is kept low. The cost of this
operation is small, and the results are so highly satisfactory that 00
per cent of all the copper produced is thus refined.  Similar methods
are in use for refining other metals, silver, gold, and lead are thus
refined on a large scale; antimony, bismuth, tin, platinum, zine, and
even iron can be thus refined; the field is very inviting to the experi-
menter and to the technologist, and is rapidly inereasing in industrial
importance.

Metal plating—All electroplating is done by the use of eleetrolytic
methods similar to those just described. If we imagine the impure
metal anode replaced by pure metal, and the receiving cathode to be
the ohject to be electroplated, we have before us the electroplating
bath ready for nction. Everybody knows the value and use of gold,
gilver, and nickel plating; less well known are platinum, cadmium,
chromium, zine, brass, and bronze plating. These are among the
oldest of the electrochemical industries. Electrotyping is only a
variation of this work; also the electrolytic reproduction of medals,
engravings, cuts, etc., and even the production of metallic articles of
warious and cumplinnted forms, such as tubes, needles, mirrors, vases,
statues, etc. The speaker has translated from the German a mono-
graph concerning these lost-named uses of the electric current. There
is opportunity here to hardly more than catalogue these various
branches of electrometallurgical activity. Pittsburgh people will be
interested, however, in knowing that many of the newer buildings in
this city contain thousands of feet of electrical conduits zine plated
in splendid fashion by electrolysis, at a works within a few miles of
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this city. At McKeesport tubes are coated on an immense scale,
by dipping into melted zine, but the electrolytic method is gaining a
foothold, and we may live to see all galvanizing in reality practiced
as it is spelled. The removing of metallic tin from waste tin scrapis
also accomplished on & large seale by the application of similar prin-
ciples. It is being operated at a distance from Pittsburgh, but your
open-hearth furnaces use up annually thousands of tons of the scrap
steel thus cleaned and saved for remanufacture into useful shape.
Without having mentioned or described more than a fraction of the
electrolytic methods in actual industrial use, I hope that I have made
clear the importance and extent of this kind of electrochemical proe-
esses.  Assuming this, we will pass to the considerstion of another
entirely different and yet important class of apparatus and processes.

IL

Electric arcs and high-tension discharges through gases are capable
of producing some chemical eompositions and decompositions which
are very useful and profitable to operate. This is a branch of electro-
chemistry which has not been as thoroughly studied as some others,
its phenomena are not as thoroughly under control as electrolysis and
electrothermal reactions, and its possibilities are not as thoroughly
understood or utilized.

Ozone is being made from air by the silent discharge of high-tension
electric eurrent. The apparatus is so far simplified as to be made in
small units suitable for household use, ready to attach to a low-tension
alternating current supply. The uses for the ozone thus produced
are particularly for purifying water and air. It makes very impure
water perfectly safe to drink and purifies the air of assembly halls
and sick rooms, acting as an antiseptic. According to all appear-
ances, this electrochemieal doubling up of oxygen into a more efficient
oxidizing form is developing into a simple and highly efficient aid to
healthy living.

Nitric acid is an expensive acid made from the natural alkaline
nitrate salts, such as Chili saltpeter. These nitrates are the salvation
of the agriculturist, for they furnish the ground with the necessary
nitrogen which plants can assimilate. The Chili ‘‘nitrate kings”
have gained many millions of dollars, even hundreds of millions, in
thus supplying the world's demand for fertilizer. But electro-
chemistry has another solution to this problem, which is rapidly
rendering every country which adopts it independent of the foreign
fertilizer. The air we breathe contains uncombined nitrogen and
oxygen gases, which, if combined and brought into contact with
water, furnish the exact constituents of nitric acid. The way to do
this has been laboriously worked out, and the electric arc is the agent
which does it. Air is simply blown into the electric are, where it for
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an instant partakes of the enormous temperature, and on leaving the
arc is cooled as quickly as possible. In the are the combination of
nitrogen and oxygen is effected to a certain extent, and the mixture
s cooled so suddenly that it does not find time to disunite, The
nitrogen oxides thus obtained are drawn through water, and this
solution of nitrie acid is run upon soda to produce sodium nitrate or
on lime to produce calcium nitrate, the latter called nitrolime or .
“Norwegian saltpeter.” These salts entirely replace the South
American natural salt.

The materials used in this industry are air and lime, and to these is
added electrical energy. Air is universal, lime cheap almost every-
where, and electrical energy is cheapest where water powers are mosb
abundant. In Norway water power can be developed and electrical
energy supplied from it at & total eost of $4 to $8 per horsepower year.
Some other countries can do nearly as well. Under these conditions,
almost every country ean afford to make its own nitrates and so be
independent of other countries for the fertilizer needed in peace and
the gunpowder used in war. Norway felicitates itself already on
being thus independent. Nearly 200,000 horsepower is being utilized
there by a $15,000,000 syndicate, and the industry is spreading
rapidly over Europe. The study of this problem, its solution, and
the rapid development of this vigorous industry, is one of the most
remarkable chapters in the history of recent industrial development.
In this accomplishment electrochemistry has signally aided the agri-
eulturist and demonstrably multiplied the food-supply resources of
all civilized and highly populated countries.

Boron is an element which has until recently defied the best efforts
of chemists to isolate in a pure state. It is an element which may
have important application in the manufacture of a high-class special
steel—boron steel. Dr. Weintraub, one of our fellow members, has
recently solved the problem of its production by an adaptation of the
“oxygen-nitrogen” arc apparatus and utilizing the same principle
of introducing the material into the arc and very rapidly cooling the
products obtained. We mention this not because of its great commer-
cial importance at present, but because it shows how the ““arc method "
may be of wide application in solving other difficult chemical prob-
Jems. It has opened before us a new method in chemical science, and
may give birth to many and various new chemical industries.

III.

Tlectric furnaces are furnaces in which the necessary heat or
degree of temperature is produced or attained by means of electrical
energy. Tha electric current is used in these furnaces solely for its
heating or thermal effect, and either alternating or direct current may
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be used, but alternating is preferred becsuse of its easier generation
and management, capability of being stepped up or down by trans-
formers, and absence of electrolytic effects.

Electric furnaces render remarkable and highly valuable service to
the chemist and metallurgist, for two distinet and unique capabilities;
they ean generate heat within themselves without the use of combus-
tion and the consequent products of combustion to complicate the
working of the furnace, and they can besides, if desirable, produce
temperatures absolutely unapproachable in furnaces using fuel, and
thereby enable the earrying out of operations only possible at these
extremely high temperatures, The upper limit of electric furnace
temperature is simply the volatilizing point of earbon, the tempera-
ture at which the material of which the lining of the furnace is made
is boiled away. This is about 3,700° C. or 6,700° F. The simple
statement that this is three times as high as the melting point of cast
iron may give some notion of the enormous temperature here at one's
command. Besides intense temperature, the efficiency of application
of electrical heat to the useful purpose is usually high; in many cases
50 to 75 per cent of all the heat developed can be usefully applied, as
against 5 to 50 per cent utilized in fuel-fired furnaces. The heating
value or thermal equivalent of the electric current is perfectly defi-
nitely known; 1 kilowatt-hour will furnish 860 calorics (3,400 B. t.u.),
which if applied usefully at 100 per cent efficiency would bring to
boiling and convert into steam 1.35 kilograms (3 pounds) of water, or
bring to melting and melt about 3 kilograms (7.5 pounds) of cast iron,
or 2.5 kilograms (5.5 pounds) of steel.

Artificial graphite is a product particularly electrochemical in its
manufacture. Your fellow townsman, Dr. E. G. Acheson, has prac-
tically created this industry and his name sticks to the product—
Acheson graphite. No temperature but that of the electric furnace
ean convert the ordinary amorphous carbon, containing small amounts
of foreign substances, into pure, soft, homogeneous, unctuous
graphite. The purity of the product and its quality has even sur-
passed the artifice of mother nature herself. Whereas, before, graphite
in small scales was laboriously gathered from Ceylon and Siberia,
and with great pains worked up into graphite articles, now the articles
are simply molded in ordinary impure amorphous carbon, and con-
verted through and through, retaining their shape, into finished and
complete graphite articles. What this highly pure product is going
to do for lubrication, for annihilating the friction of the world’s
machinery, perhaps only a few suspect and only Mr. Acheson knows.
You will all know more about this soon, and everyone of you who
uses machinery will profit by it. Meanwhile, in another direction,
probably half the electrochemical industries now operating are bene-
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ficiaries of this invention, using artificial graphite anodes in electro-
Iytic operations or as electrodes in electric furnaces. The electro-
chemical industry in general has been most wonderfully helped by
this one electrochemical process.

Carborundum stands for a large industry, centered at Niagara
Falls, and founded also by Mr. Acheson. Twenty years ago the name
was not in the dictionary; now it is known all over the world as the
most efficient abrasive material in use, First produced just across
the Monongahela, in a little furnace as large as a cigar box, and sold
for polishing dismonds at many dollars per ounce, it is now made by
tons in electric furnaces of 2,000 horsepower capacity, and competes
successfully with such common natural abrasives as emery and com-
mon sand. And in fact, common silica sand, the most abundant
material on earth, with common carbon, like coke, furnish all the
ingredients necessary for the furnace to work upon to produce SiC .
(silicon earbide). Mr. Acheson not merely founded another new
industry, but he discovered a mew chemical compound; he has
enriched science, promoted industry, and ereated new instruments of
service; no wonder that his scientific friends have showered on him
honors—the Rumford Medal, the Perkin Medal, and two years ago
the presidency of this Electrochemical Society.

Silicon is the metal whose oxide is silica sand, and is by far the
most abundant metallic element on earth. Up until very recently it
was to be seen only in chemical museums, costly and useless—a
chemical curiosity. Now Mr. F. J. Tone, one of Mr. Acheson's former
Jieutenants, is producing it by the ton and selling it by the carload at
a few cents per pound. The chemical world has found uses for it,
large uses, such as in solidifying steel, making good eopper castings,
reducing other metals from their oxides, chemical ““pots and pams,”
ete. Thisillustrates again the variety of the achievements of electro-

i Here is a new material furnished the world at a low price
and all sorts of workers are finding all sorts of advantageous uses for
it. The electric furnace makes it from simply sand and carbon, with
electric enerzy plus considerable ** brains.”

Caleium carbide is the product of another American invention.
The name was scarcely in the chemical books, and the purveyors
of the rarest chemicals did not have it on their lists, when Mr. Thomas
Willson, trying to make something else in the electric furnace, made
this compound from ordinary lime and carbon, and started an elec-
trochemical industry which has spread all over the civilized world.
T am almost tempted to say that there is a calcium carbide works
everywhere but in Pittsburgh, but that would really be an exaggera-
tion, and I will not say it. The best thing about calcium carbide is
that it is easy to make; the raw materials may be found almost
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everywhere, and wherever power is cheap a flourishing calcium car-
bide industry may be built up, The curious thing sbout it is that its
chief use is based on destroying it, acting upon it by water and form-
ing acetylene gas. How great a boon acetylene gas has been to the
bicyclist, automobilist, for lighting trains, isolated houses, stations,
and towns needs no recital before this audience, but the value of
acetylene as a means of welding with the blowpipe is only commencing
to be appreciated. Acetylene welding is a convenience which owes
its existence entirely to the electrochemical production of caleium
carbide, and the iron and steel and other metal industries are being
greatly helped by its use.

Titanium carbide is not as familiar as calcium carbide. It is made
in a manner similar to the production of carborundum, using titanium
oxide (rutile) and carbon. It has no uses similar to calcium car-
bide, nor any like silicon carbide. But electrical engineers have
discovered that as are-light tips or electrodes it gives the most efficient
arc light yet discovered, with a light efliciency running up to 3 candle-
power per watt of electrical energy. This is probably 50 per centof
the theoretically possible conversion of electrical energy into light
energy, and is doubly as efficient as has ever before been attained.
What this means for street lighting everywhere is difficult to realize;
perhaps the best and most easily understood comparison is to say
that the titanium carbide arc lamp is to the ordinary arc as the
tungsten filament incandescent lamp is to the carbon filament lamp;
you will all grasp the scope of that statement. With acetylene light-
ing on one hand and titanium are lighting on the other we need
say no more about the influence of electrochemistry on modern
illumination. $

Phosphorus.—1 stated before that the potassium chlorate on
safety matches was all being made electrochemically, We can say
practically the same of phosphorus. The electric furnace enables
us to distill phosphorus much more easily and safely from the natural
phosphates than the older chemical methods. Calcium carbide
gives us acetylene gas, and another electrochemical furnace gives us
the phosphorus to “‘strike the light."”

Ferroalloys ave alloys of iron with the more expensive metals,
used in manufacturing steels of various kinds. Ferromanganese
is used in practically all steel, ferrosilicon is used in almost all.
Ferrochromium, nickel, tungsten, molybdenum, boron, uranium,
vanadium are some of the alloys used to make the special alloy steels,
such as find great use in rapid tool steel, automobile axles, armor
plate, gun steel, ete. These alloys are of great importance to the
steel industry, and are made almost exclusively in electric furnaces. -
The industry has flourished most in countries having cheap power,
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such as among the French Alps, and the importations into this coun-
try have been on a large seale. Fortunately, we are commencing at
Niagara Falls, in Virginia, and in Canade to supply ourselves with
these necessities of the steel industry, and we may look forward to
a steady and large domestic development of this industry. Within
a few miles of this hall a small electric furnace is now at work making
ferrotungsten to go into expensive high-class steel. Pittsburgh is
going to take its share in the running of this particular electrometal-
lurgieal industry.

Pig iron would seem to be about the last item to find a place in an
address upon the electrochemical industries. But the truth must
“ont""—electrie-furnace pig iron is now being made, and made and
sold at a profit. We will hasten to admit that the furnaces are small,
that they are in California and Sweden, where fuel is expensive and
power is cheap, that a great deal of money has been sunk in bringing
them to their present condition; but after all has been admitted, the
fact remains that electric furnace production of pig iron is not a
chimera, but an accomplished fact. Pittsburgh has been able to
boast that she “could manufacture a ton of pig iron and put it down
anywhere in the world cheaper than it could be there produced.”
That may be still true of the kind of pig iron which Pittsburgh is able
to make, but there nre grades and qualities of pig iron (Swedish
charcoal pig iron, for instance) which are still imported into this
country and sold at double the price of our domestic pig iron. And,
in the country where that charcoal pig is slowly, laboriously, and
skillfully made, the electric shaft furnace is able to compete with the
charcoal blast furnace in producing this high quality pie iron. Dr,
Haanel, of the Canadian department of mines, has in a recent report
given us the most reliable information about the running of this
furnace. The construction is peculiar, and still somewhat experi-
mental, the full power for which the furnace was designed has not
yet been available for running it, the workmen are new to their tasks,
the overseers are still learning, the irregularities in the running are
not yet all overcome, and many of the minor details are yet being
adjusted. The furnace is still, in brief, decidedly in the formative or
experimental stage. Yet, notwithstanding, Prof. Odelstjerna, one of
the most expert of Swedish metallurgists, states that the cost of pro-
duction is $1.50 per ton less than in the Swedish blast furnaces. If
that is true now, it needs little gift of prophecy to fizure out at least
$2.50 per ton saving when the furnace is properly run. Three similar
furnaces of greater capacity, 2,500 kilowatts each, are to be erected in
Norway; three similar ones are to be put up at Sault Ste. Marie,
Canada. These are only the forerunners, we may be sure, of dozens
or perhaps even hundreds which will be built and operated within the
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lifetime of most of this audience. The time at our disposal forbids
my deseribing these interesting furnaces; I can only refer you to Dr.
Haanel's interesting reports and to the transactions of this society,
particularly to our Volume XV. One surmise of my own I will, how-
ever, take time to mention: I have predicted that this electric-furnace
pig iron, made without the admittance or use of air blast, will be far
superior to ordinary pig iron for conversion into steel, because of the
absence of oxygen or, particularly, of nitrogen. Time will test this
prediction, too.

Electric steel is at present a topic of absorbing interest and great
potentinlities. It was primarily a competitor of the most expensive
kind of steel—crucible steel. It was first made commercially in 1900,
by Mr. F. A. Kjellin, of Sweden, by melting together in an electric
furnace the same high-grade materials which are usually melted
down in crucibles to form erucible steel. The product was made
equal in quality to crucible steel, it was produced in lots of a ton or
more at a melt, of very satisfactory uniformity, and with cheap water
power to furnish electricity the cost was considerably below that of
crucible steel. g

The steel melting pot or crucible is a siliceous vessel, holding about
100 pounds of steel, lasting only a few heats, and lifted in and out of
the furnace by manusl labor. The consumption of fuel to get the
required melting heat is wickedly wasteful; not over 5 per cent of
the heat-developing power of the fuel used is efficiently utilized as
heat in the melted steel, and the actual proportion is usually less than
half that much. The cost of labor, erucibles, and fuel is excessive,
and to this must be added the high cost of the pure material which
must be used—practically the purest iron which can be made.

The electric furnace is changing all this; rapidly in continental
Europe, slower in Sheffield, and still slower in America; but the change
is spreading surely and inevitably. Real erueible steel will soon be a
thing of the past, supplanted entirely by electric furmace steel of
equal quality, made and sold much more cheaply.

The eclectric furnaces used are of almost all types. The indue-
tion furnace was developed commercially by Kjellin in Sweden,
improved, enlarged, and greatly developed by his associates in
Germany, combined with the Colby pattern in America, and still
further modified by Hiorth in Norway. Thirty-six of these furnaces,
the maximum capacity being one at Krupp’s works at Essen, 8} tons
at a charge, are now built or building. The American Electrie
Furnace Co. is organized to push their building and operation in
America. The arc radiation furnace was developed by Maj. Stassano,
an Italian artillery officer. It melts by heat radiated from powerful
electric arcs. Several of these are in operation in Europe, and a
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gentleman managing one of the large American steel companies, who
has just returned from an inspection of the different electric steel
furnaces operating in Europe, tells me that he considered the Stassano
furnace as doing the best work, all around, of all the furnaces he saw
in operation. I have seen this furnace operating smoothly and regu-
larly in Turin, producing steel for castings which were being sold in
competition with open-hearth and Bessemer steel castings in the open
market. The single arc furnace is best illustrated by the Girod
furnace, which is built like the body of an open-hearth furnace with
the electric current entering the bath by carbon electrodes suspended
above it, and springing arcs to it, while the current leaves the bath
through metallic conductors passing through the saucer-shaped
hearth below the level of the metallic surface. These furnaces work
with great regularity, and a large number are operating in Europe, in
capacities up to 12 tons each. I am informed that the Krupp Works
at Essen has just contracted to put in five of these of the 12-ton size,
which would confirm statements made to me by my European friends
that this furnace is working the best of all theelectric steel furnacesnow
operating in Europe. The double-arc furnace, of which the Heroult
furnace is the most familiar type, works with two arcs in series, the
current entering the bath and leaving it also through electrodes
suspended above it. The general style is that of an open-hearth
furnace with electrodes passing through the roof. The current used
is roughly 100 kilowatts per ton of steel capacity, and the largest so
far operated is 15 tons. A 3-ton furnace of this type was seen by you
at the Firth-Stirling Steel Works at Demmler, yesterday, producing
crucible-quality steel. The United States Steel Corporation has
acquired licenses to operate the Heroult furnace, and has already
two 15-ton furnaces in operation. Without doubt, the Heroult fur-
nace is at the present time the most popular and successful electric
steel furnace in the United States. I have not time to more than
name the Keller, the Hiorth, the Harmet, the Frick—all of which are
operating at this present moment in Europe.

There are other ways of making steel than the crucible method.
Bessemer steel is the cheapest, and open-hearth steel is next best.
These two varieties grade into each other in quality, but between
open-hearth and crucible steel there is an enormous gap in price and
in quality which is destined to be bridged over by intermediate qual-
ities of electric steel as it becomes cheaper and is manufactured on a
larger scale. This will soon become one of thelarge usesof the electrie
method, occupying a field peculiarly its ewn. It will ensble steel
manufacturers to supply steel better than the best open-hearth prod-
uct at less than the price of crucible steel. I need not enlarge upon
the advantages of this to a Pittsburgh audience.
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There are also varieties of methods of manufacture of steel, aside
from the melting together of highly pure materials as in the crucible .
method, which are equally available in most types of the electric
furnace. The Bessemer converter takes liquid pig iron as it comes
from the blast furnace and by rapid oxidation by air blast converts
it into steel. Mr. Heroult has tried to combine the Bessemer con-
verter with the electric furnace in one apparatus the idea being to
first oxidize the metal by air blast and then to finish it while electric
current supplied the necessary heat. I have no information that this
combination furnace is anywhere in successful operation, but the
equivalent of the same operation performed first in the Bessemer
converter and then on the blown metal transferred into an electric
furnace for finishing is already in regular commercial operation at
the South Chicago Works of the United States Steel Corporation. I
have had the privilege and pleasure, thanks to Mr. Heroult, of study-
ing that operation, in company with Mr. Heroult and the editor of
Metallurgical and Chemical Engineering. You may find a description
of the process in the April number of that journal, so I will not repeat
it here—except so far as to say that 15 tons of the product of the
Bessemer blow, oxidized to the extent usual in the Bessemer converter,
was kept melted less than two hours on the basic hearth of the electrie
furnace, treated with two different slags to refine it from phosphorus
andsulphur, deoxidized or ““ dead-melted,” and then poured into ingots
of steel intended for axles. The steel produced was of better quality
than the usual corresponding open-hearth metal, and was produced
at slightly less total cost. This combination process bids fair to give
a new lease of life to the declining Bessemer steel industry; its eco-
nomic importance will appeal particularly to this audience.

The open-hearth steel furnace is at present the most important
of the methods of manufacturing steel—"“tonnage steel.” It makes
steel from pig iron and scrap of proper quality, or from pig iron and
iron ore (mill seale), or from pig, serap, and ore. It makes its best
steel on silica hearths from high-grade material low in sulphur and
phosphorus, and its cheapest steel on basic hearths from almost any-
thing. The electric furnace can do any or all of these things, and, as
a general proposition, produce better steel from given materials than
the open-hearth furnace. Under what circumstances it will pay to
use the electric furnace instead of the open-hearth furnace would
take at least one lecture to discuss; we will not go decply into it here.
In Europe, countries which have very cheap water power, around $10
per horsepower year, and fuel costing $4 to $6 per ton, are finding the
electric furnace the cheaper; with power costing $20 and cocl $5, the
two are about on equal terms; in Pittsburgh, with power at 30 and
coul at $1, the open-hearth furnace is by far the cheaper for produe-
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ing such steel as it can produce. However, even here the combina-
tion of Bessomer and electric furnasce is possibly cheaper than the
all open-hearth process; the combination of open-hearth and electric-
furnace processes is quite possible and practicable to produce crucible-
quality steel on & large (tonnage) seale, and the combination of the
open-hearth and electric furnace into one furnace is not only a
possible combination, but is actually being ““tried out.” The latter
idea is to take an open-hearth furnace and to place electrodes in the
roof. The furnace is run as an ordinary open-hearth furnace, with
the electrodes withdrawn, and at the close of the open-hearth heat
gas and air are shut off entirely, the electrodes lowered into proximity
to the bath, and the heat finished as an electric-furnace heat. The
idea is sound and practicable and will result in the production of
better steel than can be obtained from any open-hearth furnace at
but a slight advance on the cost of the open-hearth steel, say $2 to
£3 per ton.

As to the capacity for enlargement of electric steel furnaces, they
started out to duplicate the erucible-steel process, producing 100
pounds of melted steel at o heat, and in cight years have risen to 15
tons' eapacity. In Europe an electric caleium-carbide furnace of
18,000 kilowatts, capable of producing 200 tons of carbide daily, is
in practical operation. A furnace of like power capacity could be
built to make steel, and would be a 200-ton steel furnace or larger.
We can therefore say with assurance that with a little more expe-
rience and experiment electrometallurgists will be able to furnish
the steel maker with electric steel furnaces as large as are wanted—
up to 200 tons’ capacity, if desired.
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ANCIENT AND MODERN VIEWS REGARDING THE
CHEMICAL ELEMENTS.!

By Prof. Sm Wintax Rawsar, K.0.B., Fh.D., LL.D,, D.8c,, M.DD,, F.R.B,

Tt has been the usual custom of my predecessors in office either to
give a summary of the progress of science within the past year or to
attempt to present in intelligible language some aspect of the science
in which they have themselves been engaged. I possess no qualifica-
tions for the former course, and I therefore ask you to bear with me
while I devote some minutes to the consideration of ancient and
modern views regarding the chemical elements. To many in my
audience part of my story will prove an oft-told tale; but I must
ask those to excuse me, in order that it may be in some wise complete.

In the days of the early Greeks the word “element’ was applied
rather to denote a property of matter than one of its constituents.
Thus, when a substance was said to contain fire, air, water, and earth
(of which terms a childish game doubtless once played by all of us
iz a relie), it probably meant that they partook of the nature of the
so-called elements. Inflammability showed the presence of concealed
fire; the escape of “airs” when some substances are heated or when
vegetable or animal matter is distilled no doubt led to the idea that
these airs were imprisoned in the matters from which they escaped;
hardness and permanence were aseribed to the presence of earth,
while liquidity and fusibility were properties conveyed by the pres-
ence of concealed water. At a later date the Spagyrics added three
hypostatical principles to the quadrilateral; these were salt, sulphur,
and mercury. The first conveyed solubility, and fixedness in fire;
the second, inflammability; and the third, the power which some
substances manifest of producing & liquid, generally termed “ phlegm,”
on application of heat, or of themselves being converted into the liquid
state by fusion.

It was Robert Boyle, in his Skeptical Chymist, who first contro-
verted these ancient and medieval notions, and who gave to the word

1 Presidential address by Prol. Ramsiy ot the Portsmonih meeting of the Dritish Association for the
Advancement of Boiencs, 1011,  Reprinted by permission from aothor's separate, omitting intrododory
matter on work of the association.
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element the meaning that it now possesses—the constituent of a
compound. But in the middle of the seventeenth century chem-
istry had not advanced far enough to make his definition useful; for
he was unable to suggest any particular substance as elementary.
And, indeed, the main tenet of the doctrine of phlogiston, promul-
gated by Stahl in the eighteenth century, and widely accepted, was
that all bodies capable of burning or of being converted into a calx,
or earthy powder, did so in virtue of the escape of a subtle fluid
from their pores; this fluid could be restored to the calees by heating
them with other substances rich in phlogiston, such as charcoal, oil,
flour, and the like. Stahl, however false his theory, had at least the
merit of having constructed a reversible chemical equation:

Metal—lph]ﬂgiﬂtﬂn'ﬂiﬂ."{; Calx + phlogiston = Metal.

It is difficult to say when the first element was known to be an
element, After Lavoisier's overthrow of the phlogistic hypothesis,
the part played by oxygen, then recently discovered by Priestley and
Scheele, came prominently forward. Loss of phlogiston was identi-
fied with oxidation; gain of phlogiston with loss of oxygen. The
scheme of nomenclature (Méthode de Nomenclature chimique),
published by Lavoisier in conjunction with Guyton de Morvean,
Berthollet, and Fourcroy, created a system of chemistry out of a
wilderness of isolated facts and descriptions. Shortly after, in 1789,
Lavoisier published his Traité de Chimie, and in the preface the
words oceur: “If we mean by elements the simple and indivisible
moleeules of which bodies consist, it is probable that we do not
know them; if, on the other hand, we mean the last term in analysis,
then every substance which we have not been able to decompose is
for us an element; not that we can be certain that bodies which we
regard as simple are not themselves composed of two or even a larger
number of elements, but beeause these elements can never be sepi-
rated, or rather because we have no means of separating them, they
act, so far as we can judge, as eloments, and we can not call them
simple until experiment and observation shall have furnished a proof
that they are so.”

The close connection between crocus of Mars and metallic iron,
the former named by Lavoisier oxyde de fer, and similar relations
between metals and their oxides, made it likely that bodies which
reacted as oxides in dissolving in acids and forming salts must also
possess s metallic substratum. In October, 1807, Sir Humphry
Davy proved the correctness of this view for soda and potash by his
famous experiment of splitting these bodies by a powerful electric
current into oxygen and hydrogen, on the one hand, and the metals
sodium and potassium, on the other. Caleium, barium, strontium,
and magnesium were added to the list as constituents of the oxides,
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lime, barytes, strontia, and magnesia, Some years later Scheele's
daph.luglsuuntfed marine scid, obtained I:ry heating pyrolusite with
spirit of salt, was identified by Davy as in all likelihood elementary.
His words are: “All the conclusions which I have ventured to make
respecting the undecompounded nature of oxymuriatic gas are, I
conceive, entirely confirmed by these new facts. * * * Tt has
been judged most proper to suggest a name founded upon one of its
obvious and characteristic properties, its color, and to eall it chlo-
rine.” The subsequent discovery of iodine by Courtois in 1812 and
of bromine by Balard in 1826 led to the inevitable conclusion that
fluorine, if isolated, should resemble the other halogens in propreties,
and much later, in the able hands of Moissan, this was shown to be
true.

The modern coneeption of the elements was much strengthened by
Dalton's revival of the Greek hypothesis of the atomic constitution
of matter and the assigning to each atom a definite weight. This
momentous step for the progress of chemistry was taken in 1803; the
first account of the theory was given to the public with Dalton's
consent in the third edition of Thomas Thomson’s System of Chem-
istry in 1807; it was subsequently elaborated in the first volume of
Dalton’s own System of Chemical Philosophy, published in 1808,
The notion that compounds consisted of aggregations of atoms of
elements united in definite or multiple proportions familiarized the
world with the conception of elements as the bricks of which the
universe is built. Yet the more daring spirits of that day were not
without hope that the elements themselves might prove decompos-
able. Davy, indeed, went so far as to write in 1811: “It is the duty
of the chemist to be bold in pursuit; he must recollect how contrary
knowledge is to what appears to be experience. * * * Toinquire
whether the elements be capable of being composed and decomposed
is a grand object of true philosophy.” And Faraday, his great pupil
and successor, at a later date, 1815, was not behind Davy in his aspira-
tions when he wrote: “To decompose the metals, to re-form them,
and to realize the once sbsurd notion of transformation—these are
the problems now given to the chemist for solution.”

Indeed, the ancient idea of the unitary nature of matter was in
those days held to be highly probable. For attempts were soon
made to demonstrate that the atomic weights were themselves mul-
tiples of that of one of the clements. At first the suggestion was
that oxygen was the common basis; and later, when this supposition
turned out to be untenable, the claims of hydrogen were brought
forward by Prout. The hypothesis was revived in 1842 when Liebig
and Redtenbacher, and subsequently Dumas carried out a revision
of the atomic weights of some of the commoner elements and showed
that Berzelius was in error in attributing to carbon the atomie
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weight 12.25 instead of 12.00. Of recent years a great advance in
the accurncy of the determinations of atomic weights has been made,
chiefly owing to the work of Richards and his pupils, of Gray, and of
Guye and his collaborators, and every vear an international committee
publishes a table in which the most probable numbers are given on
the basis of the atomic weight of oxygen being taken as 16. In
the table for 1911, of 81 elements no fewer than 43 have recorded
atomic weights within one-tenth of a unit above or below an integral
number. My mathematical colleague, Karl Pearson, assures me
that the probability sgainst such a condition being fortuitous is
20,000 millions to one.

The relation between the elements has, however, been approached
from another point of view. After preliminary suggestions by
Débereiner, Dumas, and others, John Newlands in 1862 and the
following years arranged the elements in the numerical order of
their atomic weights and published in the Chemical News of 1863
what he termed his law of octaves—that every eighth element, like the
octave of & musical note, is in some measure a repetition of its fore-
runner. Thus, just as C on the third space is the octave of C below
the line, so potassium, in 1863 the eighth known element numerically
above sodium, repeats the characters of sodium, not only in its
physical properties—color, softness, duetility, malleability, ete.—
but also in the properties of its compounds, which indeed resemble
each other very closely. The same fundamental notion was repro-
duced at a later date and independently by Lothar Meyer and Dmitri
Mendeléefl; and to accentuate the recurrence of such similar ele-
ments in periods, the expression “the periodic system of arranging
the elements” was applied to Newlands's arrangement in octaves,
As everyone knows, by help of this arrangement Mendeléeff predicted
the existence of then unknown elements under the names of eka-
boron, eks-aluminium, and eka-silicon, since named scandium,
gallium, and germanium by their discoverers, Cleve, Lecoq de Bois-
baudran, and Winckler.

It might have been supposed that our knowledge of the elements
was practically complete; that perhaps a few more might be dis-
covered to fill the outstanding gaps in the periodic table. True, a
puzzle existed and still exists in the classification of the rare earths,
oxides of metals occurring in certain minerals; these metals have
atomie weights between 139 and 180, and their properties preelude
their arrangement in the columns of the periodic table. Besides
these, the discovery of the inert gases of the atmosphere, of the
existence of which Johnstone Stoney’s spiral eurve, published in
1888, pointed a forecast, joined the elements like sodium and potas-
sium, strongly electro-negative, to those like fluorine and chlorine,
highly electro-positive, by a series of bodies electrically as well as
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chemically inert, and neon, argon, krypton, and xenon formed links
between fluorine and sodium, chlorine and potassium, bromine and
rubidium, and iodine and cesium.

Including the inaetive gases, and adding the more recently dis-
covered elements of the rare earths, and radium, of which I shall
have more to say presently, there are 84 definite elements, all of
which find places in the periodic table, if merely numerical values be
considered. Between lanthanum, with atomic weight 139, and tan-
talum, 181, there are in the periodic table 17 spaces; and although
it is impossible to admit, on account of their properties, that the
elements of the rare earths can be distributed in successive columns
(for they all resemble lanthanum in properties), yet there are now
14 such elements; and it is not improbable that other 3 will be sepa-
rated from the complex mixture of their oxides by further work.
Assuming that the metals of the rare earths fill these 17 spaces, how
many still remain to be filled? We will take for granted that the
atomic weight of uranium, 238.5, which is the highest known, forms
an upper limit not likely to be surpassed. It is easy to count the
gaps; there are 11.

But we are confronted by an embarras de richesse. The discovery
of radioactivity by Henri Becquerel, of radium by the Curies, and the
theory of the disintegration of the radioactive eleménts, which we owe
to Rutherford and Soddy, have indicated the existence of no fewer
than 26 elements hitherto unknown. To what places in the periodic
table can they be assigned 1

But what proof have we that these substances are elementary 1
Let us take them in order.

Beginning with radium, iis salts were first stadied by Madame
Curie; they closely resemble those of barium—sulphate, carbonate,
and chromate insoluble; chloride and bromide similar in erystalline
form to chloride and bromide of barium; metal, recently prepared by
Madame Curie, white, attacked by water, and evidently of the type
of barium. The atomic weight, too, falls into its place; as deter-
mined by Madame Curie and by Thorpe, it is 89.5 units higher than
that of barium; in short, there can be no doubt that radium fits the
periodic table, with an atomic weight of sbout 226.5. It is an
undoubted element.

But it is a very curious one, for it is unstable. Now, stability
was believed to be the essential characteristic of an element, Radium,
however, disintegrates—that is, changes into other bodies, and at a
constant rate, If 1 gram of radium is kept for 1,760 years, only half
a gram will be left at the end of that time; half of it will have given
other produets. What are they?! We can answer that question.
Rutherford and Soddy found that it gives a condensable gas, which
they named radium-emanation; and Soddy and I in 1903 discovered
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that, in addition, it evolves helium, one of the inactive series of gases,
like argon. Helium is an undoubted element, with a well-defined
gpectrum; it belongs to a well-defined series. And radium-emana-
tion, which was shown by Ruiherford and Soddy to be incapable of
chemical union, has been liquefied and solidified in the laboratory of
University College, London; its spectrum has been measured and its
density determined. From the density the atomic weight can be
caloulated, and it corresponds with that of a congener of argon, the
whole series being, helium, 4; neon, 20; argon, 40; krypton, 83;
xenon, 130; unknown, about 178; and niton (the name proposed for
the emanation to recall its connection with its congeners, and its
phosphorescent properties), about 222.4. The formation of niton
from radium would therefore be represented by the equation, radium
(226.4) =helium (4)+niton (2224

Niton, in its turn, disintegrates, or decomposes, and at a rate much
more rapid than the rate of radium; half of it has changed in about
four days. Its investigation, therefore, had to be carried out very
rapidly, in order that its decomposition might not be apprecisble
while its properties were being determined. Its product of change
was named by Rutherford radium A, and it is undoubtedly deposited
from niton as & metal, with simultancous evolution of helium; the
equation would therefore be, niton (222.4)=helium (4)+radium A
(218.4). But it is impossible to investigate radium A chemically, for
in 3 minutes it has half changed into another solid substance, radium
B, again giving off helium. This change would be represented by
the equation, radium A (218.4)=helium (4) + radium B (214.4).
Radium B, again, can hardly be examined chemically, for in 27
minutes it has half changed into radium (*. In this case, however,
no helium is evolved, only atoms of negative electricity, to which the
name electrons has been given by Dr, Stoney, and these have minute
weight which, although approximately ascertainable, at present has
defied direct measurement. Radium C* has a half-life of 19.5 minutes,
too short, again, for chemical investigation; but it changes into
radium (2, and in doing so each atom parts with a helium atom; hence
the equation, radium C' (214.4) =helium (4) 4 radium C* (210.4). In
2.5 minutes radium (* is half gone, parting with electrons, forming
radium D. Radium D gives the chemist a chanee, for its half-life is
no less than 164 years. Without parting with nn}'t.'l’::mg detectable,
radium D passes into radium E, of which the half-life period is 5
days; and, lastly, radium E changes spontaneously into radium F,
the substance to which Madame Curie gave the name polonium in
allusion to her native country, Poland. Polonium, in its turn, is half
changed in 140 days with loss of an atom of helium into an unknown
metal, supposed to be possibly lead. If that be the case, the equation
would run, polonium (210.4) =helium (4)+4lead (206.4). But the
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atomic weight of lead is 207.1, and not 206.4; however, it is possible
that the atomic weight of radium is 227.1, and not 226.4.

We have another method of approaching the same subject. It is
practically certain that the progenitor of radium is uranium, and that
the transformation of uranium into radium involves the loss of 3
alpha particles; that is, of 3 atoms of helium. The atomic weight
of helium may be taken as one of the most certain; it is 3.004, as
determined by Mr. Watson, in my laboratories. Three atoms would
therefore weigh 11.98, practically 12. There is, however, still some
uncertainty in the atomic weight of uranium; Richards and Merigold
make it 239.4; but the general mean, calculated by Clarke, is 239.
Subtracting 12 from these numbers, we have the values 227, and
227.4 for the atomic weight of radium. It is as yet impossible to draw
any eertain conclusion.

The importance of the work which will enable a definite and sure
conclusion to be drawn is this: For the first time, we have accurate
knowledge as to the descent of some of the elements. Supposing the
atomic weight of uranium to be certainly 239, it may be taken as
proved, that in losing 3 atoms of helium, radium is produced, and, if
the change consists solely in the loss of the 3 atoms of helium, the
atomic weight of radium must necessarily be 227, But it is known
that S-rays, or electrons, are also parted with during this change;
and electrons have weight. How many electrons ure lost is unknown;
therefore, although the weight of an electron is approximately known,
it is impossible to say how much to allow for in estimating the atomie
weight of radium. But it is possible to solve this question indirectly,
by determining exactly the atomic weights of radium and of uranium;
the difference between the atomic weight of radium plus 12, i. e., plus
the weight of 3 atoms of helium, and that of uranium, will give the
weight of the number of electrons which escape. Taking the most
probable numbers available, wiz, 239.4 for uranium, and 226.8 for
radium, and adding 12 to the latter, the weight of the escaping elec-
trons would be 0.6.

The correct solution of this problem would in great measure clear
up the mystery of the irregularities in the periodic table, and would
account for the deviations from Prout’s Law, that the atomic weights
are multiples of some common factor or factors. I also venture to
sugzest that it would throw light on allotropy, which in some cases at
least may very well be due to the loss or gain of electrons, nmump&-;
nied by a positive or negative heat-change. Incidentally, this sug-
gestion would afford plsces in the periodic table for the somewhat
overwhelming number of pseudo-elements the existence of which is
made practically certain by the disintegration hypothesis. Of the
26 elements derived from uranium, thorium, and actinium, 10, which
are formed by the emission of electrons alone, may be regarded as
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allotropes or pseudoelements; this leaves 16, for which 16 or 17 gaps
would appear to be available in the periodic table, provided the reas-
onable supposition be made that a second change in the length of the
periods has taken place. It is above all things certain that it would
be & fatal mistake to regard the existence of such elements as irrecon-
cilable with the periodic arrangement, which has rendered to sys-
tematic chemistry such signal service in the past.

- Attention has repeatedly been drawn to the enormous quantity of
energy stored up in radium and its descendants. That in its emana-
tion, niton, is such that if what it parts with as heat during its disin-
tegration were available, it would be equal to three and a half million
times the energy available by the explosion of an equal volume of
detonating gas—a mixture of 1 volume of oxygen with 2 volumes of
hydrogen. The major part of this energy comes apparently from
the expulsion of particles (that is, of atoms of helium) with enormous
velocity. It is easy to convey an idea of this magnitude in a form
more realizable by giving it a somewhat mechanical turn. Suppose
that the energy in a ton of radium could be utilized in 30 years instead
of being evolved at its invariable slow rate of 1,760 years for half-
disintegration, it would suffice to propel a ship of 15,000 tons, with
engines of 15,000 horsepower, at the rate of 15 knots an hour for 30
years, practically the lifetime of a ship. To do this actually requires
14 million tons of coal.

It is easily seen that the virtue of the energy of the radium consists
in the small weight in which it is contained; in other words, the
radium-energy is in an enormously concentrated form. I have
sttempted to apply the energy contained in niton to various purposes;
it decomposes water, ammonia, hydrogen chloride, and carbon
dioxide, each into its constituents; further experiments on its action on
salts of copper appeared to show that the metal copper was con-
verted partially into lithium, a metal of the sodium column; and
similar experiments, of which there is not time to speak, indicate that
thorium, zirconium, titanium, and silicon are degraded into carbon;
for solutions of compounds of these, mixed with niton, invariably
generated carbon dioxide; while cerium, silver, mercury, and some
other metals gave none. One can imagine the very atoms themselves
exposed to bombardment by enormously quickly moving helium
atoms failing to withstand the impaets. Indeed, the argument a
priori is a strong one; if we know for certain that radium and its
descendants decompose spontaneously, evolving energy, why should
not other more stable elements decompose when subjected to enor-
mous strains !

This leads to the speculation whether, if clements are capable of
disintegration, the world may not have at its disposal a hitherto
unsuspected source of energy. 1f radium were to evolve its stored-up
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energy at the same rate that gun-cotton does, we should have an
undreamed-of explosive; could we control the rate we should have a
useful and potent source of energy, provided always that a sufficient
supply of radium were forthcoming. But the supply is certainly a
very limited one; and it can be safely affirmed that the production
will never surpass half an ounce a year. If, however, the elements
which we have been used to consider as permanent are capable of
changing with evolution of energy; if some form of catalyser could be
discovered which would usefully increase their almost inconceivably
slow rate of change, then it is not too much to say that the whole
future of our race would be altered.

The whole progress of the human race has indeed been due to
individual members discovering means of concentrating energy, and
of transforming one form into another. The carnivorous animals
strike with their paws and crush with their teeth; the first man who
aided his arm with a stick in striking a blow discovered how to con-
centrate his small supply of kinetic energy; the first man who used a
spear found that its sharp point in motion represented a still more
concentrated form; the arrow was a further advance, for the spear
was then propelled by mechanical means; the bolt of the crossbow,
the bullet shot forth by compressed hot gas, first derived from black
powder, later, from high explosives; all these represent progress. To
take another sequence: The preparation of oxygen by Priestley
applied energy to oxide of mercury in the form of heat; Davy im-
proved on this when he concentrated clectrical energy into the tip of
a thin wire by aid of a powerful battery, and isolated potassinm and
sodium.

Great progress has been made during the past century in effecting
the conversion of one form of energy into others, with as little useless
expenditure as possible. Let me illustrate by examples: A good
steam engine converts about one-eighth of the potential energy of the
fuel into useful work; seven-eighths are lost as unused heat and useless
friction. A good gas engine utilizes more than one-third of the total
energy in the gaseous fuel; two-thirds are uneconomically expended.
This is & universal proposition; in order to effect the conversion from
one form of energy into another, some energy must be expended
uneconomically. If A is the total energy which it is required to con-
vert; if B is the energy into which it is desired to convert A then a
certain amount of energy, C, must be expended to effect the conver-
sion. Inshort, A=B+C. It is eminently desirable to keep C, the
useless expenditure, as small as possible; it can never equal zero, but
it can be made small. The ratio of C to B (the economie coefficient)
should therefore be as large as is attainable.

The middle of the nineteenth century will always be noted as the

inning of the golden age of science; the epoch when great generali-
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zations were made, of the highest importance on all sides, philosophical,
economic, and scientifie. Carnot, Clausius, Helmholtz, Julius Robert
Mayer abroad, and the Thomsons, Lord Kelvin and his brother James,
Rankine, Tait, Joule, Clerk Maxwell, and many others at home, laid
the foundations on which the splendid structure has been erected.
That the latert energy of fuel can be converted into energy of motion
by means of the steam engine is what we owe to Newcomen and Watt;
that the kinetic energy of the flywheel can be transformed into elec-
trical energy was due to Faraday, and to him, too, we are indebted
for the reconversion of eitrical energy into mechanical work; and
it is this power of work which gives us leisure, and which enables a
small country like ours to support the population which inhabits it.

I suppose that it will be generally granted that the Commonwealth
of Athens attained a high-water mark in literature and thought
which has never yet been surpassed. The reason ds not difficult to
find; a large proportion of its people had ample leisure, due to ample
means; they had time to think and time to discuss what they thought.
How was this achieved? The answer is simple: Each Greek free-
man had on an average at least 5 helots who did his bidding, who
worked his mines, looked after his farm, and, in short, saved him from
manual labor. Now, we in Britain are much better off; the popula-
tion of the British Isles is in round numbers 45 millions; there are
consumed in our factories at least 50 million tons of coal annually,
and “it is generally agreed that the consumption of coal per indicated
horsepower per hour is on an average about 5 pounds.” (Royal Com-
mission on Coal Supplies, Part I.) This gives 7 million horsepower
per year. How many manpower are equal to a horsepower? I have
arrived at an estimate thus: A Bhutanese can carry 230 pounds plus
his own weight, in all 400 pounds, up & hill 4,000 feet high in 8 hours;
this is equivalent to about one twenty-fifth of a horsepower; 7 million
horsepower are therefore about 175 million manpower. Taking a
family as consisting on the average of 5 persons, our 45 millions
would represent 9 million families; and dividing the total manpower
by the number of families, we must conelude that each British family
has, on the average, nearly 20 helots doing his bidding, instead of the
5 of the Athenian family. We do not appear, however, to have
gained more leisure thereby, but it is this that makes it possible for
the British Isles to support the population which it does.

We have in this world of ours only a limited supply of stored-up
energy; in the British Isles o very limited one—namely, our coal
fields. The rate at which this supply is being exhausted has been
inereasing very steadily for the last 40 years, as anyone can prove by
mapping the data given on page 27, Table D, of the General Report
of the Royal Commission on Coal Supplies (1906). In 1870, 110 mil-
lion tons were mined in Greet Brituin, and ever since the amount has
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increased by 3} million tons a year. The available quantity of coal
in the proved coal fields is very nearly 100,000 million tons; it is
easy to calculate that if the rate of working increases as it is doing our
coal will be completely exhausted in 175 years. But, it will be replied,
the rate of incrense will slow down. Why? It has shown no sign
whatever of slackening during the last 40 years. Later, of course,
it must slow down, when eoal grows dearer owing to approaching
exhaustion. Tt may also be said that 175 years is a long time; why,
I myself have seen o man whose father fought in 1745 on the Pretend-
er's side, nearly 170 years ago! In the life of a nation 175 years is a
span.

This consumption is still proceeding at an accelerated rate. Be-
tween 1905 and 1907 the amount of coal raised in the United Kingdom
increased from 236 to 268 million tons, equal to 6 tons per head of the
population, against 3} tons in Belgium, 2} tons in Germany, and 1
ton in France. Our commercial supremacy and our power of com-
peting with other European nations are obviously governed, so far as
we can see, by the relative price of coal; and when our prices rise,
owing to the approaching exhaustion of our supplies, we may look
forward to the near approach of famine and misery.

Having been struck some years ago with the optimism of my non-
acientific friends as regards our future, I suggested that a committee of
the British Science Guild should be formed to investigate our available
sources of energy. This guild is an organization founded by Sir
Norman Lockyer, after his tenure of the presidency of this association,
for the purpose of endeavoring to impress on our people and their
Government the necessity of viewing problems afTecting the race and
the State from the standpoint of science; and the definition of science
in this, as in other connections, is simply the acquisition of knowledge,
and orderly reasoning on experience already gained and on experi-
ments capable of being carried out, so as to forecast and control the
course of events; and, if possible, to apply this knowledge to the
benefit of the human race.

The Science Guild has enlisted the services of a number of men,
each eminent in his own department, and each has now reported on
the particular source of energy of which he has special knowledge.

Besides considering the uses of coal and its products, and how they
may be more cconomically employed, in which branches the Hon. Sir
Charles Parsons, Mr. Dugald Clerk, Sir Boverton Redwood, Dr.
Beilby, Dr. Hele-Shaw, Prof. Vivian Lewes, and others have furnished
reports, the following sources of energy have been brought under
review: The possibility of utilizing the tides; the internal heat of the
earth; the winds; solar heat; waterpower; the extension of forests,
and the use of wood and peat as fuels; and lastly, the possibility of
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controlling the undoubted but almost infinitely slow disintegration
of the elements, with the view of utilizing their stored-up energy.

However interesting a detailed discussion of these possible sources
of energy might be, time prevents my dwelling on them. Suffice it to
say that the Hon. R. J. Strutt has shown that in this country at least
it would be impracticable to attempt to utilize terrestrial heat from
boreholes; others have deduced that from the tides, the winds, and
waterpower small supplies of energy are no doubt obtainable, but that,
in eomparison with that derived from the combustion of coal, they are
neglizible; nothing is to be hoped for from the direct utilization of
solar heat in this temperate and uncertain climate; and it would be
folly to consider seriously a possible supply of energy in a conceivable
acceleration of the liberation of energy by atomic change. It looks
utterly improbable, too, that we shall ever be able to utilize the energy
due to the revolution of the earth on her axis, or to her proper motion
round the sun.

Attention should undoubtedly be paid to forestry, and to the utiliza-
tion of our stores of peat. On the Continent the forests are largely
the property of the State; it is unreasonable, especially in these latter
days of uncertain tenure of property, to expect any private owner of
land to invest money in schemes which would at best only bencfit his
descendants, but which, under our present trend of legislation, do not
promise even that remote return. Our neighbors and rivals, Germany
and France, spend annually £2,200,000 on the conservation and utili-
zation of their forests; the net return is £6,000,000. There is no doubt
that we could imitate them with advantage. Moreover, an increase
in our forests would bring with it an increase in our waterpower; for
without forest land rain rapidly reaches the sea, instead of distributing
itself, so as to keep the supply of water regular, and so more easily
utilized.

Various schemes have boen proposed for utilizing our deposits of
peat. I believe thatin Germany the peat industry is moderately prof-
itable; but our humid climate does not lend itself to natural evapora-
tion of most of the large amount of water contained in peat, without
which processes of distillation prove barely remunerative.

We must therefore rely chiefly on our coal reserve for our supply
of energy, and for the means of supporting our population, and it is
to the more economical use of coal that we must look, in order that our
life as a nation may be prolonged. We can economize in many ways:
By the substitution of turbine engines for reciprocating engines, there-
by reducing the coal required per horsepower from 4 to 5 pounds to
1% or 2 pounds; by the further replacement of turbines by gas engines,
raising the economy to 30 per cent of the total energy available in the
coal, that is, lowering the coal consumption per horsepower to 1 or 1}
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pounds; by creating the power at the pit mouth, and distributing it

¥, as is already done in the Tyne district. Economy can
also be effected in replacing beehive coke ovens by recovery ovens;
this is rapidly being done; and Dr, Beilby calculates that in 1909
nearly 6 million tons of coal, out of a total of 16 to 18 millions, were
coked in recovery ovens, thus effecting a saving of 2 to 3 million tons
of fuel annually. Progress is also being made in substituting gas for
coal or coke in metallurgical, chemical, and other works., But it must
be remembered that for economic use, gaseous fuel must not be
charged with the heavy costs of piping and distribution.

The domestic fire problem is also one which claims our instant
attention. Tt is best grappled with from the point of view of smoke.
Although the actual loss of thermal energy in the form of smoke is
small—at most less than a half per cent of the fuel consumed—still the
presence of smoke is a sign of waste of fuel and careless stoking. In
works mechanical stokers which insure regularity of firing and com-
plete combustion of fuel are more and more widely replacing hand-
firing. But we are still utterly wasteful in our consumption of fuel
in domestic fires. There is probably no single remedy applicable;
but the introduction of central heating, of gas fires, and of grates which
permit of better utilization of fuel will all play a part in economizing
our coal. It is open to argument whether it might not be wise to
hasten the time when smoke is no more by impesing a 6-penny fine -
for each offense; an instantaneous photograph could easily prove the
offense to have been committed; and the imposition of the fine might
be delayed until three warnings had been given by the police.

Now, I think that what I wish to convey will be best expressed by
an allegory. A man of mature years who has surmounted the troubles
of childhood and adolescence without much disturbanee to his physical
and mental state gradually becomes aware that he is suffereng from
loss of blood; his system is being drained of this essential to life and
strength. What does he do? If he is sensible, he calls in a doctor, or
perhaps several, in consultation; they ascertain the seat of the disease,
and diagnose the cause. They point out that while consumption of
blood is necessary for healthy life, it will lead to & permature end if
the constantly increasing drain is not stopped. They suggest certain
precautionary measures; and if he adopts them, he has a good chance
of living at least as long as his contemporaries; if ho neglects them, his
days are numbered.

That is our condition as a nation. We have had our consultation in
1903 ; the doctors were the members of the coal commission. They
showed the gravity of our case, but we have turned a deaf ear.

It is true that the seli-interest of coal consumers is slowly leading
them to adopt more economical means of turning coal into energy.
But 1 have noticed and frequently publicly announced a fact which
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can not but strike even the most unobservant. Itis this: When trade
is good, as it appears to be at present, manufacturers are making
money ; they are overwhelmed with orders, and have no inclination to
adopt economies which do not appear to them to be essential, and the
introduction of which would take thought and time, and which would
withdraw the attention of their employees from the chief object of the
business—how to make the most of the present opportunities. Hence
improvements are postponed. 'When bad times come, then there is no
money to spend on improvements; they are again postponed until
better times arrive.

What can be done?

I would answer: Do as other nations have done and ere doing;
take stock annually. The Americans have a permanent commission
initiated by Mr. Roosevelt, consisting of three representatives from
each State, the sole object of which is to keep abreast with the diminu-
tion of the stores of natural energy, and to take steps to lessen its rate.
This is & nonpolitical undertaking, and one worthy of being initiated by
the ruler of a great country. If the example is followed here the ques-
tion will become a national one.

Two courses are open to us; first, the laissez-faire plan of leaving
to self-interested competition the combating of waste; or second,
initiating legislation which, in the interest of the whole nation, will
endeavor to lessen the squandering of our national resources. This
legislation may be of two kinds: Penal, that is, imposing a penalty
on wasteful expenditure of energy supplies; and helpful, that is,
imparting information as to what can be done, advancing loans st an
easy rate of interest to enable reforms to be carried out, and insisting
on the greater prosperity which would result from the use of more
efficient appliances.

This is not the place, nor is there the time, to enter into detail;
the subject is a complicated one, and it will demand the combined
efforts of experts and legislators for a generation; but if it be not con-
sidered with the definite intention of immediate action, we shall be held
up to the deserved execration of our not very remote descendants.

The two great principles which I have alluded to in an earlier part
of this address must not, however, be lost sight of;; they should guide
all our efforts to use energy economically. Concentration of energy
in the form of electric current at high potential makes it possible to
convey it for long distances through thin and therefore comparatively
inexpensive wires; and the economic coefficient of the conversion of
mechanical into electrical and of electrical into mechanical energy is
a high one; the useless expenditure does not much exceed one-twen-
tieth part of the energy which can be utilized. These considerations
would point to the conversion at the pit mouth of the energy of the fuel
into electrical energy, using as an intermediary turbines, or preferably
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gas engines; and distributing the electrical energy to where it is
wanted. The use of gas engines may, if desired, be accompanied by
the production of half-distilled coal, a fuel which burns nearly without
smoke, and one which is suitable for domestic fires, if it is found too
difficult to displace them and to induce our population to adopt the
more efficient and economical systems of domestic heating which are
used in America and on the Continent, The increasing use of gas for
factory, metallurgical, and ehemical purposes points to the gradual
concentration of works near the coal mines, in order that the laying
down of expensive piping may be avoided.

An invention which would enable us to convert the energy of coal
directly into electrical energy would revolutionize our ideas and
methods, yet it is not unthinkable. The nearest practical approach
to this is the Mond gas battery, which, however, has not succeeded,
owing to the imperfection of the machine.

In conclusion, T would put in a plea for the study of pure science,
without regard to its applications. The discovery of radium and
similar radioactive substances has widened the bounds of thought.
While themselves, in all probability, incapable of industrial applica-
tion, save in the domain of medicine, their study has shown us to what
enormous advances in the concentration of energy it is permissible to
look forward, with the hope of applying the knowledge thereby gained
to the betterment of the whole human race. As charity begins at
home, however, and as I am speaking to the British Association for
the Advancement of Science, I would urge that our first duty is to
strive for all which makes for the permanence of the British com-
monweal and which will enable us to transmit to our posterity a
heritage not unworthy to be added to that which we have received
from those who have gone before.
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(FARADAY LECTURE.)
THE FUNDAMENTAL PROPERTIES OF THE ELEMENTS.!

By Tuxoponre Wuian Ricmanps,

Professor of Chemistry, Harvard University.

We meet to-night to honor the memory of Michael Faraday. Itis
fitting that we should ccme to this historic place, for here were his
home and his laboratory, and in this room he lectured. Science is
one of the great influences promoting the solidarity of mankind; it is
world embracing, and recognizes no bounds of nationality. Fara-
day’s work especially was a message to the whole world, and has
grown into a priceless heritage for all humanity. Therefore, from
time to time the generous guardians of this famous lectureship have
called chemists and physicists from many lands to honor his unique
genius. England, Germany, France, Italy, Russis, have all sent
eminent representatives; and now from across the sea there comes a
pilgrim who is proud indeed to bring the homage of the New World
to this shrine of cherished memories. The many ties which bind
together our two nations add especial pleasure to the fulfillment of
the trust.

The mystery that enshrouds the ultimate nature of the physical
universe has always stimulated the curiosity of thinking man. Of
old, philosophers sought to solve the cosmic problem by abstract
reasoning, but to-day we agree that the only hope of penetrating
into the closely guarded secret lies in the precise estimation of that
which is tangible and visible. Knowledge of the actual behavior of
material and of energy provides the only safe basis for logical inference
as to the real essence of things. Faraday was deeply imbued with
this conviction, and it is widely recognized as the basis of all modern
experimental science. The subject of my lecture to-night concerns
the methods and general results of several extended series of investi-
gations, planned with the hope of adding a little to the foundations
of human knowledge by means of careful experiment.

!Mmudbuhm:ho?dhﬂufﬂnfhmhﬂﬁwhtyhtﬂlhmnlmBnrﬂlmﬂmﬁm.m
on Wedneaday, June 14, 1011,  Printed fn the Journal of the Chemical Soclety, London, vol. 99, p. 1201,
1911, Boe also Proceedings of the Chemical Soclety vol. 27, p. 17, 1911 Priated also In Sclence, Det. 27,
1911, Haeprinted by permission, after author's rovidon,
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At the outset let me remind you of an old saying of Plato's, for it .
sounds the keynote of the lecture: “If arithmetic, mensuration and
weighing be taken away from any art, that which remains will not
be much.”* In other words, the soundness of all important con-
clusions of mankind depends on the definiteness of the data on which
they are based.

Lord Kelvin said: " Accurate and minute messurement seems to
the nonscientific imagination a less lofty and dignified work than
looking for something new. But nearly all the grandest discoveries
of science have been the rewards of accurate measurement and
patient, long-continued labor in the minute sifting of numerical
results.”” # The more subtle and complicated the conclusions to be
drawn, the more exactly quantitative must be the knowledge of the
facts.

Measurement is & means, not an end. Through measurement we
obtain data full of precise slgmﬁcanca about which to reason; but
indiscriminate measurement will lead nowhere. We must fhmsn
wisely the quantities to be measured, or else our time may be wasted.

Among all quantities worthy of exact measurement the properties
of the chemical elements are surely some of the most fundamental,
because the elements are the vehicles of all the manifold phenomena
within the range of our perception.

Weight is clearly one of the most significant of these properties.
The eighty or more individual numbers which we call the atomie
weights are perhaps the most striking of the physical records nature
has given us concerning the earliest stages of the evolution of the
universe. They are mute witnesses of the first beginnings of the
eosmos out of the chaos, and their significance is one of the first
concerns of the chemical philosopher.

Mankind is not yet in a position to predict any single atomie
weight with exactness. Therefore the exact determination of
atomic weights rests upon precise laboratory work; and in order to
arrive at the real values of these fundamental constants, chemical
methods must be improved and revised so as to free them from
systematic or accidental errors.

What, now, are the most important precautions to be taken in
such work? These are worthy of brief notice, becanse the value of
the results inevitably depends upon them. Obvious although they
may be, they are often disregarded.

In the first place, each portion of substance to be weighed must be
free from the suspicion of containing unheeded impurities; otherwise
its weight will mean little. This is an end not easily attained, for
liquids often attack their containing vessels and absorb gases, erystals

1 Phaio, Fhilebon (trans. Joweit), 1575, vol. 4, p. 104,
$Elr W. Thomson (Lord Kelvia), Address to British Assoclation, Angust, 1571, Life, vol. 3, 600,
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include and oceclude solvents, precipitates curry down polluting
impurities, dried substances cling to water, and solids, even at high
temperatures, often fail to discharge their imprisoned contaminations.

In the next place, after an analysis has once begun, every trace of
each substance to be weighed must be collected and find its way in
due course to the scale pan. The trouble here lies in the difficulty
in estimating, or even detecting, minute traces of substances remain-
ing in solution, or minute losses by evaporation at high temperatures.

In brief, ‘‘the whole truth and nothing but the truth” is the aim.
The chemical side of the question is far more intricate and uncertain
than the physical operation of weighing, For this reason it is neither
necessary nor advisable to use extraordinarily larpe amounts of mate-
rial. From 5 to 20 grams in each experiment is usually enough. The
exclamation, ‘‘What wonderfully fine scales you must have to weigh
atoms” indicates lack of knowledge. The real difficulties precede
the introduction of the substance into the balance case! Every
substance must be assumed to be impure, every reaction must be
assumed to be incomplete, every messurement must be assumed to
contain error, until proof to the contrary can be obtained. Only by
means of the utmost care, applied with ever-watchful judgment, may
the unexpected snares which always lurk in complicated processes
be detected and rendered powerless for evil.

Among all the possibilities of error, the unsuspected presence of
water is perhaps the most frequent and most insidious. Hence, I shall
show you & device for overcoming this potent source of confusion, a
device which has played a great role in the recent researches concern-
ing atomic weights at Harvard, and is in large measure responsible
for such value as the results may possess. The instrument* enables
one to dry, inclose, and weigh an anhydrous substance in such a
manner as to preclude the admission of a trace of water from the
atmosphere. It might well find applications in every quantitative
laboratory. The simple device consists of a quartz ignition tube
fitted to a soft-glass tube which has a projection or pocket in one side
(fig. 1). A weighing bottle is placed at the end of the latter tube,
and its stopper in the pocket. The boat containing the substance to
be dried is heated in the quartz tube, surrounded by an stmosphere
consisting of any desired niixture of gases. These gases are dis-
placed after partial cooling, first by nitrogen and then by pure dry
air, and the boat is pushed past the stopper into the weighing bottle,

i Richards, Methods Used in Preciss Chemical Investipation, published by the Carnegis Institotion of
Washington, 1610, No. 125, p. 07,

¥ Richards, Zeltseh, anorg. Chem., 1808, vol. 8, p. 267; also Richards and Parker, (hid., 1567, vol. 13, p. 88,
Two foro of spparstos gre shown In this disgram; the upper drawing deplets {he earlier form, sultabls for
a burd glass or poroelaln lgnition tube, whereas the lower drawing (lostrates & form slightly different from
the original arrangement, although the maln ides s the same.  Tha flat ground jolnt between quarts and
plass allows for their different cortficlents of expansion, and makes & quaris tubs interclangeabis with any
other by case of brealags.
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the stopper being then forced into place and the substance thus shut
up in an entirely dry atmosphere. The weighing bottle may now be
removed, placed in an ordinary desiccator and weighed at leisure.
The substance is really dry, and its weight has definite significance.
Mention may be made also of another instrument, which likewise
has greatly facilitated the recent work at Harvard, namely, the
nephelometer.! With the nephelometer, minute traces of suspended
precipitate may be approximately determined from the brightness of
the light they reflect. The construction is very simple. Two test
tubes, near together and slightly inclined toward one another, are
arranged so s to be partly shielded from a bright source of light by
sliding screens. The tubes are observed from above through two
thin prisms, which bring their images together and produce an appear-
ance resembling that in the familiar half-shadow polarimeter. The
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unknown quantity of dissolved substance is precipitated as a faint
opalescence in one tube by means of suitable reagents, and a known
amount, treated in exactly the same way, is prepared in the other.
Each precipitate reflects the light; the tubes appear faintly luminous,
If the tubes show like tints to the eye when the screens are similarly
placed, the precipitates may be presumed to be equal in amount. In
case of inequality of appearance, the changed positions of the screens
necessary to produce equality of tint give a fairly accurate guide as
to the relative quantities of precipitate in the two tubes. Traces of
substance, which are too attenuated to be caught on any ordinary
filter, may thus be estimated.

The two errors obviated by these simple devices, namely, the
presence of residual water and the loss of traces of precipitate, respec-
tively, have perhaps ruined more previous investigations than any

§ Richards, Zeitach. sporg. Chem., 1803, vol. §_ p. 700; Richords and Wells, American Chemieal Joornal,
1804, vol. 31, p 225; Richards, Ihid., 1006, vol. 35, p. 510,
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other two causes, unless the inelusion of foreign substances by pre-
cipitates may be ranked as an equal vitiating effect. But these are
merely details. The scope and method of the recent work on this
subject at Harvard (in the course of which 30 atomic weights have
been redetermined) may be seen in their full bearing only in the original
papers.t

That the atomic weights may be connected by precise mathematical
equations seems highly probable; but, although many interesting
attempts have been made to solve the problem,?® the exact nature of
such relationships has not yet been discovered. No attempt which
takes liberties with the more certain of the observed values is worthy
of much respect. It seems to me that the discovery of the ultimate
generalization is not likely to occur until many atomic weights have
been determined with the greatest accuracy. No trouble being too
great to attain this end, the Harvard work will be continued indefi-
nitely, and attempts will be made to improve its quality, for the dis-
covery of an exact mathematical relationship between atomic weights
would afford us an immeasurably precious insight into the ultimate
nature of things.

But weight is only one of the fundamental properties of an element
Volume is almost, if not quite, as important in its own way, although
far more variable and confusing. All- gases, indeed, approach
closely to a simple relationship of volumes, defined by the law of
Gay Lussac and the rule of Avogadro, and well known to you all.
In the liquid and solid state, however, great irregularities are mani-
fest, and very little system as regards volume is generally recognized.

About 12 years ago, the study of such small irregularities as exist
among gases led me to the suspicion of a possible cause for the
greater irregularities in liquids and solids® On applying van der
Waals's well-known equation to several gases, ini some tentative
and unpublished computations, it seemed clear that the quantity b
is not really a constant quantity, but is subject to change under
the influence of both pressure and temperature. This conclusion
has also been reached independently by van der Waals himself.*
But if the quantity b (supposed to be dependent upon the space

L An important part in these reseanches haa been taken by (. P. Baxter, and muny ahlestudents ako have
nsisted the author In the work, A complete bibliography ls given in Publications Carnagle Institutlon of
Wishington, 1810, No. 125, p. 0. Most of the papers are reprinted fn foll in & volume entitled, * Experd-
mentelle Untersuchungen Ober Atomgowichis,” by the suthor and his collaborators (Hambarg, 103).
Tha Carmegls Institution of Washinglon has generously subsidized the work In recent youra,

1 Bon expecially Rydberg, Zeltseh, anory. Chem., 1597, vol. 14, p. 66

¥ Richards, The Bignificance of Changing Atomie Volume, Proceedings American Academy, 1001, vol.
37, p. 1; 1902, vol. 37, p- 300; 1902, vol. 85, p. 208; 1904, vol. 30, p. 681; Zeitsch. physikal. Chem., 1903, vol.
40, pp. 100, 597; 1909, vol. 42, p. 120; 1004, val. 40, p. 15,

+ Van dor Whals, Zeltsch, physikal, Cham,, 1601, vol. 35, p. 257, His earlier poblication on this tople
(Proc. . Aksd. Wetensch, Amsterdam, 1558, vol, 29, p. 135) wma unknown to me ot that time,  Bee also
Lewis, Procoedings Amerioan Academiy, 1560, vol. 35, p. 21
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actually occupied by the molecules) is changeabls, are not the
molecules themselves compressible !

The next step in the train of thought is perhaps equally obvious.
If changes in the bulk of molecules are to be inferred even from
gases, may not the expansion and contraction of solids and liquids
afford a much better clue to the relative expansion and contraction
of these molecules

Most physical chemists refer all changes in volume to changes in
the extent of the empty space between the molecules. But are
there, after all, any such empty spaces in solids and liquids? Selids
do not behave as if the atoms were far apart within them; porosity
is often conspicuous by its absence. Take, for instance, the case of
glass; the careful experiments of Landolt on the conservation of
weight * show that glass is highly impermeable to oxygen, nitrogen
and water for long periods. Such porosity as oeccurs in rigid, com-
pact solids usually permits the passage only of substances which
enter into the chemical structure of the solids themselves, Thus,
nitrogen can not free itself from imprisonment within hot cuprie
oxide, although oxygen can escape;* again, water can not evaporate
into even the driest of atmospheres from accidental incarceration
in erystals lacking water of erystallization.* Palladium, on occluding
hydrogen, is obliged to expand its bulk in order to make room for
even this small addition to its substance. The behavior of platinum,
nickel, and iron is probably analogous, although less marked.®
Fused quartz, impermeable when cold, allows of the passage of
helium and hydrogen at high temperatures;® but most other gases
seem to be refused admission and very many solid substances appear
to act as effective barriers to the passage of even hydrogen and
helium, especially when cold. In these cases, as in so many others
the so-called sphere of influence of the atom is the actual boundary
by which we know the atom and measure its behavior.” Why not
call this the actual bulk of the atom?

From another point of view, the ordinary conception of a solid
has always seemed to me little short 'of an absurdity. A gas may
very properly be imagined with moving particles far apart, but

1'¥an der Waals speals cuntiomly, but with some conviction, as to the probahbls som pressibility of the
moleculem on p. 353 of Lhe paper cited above.

1 H, Landalt, Ueber din Erhnltung der Mame bel chem. Umwandiungen, Abhandiung der kbnigl
precsi. Akad. der Wisienschalten, 1010,

8 Richards, Zeltach. knorg. Chean,, 1562, vol. 1, p. 196, Proseedings Ameriean Acdemy, 1563, vol. 24, p. 200:
Tbid, 1508, vol. 3%, p. 399,

4 Paker anid Adlam, Journal Chemical Boclety Trarsactions, 1911, vol. 99, p. 507,

& Richards and Behr, Fublimtions Carnegie Tnstitation, 1906, No. 61.

 Jacquerod snd Perrot, Compt, rend., 1907, vol. 144, p. 135,

¥ Eines theso fdeas wers first sdvanced, Barlow amd Fope have brought forwand much Intermting evidenos
concerning tha significance of the volumes of solids and Hquida, which supports the ldes that the atoms
are closely in contaet with one snother. (Trana., 1006, vol. 80, p. 1675; 1907, vol. 91, p 1150; 1004, vol, @1,
P 1525 1010, vol. 07, p. Z308.)
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what could give the rigidity of steel to such an unstable structurod
The most reasonable conclusion, from all the evidence taken together,
soams to be that the interstices between atoms in solids and liquids
must usually be small even in proportion to the size of the atoms
themselves, if, indeed, there are any interstices at all.

Very direct and convincing evidence of another sort is at hand.
The idea that atoms may be compressible receives striking confirma~
tion from & recent interesting investigation of Grilneisen * concerning
the small effect of low temperatures on the compressibility of metals.
The average compressibility of aluminium, iron, copper, silver, and
platinum falls off only 7 per cent between the temperature of the
room and that of liquid air. Extrapolation of the curves indicates
that at the absolute zero very little further diminution should oecur.
As far as we can guess, therefore, the hard metals are almost as com-
pressible at the sbsolute zero as at room temperatures. But at the
absolute zero all heat-vibration is supposed to stop; hence this
remaining compressibility must needs be ascribed to the atoms
themselves.

If the atoms are compressible, all mathematical reasoning which
assumes them to be incompressible rests upon a false basis. The
kinetie theory of gases remains unmolested by these considerations,
except as they indicate the changeability of b in the equation of van
der Waals, but the new views affect seriously the application of this
equation to solids and liquids.

Let us proceed to trace a few of the outcomes of our hypothesis.
If atoms may really be packed closely together, the volumes of solids
and liquids should afford valuable knowledge concerning the relative
spaces occupied by the atoms themselves under varying conditions.
The densities of solids and liquids then assume a significance far more
interesting to the chemical philosopher than before, because they have
a more definite connection with the fundamental nature of things.

An apparent objection at once suggests itself; if the particles in
condensed material are really touching one another, how can we
account for heat within the material? Would such closely packed
atoms be able to vibrate?

The theory of compressible atoms supphes as one of its own corol-
laries the immediate answer to this question. If atoms are com-
pressible throughout their whole substance, they may contract and
expand, or vibrate within themselves, even when their surfaces are
prevented from moving by being closely packed together. It is thus
possible to conceive of a vibrational effect, even in contiguous atoms,
prowided we can conceive of these atoms as being elastic throughout

1 E. Grinelsen, Ann. Physik, 1910 (v}, vol. 33, p. 1230, The relative valnes for the compressibillties
recorded In this lnvestigation are doubibess tnmtworthy, although the absclute magnitudes aro samewhat
uhotrtain bocause they depend on the rather inadequate theory of elasticlty.
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all their substance. Agitation sufficient to produce even the Brown-
ian movement might easily exist in such a system.

Clearly there is nothing impossible or obviously contradictory to
experimental knowledge in the notion that atoms are compressible;
indeed, the old idea of small, hard particles far apart is really more
arbitrary and hypothetical than the new conception. The obvious
simplicity of the latter is rather in its favor than otherwise, as in
Dalton’s atomic theory. In general, the more simply an hypothesis
interprets the phenomena of nature, the more useful the hypothesis
is likely to be, provided, of course, that the interpretation is adequate.
The modern philosophy of pragmatism is a good guide in such matters;
a theory not obviously illogical should be judged by its usefulness.
Let us then test the new hypothesis by applying it to other aspects
of physical chemistry.

If pressure produces a change in the sizes of the atoms and mole-
cules themselves, may not the actual volumes of liquids and solids be
used as a guide to the unknown internsl pressures within them?
Can not we thus discover whether or not chemical affinity exerts
pressure in its action? To follow this elue, the simplest possible case
was chosen at first, namely, the comparison of the contractions taking
place on combining several elements in succession with a single very
compressible one. The changes of volume oceurring during the for-
mation of oxides were first computed; later, chlorides and bromides
were studied. According to the theory of compressible atoms, we
should expect, to find greater contraction in cases of greater affinity,
The disgram (fig. 2), which depicts typical data concerning certain
nearly related chlorides, strongly supports this inference One of
these lines shows the total change of volume which oceurs when a
gram-molecule of chlorine combines with the equivalent weight of
metal; the other gives the heat evolved during combination. The
lines show distinct parallelism; that is to say, reactions evolving
much heat manifest great contraction. In cases of this kind the
heat of reaction is usually not very different from the change of free-
energy ; therefore we may infer that greater affinity is associated with
greater contraction; and it is but a small leap in the dark to guess
that the change of volume is caused by the pressure of affinity.
Since chemical attraction holds two elements firmly together, why
should it not exert pressure? And if it exerts pressure, why should
not the volume of the system be diminished by this pressure?

This interpretation is not wholly new. Faraday's great teacher,
Davy,? pointed out for the first time a similar fact, namely, that the
contraction which takes place on forming the oxide of potassium is

* Richands, Proceeding Ameroan Acadeny, 1002, vol. 37, p, 590; also, especlally, Richands and Jones,
Journal Americun Chemical Soclety, 1008, vol. 11, p. 158,
3 Humphry Duvy, Collected Works, 1540, vol. 5, p. 133 (footmote).
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greater than the contraction which takes place on forming several
other oxides, and he ascribed this effect to the well-known differences
of affinity in these cases; but he did not carry the idea further.
Long afterwards, Braun,! Mueller-Erzbach,® Hagemann,* and Traube,*
independently and apparently without knowledge of each other’s
work, called attention to other cases of similar relationships.

All of these researches have produced so little effect on the litera-
ture of the subject® that they were entirely overlooked during the

COMPARISON of HEATS OF FORMATION of CHLORIDES
and CONTRACTION ON COMBINATION

200 HEAT OF FORMATION

ON COMBINATION
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Fic. 2.
earlier part of the present investigation. The oversight mattered
little, however, because the whole subject needed a fresh attack.
Essential factors in the situation had not been noticed by any of
these earlier investigators. Affinities, indeed, had been considered,
but the nature of the substances on which the affinities act had been
overlooked. Evidently the change of volume in any case must de-
pend not only on the intensity of the pressure exerted by the affinity,
but slso, among other things, on the compressibility of the sub-
1Y, Braun, see Johnson, Journal Chemienl Soclety Transnetions, 1877, vol, 31, p. 252
* Meller-Ersbach, Ber., d, deutsch. Ch. Ges., 1581, vol. 14, pp. 217, 0.

! Hagemunn (private publissthon, Friediinder, Berlin, 1900).

1 Traube, Ueber den Haom der Atome, Ahrens's Bammibung der chem, und ehom.dechti. Vortrige, vol.
L, p. 25

¥ Bee, for example, Ostwald's Gundriss der aligemeloen Chermle, 1509, p, 155,
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stances concerned. The greater the compressibility, the greater
should be the change of volume esused by a given pressure of affinity.
Before any definite conelusion can be drawn, the differences in com-
pressibility must be taken into account.

These thoughts led to the measuring of the compressibilities of a
large number of elements and simple compounds. The previously
employed methods for solids and liquids being unsatisfactory, a new
and highly satisfactory method was devised for the work done at
Harvard. Pure mercury is compressed in a suitable tube, measuring
both pressure and change of volume, and then most of the mercury
is displaced by the substance to be studied, again noting the rela-
tionship of pressure to volume. The difference between the com-
pressibility of mercury and that of the substance is then easily cal-
culated. Obviously, in such a method as this, the compressibility
of the apparatus itsell is eliminated. The relation of volume to

is easily determined by causing the mercury meniscus to
muke electrical contact with a very fine platinum point in a tube of
narrow dismeter, adding weighed globules of mercury, and noting
the corresponding pressures.! Time forbids the description of the
details of the procedure.

The compressibilities of 35 elements and many simple compounds
were studied by this method with sufficient care to leave no doubt
as to their relative values. It became at once manifest that the
formation of a compound of a compressible element was attended
with greater decrease of volume than the formation of a similar com-
pound of a less compressible element, other things being equal?
This is just what the theory leads us to expect, and is a fact inexplica-
ble by any other hypothesis as yet known to me.

Another essential aspect of the theory of compressible atoms is
that which concerns cohesion.? If the pressure of chemical affinity
causes atomic compression, may not the pressure of cohesive affinity
also have the same effect? Traube suggested this possibility, but
looked at the whole question from a different point of view.* The
affinity which prevents solids and liquids from vaporizing is generally
admitted to produce great internal pressure; must it not tend to com-
press the molecules into smaller space? Molecules with high cohesive
affinity (those of substances hard to volatilize) should be much com-

¥ Richards, in collaboration with Siall, Ronnet, Brink, Mathews, Jones, Epevers, Publication Camegie
Institute of Washingtan, Nos, 7 and 76; Journs] American Chemical Boclety, 1004, vol. 26, p. 300; 1000, vel.
a1, p. 154; Zoltasch. phiyaiicnl. Chem., 1004, vol. 40, p. 1; 107, vol. 61, p. 77,

® Richards, Procesdings American Academy, 1004, vol. 39, p. 581,

AThid,

i Ben oepécially, Tranbe Ann. Fhyslk., 1807, (i), vol. 61, p. 353; 1001 (iv.), vol. & p. 565 102, vol. 8, p.
67 1907, vol. 22, p. 519; Zeltsch, physikal, Chem., 1010, vol. 68, p. 250; also Walden, Zeltach, phiyaiial.
Cher,, 1900, vol. 06, p. 385, Their Interpretation dependa largely on the spplication of van der Waals's
equstion nnd the complivating mumption of s covolume; however, Walden's very recent paper presmmts o
nimber of interesting snd important relations concerning Intemal pressure, which seem fo demnnd the
psumption of stomio compram{bility for thelr explanation.
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pressed and possess small volume, whereas molecules with a slight
cohesive affinity should be more bulky. Moreover, those molecules ~
already much compressed by their own self-affinity would naturally
be but little affected by additional pressure. Thus, as regards two
substances otherwise similar, the less volatile one would be less com-
pressible, denser, and possess greater surface tension.! These out-
comes of the theory agree with the facts in 80 per cent of the cases thus
far-studied; for example, o-xylene is denser, less volutile, less com-
pressible, and possesses & greater surface tension thun either m-xylene
or p-xylene?® Differences of structure and differences of chemical
nature sometimes conceal these relations; the parallelism appears
most strikingly among isomerie compounds. In brief, the bulk of
evidence strongly indicates that cohesiveness as well as chemical
affinity exerts pressure in its action, and hence that ench plays a part
in determining the volumes occupied by molecules.

Thus the computation of the space occupied by either a solid or a
liquid becomes a very complex matter. Not only must the various
chemical affinities at work be taken into account, but also the co-
hesive attraction of both factors and products, and the compressi-
bilities over a very wide range of all the substances concerned. Dis-
coverable parallelism in volume changes is to be expected only when
one alone of these tendencies is the chief variable.

The exact mathematical working out of the consequences is very
far in the distance, if, indeed, it can ever be attained. This fact does
not, however, militate in the Jesst against the plausibility of the idea.
Although mankind has not yet been able to devise s method of mathe-
matical analysis which will solve at one stroke the gravitational rela-
tions of three bodies, nature is not on that account prevented from
causing three or more bodies to act on one another with the force of
gravity, or astronomers from calculating as nearly as may be the
consequences by a process of approximation.

Carried through to its logical conclusion, the ides that atoms are
compressible gives one quite a new conception of the molecular me-

1 Richands and Mathews, Zeltsch. ihisilcal, Cheo., 1008, vol. 61, p. 449

® With thebelpof C. L.Speyers 1 have determined these sonstants with great cars.  The substances wera
unusunlly pire, the pxylens froezingat 11.3=, The detaily will be published as soon us possibla, Tha -
sults are recarded in the fllowing tahle:
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chanics of the universe. The influence of stomic compressibilities
may be perceived everywhere, and in most cases each fact seems to fit
easily and without constraint into its place in the hypothesis, Even
apparent exceptions, such as the abnormal bulk of ice, may be ascribed
in a reasonable fashion to superposed effects. A detailed discussion
of many applications of the theory is impossible here, but a few may
be suggested, in order to make clearer its possibilities.

The satisfying of each valence of an atom would cause a depression
on the atomic surface, owing to the pressure exerted by the affinity
in that spot. The stronger the affinity, the greater should be this
distortion. Evidently this conception gives a new picture of the

tric carbon atom, which, combined with four other different
atoms, would have upon its surface depressions of four unequal
magnitudes, and be twisted into an unsymmetrical tetrahedron. The
combining atoms would be held on the faces of the tetrahedron
thus formed, instead of impossibly perching upon the several peaks.
According to this hypothesis, the carbon atom need not be imagined
as a tetrahedron in the first place; it would assume the tetrahedral
ahapa when eombined with the other four atoms. One can easily
imagine that the development of each new valence would change
the affinities previously exercised, somewhat as a second depression
in the side of a rubber ball will modify a forcibly caused dimple in
some other part. Thus a part of the effect which each new atom
has on the aflinities of the other atoms already present may be
explained.

Many other physico-chemical phenomena assume a new aspect
when viewed from the standpoint of this idea. New notions of the
mechanism of the critical phenomena, surface tension, duetility,
malleability, tenacity, and coefficient of expansion are ga.mad The
peculiar relations of material and light, such as magnetic rotation,
fluorescence, partial absorption, and so forth, may be referred to
the modified vibrations of distorted atoms. The deviations from
the exact fulfillment of many older generalizations concerning volume
(such as the equation of van der Waals already cited, the comparative
volumes of aqueous solutions, especially of electrolytically disso-
ciated substances,' and the variations in the erystal forme of isomor-
phous substaneces) are seen to be a foregone conclusion. Moreover,
the theory, although not necessarily dependent on the modern belief
that atoms are built up of numbers of much smaller corpuscles, is
consistent with that belief, for would not such an entity be
compressible 1

The more closely the actual data are studied, the more plausible
the hypothesis of compressible atoms appears. Ten years’ experience

! Baxter has very rocontly discussed this matter from the polnt of view of {he theory of compresibla
sloms, (Journal American Chamical Society, 1911, vol. 33, p. #22.)
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with its interpretations leads me to feel that the idea is highly sug-
gestive and helpful in stimulating new search after truth and in cor-
relating and codifying diverse facts. By such fruit are hypotheses
justified.

The relation between heat of reaction and change of volume
stimulates interest in chemical thermodynamics and curiosity as to
the mechanism of the output of energy during chemical change. A
search for accurate data wherewith to reason about this question
soon revealed the uncertain nature of many of the fizures. Here, in
the domain of thermochemistry, as in those of atomic weights and
compressibilities, new methods were needed in order to attain pre-
cise results. Accordingly, a device was adopted which at one stroke
annihilates the pernicious “cooling eorrection”—the worst foe to
accuracy—by merely causing the temperature of the jacket around
the calorimeter to change in temperature at the same rate as the
calorimeter itself. There are several ways in which this may be
accomplished; among these ways the following was chosen as the
best method for a chemical laboratory. The calorimeter, inclosed in
a slightly larger water-tight vessel, with tubes above—a kind of sub-
marine—is immersed under the surface of dilute crude alkali in a
puil. Thermometers inside and out enable one to adjust the tem-
peratures at the same point. The reaction is then started in the calo-
rimeter, and at the same moment and at a corresponding rate acid
is dropped into the dilute alkali in the pail, so that the two tempera-
tures inside and out keep pace with one another. Thus there is no
loss of heat from the inside vessel; the thermochemical reaction is
strictly adiabatic. This method has already been used at Harvard
with very encouraging outcome in determining a wide variety of
thermochemical data, heats of combustion of hydrocarbons, of solu-
tions of metals in acids and of neutralization, specific heats of solu-
tions, and also of the elements at very low temperatures, and finally
latent heats of evaporation.' Tt has proved itself especially valuable
in the study of slow reactions, where the cooling correction may
become a large portion of the total result. The effort is being made
to apply to this experimentation concerning chemical energetics the
same degree of care which has recenily been attempted in the revi-
sion of the atomic weights, and although on account of the greater
complexity of the problem the percentage accurncy thus far reached
has not equaled that in the case of atomic weights, one can not help
thinking that the proportional gain over previous investigations is
perhaps as great in this case as in the other.

! Richards, In collaboration with Henderson, Forbes, Frevert, Mathews, Rows, Jese, Burgess, and
Tackson, Proceedings Ameriean Academy, 1905, vol. 41, P- 5 1007, vol. 42, p. 573; 1908, vel, 43, p. 475;
1048, vel. 44, p. 363; Journal Ameriean Chomical Scelety, 1608, vol. 31, p. 1278 1919, vol. a2, pp. 268, O3,
Li7; Zeltach. phiysikal. Chem., 1905, vol. 52, p. 851; 1607, vol. 50, p. 531; 1009, vol. 70, p. 414.



212 ANNUAL REPORT SMITHSONIAN INETITUTION, 1011,

In thermochemical reasoning particularly, accurate data possess a
significance wholly denied to cruder results. The relations between
the heat of formation of organic substances, if determined accurately
enough, may be hoped to throw light on organie structure and the
nature of valence. Approximate values are of no use at all for such
a purpose. Enough has been done already to suggest relations of a
highly interesting sort between heats of combustion, heats of evapo-
ration, compressibility, and many other properties; and to add sup-
port to the theory of compressible atoms.! Moreover, taken in con-
nection with more precise knowledge of the free energy of chemical
changes, the new results will permit the evaluation of bound energy,
and give results which may decide whether or not bound energy is
really a simple function of change of heat capacity, as has been more
than once intimated.? There is time now only to suggest possibilities,
each of which would take hours to elucidate.

How can we collate all the varying properties so as to show their
many-sided relationships? How can we piece together the scattered
evidence 50 as to synthesize an adequate conception of the ultimate
nature of things? These questions may never be adequately
answered, but science must ceaselessly endeavor to solve the problem
which they present.

A first step is clearly to find the way in which each property varies
in relation to every other. With this in mind, let us appeal to the
irreguilar system of the periodic elassification, which formed the sub-
ject of the Faraday lecture by Mendeléeff 22 years ago. This mys-
terious index of uncharted tendencies must hide within itself guiding
ideas capable of pointing us onward.

Clearly each property must receive, not merely qualitative, but
strictly quantitative treatment. With this in mind, let us compare
our various facts by plotting atomic weight in one direction, and all
the other properties in another. Then by noting the parallelism or
antiparallelism of the wavy lines many relationships may be traced.
The device is not new. Carnelley compared Lothar Meyer's atomic
volume curve with that of melting points, and other similar data
have been plotted; but the method has not been used to its full
extent.

Let us then turn to the diagram (fig. 3) in which the variations in
a number of properties are plotted with relation to the atomic
weights. Prominent among the lines is the atomie-volume curve just
mentioned. Below it is plotted the almost parallel line depicting the

I Richards, Proceedings American Arademy, 1908, vol. 30, p. 551; also Zeltech. phynilal. Chem., 1004, vol,
a8, p. 15, i

% Helmbolts, Lewis, van't Holl, Nernst, and Haber, ns well as the author and many others, have con-
il to this discosslon,  An interssting nlumé, with mlerences to many of the erigloal papers, will
be found in Maber's Thermodynamics of Technical Gas Reactions (translated by Lamb), Londoa and
New York, 1908,
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compressibilities of the solid elements as determined at Harvard;
these are immediately seen to be, like the atomic volumes, periodic
functions of the atomie weights. The parallelism can not but suggest
that atomic volume and compressibility are fundamentally conneeted ;
and, indeed, the theory of compressible atoms gives a plausible
explanation of the connection. We should expect the large atomic
volumes to be more compressible, because we might infer from their
bulk that they are not under as great pressures as the small volumes,
and material under slight pressure is likely to be easily compressible.
Moreover, the bulky and easily compressible elements are in most
cases more easily melted and volatilized than those possessing small

COMPARISON of ATOMIC VOLUMES

K and

COMPRESSIBILITIES

volume and slight compressibility. This is just what we might
expect; all these properties combine to indicate that the bukly
elements have less cohesion than the compact ones.

Next, another set of waves may be considered, representing proper-
ties not often depicted in this way. These are the heats of formation
of sundry similar compounds, also plotted with relation to the atomie
weights. In the third curve are given the heats of combination of
chlorine with other elements, and below it & heavy line depicting
the heats of the combination of oxygen with these elements, both
sets of quantities being expressed in terms of gram-equivalents.
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These two run partly parallel with one another; but a deviation
in the parallelism appears, which is full of suggestiveness. The
peaks of the curves representing oxides shift distinctly to the right
of the curve representing chlorides as the atomic weight increases,
Lithium marks a maximum with both eurves, but the oxygen curve
lags greatly at the succeeding peaks, having its maximum with lan-
thanum at the atomic weight 139 and shifting over as far as lead
above 200. This simple fact standing alone would perhaps mean
but little, but other similar facts seem to point in the same direction.
For example, the property of electro-positiveness, exhibited by the
alkali metals, instead of reappearing in copper, has been carried over
with diminished intensity to zinc; and finally, among the higher
atomic weights the cusp has deserted mercury (the analogue of zine)
and gone as far afield s thallium, Clearly the rate of progression
which determines electro-positiveness has a longer “wave-length”
‘than that which determines valence, if we may deseribe the perio-
dicity of these zigzag curves as waves. Again, the tendency toward
low melting point unquestionably likewise progresses with a longer
tiyonve length” than most of the other properties. In the first
complete period, nitrogen, oxygen, fluorine, and neon all have very
low melting points. At each recurrence of these groups with higher
atomic weights the melting point rises, whereas with each recurrence
of the immediately following alkali metals the melting point falls,
By the time antimony is reached, this analogue of nitrogen has a
melting point as high as 900° absolute, whereas the next alkali metal
has the lowest melting point of all these metals. Clearly the prop-
erty of melting has shifted toward the right. Other examples of a
gimilar kind have been pointed out by others, for example, the well-
known displacement from strict periodicity of argon, cobalt, and
tellurium all point to an unequal rate of progression in isolated cases.
Thus, this phenomenon seems to be a general one; the various prop-
erties of material seem to oscillate with varying rhythms as the
atomic weights increase. The variation is so great that one may
almost suspect not only varying rhythms but also rhythms repre-
sented by different types of mathematical functions,

These facts suggest a possible reason for the great irregularity of
the last part of the periodic table. May it not be that the nature

1 The sent]al dats for discovering this penemiization, namely, the heata ol oxidation of the metalshaving
grest affinity for oxypen, re sa follows: Lithiom, 72; sodlum, 50 magnesium, 72 potassiom, 43; caleinm
76; rubldinm, 42 strontiom, 71; ewslum, 41; barlom, 67, and bothanom, 74, These valnes correpomd
with gram-squivalents, that |, comblnation with 8 grams of exygen, snd are expressed In kilogram.
calories. The typical axlds bs always meant, The figures rest chlefly upon the recent work of Hengade,
e Forerand and Guntz. Relerences to most of the papers ure to be found in Abegy's ¥ Handboch der
snorpanbehen Chemle” Tha work of Gunts is published in Compt. rend., 1900, vol. 136, p. 1071; 1008, vol,
149, p.5:3; Bull. Boc.chim., 1006 (), vol. 35,p. 5038, The work on lanthantim waa done by Matignan, Aun.
Chilm. Phys., 1906 (vill}, vol. 8, p.430. Tho heat of oxidation of beryitum is pot scciirately known, bt
ginen the oxide may he decomposed by magnesiom st high lemperstores, We yalue is very prolably lesy
than 70 calorkes per gram-equivalent.
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of the elements is determined by several fundamental tendencies
which may be compared to the Mendelian characters of the modern
theory of heredity? If these characters recur at different intervals
s the atomic weight increases, a given rhythm occurring at first
¢ would necessarily be obliterated toward the end of the system. To
change the snalogy and borrow a term from the nomenclature of
light, we may say that the tendencies which produce the curves in
this disgram, might first reénforce and afterwards interfere with one
another, because they possess different wave lengths. At first,
overlapping might accentuate one set of properties; later the changing
relation might annihilate this set of properties and ceuse another.
Thus, all the varieties of material may be functions of some few
fundamental charecteristics which progress at different rates as the
atomic weights increase.

Any attempt to discover the nature of these fundamental tenden-
¢ies must be of a highly speculative character. In our ignorance we.
can not distinguish between cause’and effect. The well-known defi-
nite relations of the spectrum lines suggest that at least one of the
essential requirements for the existence of an atom may be suscep-
tibility to certain definite harmonic vibrations; those compressible
atoms capable of vibrating in certain rhythms may be permanent,
whilst other aggregations may be unstable. The gap in the periodie
system where ekaiodine and ekacssium should be, and the amazing
instability of the elements immediately following, supports the
notion.

But here we have a cosmic puzzle for future solution. To-day we
lack adequate data; we are blocked at every turn by our ignorance;
therefore, the immediate problem is to discover and test each step
as car&f‘u]]}' as possible. When the facts have been ascertained,
man will have a solid basis upon which to build his future super-
structure of theoretical interpretation.

The quest is not dictated by mere curiosity alone. All organic
life is actuated by chemical energy, and exists in a mechanism and
environment composed of chemical substances; and the effort to
understand these essential conditions of human existence constitutes
one of the most important objects of human endeavor. Superficial
observation of the complex phenomena of life can do but little; as
Faraday well knew, patient study of the fundamental laws of the
physical universe alone can help to unravel the interwoven threads.
Health, well-being, and a profound philosophic outlock are alike
dependent upon the result. No one can predict how far we shall be
enabled by means of our limited intelligence to penetrate into the
mysteries of a universe immeasurably vast and wonderful; never-
theless, each step in advance is certain to bring new blmng to
humnmty and new inspiration to greater endeavor.
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THE PRODUCTION AND IDENTIFICATION OF ARTIFICIAL
PRECIOUS STONES.!

[With 3 plates.]
By Noxu Heatoxs, B. Be., F. C. 8.

During recent years the production of artificial stones on a commer-
cial seale has become an accomplished fact, and a great many miscon-
ceptions and misleading statements have been made as to the relation
which these productions bear to natural produets on the one hand and
imitations gems on the other. It may therefore be of some use to
make the matter clear by describing as fully as circumstances permit
what has been done in this direction and what has not been done;
what is practicable and what is impracticable in the present state of
our knowledge,

I suppose there are few subjects of interest from so many points of
view as that of precious stones. The beauty and rarity of fine speci-
mens has from time immemorial rendered them the most treasured of
possessions. With the romance that surrounds this aspect of the
question we have nothing whatever to do to-night, except to bear in
mind that on account of their great value men have for centuries
strained their ingenuity to solve the mystery that surrounds the origin -
of such stones, and amass wealth by producing them at will instead of
by the laborious and highly speculative process of digging for them
in the earth.

Until the development of modern science and accurate methods of
inyestigation this problem resisted all attempts at solution, and it is,
in fact, only within the last few years that the artificial production of
any species of gem on a commercial scale has become practicable.

Of course, one can cut the Gordian knot by preparing a colorable
imitation of the real thing, but that is quite another matter, and I want
to make it quite clear at this point that I propose to limit the term “arti-
ficial " to such productions as possess the same chemical composition
and physicial constants as the natural stones, differing from them only
in minute details consequent upon their being produced in the labora-

! Basd bafore the Royul Socloty of Arts, Wednesdny, Apell 36, 1911, Reprinted by permission from
Joumnal of the Royal Soclety of Arta, Landon, No. 3049, Vel. 59, Apr. 25, 1911,
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tory instead of being dug out of the earth; all other makeshifts being
properly described as “‘imitations.” The production of imitation gems
is by no means a modern invention, as is doubtless well known to you.
To go no further back than the time of the Roman Empire, the master
glassmakers of the dawn of our era, whose skill and knowledge of glass-
making one appreciates more highly the more one investigates the
industrial life of those times, were able to imitate almost any precious
stone exactly, as far as outward appearance went, in colored glass—
and not only the transparent gems, but the structure of such semi-
precious stones as agate, cornelian, lapis, and porphyry. It would be
quite out of place to devote any time to-night to this historical aspect
of imitation gems, but I can not refrain from alluding to the remark-
able examples of such imitations found by Mr. Woolley at Karanog,'
from which it is difficult to resist the conclusion that in quite early
times Nubia was the center of this industry. To judge by the stories
one reads about jewels in those times—stories of the Emperor Com-
nenus, for example—one suspects that the ginssmakers turned their
skill in this direction to some account and considerable profit on behalf
of an ignorant and somewhat credulous aristocracy; for in those days,
and, in fact, until quite recently, not only was the nomenclature of
gems very vague, but methods of identification were chiefly remarkable
for their nonexistence.

The chief criterion of a precious stone was its color, so much so that
throughout medieval times blue glass was known as sapphire and
green glass as beryl, etc., giving rise to the legend that in the time of
Queen Elizabeth windows were glazed with sheets of beryl? As the
tendency still lingers to regard all red stones as rubies and green as!
emeralds, and so on, I would like to make it clear at this peint t.hnti
color is really quite an accidental property of precious stones; the
substance of which nearly every species of transparent gem is essen-’
tially composed is colorless, and the color is really produced by minute
proportions of impurity.

This being the case, we find that on the one hand the same species of
gem stone may exist in a large variety of colors, and on the other hand
that a color characteristically associated with one gem may often be -
found in another having essentially different composition and prop-
erties. Owing to this confusion it was very difficult to draw the line
between a genuine and imitation stone until the various species of gem
stone were accurately defined and their names clearly associated with
pariicular composition and properties, the determination of which
forms at the present time a means of distinguishing one from another,

1 Eamnog, by C, L. Woolley and I, Handall. MacIver: Fhilsdelphis Moseom, 1910,

2 This ls quoted [n Hollingzhed, We read In Theophilus (1T, cap. xi) of * inbulns saphirl pretioss ae
maths otibod In fenestria.” Ioa previoos paper (Journal, Mur. 15, 1907} I have shown how the nams jet way
variomly applied.
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and also of deciding whether an alleged gem is genuine or imitation
with ease and eeﬂ»nmtry

The scientific exammmnn and identification of gems in this
manner is a matter of the greatest interest, but it would take far too
much time to discuss it in detail, and it is quite unnecessary to do
g0, because it has already been brought before the society most
exhaustively by our chairman, Dr. Miers.! 1 propose, therefore,
merely to remind you of the main points by means of the accom-
panying summary (Table I).

Tasie I.—Properties influencing the value of precious lmmlundulﬂalmumqf
identifieation.
Calor.

Cleavage,
Structure { Lamination.

L T R s Celea Inclusions.
Refractive power [refractometer].
Double refraction [polariscope],
Optical properties 4 Ploochroism [dichroscope].
Di jom.,
Absorption spectrum [spectroscope].
Hardnesa [hardness points].
Toughness,
Chemical composition,

pﬂl‘_‘:ﬁf_" Ly
Additional means of i'tm“'{Thnrmﬂglm‘::iﬁﬂlﬂty

X rays

premsrrmm e

In order to bring this matter up to date in the records of the
society, however, I must refer briefly to one or two particulars in
which advance has beerr made since the time of these lectures.

The most important properties of a precious stone are those
. depending upon its refractive powers. Until recently the accurate
determination of the refractive index of a stone was a matter involv-
ing the use of complicated and expensive instruments, and a matter for
the skilled mineralogist rather than the practical jeweler. It is
true that at the time Dr. Miers published his lectures there existed
an instrument known as the reflectometer, but the determination
of the refractive index with this was a matter of some difficulty
even in skilled hands, and its value for commercial purposes was
very small. Since that time, however, thanks to the ingenuity
of Dr. Herbert Smith, this instrument has been improved out of all
recognition, and in its place we have the Herbert Smith refractom-
eter (pl. 1, fig. 1), by means of which anyone of normal common
sense can determine the refractive index of & stone in a few seconds
without even removing it from its setting, and which, with a little

1 Cantor Lectires on Precious Stones, April, 1596,
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practice, will also enable one to determine with similar ease the
amount and kind of double refraction and the degree of dispersion.

As will be seen from the diagram (pl. 1, fig. 2), the main principle
of the instrument is the same as that of the reflectometer, the refrac-
tive index being measured agninst a standard of highly refracting
glass by means of the angle of total reflection, which of course
diminizhes the nearer the index of the stone approaches that of the
standard. It is, however, in the details of construetion that such
a marked advance has been made, and it is these details which make
all the difference in practical work. To use this instrument all that
has to be done is to place the stone under examination in optical
contact with the flat surface of the dense glass, and arrange it so that
a good light (preferably monochromatic) enters the instrument
through the lower lenticular opening, when the refractive index
is read off directly on a scale, without calculation.!

Some little advance has also been made in the construction of the
dichroscope for determining pleochroism. As will be seen from the
illustration (pl. 1, fig. 3), the instrument in use to-day is provided
with a revolving holder tipped with wax, to which the stone is readily
fixed, leaving both hands free—a detail, but again it is such details
that count in practice.

Taking the properties of precious stones as a whole, the great point
about them is the remarkable combination of qualities; it is not so
much that they have optical properties which make them extraordi-
narily beautiful, or that they have remarkable hardness and dura-
bility, but they have both, and it is the impossibility of reproducing
this combination in any other material that renders the detection of
imitations a matter of ease in the hands of anyone familiar with the
faets.

Of course, glass is the obvious material to use in the production
of imitation gems, and, as I have indicated, it has been so used from
time immemorial. And, in later times, while science was equipping
the expert in precious stones with the means of identifying them
with certainty, the maker of imitations was also invoking its aid
in the production of more successful imitations.

In modern times the manufacture of imitation gems on scientific
lines was introduced by Strasser in Vienna; hence the name “'strass,"”
although “paste” is the more commonly used term.

The finest of such modern paste bears little relation to the clumsy
imitations of early times; the glass is specially prepared in order to
combine, as far as possible, the necessary optical qualities with a
foir amount of durability. It is well known that by using lead

1Tt s Impossitile bere to pive nny detuiled account of the construction and use of this Instrument,  Fuoll
particoinrs will be found in The Herbert Smith Refractometer, pabiished by J. H. Strwand, #06 Stramd.
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instead of lime as the basic constituent, the refractive index and
dispersive power of glass are much increased, and by replacing the
alkaline constituent by thallium oxide in the same manner
refractive index may be raised as high as 1.96 and the dispersion to
0.049.! By adjusting the composition in this way, and preparing the
glass with the greatest regard to the purity of the materials, manipu-
la.ing it, moreover, in a similar elaborate manner to that employed
in the production of glass for optical instruments, in%erder to secure
the utmost freedom from striation and inclusions, it is possible to
imitate any precious stone accurately, as far as outward appearance
is concerned.

The trouble is, however, that with glass the more you increase its
refractive power in this way the softer and less durable it becomes,
until you find that the very ‘“dense” flint used for the refractometer,
having a refractive index of 1.8049, is so soft that it has to be handled
with great care to avoid scratches, and so little resistant to decay
that in a comparatively short time the exposed surface becomes
corroded, which is the one weak point of this instrument. It is true
that this softness may be counteracted to some extent by further
adjustment of the composition, adding a proportion of alumina and
zine, and by careful thermal treatment of the finished stone in some
such manner as that originally introduced by Bastie, in which the
glass is case-hardened by plunging whilst hot into a bath of oil. In
some of the best modern paste I have found a refractive index of
over 1.6 combined with a hardness close on that of quartz, but this
is the absolute limit, and it is not possible in any way to obtain
a paste that can not be scratched with a hardened steel point. Paste
can also be readily identified by means of the scientific tests, as indi-
cated in Table I1.

TasLe IT.—Identification of imilation precious siones.

Paste, Blones.

Index of refraction mrely exceeds 185 Index of refraction moging up to 24
Eingho refracting, or falss donhle refracting owing to | Double mfmeting, with exception of diamond,

strain, parnet, and gpinel,
Wever pteochrole, Often sirongly pleochrale when colored.
Hardness always below 7. Hardness 7 or over (with a fow exceptions).
Bpecific gravity nsually above 4 Bpecific gravity nsually below 4.
Thermal conductivity low, Thermal condnetivity compuratively high.
Opmgoe to X rays. Tranaleeent or tramsparent to X rys.
Genernlly show spherical bubbles and curved strbe. | Frequently show laminstion or inclosions.

1 These are the constants given for the Jens glass, No. 8, 57; the specific gravity i 0.3, Refmetive index
of dismond s 2.4, and dispersion 0,057,
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Tastg I —Composition of the principal precious stomes.

Bpecies, Varlety. Cumposition,

««| Carbon.

mlﬁﬂdlnhlumlnhm.

v ees| Calefum aluminjum silicate.
vee-| Magnesiom alumintom silleste,
s+ Tron aluminhim silieate.
.- Calednm tron silieate.
Mungnesiom from sillcate,
«.| Caleiom titaninm sillente.
Lithiom slominbim siticate.
Aluminfum Auo-slicate.
..| Complex nllonli-ime-aliimina silieate,

.tzmnillm slltcata.

|

Hydrous aluminium phosphate,
Hydrous sillea

Calelum carbonate,

The most important point to remember about paste, however, is
its Iack of durability; it is not only too soft to stand much wear, butiis
composition is so unstable that it rapidly deteriorates and loses its
brilliancy on exposure. You will see, therefore, that although there
is a certain legitimate scope for such paste imitations they are very
unsatisfactory substitutes for the genuine article. This being the
case, as scientific knowledge has advanced, attention has been more
and more concentrated on the problem of producing by artificial
means the actual minerals found in nature, and thus obtaining what
I have defined as artificial in contradistinetion to imitation jewels,
having both the beauty and durability of the natural article without
the objectional concomitant of enormous cost.

The first point to be considered in attacking this problem is the
composition of the stone, as it is obvious that, other things being
equal, the possibilities of success are greater with one of simple than
one of comparatively complicated composition. One also has to
consider, however, the economic aspect—it is not much use devoting
time and ingenuity to the production of an artificial stone when the
natural one is so common that the cost of the two would be practically
identical.
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Taking these two points in conjunction, and confining our atten-
tion for the moment to the transparent stones as summarized in
Table ITI, the diamond appears to offer the most promising field for
attack and corundum comes next, and we find that the main attempts
at artificial production center round these species. From the point
of view of composition alone, quartz is the most simple, but it is so
common in nature as to render its artificial production searcely worth
while. The aluminate group offers some attraction,®ut the artificial
production of crystalline silicates on a large scale is a very difficult
problem, and, with the exception of the emerald, the stones com-
prised in this group are so freely distributed in nature as to render
their artificial production a matter of academic rather than industrial
interest.

It is unnecessary to discuss at any length the artificial production
of the diamond'—the problem has been attacked by numerous
scientists, and was solved by Moissan some years ago. Some 15
years ago, on the occasion of a visit to Paris, I had the privilege of
witnessing the production of his diamonds, prepared, as all the
world knows, by saturating iron with carbon at the temperature
of the electric are and plunging the molten mass into cold water.
The mass of iron is then dissolved in ncid and the residue subjected
to a laborious process of extraction, the diamonds being picked out
by aid of the microscope. The largest dismond that has been pro-
duced in this way is barely visible to the naked eye, however, and
when I say that the problem of their production has been solved,
I mean from the scientific point of view.

The artificial production of the diamond is, in fact, far more com-
plicated than it appears at first sight. If it were only a matter of
obtaining the necessary high temperature to fuse the carbon to obtain
it in the erystalline condition it would be simple—such high tempera-
tures are readily obtained nowadays by means of the electric furnace
and the oxy-acetylene flame—but carbon is one of those substances
which pass direct from the solid to the gaseous state under ordinary
atmospheric conditions, and only assumes the liquid condition
under enormous pressure. The combination of high temperaturs
and enormous pressure can be obtained momentarily by Moissan’s
ingenious process, but to obtain erystals of any size it is necessary to
conduct the operation on a very large scale and to maintain the com-
bined temperature and pressure for a sufficient length of time to
allow the liquid carbon to separate out from its matrix; moreover,
the entire operation must be conducted out of contact with air, for
carbon rapidly combines with oxygen at high temperatures.

' A complete sccount is given In * Dismonds," by Bir William Crookes {Harper's Library of Living
Thought). :
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Commercially, we are as far from being able to produce artificial
diamonds as in the days of the alchemists. It is, perhaps, a bold
thing to say that no such thing as an artificial diamond will ever be
placed on the market, but one can safely assert that so far as our
knowledge stands at present it is impracticable. In saying this, T
am quite aware that statements as to the commercial production
of synthetic diamonds being an accomplished faet have quite recently
appeared broadast in the public press, but those who are responsible
for such statements are, shall we say, under a misapprehension as to
the meaning generally conveyed by the term ‘‘synthetic,” and are
unable to follow the distinction I have drawn between an artificial
gem and an imitation.

To pass on to corundum, the problem of its artificial production is
very much simplified by the fact that its composition i3 oxide of
aluminium, and alumina—which is, therefore, its amorphous equiv-
* nlent—{fuses to a liquid under ordinary atmospheric pressure at a
temperature somewhere about 2,000° C. (the exact point has not as
yet been deterniined), and being the only stable oxide of a strongly
basic metal, it can be heated in air without any change.

The chief problem to be faced, therefore, is that of attaining the
necessary temperature, and it is not surprising that crystalline
alumina was produced as a scientific curiosity as far back as the
commencement of the nineteenth century. Tt is at this time that we
first begin to hear of the oxy-hydrogen blowpipe (or the gas blow-
pipe ns it was then called), and in a book published in 1819,' deserib-
ing various experiments with this new apparatus, we read that
“two rubies were placed upon charcoal and exposed to the flame
of the gas blowpipe * * * after suffering it to become cold
* * * the two rubies were melted into one bead.” This hint
does not appear to have been followed up for some considerable time,
however, and the earlier experimenters in the production of artificial
gems worked in another direction; they were unable to obtain
products of commercial utility, because although they succeeded
in obtaining crystalline alumina, it was produced under conditions
which resulted in the formation of a mass of small erystals, almost
microscopic in size, Iilormver, the form of these crystals was that
of the hexagonal plate which is the fundamental form of corundum,
and such a form would be useless for cutting even when of mnsidurh
able area, owing to its thinness. Thus Gaudin, who appears to have
been one of the first to attain any suceess in this direction, obtained
a mass of such crystals by fusing alum and potassium sulphate in &
closed crucible. Ebelman obtained similar results by fusing alumina
with borax, and later Deville and Caron used aluminum fluoride
and boric acid. All these attempts yielded similar results, as in each

I Tha Goa Blowplps, by Dr. E. D, Clarkes,
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case fusion was obtained by the sid of a substance melting at o
lower temperature which acted as o solvent. Consequently the
alumina crystallized out in much the same manner as a salt erystallizes
from a saturated solution, and to obtain sufficiently large erystals
to be of practical use it would be necesdary to conduet the experiment
on & very large scale, and subject the fused mass to very slow and
earefully regulated cooling.

In 1877 Fremy and Feil attempted to get over this difficulty by
using lead oxide as the flux and employing a crucible composed of
highly acid clay. On heating up the mixture in such & crucible the
lead oxide melts and combines with the alumina to form lead alum-
inate, and on further heating this reacts with the silica of the fire
elay, forming lead silicate and setting free the alumina, which orys-
tallizes out. But although very much larger erystals were obtained
by this ingenious process, they had the same form and were too thin
for industrial employment.*

Some time earlier than this, however, we hear of the oxy-hydrogen
blowpipe again, for Gaudin had noticed (as Clarke did in 1819) that
by introducing alumina into the flame of an oxy-hydrogen blowpipe
he could obtain globules of fused alumina similar to the borax beads
one makes in the ordinary blowpipe. Gaudin appears to have taken
it for granted that these beads were amorphous—that is, an alumina
glass—and it was not realized until many years later that they were
really identical in all their properties with natural erystalline corun-
dum. When this was realized, the commereial production of corun-
dum became only a matter of detail.

Having obtained this further point, the idea immediately suggests
itself of converting small and useless stones into valuable gems by
fusing them together into one, and, as a matter of fact, *“reconstructed
rubies”—as stones produced by this method are now genérally
called—made in this manner were the first artificial gems to be pre-
pared on & commercial seale. These were introduced some quarter
of a century ago under the name of ‘*Geneva rubies,” and were offered
* as, and realized the price of, natural stones, until the method of their
production became apparent.

It will, of course, be well understood that the experiments I have
briefly indicated toward the artificial production of corundum had
as their immediate objective the formation of ruby, that being by
far the most valuable variety. It had long been known that the eolor
of the ruby was due to a trace of chromium, and by adding & small
proportion of potassium or ammonium chromate to their mixture
Fremy and Feil reproduced accurately the color of the ruby in their
crystalline flakes.

1 For & full aceount of the history of (hess rarlier nttempts, ses La Svnilidse du Rubls, by F. Fremy, 1591,
38T —em 10011——15
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The process of producing reconstructed rubies by means of the
oxy-hydrogen blowpipe is, roughly, as follows: The residue from
cutting rubies and small worthless stones is broken into coarse sand,
asmall quantity of which is placed on the center of o disk of platinum;
this is then carefully brought to the fusion point, care being taken
at this stage not to raise the temperature to such an extent as to
melt the platinum support. As soon as this mass is fused it serves
to protect the platinum, and the reconstructed ruby can be built
up on it by adding the fragments of ruby one at & time by means of
small platinum forceps. These pieces have to be dropped on with
great care in order to secure incorporation with the mass and pre-
vent as far as possible the formation of air bubbles. Tt will be readily
understood that this process is & tedious and luborious one, and, in
fact, the formation of masses of sufficient size to yield large stones
on eutting is & matter of such difficulty that the cost of production
is very high.

Just sbout seven years ago, however, Verneuil* overcame this
restriction when he hit on the extremely ingenious idea of intro-
ducing the raw material through the blowpipe, and thus placing
it on the support sutomatically. The disgram (pl. 2, fig. 1) shows
the principle of his apparatus. The blowpipe is arranged vertioally
over & small insulated chamber containing the support on which the
mass is to be built up. The oxygen tube communicates at its upper
extremity with a funnel-shaped hopper, in which is suspended a
small sieve filled with the raw material, which is rhythmically shaken
by means of a small hammer actuated by an electromagnet or eam.
Each time the hammer taps the support of the sieve, eausing it to
vibrate, a small quantity of the powder falls through into the tube
below, and, carried along by the gas, passes out. at its lower extremity
into the zone of flame, where it is immediately raised to the fusion
point, and falls as & melted globule on to the support below.

As seen in the diagram, this support is arranged with a serew
adjustment, so that as the mass of corundum is geadually built up
by the constant addition of fresh globules the surface can be kept
at a constant level, and the portion already formed removed from
the zone of heating so as to allow it to stiffen. When the apparatus
is first started the blowpipe is adjusted so as to give a comparatively
eool flame, and the powder is admitted slowly. By this means a
small “‘stalk” is formed, which insulates the mass from the support
and prevents the fusion of the latter. When this has been formed
the full pressure of the blowpipe is put on and the rate of admission
increased, with the consequent formation of a ‘‘boule,” as it is
termed, having the shape of a pear, as illustrated in plate 2, figure 2.

l**ﬂmnhmmmﬁbuwm" M. A. Verneull, Annales de Chimis ot de
Fhgrigue, September, 1004,
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With this apparatus a boule weighing some 20 to 30 carats, and
eapable of yielding two cut stones of about 6 carats each, can be
prepared in about half an hour almost automatically, a single operator
being able to control several machines. The boules, on cooling, very
often split in half in the direction of their-growth, as in the lower
example seen in figure 2, and this is a convenience rather than other-
wise, as the resulting shape can be cut to greater advantage.

In the first instance reconstructed rubies were made in this way
aftér the manner introduced by Gaudin, the material fed into the
blowpipe being pulverized rubies and chips, and this method is still
employed by some workers. But more commonly nowadays the
corundum is produced direct from amorphous slumina by using
pure ammonium alum as the raw material.  On reaching the flame this
decomposes, the ammonia and sulphuric acid volatilizing, leaving the
alumina. Stones made by this process are generally known as “‘syn-
thetic,” as distinet from *‘reconstructed,” although, of course, to be
pedantie, the process is one of decomposition rather than synthesis.

The “synthetic” corundum produced in this way, if pure ammo-
nivm alum is used, is of course colorless, and can be used as artificial
white sapphire. If a small proportion of chrome alum is added, the
resulting stones are rubies, and other colors may be produced in the
same way. For o long time all attempts to reproduce the fine blue
of the sapphire failed, because following the apparent analogy of
silicates, cobalt was invariably employed as the coloring agent. This,
however, does not readily form an aluminate in the same way that it
does a silicate, and, in consequence, it is impossible to produce a satis-
factory coloration in the corundum by its means; it is possible to get
the cobalt in a state of combination by adding a large proportion of
magnesia to the alumina, but then the product formed isnot acrystalline
alumina but magnesium aluminate, and its properties are fundamen-
tallydifferent. Ttsrefractiveindexis lower,its refraction single, and its
hardness lower. In fact, the result is blue spinel instead of sapphire.
Moreover, such blue stones have the characteristic absorption of
cobult, and appear purple in a light that does not contain a large
proportion of blue rays.

In 1908 Paris attempted to avoid this latter difficulty by preparing
a ealeium sluminate colored with cobalt, as it is found that in this
case the transmission of the red rays is less pronounced. But the
ealcium aluminate so formed is not erystalline at all, but amorphous.
A year or so ago, however, the problem of producing synthetie sap-
phire was finally solved by the use of titanium oxide, a very unex-
pected result, considering the chemical position of this element. With
this last advance the artificial production of the corundum gem stone
may be considered to be completely solved, and cut stones can now
be obtained in every variety of color, from pure white to ruby and sap-
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phire, at prices ranging from 4 to 10 shillings a carat, uncordmgiu
color, quality, and size.

- Whatever may be their economic importance, a very much dubshd-

thers can be no doubt as to the scieatific interest of this
group of artificial gems.” In the first place it is a matter of some
interest that a mass of fused material formed in this way should not
only be crystalline but possess all the characteristics of a single
erystal. Crystallographers are agreed that each boule is a single
erystalline individual, with the axis roughly perpendicular to the
plane of formation; that is to say, running from the point of attach-
ment of the pedmtnl to the top of the mass. On the top of the boule
one invariably finds a mass of symmetrically arranged facets, which
Dr. Herbert Smith has found to correspond with the fundamental
rhombohedron of corundum. Judging by anslogy with other mate-
rials;, one would expect at first sight that a fused mass formed in this
way would be either a heterogeneous mass of minute crystals or
entirely amorphous, possessing the structure characteristic of glass,
It is well known, for example, that under similar conditions pure
gilica vields “quartz glass,” which is extensively manufactured ag
the present time. Oneis tempted to dwell upon this point, and discuss
its bearing on such matters as the devitrification of glass, but it would
be entirely out of place to do so in the present paper.

Then, again, there is the matier of coloration. One would like
very much to know what is the state of combination of the chromium
in a ruby, and whether the color is produced by chromium aluminate
in solution or metallic chromium in moleculsr suspension. In glass,
as is now well established, this color is produced by the optical effect
of ultramicroscopic spheres of metallic gold or copper, but there
seems to be no parallel between the two cases.

A point of more practical interest is the fact that although the
artificial corundum is & true crystal it possesses the shape and forma-
tion of a congealed liquid or glass. The practical interest of this lies
in the fact that it affords the only means of distinction between this
artificial conmdum and the naturally formed gem stone. Being of
exactly the same composition and erystalline structure as the natural
mineral, it can not be identified by any of the physical tests T briefly
referred to above. For all practical purposes the artificial ruby is a
ruby, and one can only deny that it is a “ genuine ruby " if this word
is held to connote essentially a product found in the earth and not
made by man.

And yet, owing to the curious anomaly of its strueture, the artificial
product ean slmost invariably be distinguished from the natural
with the greatest ease. In the naturally formed stone any foreign
matter which may be present is coerced into following the lines
of growth of the erystal, and more particularly bubbles of gas which
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may be present in’the liquid are distorted from their natural shape so
as to accord witl this symmetrical growth. It is the great exception
to find a natural ruby entirely free from such inclusions, which
generally form irregular cavities with a decided tendency to geometri-

It is very common also to find the structure technically known as
“gilk” caused by microscopic bubbles drawn out into & series of
parallel canals, all lying in one plane. Any variation of color in dif-
ferent portions of the stone also follows the lines of growth in this
manner (pl. 2, fig. 3; pl. 3, fig. 1).

In the artificially pmduﬁed corundum, on the other hand, although
the particles arrange themselves symmetrically, any air bubbles that
are entangled in the successive globules remain undisturbed, and
appear as naturally spherical bubbles in the finished product; and,
moreover, if one globule differs slightly from another in the proportion
of chromium, the resulting difference in color follows the form of the
mass as a4 whole, the zones of color being circular (pl. 3, fig. 2).

As some of the air entangled between the fine particles fed into the
blowpipe almost invariably fails to make its escape during the brief
fusion, the presence and form of the bubbles is in this way sufficient
to identify the artificial process of formation.

In the great majority of cases examination of the cut stone with a
lens is sufficient to decide the point, but in doubtful cases a more
minute examination may be made by placing the stone in a little cell
filled with highly refracting liquid, in order to secure regular illumi-
nation, and examining it under the microscope by transmitted light,
when the minutest trace of structure can be detected (pl. 3, fig. 3).
In the case of an absolutely flawless stone it would be impmsihlﬂ to
decide whether it were natural or artificial, but such stones are so
rare that this case is almost theoretical.

It is claimed in some quarters, it is true, that ‘‘experts’” can
invariably distinguish the artificial product merely by reference to
the color, which is said never to be exactly the same as that of the
natural stone, much as this latter varies. Personally, however, I am
rather skeptical on this point, as one knows that experts claim in a
similar manner to distinguish between one species of natural gem
stone and another by color alone, and their results are not alwaysin
accordance with scientific tests, At any rate such dexterity can only
be acquired by a lifetime of specialized experience.

As I have already indicated, spinels may be produced artificially
by the same process as corundum, adding the necessary magnesia to
the aluming, and the same remarks apply to the production and
identification of this species as to corundum, the ariificial stone being
identical with the natural in all respects except those to which I have
just referred.
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As regards the remaining transparent gem stones, which fall into
‘& group by reason of the fact that they contain silica as an essential
- component, their artificial production is of little importance. They
’ can not be produced by the same process as corundum, owing to the
Y fact, already alluded to, that under such conditions both pure siliea
and compound silieates yield an amorphous product, which has not
‘the optical properties of the natural stone. One is constrained, for
i the artificial production of the crystalline material, to full back upon
"~ methods similar to those employed in the earlier attempts to obtain
5 ruby—obtaining the requisite composition by chemical reaction and
maintaining the mass at & temperature just above its fusion point for
a sufficient time to allow the silicate to erystallize out.

Topaz, garnets, and zircon have been produced in this way experi-
mentally as n matter of scientific interest, but the small stones pro-
duced have no commercial value, and to deseribe their production
in detail would only weary you to no purpose. The majority of these
stones are of such common occurrence in nature, and consequently of
such little value, that their artificial production in this manner is not
8 commercial proposition.

. An exception, however, must be made in the case of emerald,
. which ranks next in value to corundum, and many attempts have
- been made to produce it artificially. Reconstructed emeralds have
been made by the Verneuil process, but these are, of course, amor-
phous, and do not possess the double refraction and other properties
consequent upon the crystalline structure of the natural stone. The
problem of producing this stone artificially has not as yet been
solved in fact. T am quite sware in saying this that recent news-
~ paper reports lead one to believe otherwise, but, as in the case of the
! dinmond, such reports indicate cither remarkable foresight on the
part of the writers or show that their imagination is developed at the
expense of their powers of accurate observation.
* There remain now to be considered those precious stones which are
opuque, and owe their beauty entirely to color and structure.

Turquoise is a stone formed under conditions which are easy to
reproduce, and its artificial production was successfully accomplished,
many years ago, by precipitating hydrated phosphate of aluminium
with the requisite proportion of copper phosphate to give it the color
and subjecting the precipitate whilst still damp to hydraulic pressure
for a considerable time. Prepared in this way the artificial turquoise
15 s0 nearly identical with the natural that its identification is a
matter of considerable difficulty. There is, however, generally, &
slight difference in the specific gravity, hardness, and index of refrac-
tion (when this can be measured), which will serve to distinguish it
on careful examination. The only point in which there is any
decided difference between the two is the behavior on hesting, but

I
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as this involves the destruction of the stone it can not be offered as a
practical test.

Opal consists essentinlly of what is known as colloid silica, that is,
silica in the amorphous state and combined with water. The play
of color one associates with it is entirely an optical effect, due to an
accidental structure of the stone, which is permeated by a number of
minute fissures between which a thin film of air penetrates, the
extreme thinness of this film causing the optical effect known as
interference. If a piece of opal is powdered it is no longer colored,
as would be the case with a ruby or sapphire, but yields a dirty white
powder, and generally a specimen of opal, as found, only shows the
structure in parts, the remainder being dull and lusterless like flint.

This peculiar structure is, moreover, by no means confined to opal, .
but may occur in any mineral deposited under similar conditions. In
the mineral known as lumachello, or fire marble, for example, the
same effect is seen in a limestone.  But opal is the only mineral which
combines this structure with sufficient durability for use as a gem
stone, and in this conneetion it should be remembered that, as a
matter of fact, it only just possesses sufficient hardness for this pur-
pose, and is one of the softest and least durable of all the precious
stones. This fact, combingd with the fragility consequent upon its
structure, has involved the opal in & mass of superstition and romanee
from time immemorial.

Although it has this unfortunate drawback, opal is, at any rate
in my estimation, the most beautiful of the precious stones, and when
one appreciates the reason of its beauty it will be readily understood
that its artificial production, or even successful imitation, presents
almost insuperable difliculties.

It is true that a somewhat similar play of color can be imparted
to glass by rendering it translucent by a slight addition of arsenie or
tin in the making, and by etching the surface in various ways, and
such iridescent glasses aro often found naturally as the result of
decomposition, but this is merely a surface effect, and such speci-
mens can not be eut to advantage; moreover, they lack the beauty
caused by the fire permeating the entire substance of the gem. The
opal ranks with the diamond, therefore, in resisting attempts at
artificial production, and is even superior to it in that it can not be
really successfully imitated.

I come finally to the pearl. This, of course, differs from all other
precious stones in being entirely of organie origin. The peculiar
luster of the pearl, like the color of the opal, is due rather to its
structure than its composition. It is formed in the oyster by the
deposition of successive layers of calcium carbonate round some
central object, and consists of an innumerable number of thin over-
lspping laming of the ervstalline variety of this substance known as



232 ANXUAL REPORT SMITHSONIAN INSTITUTION, 1611

aragonite. These layers being semitransparent, the light falling on
the surface is partially reflected from the surface and partially trans-
mitted into the stone, where it suffers reflection from the surface of
lower layers (pl. 3, fig. 4).

To produce this complicated structure artificially is practically
impossible, unless one can describe as an artificial pearl that formed
by the oyster in response to the deliberate introduction of irritant
foreign matter by human agency. But in this case who shall decide
where nature ends and human ingenuity begins? Perhaps the well-
known Japanese pearl may be correctly described as artificial peard,
although the oyster has a great deal to do with it.

Such pearls are formed by introducing a piece of mother-of-pearl

.in the shape of a hemisphere between the shell and mantle of the
oyster and then leaving the oyster alone for a time to allow it to
convert this into a pearl by the deposition of several layers of nacre.
The mass is then removed from the shell and converted into the
semblance of a true pearl by supplying a back of mother-of-pearl.
Such pearls, however, never have the fine orient of those produced
under normal conditions, and they can readily be detected by exam-
ning the back, when the lusterless mother-of-pear] and the line of
junction can be detected. .

Of course, wonderful imitations of pearl are made in various Ways,
which are difficult to distinguish from the natural article by casual
examination. One method of preparation is as follows: Small hollow
spheres are blown in opalescent glass, coated inside with a prepara-
tion of fish scales, and then filled up solid with wax., Such imita-
tions are identified by examination of the hole or by putting a spot
of ink on the surface, when the reflection from the inner surface of
the glass is seen. These empirical tests are usually sufficient, and it
is rarely necessary to resort to testing the specific gravity and hard-
ness, which provide further means of identification. Tt is worthy
of note, however, that such imitation pearls are unique amongst
imitation gems in that, in some respects, they are actually superior
to the natural article. They are considerably harder, for instance,
and their luster is not affected by constant wear.

In conclusion, I would like to refer very briefly to the present
position of gems from the economic point of view. It is, perhaps,
natural that the considerable influx of artificial gems in recent years,
more particularly of the corundum species, has led to a great deal
of controversy and difference of opinion as regards their merits. On
the one hand the vendors of the artificial stones often publish ex-
travagant statements as to their defying identification, which, as T
have shown you, is all nonsense. On the other hand, those interested
in maintaining the prestige of the natural article make equally un-
ressonable statements, to the effect that such artificial productions,
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to quote a recently published circular, “‘are ss worthless as the
jewelry from a Christmas cracker.” I have, I hope, clearly shown
you the immense difference that exists between the imitation and
the artificial ruby, taking an example; the former, it is true, depre-
ciates rapidly in use and deserves such a description, but the latter
has absolutely all the essential qualities of the natural stone, and to
place the two on the same plane as worthless trash is unfair to modern
science and ingenuity. It must be clearly understood that there is
no essential difference discernible between natural and artificial ruby
as regards their beauty and their durability, which, as we have seen,
are the two great items in the intrinsic value of a stone. But, of
course, the price of a stone is chiefly determined by that third factor,
which I have not so far taken into account—namely, rarity. Per-
sonally I must confess that I have never been able to see why one
should value a thing for no other reason than that it is difficult to
get, although I sappose here T am in a hopeless minority and that it
is and always will be human nature to take this view.

It would serve no useful purpose to enter into that fruitful subject
of controversy, the price of an article due to extrinsic causes, but I
may say this—that whilst to me personally one is as good as the
other, if any man is prepared to pay £100 for a natural stone when
he can obtain essentially the same thing, artificially produced, for
£5, he is absolutely entitled to get it; and I would not wish you to
think that I would defend for a moment the man who attempted to
supply artificial as natural. But if this is so, it is still more the case
that nobody has any right to supply anyone with paste under the
name of artificial (or synthetic, or scientific, if these names are pre-
ferred) gem. 1 do think that the distinetion between the two should
be clearly recognized and that it should not be permitted to use the
term artificial indiscriminately. At present this is being widely
practiced; every day one sees offered for sale “‘rubies, emeralds,
sapphires, and pearls artificially produced and having all the proper-
ties of the natural stone.” Now, as I have indicated, such a thing
as an artificial emerald answering this description is unknown and,
as & matter of fact, the stones supplied under this title are, as a rule,
nothing more nor less than paste imitations, the public being delib-
erately led to believe otherwise. There is in this case, as I have
indicated, a real practical difference between the two articles, not
merely a question of opinion.

Again, one must deprecate the custom that has sprung up of
arguing that, because *“a rose by any other name will smrell as sweet,”
& “scientific” stone will be as good by any other name than its right
one. When synthetic yellow sapphire is called “scientific topaz”
perhaps no serious fraud is perpetrated, although it is misleading,
but when artificial white sapphire is openly and deliberately sold at
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a fancy price as *‘synthetic diamond,” with the support of the press,
I for one consider that matters are going too far, and that this is
being done at the present moment anyone can verify for himself.
All these misrepresentations may bring wealth to individuals, but
they tend to bring into disrepute the artificially produced stone, and
instead of allowing it a place of its own as a distinet achievement,
cause it to be looked upon as a spurious make-believe.

However, I did not come here for the purpose of discussing this
aspect, and I will not dwell upon it further, I have, as far #s pos-
sible, given you a résumé of the whole subject and I will detain you
no longer, except, if I may add one more word, to acknowledge the
fact that my sbility to bring this paper before you is very largely
due to the assistance I have received in many quarters, and more
particularly from Mr, E. Hopkins, whose enthusiasm on the subject
of the technology of precious stones is only exceeded by his knowl-
edge and experience. I am indebted to him, not only for much
advice and information, but also for the loan of the specimens from
which I have prepared the illustrations to this paper.



THE STERILIZATION OF DRINKING WATER BY ULTRA-
VIOLET RADIATIONS.!

By Dn. Jures CoUnRMoNT,
Professor of Hygiene in the Paculty of Medicine of Lyon.

That solar light is capable of killing bacteria has been recognized
by Downes and Blunt, S, Arloing, Duclaux, and others, This action
is due to theultra-violet portion of sunlight, that is, to the waves of very
small length, which are manifested by their chemical action rather
than their power of producing heat. Solar light, however, is rather
poor in ultra-violet rays, for they are to a great extent absorbed
by our atmosphere. Indeed their very limited bactericidal power
is scarcely comparable with the very great power possessed by the
untra-violet radistion given out by some artificial light sources,
notably by the mercury-vapor lamp, whose containing tube is made
of quartz. Only such sources as the latter are of practical applica-
tion to the sterilization of potable water.

THE ULTRA-VIOLET RADIATION—THE QUARTZ MERCURY-VAPOR LAMT.

A few general data will be first stated. The wave lengths (1) of
i]jght rays are generally measured in units which have received the
‘designation of Angstroms (A. units). The Angstrdm unit is equal
to 0.0000000001 meter. The following table gives the wave lengths
of u few different places in the spectrum:
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Lbohdd of D intrand o . .. it T et s e S e e i GO0, 000
Solar spectrum:
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Ultra-violet radistions of solar origin of wave length smaller than
2,050, are absorbed by the atmosphere and do not reach us. There-
fore in order to obtain light which is truly bactericidal (of wave
length less than 2.800A.) we must have recourse to artificial sources.

The quartz mercury-vapor lamp is the most powerful among these
latter. Luminescent mercury vapor is very rich in ultra-violet
light. Tts ultra-violetspectrum reaches from 4=3.650A. to1=2.2254.
Quartz is transparent to all light of greater wave length than 1.5004.,
and therefore to all of the rays of the spectrum given out by lumi-
nous mercury vapor. Since the ultra-violet rays of smaller wave
length than 1=2.800A. are especially bactericidal, those between
2.800A. and 2.225A. render the quartz mercury-vapor lamp very
nocuous to all living cells, dangerous to anyone handling it without
precaution, as well as useful in the destruction of microbes.

The quartz mercury-vapor lamp is fed by a continuous current.
It must be protected by suitable cooling devices. With proper pre-
cautions theoretically it will last indefinitely, practically a very long
_ time. The running of the lamp is very easily regulated either by a
“sentinel” lamp in the same circuit with the mercury lamp or by
simply noting the luminous state of the lamp itself, The lamp is
most readily lit by rocking it. As soon as a small thread of mercury
connects the two poles, a current of electricity is established and the
lamp becomes luminous. The lamp is then turned to its usual posi-
tion, the thread of mercury broken, but the current continues to pass
by means of the luminous vapors from the mercury.

THE ETERILIZATION OF DRINKING WATER BY MEANE OF THE QUARTE
MERCURT-VAPOR LAMY.

The most practical application of the bactericidal power of the
ultra-violet radiation from the quartz mercury-vapor lamp is for the
sterilization of drinking water.

The difficulties met in the sterilization of drinking water are well
known. Inmnumerable are the processes of filtration or of chemical
or physical purification which have been advocated and applied.
Some are of little value, others are effective but costly and requiring
too extensive areas of land and too much manipulation.. For a long
while & method has been sought which is not only simple and eco-
nomical, but also absolute in its efficacy for the sterilization of drink-
ing water under such conditions as occur in the great majority of
cases where water is collected for a city’s use.

Just such a simple, sure, and economical process has been devised
by M. Nogier and myself.! This process makes use of the bac-

17, Conrmoent ot Th. Nogler, Sur la stérilimtion de 1 san potable ou moyen de la lampe en goaris &
wapeur do mercore. C. H. Acad. des. Sclences, 22 filvrier 1000,
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tericidal properties of the ultra-violet rays from the quartz mercury-
vaporlamp. * * *

Let us state our method of procedure. At first we used the elassical
lamp of Kromayer. A metsllic tube, provided with several test
holes, and closed at one end by a quartz window (fig. 1), was placed
face to face with a Kromayer lamp. The tube, filled with polluted
water, was thus subjected to the radiation from the lamp for various
lengths of time. Samples of the water were taken from each test
hole by means of sterilized pipettes. Preliminary tests showed us
that the water was very rapidly sterilized to about 0.30 meters from
the lamp. Water was therefore permeable to the bactericidal rays
from the lamp, and especially to those which killed very rapidly the
microbes contained in the water. The most important fact for our
purpose was therefore established.

We next had constructed some long lamps (0,15 to 0.30 meters) of
the form shown in fizure 2. These lamps were hung in the axis of &
metallic eylindrical box, about 1.20 meters in diameter, and holding
110 liters (fig. 2). This box could be filled through an orifice in the

Frg. 1.—Tube for determining to what distanss water may be sterllined,

top; & cock was provided at the bottom. Through a large glass win-
dow could be safely noted what happened within. The box was
mounted on a pivot, so that it could be tilted for lighting the lamp.
When we would experiment with thin layers of liquid, a glass basin
eould be introduced through the window and placed under the lamp.

Finally, a single lamp was placed in the axis of a portion of a tube,
0.60 meter in diameter, so that the walls of the latter were nowhere
farther than 0.30 meter from the luminous source. In fact, the dis-
tance could have been made much greater; we were convinced of that
later.

With this metal box we have made a great number of experiments,
which enable us to affirm the rapid and complete sterilization of
water, no matter how polluted, provided only that it be transparent.
Later my collaborator, Th. Nogier, constructed a set of apparatus
for the application of our discovery.

The problem of the sterilization of potable water in private houses
and in small public establishments (hotels, barracks, hospitals, ete.)
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is solved through the use of such apparatus as we have described
using ultra-violet radiations. That of the sterilization of very great
quantities of water, asin the case of a city's supply, is now under study
but very near solution by the same means.

OAN ALL LIQUIDS BE STERILIZED BY THE ULTRA-VIOLET rAa¥sl

To this question I must answer, No. With Th. Nogier, I have
shown that substances rich in colloidal matter (wine, beer, cider,
bouillon, peptonized solutions, ete.) absorb very rapidly the ultra-
violet radiation.* This radiation will penetrate only a few millimeters
or fractions of a millimeter of such liquids, which therefore are not
sterilized. Even in the case of the most limpid beer, the clearest

Fig. 2 —Vessel holding 115 liters for experiments ofi the sterilition of water.

white wine, a peptonized solution as transparent as water, steriliza~
tion does not result. Indeed, such liquids may be sterilized in the
laboratory cither by exposing them in very thin layers or by stirring
them so that every portion comes in contact with the lamp. The
practical results of such methods are negligible; such sterilization
would be too costly.

The water for our method must be clear; a muddy water would
not be sterilized. It would have to be filtered before entering our
apparatus,

And so clear water is practically the only known liquid permeable
to the ultra-violet radiation and easily sterilized by it.

¥ 7. Courmant of Th. Nogler, Sur la falble pdnétrtion dev miyons ultra-vickets & travers bes Hoguids conte
pant des sulstances colloides.  Ac. des Bebenoos, Tacll 1900,
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EXFERIMENTS SHOWING THE STERILIZING OF WATEHR BY THE ULTHA-
VIOLET RADIATIONS.

The sterilization of the water is complete, no matter how polluted
it may have been, provided that it is still transparent to the ultra-
violet rays. The ultra-violet rays can therefore absolutely free from
germs water far more polluted than is ever the case with the natural
water which in practice requires purification.

The experiments by means of which Th. Nogier and myself have
shown that the sterilization is complete are simple and may be
summarized in a few words. We have had built above our laboratory
a reservoir holding some 60 liters, filled with eity water, but into
which we could introduce all the impurities with which we wished to
experiment—colon bacilli, typhoid-fever bacilli, solutions of fecal
matter, etc. It has often happened that the water contained up to
1,000,000,000 colon baecilli per cubic centimeter, whereas the most
impure natural water rarely contains more than 1,000. Our experi-
mental conditions were therefore very exacting, far more so than
would ever ocour in practice,

The water from the reservoir passed either into our cylindrical box
or into another piece of apparatus devised by Nogier. In the former
(fiz. 2) (135 volts, 4 to 9 amperes) the sterilization was complete in
several seconds, a minute at the lonrest. Indeed, the sterilization
was practically almost immediately accomplished, but we wished an
absolute sterilization, for instance, not a single colon bacillus in a
liter of previously infected water. This required sometimes a minute
(at 0.30 meter from the lamp).

The details of the apparatus designed by Nogier were somewhat
different; the water flowed without stopping at the rate of 400 to 500
liters per hour (it could go as fast as 1,000 liters) but passed as a thin
layer about the lamp. Such would be the conditions of daily use.
With Nogier’s apparatus sterilization took place almost immediately
and was complete. The water, contaminated as above deseribed,
came out absolutely free from germs. One could pollute a liter and
more and not a single microbe colony would remain.

These truly surprising results were in all points accurate. They
have been verified by all those who, following our experiments, have
taken up the study, Miquel! Cemovodeanu and V. Henri* Vallet,*
and others. These conclusions are now well known.

The following results were obtained by Miquel who investigated
this method for the city of Paris. Like us, Miquel polluted artificially
the water upon which he experimented (apparatus of fig. 3). In
Tables I and IT are given two of his tests using colon bacilli.

P Miquel. Rapport ao Préfet de In Beine, 1000,

! Cernevodeanu ot V. Henrl, Etude de Pnction dos rayons ultre-viclets sur les microbes.  Ac, dos Sclences,
3 janvier 1910,

¥allet. Ac. des Bclences, 7 mars 1910, 25 avril 1910,
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Tante I.—Erperiment on the sterilization of water polluled with B. coli { Miguel).

[ Flaw per Colon baciili per Hier—
iy , 00 oy
apparnins. Blafam. After.
Liters,
R R B R S R Py LagL B | LA, 000, 000 0 in 200 0.0,
B R - 8.5 | 145, D00, 000 Oin200 e,
1 40... 13,0 | 145,000, G 0 In 200 e.0.
[ 3L FRE * 120.8 | 145, (00, 000 0 in 200 0.6,
Total and mean, 131 | 145,000, 000 0 In SO0 e.e

After having made these trials (we cite but two of them), Miquel
wished to put the apparatus to a far more difficult test, the destruction
of the spores of the bacilli. He polluted the water to be sterilized

FiG. L.—Early doviee of Th, Nogler.

“with a far more resistant species of microbes than the colon bacilli
and having very durable spores, related to if not identical with, the

Tante IT.—Another experiment on the sterilization of water polluted with B. coli,

| Ondinary  baoilll
7 |T'Inp-l'lf‘lﬁf ﬂ;’m ter | in | Cobon becilll per Her in
e water s wtor—
Dec. 30, 1300,
g bowr.
|'-§‘:“ L;‘“" Before, | After. | Bofore, After.
Litere, - -
e e R T3 B TR B T RGPS aetae 55,200,000 | Oineee,
L e R TN S TR B S i R AR A 55, 200, 000 0 400 e.0.
3. 3.... 0| 11| el 4 s0s 000 ofss20000] 0lnadce.
e 0.0 | 1LE | 1m0 L. 55,200,000 | 00 do0ce.
(G ATl L e weo| 10| 2ol......l.. &m0 omoee
Total and mean .. mai u.:i 10| 3,505 000 o sm0,000| 0 ters




‘ B
STERILIZATION OF DRINKING WATER—COUBMONT. 241

Bacillus mesentericus ruber, whose refractory spores will resist the
temperature of boiling water sustained for several hours.” In Table
111 is given a typical example of his results.

Tasre TIT. —Sterilization of waler polluted with Bacilli mesentericus.

u per ltee  In Blﬂttllmtunml:wklwlll!f
wa W
Dec. 30, 199, i ~eito]
Defore. After, Bafore Alter,
Liters.
et d UL T IR R DU IR, Sl P (el e 128, 200, (00 0ln 400 e.e.
TR.0 | 3,615 000 0| 76,000,000 0 in 400 £.0.
11 IR PR 0, 00, 000 0 In 400 e,
Total and TR, ... ..luoeahammrens u.u'1=.1m.m 0| 856,083,000 00 )50ec.e.

Thus, with water polluted with 128,200,000 bacilli per liter and
whose spores will resist boiling for several hours, sterilization is almost
immediate (in the time necessary for the water to pass through the
apparatus at the mean rate of 81 liters per hour. This experiment
should be of special interest to surgeons.

Such are the results. Let me repeat my earlier conclusions, which
have been but strengthened: The sterilizing power of the ultra-
violet rays emitted by a quartz mercury-vapor lamp immersed in
water, face to face with the microbes contained in that water, is so
great that the problem of the integral, rapid, and economical steril-
ization of clear water by this procedure may be considered as solved.

MUST THE QUARTZ MERCURY-VAPOR LAMP BE IMMERSED IN THE WATER{

Should the lamp be immersed in the water or merely placed just
above it? Immersion is certainly preferable.

Naturally we tried an apparatus in which the mercury-vapor
lamp was placed just above a thin sheet of water for sterilization.
The water was sterilized. However, practically angd economically,
immersion is necessary. The reasons for this are easily given.

The greatest reason is that the utilization of the sterilizing power
of the lamp is infinitely more perfect when within the mass of water
itself. The water is then in close contact with the source of the rays;
all of the rays emanating in all directions are used. A lamp conse-
quently sterilizes a far greater volume of water when it is immersed
thafi when merely placed close to the water—that is surely clear.
Economically, therefore, immersion is very advantageous.

And yet further: Immersion seems necessary for the life of the
lamp as an emitter of ultra-violet rays. The quartz tube of such a
lamp, working in the air, is warmed to some 700° or 800° C. H. Bor-

38784°—su 1011—16
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dier! has shown, by means of his chromo-sctinometer, that every
quartz mercury-vapor lamp gradually loses its power of giving out
ultra-violet rays because of the increasing opaqueness of the quartz
tube, At the end of a service of about 500 hours, he states, the
lamp emits only oneseventh of its original quota of these rays.
This defect is without remedy and therefore decisive. If his results
are real, then immersion is necessary for cooling the lamp, so as tt
prevent this change..

Immersion, therefore, has these advantages, economy and long
service.

It may be objected that since the immersion cools the lamp, with a
given current of electricity there will be a smaller amount of ultra-
violet rays emitted. This would be expected in accordance with the
results of Retchinsky (1906). However, a lamp thus cooled ean be
made to emit just as much ultra-violet radiation as a warm lamp
(new and unused, see the experiments of H. Bordier) if a greater cur-
rent of electricity is used. 'The increased cost of this greater current
is practically of small importance compared with the increased
efficiency of the immersed lamp where all the radiation is utilized.
That is, though an immersed lamp uses a greater amount of elec-
tricity, it will sterilize a far greater amount of water.

To sum up: The immersion of the lamp, economically eonsidered,
is preferable. If the results of Bordier are confirmed, immersion will
be the only method giving a long life to the sterilizing power of
the lamps.

NATURE OF THE PROCESS OF STERILIZATION OF WATERE BY THE ULTRA-
VIOLET RADIATIONS.

The ultra-violet rays kill the microbes in the water by a direct
bactericidal action, and not indirectly by a chemical modification of
the water.

It might at first have been surmised that the sterilization was due
to the production of ozone. That is wholly untrue. With Th.
Nogier and Rochaix,? I have shown that during the time required
for sterilization (only a few seconds or a minute) not even a trace of
ozone was produced. If with a longer time it is produced, it would
be after sterilization had occurred and have nothing to do with the
latter process. It would never ocour in practice. The produetion
of ozone is a separate laboratory process. Moreover, sterilization
will take place in the absence of oxygen. (Cernovodeanu and V.
Henri.)

1 {1 Bordier, Quantitomdtrio dm rayons ultre-violsts. Archives El Méd., No. 245, p, 304,
8§, Courmont, Th. Nogier of Rochalx. . . Ac. des Scolences, 12 Juillet 1900,
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We have obtained similar results as to oxygenated water.! Cer-
tain investigators have thought that this was produced and caused
the sterilization and would itself render the water dangerous for
alimentary use. Such an explanation is false and the fear ground-
less. But a trace of oxygenated water was formed after several
hours’ exposure to the rays. There was never any oxygenated
water formed during the short passage of the water about the lamp
necessary for the sterilization.

CHEMICAL MODIFICATION OF THE WATER TREATED WITH THE ULTRA-
YIOLET RADIATION.

Chemically water is very little altered by the ultra-violet rays,
certainly during the short time required for the sterilization.

With Th. Nogier and Rochaix,? T have shown that an exposure of
10 minutes (lamp immersed in a basin of water only a few centimeters
deep) hardly altered the chemical composition of the water. The
organic matter, ammonia, the nitrites, the nitrates, and other sub-
stances dissolved, were almost always in the same proportions at
the end of 10 minutes; they were not in the least transformed by
the passage (several seconds) in an immersion apparatus, a length
of passage sufficient for complete sterilization.

We add that the taste and odor of the water are not altered.

THE WATER THUS TREATED IS HARMLESS,

Although the chemiecal composition of the water is not changed by
the ultra-violet rays, the question as to its harmlessness yet remains.
Is the water thus sterilized harmless{

We have fed daily for a month dogs, rabbits, and guinea pigs with
water from a Nogier apparatus. Nothing in their general health, in
their weight, or their temperature indicated the least ill effect.

THE ACTION OF THE ULTRA-VIOLET RADIATION ON THE FLUORESCENT
MATTER CONTAINED IN WATER.

Concerning the processes for controlling the sterilization of water,
Dienert ® has made a very interesting note. There exist in all surface
waters Auorescent matter of organic origin. Sterilization by the
ultra-violet rays (as well as by ozone or otherwise) causes a notable
decrease in the quantity of such matter. Water treated by these rays
differs therefore in this respect from the natural river water before its
passage through our apparatus.

t J. Courmont, Th. Nogler et Rochalx. C. R. Ac, des Bolences, 30 mal 1910.
t]. Courmont, Th. Nogler et Rochaix. C, B. Ac, des Belences, 13 Juillet 10009,
# Dienert.  ©. R. Ac. dea Bciences, 21 Fivrier 1908,
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ACTION OF THE ULTEA-VIOLET RADIATION UFPON TOXINES.

It may be asked whether the poisons resulting from the microbes

- and which may be contained in the water (in small quantities, of

course) are destroyed by the ultra-violet rays. We are in a position
to answer this question,

The toxines such as we have been able to obtain in our bacteriolo-
gical laboratories can not be destroyed by the ultra-violet rays since
they form o liquid very rich in colloidal matter and therefore not
transparent to this radiation. It would therefore be necessary to
work with very thin strata of the liquid. We have demonstrated this
with the tetanus toxine.! A very long exposure (one hour under 1 to
2 em.) scarcely weakened the toxic power of a fibrous culture of the
Nicolaier bacilli, If the toxine is sufficiently diluted with water, say
1 part in 2,000, it is neutralized in a few minutes.’ Cernovodeanu
and V., Henri have obtained similar results.?

Toxines are, therefore, very sensitive to the action of the ultra-
violet rays provided they are so diluted as not to be protected from
them by their colloidal state. Such toxines as are apt to be found in
potable water will, therefore, be destroyed as well as the microbes.

PRACTICAL APPLICATIONS.

Are the preceding results capable of practical application? Surely.
They give rise to a simple and very powerful new method of steriliza-
tion, applicable wherever an electrical current (continuous or trans-
formed) is at hand.

The water is not changed or warmed. Nor is it harmful for drink-
ing.

The only condition necessary for the successful sterilization is the
transparency of the water; filtration would, therefore, be necessary
for muddy water.

Our apparatus can serve three purposes: First, household steriliza-
tion (special small-sized spparstus adapted to the supply pipe of
an apartment). Second, sterilization for larger establishments (appa-
ratus with greater flow of water placed at the entrance of the water
into the building and furnishing sterile water to all the faucets of a
hotel, barracks, hospital, school, ete.). Third, sterilization of water
for a city (apparatus capable of purifying, if necessary, several
thousand ¢ubic meters of water per day; apparatus with which trials
are actually being made).

For household apparatus, and even for such asis destined for larger
establishments, it is desirable to have some automatic device to stop

17, Courmont ot Th. Nogler. C. . Ac. des Belences, 2 mars 1000,
#J, Courment #t Th. Nogler. C. R. Ac. des Belenoes, 1 nofit 1009,
¥ Cernovodsann et V. Herl. O, B. Ac. des Belences, 7 aoft 1900,
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the flow of water whenever the lamp may not work either through
accident or design. Surveillance of the apparatus would then be
unnecessary. Only sterile water could be drawn.

Such apparatus as we have described in this article would be of
great advantage in certain professions and industries. Surgeons,
obstetricians, could have sterile water; pharmacists would feel secure
in the preparation of aseptic compounds; brewers would have great
advantage in using sterile water. Water thus sterilized could be used
by dairymen, beer makers, manufacturers of artificial mineral waters
or bottlers of natural water (washing of bottles), ete.

The applications which Th. Nogier and I have made of the bacteri-
cidal power of the ultra~violet rays in the sterilization of water have,
therefore, an important practical bearing which no one now contests.
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THE LEGAL TIME IN VARIOUS COUNTRIES?
[With colored map.]

By Dr. M. Prnzrror,
Astronomer at the Royal Observatory of Belgium.

TIME IN GENEERAL.

Time is measured by the rotation of the earth about its axis. A
‘day is defined as the time taken for one complete rotation. It is
assumed that the axis is fixed in the earth and that the rotation is uni-
form, In order to measure the time taken for this rotation, it is nec-
essary to have reference marks both in the sky and on the earth.
For the latter the meridian is chosen, which is the plane passing
through the earth’s axis and vertical to the place where the time is
measured. Two points are used in the sky: The first, the vernal
equinox, which is the ascending node (intersection) of the eeliptic
upon the equator; the second is the sun's center.®

The vernal equinox serves to determine the sidereal day, which is
the time between two successive passages of the equinoctial point
over the upper meridian of a place. The moment of this passage is
taken as the beginning of the sidereal day. The hour angle of the
vernal equinox gives the local sidereal time. For the affairs of civil
life sidereal time is inconvenient and not used. It is used only for
astronomical purposes.

The center of the solar disk is used to define the true solar day.
On aceount of the variable movement of the sun along the ecliptic,
the length of the true solar day varies from day to day and it is not
feasible to make mechanisms or clocks keeping time with these irreg-
ularities. A fictitious sun has therefore been imagined, running its
course along the ecliptic at a regular rate and reaching the points of
its orbit nearest to and farthest from the earth at the same times as
the true sun. A second imaginary sun is likewise supposed to pass
along the celestial equator at a uniform rate and to be at the vernal
equinox at the same moment with the first fictitious sun. This sec-
ond imaginary sun is called the mean sun. The day measured by it

* Transiated by permission, with revisioos by the suthor, fram Annualre Astrobcemique pour 1912

Belginm,
& The ecliptic is the Intersertion with the celsstinl sphere of the plane pasing {hrough the earth's erblt.
The equator la the intersection with the celestial sphers of the plane passing through the earth’s equatar,

a1
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is constant in length and is called the mean solar day. It com-
mences at the moment when the center of the sun passes the upper
meridian of the place. Mean solar time is used in all the affairs of
civil life and our clocks are therefore regulated to it, not to true solar
time. In astronomical use, the beginning of the mean solar day is
at the upper passage of the center of the mean sun across the meridian;
that is, at mean noon; whereas the civil day commences at the mo-
ment of the lower passage (under the earth), midnight. In the first
instance, we speak of mean astronomical time; in the second, of civil
time. The latter is exactly 12 hours ecarlier than the former.

The difference between true and mean time is known as the equa-
tion of time.! The equation of true time is therefore the amount of
time which it is necessary to add algebraically to true time in order
to get mean time; the equation of mean time, what we must add to
mean time to have true time. Accordingly, for the same moment,
the equations of true time amd mean time are equal in amount, but
opposite in sign. The equation of time varies from day to day, but
its greatest value is a little less than 17 minutes.

SOCIAL CONSIDERATIONS.

The principal affairs of daily life go on while the sun is above the
horizon: that is, during the daytime. The sun, therefore, controls
most of our actions, and it is but natural that it should serve to meas-
ure our time, Since the equation of time is always less than 17
minutes, the difference between the true and mean times is of little
importance and brings no inconvenience into civil life.

All the general facts just stated apply to any place upon the globe.
If each place were to adopt the time appropriate to its own meridian,
called local time, the vonsequent diversity of time would result in
great confusion. It is therefore advisable for the convenience of
social life to adopt some conventional system of time for all the people
of a certain region. Their clocks must be regulated to the time of
some conveniently chosen meridian; there must be some standard
time fixed either by law or custom. The choice of this depends on
various considerations. The principal consideration seems to be
that this time shall depart as little as possible from local time. In
our choiee of the meridian by which to regulate our clocks, we should
therefore limit ourselves to one which passes through some central

of the region under consideration; then the difference between
the local and the official time will be as small as possible in the ex-
treme parts of that region.

The changing of the time at one locality to that corresponding to
the same moment at another place, although a very elementary

3 The word equation b Dot used her in i3 mathematical sense; 1 Is equvalent to the word *error™
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process, is one in which the uninitiated is very liable to make errors.
As the transformation is generally wished quickly, it is important to
reduce the process to its simplest state. Since the time defined by
the mean sun is itself purely conventional, it may be used over a
considerable region with little inconvenience. Thus, for the whole of
a country may be adopted either the time corresponding to some
point in its capital or to that of its principal observatory, whichever
is preferable.

With the extension of international communication, quite naturally
certain countries grouped together in the use of the time correspond-
ing to some place near their center when this did not bring too great
dizseordance with the true local time. But this effected only a partial
solution and trouble still remained when it was desired to pass from
the time of one group to that of another. An international agree-
ment was necessary for considering this problem and bringing it to a
rational solution.

SYSTEM OF ZONES—DIAL OF 24 HOURS.

In 1884, a conference, called together at the initiative of the United
States, met at Washington for the purpose of coming to some under-
standing among the various nations of the world as to the choice of a
standard meridian and a universal system of time. Several such
systems were proposed. The conference, which, moreover, had no
legal power, limited itself, among other resolutions, to recommending
the adoption of the meridian of Greenwich and to the expression of
their sentiment in favor of & universal system of time without com-
mitting themselves to any special system. However, during their
sessions the delegates planned a system of hour lunes or spherical
sectors, which was already coming into use in certain portions of
North America. According to this scheme, the terrestrial globe is
divided into 24 sectors, 15° or 1 hour in width; that which extended
7.5° or 30 minutes of time to the west and to the east of Greenwich
was adopted as the initial sector. The time in any sector is exactly
1 hour ahead of the neighboring sector just to the west and 1 hour
behind that just to the cast.

The advantage of such a convention is that at any instant the
time indicated by accurately regulated clocks the world over would be
the same as to minutes and seconds, differing only in the whole hours:
consequently in passing from the time of one pldce to that of another
it is necessary to add or subtract only a whole number of hours. This
process consists in combining two numbers of never more than two
figures; thus the task is reduced to its minimum.

Evidently such a sjmple system must finally prevail from its own
merits; consequently we find it coming more and more into use.
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The conference at Washington also recommended the adoption of &
dial of 24 hours, which has the advantage that the use of the abbre-
viations &. m. and p. m, is unnecessary, as is the case with a dial of
12 hours. Unfortunstely the spread of this reform seems to have
nearly stopped. It is officially used at present only in Belgium,
Canada, Spain, France, Italy, and British India.

The eivil day commences at mean midnight. For astronomical
purposes & system of 24 hours is universally employed but the zero
hour corresponds to mean noon, so that mean astronomical time is
exactly 12 hours later than mean civil time. This convention was
adopted so that the same date could be used for all the observations
of a single night. Although the conference at Washington resolved
that as soon as practicable all astronomical and nautical dates over
the whole world should commence at mean midnight, astronomers
have not so done. English mariners indicate by p. m. the afternoon
hours and by a. m. those of the forenoon.

The time corresponding to certain zones have received special
designations:

Western Eurcpean time, or western time, corresponding to the zone of Greenwich,

Central European time, or central time, corresponding to the zone 1 hour east
of Greenwich,

Esstern Eumpean time, or eastern time, corresponding to the zone 2 hours east of
Greenwich.

Eastern standard time, corresponding to 5 hours west of Greenwich,

Central standard time, corresponding to 8 hours west of Greenwich,

Mountain standard time, corresponding to 7 hours west of Greenwich.

Pacific standurd time, corresponding to 8 hours west of Greenwich.,

Since 1884 many countries have adopted systems of time based
upon the zones and the meridian of Greenwich. In the following
table are given the principal nations or portions of nations, the merid-
ians adopted, and the differences between their standard times and
that of Greenwich, The plus sign (+) indicates that the given
difference must be added to Greenwich time in order to obtain the
time in a given country; the negative sign (—), that it must be
subiracted.

The systems ef timne in various countries,

Reglon or eguntry, ] Merhdinn, | Difference. Hemnrks,

English south. . ... .| Greenwich........ I L

Oerman eoubh. . oo iibimaianeiaass | Pt TN R l+1 o o

Fortugress west. .l.....dﬂ..... ...l +2 B0 0 Legnl tims,

Portogmess st . B P |- MO e '+1 o o Do,
Argeatine Republie........commmrammmimsssas Cordobi.. .o | =4 18 &2 | Ofcll time
Anstrating |

Central.... . Greenwich +9 %0 0

Western.... | s s - i |+; 00
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The systems of time in various countries—Continued.

Feglon or country. l Meridlan, Diiference. Ramarks,
Ly R S \Gnﬂrﬂth ,,,,,,,, 410 0 0 | Legal tima
APOEKRY. o sarrranssss st rssnmsannsnasssssassnionnss do..... 4+2 o 0 | Ralmods
United States: |
Eagterngtandand. . ...icccoviinnmssssssafannns 0SNG st =5 0 0 | Legaltime
OCentraltandard. .. ......cicceoeanies T -8 0 0 Da,
Mool SEBAArd . .o ssessnnsseensnees e [l -t o0 D
R e — | EEERTE Z8 0 o De
Al do... -3 8 0 De.
Howndl......... o, | =10 30 0 To.
Porto Rico. ... el e =4 0D Do,
A R, SN N7 R SO £ B Do.

L e e SREC R R AP | Montevideo,......| — 3 &4 5L4 | Railronds,

e 1 RO, I~ &~ e B - B 1

BT L T R R Greeowich. .......| +10 @ D Legnl time.

|

“This table makes easy not only the transformation of a given time
to the corresponding time at Greenwich but also its conversion to
that of any other place. For instance, when it is 6 hours a. m. in
Chicago, in Manila it is 6+6+8=20 hours, or 8 hours p. m.

Upon the terrestrial map given here, the 24-hour zones have been
indicated; the central line of the first passes through Greenwich,
The countries and territories which have not yet adopted the inter-
national system of time are tinted blue, the others rose. For great
extents of ecountry like the United States of America it is easy to see
at a glance the time in each region.

THE INTEENATIONAL DATE LINE.

It is well known that if we go westward from America to Asia,
we find our date one day behind time when we reach Asia; if we
travel eastward over the same route we find our date one day ahead
of time when we resch America.

In order to avoid this confusion of dates, it is customary, in cross-
ing the one hundred and eightieth meridian from Greenwich, to
‘“jump” a day, if traveling toward the west, and to repeat a day if
traveling toward the east. However, because of geographical and
political conditions, ihe international date line does not coincide
exactly with the one hundred and eightieth meridian. It is an
irregular line so situated that all eastern Siberia has the same date,
the Aleutian Islands and Hawaii the same date as the United States
of America, and, finally, the Fiji Jslands and Chatham Island that
of Australis. This line is shown on the accompanying map.
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THE TIME SERVICE OF VARIOUS COUXNTRIES,

The knowledge of the exact time is of the utmost importance for
the transaction of the business affairs of all the nations; especially so
for those who have charge of the means of transportation and of rapid
communication. This is the case for railroad and telegraph com-
panies and especially for maritime commerce. The captains of vessels,
at the moment of clearing for sea, must be able to regulate their
chronometers with precision, for upon these instruments depends the
determinations, during their voyage, of the geographical positions of
their vessels. Accordingly, at the principal ports of the world, a
special device (time ball) is used to give the mariners the exact time
at known moments. Indeed,in certain ports, special bureaus for this
purpose are at the service of sea captains during their stay in port;
here they may deposit their chronometers so that their conditions
and daily rates may be determined. These time-service bureaus are
generally in direct communication with an astronomieal observatory,
which assures them of the time used.

Various countries of the world have organized, according to their
means and local necessities, more or less extensive time services,

Generally, in countries covered by a network of telegraph and
telephone lines, a service is established such that the various bureaus
connected by wire receive daily the necessary time signal. Those
wishing signals can apply to these offices or rely on time furnished to
exterior clock dials either at railroad stations or at post offices.

In the United States of America the time is sent over all its im-
mense extent of land. It is transmitted at noon by an accurately
regulated pendulum which automatically sends currents of electricity
over all the telegraph lines of the country. These currents actuate
receiving instruments at all the telegraph stations. The duration of
the transmission lasts five minutes. They aresent out from the Naval
Observatory at Washington for all the region east of the Rocky
Mountains, and from the observatory at Mare Island, Cal., for that to
the west. Besides these noon signals, others can be sent during the
course of the day when required.

In Portugal the Lisbon-Tapada Observatory furnishes telegraphi-
cally the time to the whole country, to the time ball at the arsenal at
Lisbon, and to the chronometer station of the meteorological obsery-
atory of Ponta Delgada (S. Miguel, Azores).

In Belgium the time is sent daily by telephone to the time-service
office at the port of Antwerp where an assistant is detailed to compare
such chronometers as may be deposited. An accurate Riefler clock
serves to maintain the requisite time and work the time ball. The
observatory sends the time also to the central bureau of the tele-
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graphs which in turn distributes it to all the telegraph and railroad
stations of the kingdom.

The precise time is sent also to the various civie departments as
well as to certain private institutions to which it is essential. The
transmission of the time is made as follows: As soon as the one in
charge of the station is in telephonic communication with some one
wishing the time, he states the time he is going to indicate, to the
exact minute generally, then, 10 seconds before that time he calls,
““‘asttention,” and then accurately at the minute he says, *“‘tip.” His
““tip”’ is rarely out by two-tenths of a second.
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SOME RECENT INTERESTING DEVELOPMENTS IN
ASTRONOMY !

By J. 8. Prasxerr, B. A,
Dominion Observatory, Ottowa, Conada,

It has been the custom for the newly elected president of an
astronomical sociéty to give in his inaugural address a review of
the progress of the science of astronomy during the year just closed,
and I am partly complying with that custom in what I have to say
to you to-night. I do not propose, however, to attempt to give
you a review of the whole field of astronomy. That would be quite
impossible in one address. All T shall attempt, therefore, is to
select from the material at hand some of the most important results
recently attained, and from these again those which are likely to
prove of the greatest general interest. In this selection, it is very
likely that I shall be guided by my own particular preferences, and
I do not, therefore, claim that what I have to lay before you will be
entirely representative of the progress of the science.

In my opinion there has been no time in the history of astronomieal
science when progress has been so rapid and when we seem to be
on the eve of so many interesting developments, and I might almost
say generalizations, as at the present time.

One of the most significant indications of such development in
astronomy is the remarkable coordination and correlution that is
being so rapidly developed among the different sciences. A few
years ago the astronomer made no use of any science but his own,
with, of course, its indispensable adjunct mathematics; but now
progress in astronomy is impossible without the aid of physics and
chemistry, geophysics and geology. We do not know, indeed, how
soon we shall be applying biology, with its allied sciences, in the
study of such a subject as ‘‘Life in other worlds,” on which we had
recently such an eloquent and instructive address by Prof. Aitken.
Another significant fact pointing toward rapid developments and
deductions is the completion or approaching completion of many

} Address belore the Royal Astronomical Society of Cansds, Ottawn. Feb, 3, 1911.  Reprinted by pers
mision from the Journal of the Royal Astropomical Soclty of Canads, July-Angrst, 1011, pp. 252,

DRK



256 ANNUAL REPOET SMITHSONIAN INBTITUTION, 1011

extensive researches in our science. Astronomy is, perhaps more
than any other, a science which requires long continued and system-
atic investizations to be carried through with faithfulness, unsel-
and untiring perseverance before any definite results can
be attained. All honor to the astronomers of the past, who spent
their lives in making observations of which they themselves could
not hope to reap any fruit, and all honor to the astronomers of the
present, who are unselfishly collecting data which only a future
generation can use. The results of past observations are beginning,
in many different branches of our science, to be of inestimable
service in unravelling some of the mysteries of the universe.

Let us begin our review of the progress of our science at our own
globe, and though one would hardly state that the science of geo-
physics, as the study of the form and constitution of the earth is
ealled, is astronomy, yet it can not be disputed that ouly by know-
ing exactly the dimensions of our earth can we determine the dimen-
sions and distances of the heavenly bodies; and only from a study
of the constitution and physical condition of our globe, which must
include careful measurements of the spectra of terrestrial elements,
ean we determine the constitution, the physical conditions, and the
radial motions of the heavenly bodies. We have to proceed to
the inaccessible by a study of the accessible, and to investigale the
the unknown by attacking the knowable, and hence we may safely
say that a knowledge of the dimensions and form, the constitution
and physical condition, of the earth is a first requisite for a satis-
factory study of the heavenly bodies. The science of geodesy,
which treats of the figure and size of the earth, is making substantial
progress all over the world, and new and more accurate data are
constantly being obtained. It is a great sstisfaction to me to
record that, under the sble superintendence of Dr. King, good

is being made in an accurate geodetic survey of Canada.
This work, which has only recently been organized, will furnish at
.the same time results of the greatest practical usefulness, as well as
of the highest scientific value. The allied branches of seismalogy,
terrestrial magnetism, and of the determination of gravity are,
along with geodesy, gradually changing and erystallizing our notions
of the structure of the interior of the earth from the old idea of a
thin crust surrounding a molten interior to that of a solid globe
whose density and elasticity inerease with the depth, at least for
some distance, and which acts on the whole as if it possessed the
rigidity of steel. Geodetic measurements show that all local irregu-
larities on the surface such as mountains and valleys are completely
compensated for at a depth of about 75 miles. This means that if,
from the boundaries of equal areas on any part of the earth’'s sur-
face, lines are drawn toward the center to a depth of 75 miles from
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sea level, the amount of matter inclosed is the same in each. This
is called the isostatic layer and acts as if it were floating in equili-
brium on a liquid at that depth. The comparatively new science
of seismology—in which our observatory is so ably represented by
Dr. Klotz, whose method of recording the earth disturbances is, I
may say, now being extensively copied—on the other hand shows,
from the form and velocity of propagation of earth disturbances,
that the interior must be about as rigid as steel. This is further
corroborated by measurements, by a kind of seismograph, of the
deformation of the solid earth by the luni-solar attraction, which
in the sea produces the tides but which also sets up, though, of
course, very much reduced in magnitude, a similar effect upon the
land. The more recent advances in seismology have been in the
direstion of improving the sensitiveness of the instruments and the
methods of discussion of data, so that we may hope to gradually
obtain definite knowledge of the density, rigidity, and elasticity of
the interior, layer by layer.

The increase of data in terrestrial magnetism, on the other hand,
seems to have complicated rather than simplified the problem, which
is, of course, naturally the case when the fundamental underlying
cause or principle is unknown; and this, it must be confessed, is the
case in this science, There can be no doubt, however, of its ultimate
solution; and, indeed, we are beginning to see some glimmerings of
light in the magnificent work being carried on at the solar observa-
tory on Mount Wilson, where one of the most recent and wonderful
results has been to definitely prove that there are magnetic fields in
the neighborhood of sun spots. That changes in the terrestrial mag-
netic elements and solar activity are in some manner connected has
long been inferred from the frequent, nearly coincident appearance
of violent magnetic storms following the central transit of prominent
sun spots.

We pass naturally, then, from the earth to the sun, to us the most
important heavenly body, as on it is dependent all life on our planet.
Very great advances have been made in recent years in the study of
the constitution of our luminary, and a great deal of attention is now
being paid to researches in this most important branch of astronomy.
The International Union for Cooperation in Solar Research, a society,
or rather group of societies, which was organized about five years ago,
and which embraces the workers on the sun in all civilized countries,
has done much toward unifying and rendering effective the great
amount of material collected. A meeting of this society, which I
had the honor and privilege of attending as representing this observ-
atory and also our Royal Astronomical Society, was held last sum-
mer at the Mount Wilson Observatory, at which many important

J8T4"—an 1911—17
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questions were discussed and plans for future work outlined. The
work of the union is earried on by several committees, which report
at the triennial meetings.

Probably the most important action taken was the adoption of &
new system of wave lengths of light. The system in use for the
last 20 years was introduced by Rowland, the values being obtained
from measurements of spectra made with concave gratings. This
system was far in advance of previous ones and was for a long time
considered practically perfect. More recent investications have
shown, however, that not only were his absolute values in error,
every wave length being too great by about 1 part in 30,000, which
is not a matter of much moment, but that also—a much more serious
question—there were relative errors of the order of about 1 part in
100,000 among the different lines. These errors, due to unknown
defects in the gratings, were only discovered when new measure-
ments were made by a different method, that of interference. The
new primury standard was first determined by Michelson in 1892 by
sctually counting the number of waves of the red line in the speec-
trum of cadmium in a known fractional part of the standard meter.
He found that there were 1,553,163.5 waves in a meter, equivalent
to & wave length 0.00064384722 mm., or, as it is usually written,
6438.4722A.  This value has more recently been confirmed by Fabry
and Perot and is accepted as the primary standard of the new sys-
tem. Seeondary standards are composed of the wave lengths of
50 linies, in the arc spectrum of iron between 14282 and 26495, which
have been independently measured by interference methods by three
observers—Fabry and Buisson at Marseille, Eversheim at Bonn, and
Pfund at Baltimore. The accordance of these measures is so
that the range is generally less than one part in a million, and the
mean of the three is certainly correct, considerably within that
margin of error. From these secondary standards tertiary standards
are to be obtained by interpolation from grating spectra, and after
these tertiary standards have been obtained new measures of the
wave lengths of all lines in solar and terrestrial spectra will be
required. W

The importance of this work in solar and stellar investigations
can not be overestimated, as many important results depend on the
accuracy of wave-length values, and incorrect values may lead to
erroneous conclusions. This is an instance of what I previously
said of the necessary interrelation of astronomy and physies and
the impossibility of suceessfully attacking modern astronomical prob-
lems without the aid of the allied sciences.

One of the important conclusions reached by the committee on
sun spots was the practically unchanging character of sun-spot
speetra. To this may be added the fact, conclusively proved by
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Prof. Hale, that the umbra of sun spots is at a lower temperature
than the rest of the sun's surfsce, and that in sun spots, as first
found by Prof. Fowler, of London, we have the spectra of some
chemical compounds, such as titanium oxide, magnesium and cal-
cium hydride, further showing that the tompamtum is sufficiently
reduced to allow the formation of such compounds, which do not
appear in the normal solar spectrum. Again, we have the discovery
of Evershed, of Kodaikanal, India, of radial motions of the vapors
around sun spots, and the final discovery by Hale that many, if
not all, sun spots are surrounded by whirls, and that electrically
charged particles, which, it has been further shown, are negatively
charged, are carried around by these whirls and produce the mag-
netic field which is shown to exist around sun spots.

At the high temperature of the sun, magnetism as we know it
can not exist, and the field must be produced by such whirls or
vortices. The manner in which the magnetic field in sun spots was
detected and proved is a splendid example of experimentation to
test scientific deductions and a full justification of the expenditure
on the powerful apparatus needed for such work. The whirls sur-
rounding sun spots are shown on ‘photographs of part of the sun's
surface in the light given by the red line of hydrogen. Such pho-
tographs are made by the spectroheliograph, an instrument which
enables us to photograph the sun’s surface in the light of different
gases or vapors, and hence records the distribution of these vapors.
The great resemblance between these whirls and the lines of force
around a magnet, as shown by iron filings, led Prof. Hale, the in-
ventor of the spectroheliograph and the discoverer of this effect, to
suspect the presence of a magnetie field; and the next question was
to verify this suspicion. It was found several years ago by Zeeman
that if a luminous vapor is produced between the poles of a magnet,
many of the lines of its spectrum are widened. Prof, Hale found
that the spectrum of a sun spot, with the high dispersion available
on Mount Wilson, showed some of the same lines widened, strength-
ening his suspicion. Furthermore, when the widened lines produced
by a magnetic field in the spectrum of a luminous vapor are examined
through a polarizing apparatus, many of the lines are split up into
doublets, triplets, quadruplets, or even sexiuplets; and a similar test
applied to a sun-spot spectrum gave a similar, though much weaker,
effect, conclusively proving the presence of a magnetie field. Com-
parison showed that its strength was sbout one-quarter of that
needed to saturate iron, too weak to produce any magnetic disturb-
ance on the earth, and therefore incapable of explaining the frequent
coincidence of magnetic storms and large sun spots.

The fact that sun spots are at a lower temperature than the rest of
the photosphere has been eorroborated by the work of Prof. Abbot,



260 ANNUAL REPORT SMITHSONIAN INSTITUTION, 101L

who, in his determination of the solar constant (the amount of heat
received from the sun), shows that this is 1 or 2 per cent less at sun
spot maximum than at minimum. The absolute amount of the sun's
heat at the surface of the earth is 1.9 calories, which may be more
simply stated as the amount of heat per square centimeter which will
raise 1 cubic centimeter of water 1.9° (. or 3.5° F. in temperature in
one minute, if the atmospheric absorption is neglected. It has also
been proved by Prof. Abbot that there are irregular variations in this
quantity, and it is hoped that a knowledge of these variations may be
of value in helping to predict temperature and meteorological changes
on the earth; a problem whose solution, even with all the advances
in science, seems as far off as ever.

Another interesting problem, which at the meeting of the solar
union was advanced a stage, is the determination of the solar rota-
tion by the displacement of the spectral lines at opposite limbs of the
sun. Owing to the rotation of the sun on its axis in about 28 days, one
limb approaches and the other limb recedes from us, with a velocity
at the equator of about 2 kilometers per seeond. If the spectra of the
two limbs are brought side by side on the plate, the lines of the former
will be displaced to the violet, of the latter to the red; and with a high
dispersion spectrograph this displacement will be quite noticeable, of
the order of one-tenth of a millimeter. Some work has been done on
this problem by Duner at Upsala and by Halm at Edinburgh visually,
and more recently by Adams at Mount Wilson photographically.
Besides determining the rate, and the law of decrease of rotation with
different latitudes, there are other interesting problems, such as
variations of the rate for lines of different substances, which require
golution. A combined attack by six institutions, of which the
Dominion Observatory is one, on different well-distributed regions of
the spectrum has been arranged, and, in addition, each observeris to
measure & common region for comparison of results and removal of
systematic error.

Besides these definite advances, much other work in the distribu-
tion of the gases and metallic vapors over the photosphere, in com-
paring the spectra of the limb and center of the sun and along many
other lines, has been recently accomplished; and we may confidently
look for rapid development and inerease of our knowledge of the con-
stitution of our luminary in the near future.

Although the study of the sun is most intimately connected with
that of the stars, which was recognized at the solar union by the
appointment of a committee to discuss the question of the classifica-
tion of stellar spectra, yet we may perhaps turn for a moment to the
other members of our solar system and see if sny new light has
recently been thrown upon the interesting question of conditions on
other planets, The perennial question of the objective existence of
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the fine geometrical markings on Mars, commonly called canals, has
been, during the last opposition of 1909, strenuously and ably sup-
ported by Lowell and one or two adherents, and equally strenuously
and ably combated by many astronomers, chief among whom was
Antoniadi. Asis well known, the majority of astronomers are unable
to see these fine sharp lines, although plenty of other detail is visible,
During the last opposition photography was used to a much larger
extent, but I question whether it has settled the matter. Lowell says
the principal canals show on his photographs, while others are unable
to see them. The only way this question can be settled is, as Aitken
suggested, for Lowell to invite some well-known observers, such as
Barnard, Burnham, and others, to Flagstafl at the next opposition
and let the whole question be fought out.

Another disputed point is the question of water vapor on Mars,
The detection of this water vapor depends upon the visibility of a
small’band or group of lines in the red end of the spectrum produced
by the presence of water vapor. Slipher, Lowell's assistant, photo-
graphed the spectrum of Mars and then the spectrum of the moon.
The light from Mars, which is, of eourse, reflected sunlight, passes
twice through Mars' atmosphere and then through the earth’s atmos-
phere. The light from the moon, which has no atmosphere, passes
through the earth's atmosphere only. If now there is water vapor
in appreciable amount in the atmosphere of Mars this band should
be stronger in the spectrum of Mars than in that of the moon. Slipher
found that it was stronger in the Martian spectrum, but unfortunately
some little time elapsed between the two exposures, and there is a
possibility that the greater strength of the band was due to change in
the amount of water vapor in the earth's atmosphere. Director
Campbell, of the Lick Observatory, considered the question of
sufficient importance to organize an expedition, carrying instruments
to the summit of Mount Whitney, elevation 14,500 feet, at which
altitude only one-fifth of the earth’s water vapor is above and four-
fifths below. Any small difference between the moon and Mars
bands will show relatively more conspicuously than at the elevation
of Flagstaff, which is about 7,000 feet. His photographs were made
within a few moments of one another, and with Mars and the moon
at the same altitudes, and are, hence, directly comparable. I saw
them myself last summer at Mount Wilson, and I can say that there
i5 no discernible difference in the vapor bands in the two spectra.
The bands are very weak and evidently due to the small amount of
water wapor present in the earth’s atmosphere above Mount Whitney.
Campbell comes to the conclusion that there is no spectroscopie evi-
dence of the existence of water vapor on the planet. Although he
specifically states that he does not contend that Mars has no water
vapor he says that it is too slight to be detected by the spectroscopic
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method and is probably considerably less in quantity than that
present in the earth’s stmosphere above the summit of Mount
Whitney.

The question of the suitability of Venus for organic life seems to
depend upon the determination of its rotation period. If, s is now
mostly believed, it nlways turns the same face to the sun then the
ome side will be baked and the other frozen. If, on the other hand,
it turns on its axis in about 24 hours, then it is practically certain
to bein a condition to supportlife. The only possible test between the
two theories is the spectroscopic one, as in the solar rotation, by
observing the line shift at opposite limbs. In this case, however,
we have difficulties owing to the bad seeing at the comparatively low
altitude of Venus and the disturhance of the image, so that it is diffi-
cult to determine in what region of the planet the spectra were made,

The advent of Halley's Comet proved possibly as disappointing to
astronomers as to the general publie, for it did not show ‘many
unusual features, and not much additional knowledge concerning the
nature of comets was obtained. The motion of a detached part of the
tail, as determined from three photographs at Williams Bay, Hono-
lulu, and Beirut, showed the presence of an accelerating foree, as its
velocity relative to the head inerensed from 23 miles to 87 miles a
second in seven or eight hours. To my mind the most remarkable
feature of its return was the accuracy of the computation so success-
fully carried through by Messrs. Cowell and Crommelin, in which they
predicted its perihelion passage within less than three days. When
considered in connection with the large number of disturbing ele-
ments to be taken into account and the exceedingly complex and
cumbersome ealeulations required, their ephemeris was a marvelous
piece of work, and they well deserved the recognition it received.

Before discussing some of the advances in our knowledge of the
sidereal universe it has seemed desirable to refer to the improvements
effected in apparatus for observation. At the head comes naturally
the large reflecting telescope with a mirror of 60 inches diameter,
recently installed on the summit of Mount Wilson, California, at an
elevation of 5886 feet. This telescope was designed and the mirror
was figured by Prof. G. W. Ritchey, superintendent of instrument
construction of the Solar Observatory, who also is doing much of
the photographic work with the telescope. I had the privilege of
carefully examining the mechanism and of observing with the tele-
scope, and it is certainly a superb instrument. The optical proper-
ties are practically perfect; and the difficulty of temperature changes,
the most troublesome met with in reflectors, has been successfully
overcome. The mechanical construction is also unexcelled, and the
instrumient, although its moving parts weigh 23 tons, drives with the
greatest smoothness and ease. The most magnificent photographs
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of star clusters and nebule ever made have already been obtained
with the instrument, and its light efficiency in spectrographic work
is wonderful. It can obtain in five minutes a spectrum of a fifth
magnitude star that requires with our refractor over an hour. Ttis
no wonder that such an instrument excited the envy of all astrono-
mers who saw it, and Prof. Ritchey was pardonably proud of his
masterpiece.

We turn from this to, comparatively speaking, a rather insignificant
instrument, for measuring the brightness of the stars. The subject
of stellar photometry has always been a difficult one, as all the
photometers hitherto devised have depended upon eye estimafes
or eomparisons of the relative brightness of the star with either
another star or an artificial light, made by ingenious devices to
resemble and be brought close beside the star to be measured.
There is, in all such methods, the possibility of psychological errors,
and it has not been possible to obtain, except in special cases, results
with a lower probable error than sbout one-tenth of a magnitude.
In the case of the comparisen of two stars brought into the one field
and equalized in intensity by polarizing apparatus, the probable
error is, perhaps, as low as three or four hundredths of & magnitude.
In another method also, in which out-of-focus images of the stars are
photographed, the density of the resulting disks have then to be
messured by a photometer and we have errors of the same order.
The new method, however, does not depend on eye estimates but on
the change in electrical resistance of the element selenium when
exposed to light. If a selenium cell is placed on the end of a telescope
and an image of a star to be measured thrown on it, the change of
resistance can be measured by a Wheatstone bridge arrangement and
very accurate values of the brightness obtained. Prof. Stebbins,
who has been working with much ability and energy on this problem
for the last three years, deserves much credit for his success n &
difficult research. He has recently made new measures of the light
curve of the well-known variable star Algol, and the probable error
of a determination at maximum is + .006 mag., at minimum + .023
mag. The accuracy of his observations enabled him to detect &
secondary minimum which had never before been seen and which
indicates that the companion whose eclipse of the bright star eauses
the variability is not dark but light. Taking the most probable
value of the parallax or distance of the star, he finds that the bright
star, which has about the same diameter as the sun, gives 240 times
as much light, while the faint hemisphere of the companion gives 16
and the bright hemisphere 28 times the light of the sun.

Such results as these are most interesting, and it is only by combi-
nation of several different methods, in this case of the light ~variation
by a photometer, the orbital elements by the spectroscope, and the
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~ distance by parallax measurements, that we can obtain them, and

that we can hope to increase our knowledge of stellar systems.
Another interesting variable is u Herculis, whose orbital elements
were determined by Schlesinger at Allegheny from radial velocity
measurements with the spectroscope. He finds that the brighter
star is about 5,000,000 miles in diameter—six times our sun—is 7.5
fimes #s massive but only one twenty-seventh as dense as the sun.
The fainter star is 2.9 times as massive but only one-seventieth as
dense, The parallax of this star is not known, but if it is as luminous
a8 Algol the brighter star must give out about 8,000 times as much
light as the sun.

There has been a very marked advance in recent years in stellar
spectroscopy, particularly in the line of the determination of the
radial velocities of the brighter stars, and several observatories are
now engaged in this work. Accurate radial velocity measures were
first obtained by Prof. Campbell at the Lick Observatory in 1896 or
1897, and for many years he was practically the only one doing that
work. Campbell’s work has been the determination of the radial
velocity of all stars in the sky, containing spectra with well measur-
able lines, which are brighter than the fifth visual magnitude. This
work is now practically completed, and a preliminary value of the
direction and magnitude of the sun’s motion in space, with numerous
other interesting and valuable deductions, are just being published.
. In his work and that of Frost, of the Yerkes Observatory, who
is measuring the radial velocities of Orion type stars, many spec-
troscopic binaries—stars whose radial motion varies, and which are
hence accompanied by invisible companions, as distinguished from
visual binaries where both stars are seen—have been discovered,
and it is believed that not fewer than one in three of all stars must
have a companion of approximately the same size, thus eliminating
in these cases all possibility of a planetary system like our own,
Great advances have been made in determining the orbits, the char-
acter of the motion around one another, of these binaries, and the
two institutions most active in this line of work are the Allegheny
and the Dominion Observatories. Of the 70 spectroscopic binary
orbits determined, our observatory has obtained 16, which, con-
sidering that the aperture of its telescope is only half or less that
of others engaged in the work and that it has been established only
a comparatively short time, is a creditable showing. The great
strides made in the determination of spectroscopic binary orbits
has led to no less than three summaries of the results, containing
deductions of important conclusions from them, by Campbell,
Schlesinger, and Ludendorfl. I have not time to enter into the
results deduced from these discussions except to say that it was
shown that most binary systems probably originate from a revolving
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parent nebula which, while condensing, separates into two masses,
and that these masses, 4s condensation proceeds, and by the influ-
ence of tidal action, gradually increase their distance from one
another, this being accompanied, of course, by an increase in the
period and also, as the results show, by an increase in the eccen-
tricity—a greater departure from the circular form—of their orbits.
There is no sharp line of distinction between spectroscopic and visual
binary orbits except that the latter have much longer periods and
generally higher eccentricities.

The information already obtained, and that which will in the near
future be obtained, about these spectroscopic binary systems, has a
most important bearing on the problem of the constitution of the
sidereal universe, and we must now come to consider recent progress
in our knowledge of the extent and form and motion of its parts.
This is certainly the most important problem in astronomy, as practi-
cally all observing data, whether astrometrical or astrophysical,
whether dealing with the absolute positions, proper motions, and
radial velocities of the stars, with their distances, dimensions, and
densities, with their evolution and spectral type, or with the investi-
gation of variables and binary systems, are all either directly or
indirectly obtained with this end in view and all are, undoubtedly,
directly of use in its solution, As I said in the early part of the
paper, there lias been no time when so many different investigations
were converging toward this end, and I will try and give you some’
details of the principal results.

One of the most striking of recent advanees has been the discovery
of star drifts and star streams in the sidereal universe. These have
been discovered by statistical methods applied in the discussion of
the absolute positions and proper motions of stars and also by the
aid of their radial velocities. The one man to whom we owe more
than any other the development of this work is Prof. Kapteyn, who
is director of what is called the astronomical laboratory of Groningen,
where the instruments of research are not telescopes and spectro-
scopes but measuring machines and mathematical tables, where no
observations are taken but photographs are measured and observa-
tions discussed. T will try and give you a general idea of the present
state of our knowledge in regard to the motions of the stars. Although
we call them the fixed stars the term is a misnomer, for they are all
in motion. We can measure this motion in two components. First,
the motion st right angles to the line of gight, across the sky, deter-
mined from successive observations of the star's position in the sky
and measured by the change of position in seconds of arc in a year or
& century. The change of position varies between about 9 per
year and 0; the average annual proper motion, as it is called, for
first magnitude stars being 3"’ and for sixth magnitude about "
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or 4" per century. Second, the motion in the line of sight, or radial
velocity, measured by the spectroscope, which again varies between
0 and about 250 kilometers per second, the velocity of a faint star
in the Southern Hemisphere determined last year. It is evident that
in order to get the true direction and wvelocity of a star we must
know, in addition to its radial motion, its velocity in kilometers per
second at right angles to the line of sight. 1If its proper motion is
known this can be readily computed when we know its distance,
and hence we can obtain the direction and magnitude of its motion.

In determining these motions we have to remember that we are
on a moving body, the earth, which has a velocity of revolution
around the sun of about 20 miles per second, and we must also
remember that the sun, which is one of the stars, is also in motion.
That this is the case has long been recognized, and the direction of
this motion was determined from the proper motions of the stars by
Sir William Herschel over 100 years ago. The method of doing this
can be readily understood, for if we imagine the stars to be moving
in all directions at random, it is, nevertheless, evident that in the
portion of the sky which we are approaching, the general tendency
will be for them to open out, while they will tend to close in in the
opposite direction, and to drift backward at the sides. Hence, if the
motion of the stars is at random, it is only a question of mathematies
to determine the direction and magnitude of the sun’s motion in

Over 20 different determinations, based upon the proper mo-
tions of different numbers of stars, have been worked out, which
all agree reasonably well in showing the sun to be moving toward the
dividing line between Lyra and Hercules just a little south and east
of the bright star Vega. This point has shifted around considerably
between Hercules and Lyra, but the last determination, from Boss's
Preliminary General Catalogue, issued only last year, places it where
I have just stated (R. A. 270.5°, Dec. +34.3°).

1f we consider, on the other hand, a determination of the apex of
the sun's way, as this point is called, derived from the radial velocities
of stars, we find it to be in a somewhat different position. We have
had three or four determinations of the solar apex from radial velocity
mesasures; but none of these need be considered here except that
obtained last year by Prof. Campbell, director of the Lick Observa-
tory, the pioneer and foremost exponent of accurate radial veloeity
determinations, whose methods have been universally followed and
their accuracy never excelled. T place the results of his 14 years’
work as the most important astronomical result announced during
the year. In determining the velocity and direction of the sun’s
motion, the radial velocities of 1,073 stars brighter than the fifth
magnitude, well distributed over the sky, were used, 1,020 of which
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were determined by spectrographs at Liek and Santisgo, 40 were
obtained from other observations and 13 were of nebule visually
observed by Keeler. The position of the apex, or point toward
which the sun is moving, is somewhere, about 7° south of that obtained
from the proper motions of the stars (R. A, 272° + 2.5° Dee, 27.5°
+3°), nearly 10° due south of Veza.

Of the two determinations, the one obtained from a discussion
of the proper motions is of the greater weight, for two reasons—first,
the method is more suitable for determining direction; second, the
number of stars employed is considerably greater. -

On the other hand, the discussion of radial velocities gives us a
much miore reliable value of the velocity of the solar system than
proper motions. The velocity from Campbell’s discussion comes out
as 17.77 kilometers (11 miles per second), and this is undoubtedly
very near the truth,

Many other interesting conclusions were reached by Campbell, but
time will not permit me to dwell on them, and we must consider
further the question of motion of the stars.

Itisevident that if a comparison of the motions of the stars showsthe
sun to be moving toward Vega, then the apparent motions of the stars
themselves must, on the whole, be to a point on the celestial sphere
directly opposite. Such a motion of the stars, made up not of
motions all in the one direction, but of motions in all directions with a
preponderance in one direction, is called a drift of the stars; and there
is thus a drift of the stars due to the solar motion toward or having
as apex a point in the Southern Hemisphere nearly opposite Vega,
with a velocity of about 11 miles per second.

About five years ago Kapteyn, from a careful examination and dis-
cussion of the proper motions of the Bradley stars, came to the con-
clusion that there is not one drift of stars, that due to the solar motion,
but two drifts, moving in different directions. This conclusion has
been confirmed by Eddington, Dyson, Hough, and Halm, and the latest
values by Eddington from the proper motions of Boss's Catalogue
place the apexes of these two drifts as follows: Drift T toward the
constellation Lepus between Canis Major and Orion, about 10° west
of Sirins (R. A. 90.8°, Dec.—14.6%; drift IT toward the southern
constellation Pavo or away from the northern constellation Camalo-
pardalis (R. A. 287.8°, Dec.—64.1°). He finds that drift T is moving
apparently nearly twice as fast as drift IT and contains about 60 per
cent of the stars.

When, however, allowance is made for the solar motion we find that
these two drifts are moving, one toward the constellation Orion about
8° mortheast of & Orionis (Betelgeux), R. A. 94.2°, Dee.+11.9°, and
the other in the opposite direction; exactly as if we were in the midst
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of two sidereal systems interpenetrating one another—a very fas-
cinating hypothesis.

This hypothesis of the two drifts deduced from a discussion of the
proper motions of the stars is strongly confirmed by Campbell’s inves-
tigation of the radial velocities. We should expect, if there are two
drifts of stars toward and from this point in Orion, that the radial
velocities of stars in this and the opposite point of the sky should be
- greater than at points at right angles to these directions. Campbell

found that the velocities in the vertex and antivertex are 33 per cent
greater than at points about 90° from these.

Besides the two drifts of stars we have smaller groups of stars in
different regions of the sky, all the stars in a group having a motion
approximately in the same direction and of the same velocity. Such
groups are quite different from drifts where there is only a pre-
ponderance of motion in one direction, and are called star streams.
Perhaps an analogy may help to make the matter of star drifts, star
streams, and solar motion clearer. If you imagine yourself walkingin
a park where there are many people moving about at random it is evi-
dent that, speaking generally, thespace between those you are approach-
ing opens out, between those you are moving away from closes in,
while people at either side, on the whole, appear to move backward.
The apparent motion of the mass due to your own motion is analogous
to the star drift due to the solar motion. If among the people there
are, say, & company of soldiers or a pienic party moving in a given
direction we have an analogue of a star stream.

It was first pointed out by R. A. Proctor, about 40 yearsago, that
five of the stars of the Dipper have proper motions in the same direc-
tion and of approximately the same magnitude; and this stream has
within the last two years been thoroughly investigated by Luden-
dorff, of Potsdam, who determined their radial velocities, and more
recently by Herzsprung, who found that the stars Sirius and « Coronse
Borealis, as well as some fainter stars, also belong to the group. It is
a comparatively simple problem mathematically to determine the
mean parallax or distance of such a stream when we know the con-
vergent point or apex and the proper motions of the group with the
radial velocities of two or three of them. The parallax of the five
stars of the Dipper comes out as .0352"', which is equivalent to a light
journey of about 90 years, while they are all moving at a velocity of
20 kilometers per second toward a point in the southern part of the
constellation Sagittarius (a=303.2°, d= —36.6°). It is shown
further that the stars of this group are at the same order of distance
apart as the sun is from some of the nearest stars—about 20 or 30
light years—and that they are about 100 times as bright as the sun.

Another group or star stream has recently been found in the con-
stellation Tawrus by Prof. Boss, consisting of 39 stars, forming a
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roughly globular cluster about 15° in diameter. These stars are all
moving with a velocity of about 40 kilometers (25 miles) per second
toward a point in the northeastern part of Orion, about 35° from the
center of the group. Their parallax, computed as before, is 0.025",
or 130 light years distant. Boss has caleulated that in 65,000,000
years they will form a globular cluster about 21’ in diameter and of
magnitudes 9 to 12.

The most recent discoveries in star streams were given by Prof.
Kapteyn, at the solar union meeting, on Mount Wilson, last August.
He has found, by selecting from Boss's Catalogue all the stars of the
Orion type characterized by the appearance of helium lines in their
spectrum and so called since most of the stars in the constellation of
Orion are of this class, that in a large region of the sky they are
moving in nearly the same direction and at nearly the same rate.
This rogion contains the constellation Scorpio and Centaurus, cover-
ing 4,500 square degrees and extending roughly from 12% to 18* R, A.
to and from Dec. 0° to —60°. In another region of 1,300 square
degrees in Perseus from 2% 50 to 4* 30= R. A. and from +15° to
+55° in Dec., all the stars of the same type are moving in a different
direction. When motion of the sun among the stars is allowed for,
Prof. Kapteyn finds that these apparent motions are equivalent to
streams moving in exactly opposite directions and at equal rates.
He finds these stars are very distant from the sun—from about 125
to 500 light years.

It is evident that the sidereal universe is a complex structure
and having complex drifts and motions of stars and systems of stars
in its part. Wo may be able to get a further idea of the magnitude
of the problem by considering some of the recent results obtained
for stellar distances. We all know, of course, that the nearest fixed
star, a Centsuri, is slightly over 4 light years distant, about 275,000
times the distance of the earth from the sun, 25 millions of millions of
miles. There has boen & very marked advance in recent years in the
determination of the distances of the stars, so that we now know with
reasonable accuracy by direct methods the parallax or distance of
about 200 stars. There are several indirect methods, one of which
has been mentioned in connection with star streams, which give us
what may be called mean or average parallaxes of groups of stars. .
I have not time to go into these methods, but it may suffice to give
& couple of tables indicating in a general way the average distances
of stars of different magnitudes and of different types. If we take
the blue stars, those of the second magnitude are on the average 100;
of the fourth, 200; of the sixth, 400; of the eighth, 800; of the tenth,
1,600; and so on, light years away, doubling for a change of 2 mag-
nitudes, while if we consider stars of different types we have from a
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recent paper of Kapteyn's that the average distance of fifth magni-
tude stars is for the helium stars 500 light years; for the hydrogen,
300; for the solar, 130; for the late solar or fluted spectra, 270; and
for the earbon or deep red stars, 4,500 light years. .
Recent spectroscopic studies of some of the nebule have indicated,
from the fact that their specira are somewhat similar to our sun,
that they are probably composed principally of solar type stars, If
we consider the Great Nebula in Andromeds, which is a typical
e, we are forced to the conclusion, if such is the case, that it
must be thousands of light years distant and probably forms a uni-
verse by itself. Indeed, it is practically certain that the globular
clusters, like that in Hercules, which some of you have seen through
the telescope, are compact aggregations of stars whose average dis-
tances from one another are of the same order as the distances of our
sun from the nearer stars, say 5 to 20 light years, and, in that case,
the clusters are of the order of 10,000 light years distant from us.
1t is quite certain then that the visible sidereal universe is of almost
inconeeivahle dimensions and of a structure so complex that, although
we are gradually obtaining & knowledge of some of the motions and
some idea of its form and arrangements in part, we are yet far from
any clear notion of its constitution. Yet when we consider how the
human mind, though inhabiting for only & few years this minute
planet, accompanying a comparatively insignificant star of the sys-
.tem, has been able to reach out to the inconceivable depths of space
and reduce some of the confusion of stars to orderly systems, has
been able to deduce the laws which govern these systems, thus unify-
ing, in & certain degree, all the wonderful phenomena of suns and
planets, comets, stars, nebule and clusters, into one whole, we do
not lose hope that eventually it will be able to much further unravel
the mystery of the universe. 5

43 |



THE AGE OF THE EARTH.

By 1. Jour, F.R.8.

The recent contributions to the data bearing on the subject of the
ago of the earth have strengthened the evidence derived by two very
different methods of computation ; that based on the study of solvent
denudation and that based on the accumulation of radioactive waste
products in minerals. While the indications of both lines of inquiry
seem individually rendered more definite by these advances, the diver-
gence in their final results have, if anything, become intensified. I
propose in the following pages to review the opposing methods, as
briefly as the many details permit, and to discuss the possibility of
reconeiliation.

THE AGE OF THE OCEAN DERIVED FROM SOLVENT DENUDATION.

Three recent contributions to this subject have appeared: Prof.
Sollas’s Presidential Address to the Geological Society of London, *
1909; a paper on “ A preliminary study of chemical denudation,” by
F. W. Clarke (Smithsonian Miscellaneous Collections, vol. 56, June,
1010); and a paper by G. F. Becker on ““The age of the earth” (Smith.
sonian Miscellaneous Collections, vol. 56, June, 1910).

These recent discussions chiefly center round the ascertainment of
the true present rate of supply of sodium to the ocean. The limita-
tions of the method are also discussed.

My own original estimate of the age of the ocean * was based on the
only data then available—the estimates made by Sir John Murray of
the average chemical eomposition of river water and the probable
total annual discharge of the rivers into the ocean. Calculating from
its estimated volume and mean chemical composition the mass of
sodium now in the ocean, and dividing this by the ealculated amount
of sodium entering annually from the rivers, the uncorrected age of
9.4 million years was obtained. To this T applied certain corrections,
to some of which I shall refer later. The final result of these corree-
tions left the age as from 80 to 90 million years.

t Reprinted by permisslon, alter revislan by the author, from the Philpsophieal Magarine, London,
8.6, vul, 22, No. 122, Beptomber, 1911, pp. 455-370.
lhm::.m‘hllnﬂﬂu-.'ld.'hlm
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Prof. Sollas approaches the question by a recaleulation of the
~average amount of sodium discharged by the rivers annually. He

finds that the added results available, as derived from the rivers of
North and South America and Europe, give the uncorrected age as
78 million years. After a careful and detailed discussion of the correc-
tions, Sollas concludes that the age lies between 80 and 150 million
years; the latter figure being based on extreme assumptions.

Clarke bases his discussion of the question upon what he terms the
denudation factor, i. e., the number of metric tons annually removed
in solution from a square mile of drainage ares. This is estimated for
a number of important rivers of the world, accounting in this way for
a drainage area of 28 millions of square miles out of the total of about
40 millions which drain to the ocean. The mean value found for the
denudation factor is 68.4 tons. Assuming that this denudation factor
is a fair average for the whole, the entire matter in solution di
into the ocean in a year is 2,735 millions of tons. From the chemical
analyses of this saline matter for the several rivers, an average com-
position for each continent is found. When this is weighted for the
quantity of water contributed by each continent, a final weighted
mean composition is obtained which may be applied to determining
the integral of the sodium passing annually from rivers to ocean. In
this way it is found that 175,040,000 metric tons of sodium are annu-
ally discharged into the sea. Clarke next finds the total amount of
sodium in the ocean to be 14,130 10" tons. My own results were
based on a slightly higher value—15,611X10" tons. From his fig-
ures, Clarke now gets the uncorrected age as 80,726,000 years.

Although the numerous snalyses which go to build up this result
are not of equal value, there are certain satisfactory features in the
computation.

It s explained by Clarke that in the wonderfully detailed analyses
of the Mississippi by Dole and Stabler, taken along with their work
on other great rivers of North Ameriea and with the observations of
Forbes and Skinner for Colorado, data have been obtained for the
United States which are not likely to be much altered by any future
analyses. Twenty-two river basins enter into the mean for the
United States, giving a mean denudation factor of 79 tons. For the
rest of North America an estimate only is possible; but, for reasons
given, Clarke concludes that ‘“if we assume that 6 millions of square
miles of North America lose 79 metric tons in solution per square
mile per annum, and that the composition of the saline matter so
transported is that found for the United States alone, we shall not be
very far from the truth.” Possessing thus a standard based on the
drainage of a great continent, we feel confidence in our criticism of
other data. The quantity of water thus dealt with is rather more
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than one-fourth of that supplied by the entire drainage areas of the
earth.

It will be seen from the tables given by Clarke that the mean
denudation factor of 68.4 tons is in good agreement with the stand-
ard result from North America, nor is it very largely departed from
by the factors derived from other continents.

There can, I think, be little doubt that the results arrived at by
Clarke and Sollas are not likely to be seriously disturbed in the
future. It is most improbable that they require amendment to the
extent of 50 per cent. This being so, we conclude that the uncor-
rected estimates of the age of the ocean as based on solvent denuda-
tion is of the order of 100 million years. It remains now to consider
the legitimate corrections to be applied to this figure.

At the present moment the moest important aspect of this method
of evaluating the age of the ocean is involved in its degree of relia-
bility as affording & maximum value of the time alapsed since solvent
denudation began. This point I shall therefore specially consider.

The errors affecting the crude result found by dividing the sodium
of the ocean by the annual river supply, and tending to make this
estimate too small, are:

(@) Underestimation of the sodium now in the ocean.

(B) Neglect of sodium which at some period in the past may have
been in the ocean, but is now removed from it.

(¢) Overestimation of the legitimate river supply of sodium.

(@) Decreased river supply of sodium in the past.

Of these possible sources of ~rror (a) may be at once dismissed.
The average depth and area of the ocean and its average chemical
composition are sufficiently well known to preclude the possibility
of any serious orror.

In considaring (b) it is necessary to bear in mind the magnitude of
the quantitics involved. The saline matter in the ocean would rep-
resent & volume of over 4,300,000 cubic miles on Clarke’s estimation.
I have formerly pointed out that the rock salt alone would suffice to
cover the land area of the globe to a depth of 122 meters. In com-
parison with quantities so vast all the salt deposits known sink into
insignificance; nor is it likely that deposits adequate to enter into
consideration exist.

The errors referred to in (¢) must be of the nature of cyclic sodium—
that is, sodium which circulates from the sea to the land and back
through the rivers to the ocean. Cyelic sodium exists in the form
of wind-borne spray, which, descending on the land with the rainfall,
augments that which is truly derived by denudation. In arid
regions it may settle as dust, to be, under special circumstances,
washed ultimately into the sea. Again, the sodium which the rivers

88734°—su 1011—18
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may derive from the ancient salt deposits which have been impounded
from the sea is eyclic. 1

The influence of wind-borne sodium has been fully discussed by
Sollas, Clarke, and Becker. There can be no doubt that it is rela-
tively unimportant. My own original correction was 10 per cent of
the river supply. Becker, by examining typical cross sections of the
isochlors, determined for the rainfall of western North America by
the United States Geological Survey, finds that an allowance of 6
per cent is sufficient. Sollas shows that these isochlors indicate that
but a small fraction of the sodium chloride of the American rivers
can be referred to this source. Clarke, by a somewhat different line
of attack, concludes that a correction of 7 per cent on the sodium
conveyed by the rivers of the United States is a maximum allowanee.
Clarke further considers that a correction for sodium chloride carried
83 dry dust is unnecessary.

In a paper contributed by me to the Geological Magazine (May,
1900) I considered the possibility of oceanic sodium existing dissemi-
nated in the sedimentary rocks. Such sodium would be of course
cyclic. It was easy to show that, even on excessive estimates of the
occluded sodium chloride in such rocks, taken in conjunction with
their rate of removal by denudation, this source of supply to therivers
is less than 1 per cent. Clarke reconsiders the question and finds-
the allowance would not be more than 1 per cent. Three per cent is
regardod by Clarke as & maximum deduction for sodium artificially
supplied in modern times to the rivers.

Oceanic salt deposits are not very abundant over the surface of
the earth, being generally confined to particular formations. That
they seriously affect the river analyses of all the great rivers of the
world is in the highest degree improbable. In any case if we deduct
all the chlorinated sodium from the river supply we must include
also all sea-derived sodium. If we effect this calculation, we obtain
an age of about 150 million years, I do not think it will be disputed
that this figure is in its nature excessive.

There remains the possibility (d) that the assumed uniformity of
past and present conditions is illusory; in other words, that special
conditions now exist tending to bring about an sbnormally great
river supply of sodium.

The present is admittedly a period of large land exposure. This,
however, involves a fact which must be held in mind. At the pres-
ent time the land area actually draining into the ocean is about 30.7
millions of square miles. The total land area is, however, rather
over 55 millions of square miles. It follows that about 30 per cent
of the land area contributes nothing to the ocean. Or, again, the
areas which are classed as “rainless"—that is, which have less than
an annual reinfell of 10 inches and have no run-off—are estimated as
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one-fifth of the whole. Under such circumstances transgression of
the ocean upon the land simply results in the diminution or disap-
pearance of the great continental desert regions. It has been shown
by Murray that it would require a vertical depression relatively to the
ocean of 600 feet in order to reduce the existing land area by 26.7
per cent. Penck, on the same data, concludes that a submergence
of 200 meters would reduce the area 29 per cent. A submergence
of nearly 1,500 feet is required to diminish the land area 50 per cent.

It is for geologists to judge whether world-wide transgressions of
these magnitudes obtained for any long periods in the past. So far
as I know, paleography would not support such transgressions. A
recent study of the Paleography of North America by C. Schuchert?®
leads to the conclusion that the mean area of that continent through-
out the past has been about eight-tenths of its present area. In his
Traitd de Géologie, De Lapparent, in a series of well-known restora-
tions of ancient geography, shows how far, as judged by the sedi-
ments, there was transgression of the sea upon the land at various
epochs. It does not appear that we can infer, even at the climax of
the great Cenomanian transgression, that the existing land was at
any time covered to one-half its extent. And mindful of the fact
that the area of denudation is in most cases much greater than that
of deposition, when the latter is greatest the necessity of accounting
for the former involves the assumption @Eat tracts of land now sub-
merged were then exposed. Without -assuming the former exist-
ence of lost continents in the central oceanic basins, there seems
very strong evidence for the disappearance of former land. The
evidence is found in our own islands, in North America, in India,
South Afriea, and Australia and elsewhere. We have to recognize
continual fluetuations, but the evidence for a prevailing reduction of
continental areas by as much as 50 per cent, or even 25 per cent, in
the past is, so far as I know, not forthcoming. We might go further
and state that so great a diminution of existing land area as 50 per
cent certainly did not prevail in the past. Such a reduction in-
volves about 25 per cent of the present rate of solvent denudation
and increases the age accordingly.

Meteorological conditions, unless oceasioned by a prevailing change
in the amount of solar heat, can not be supposed to have steadily
affected in one direction the rate of denudation. It is worthy of
note that the testimony derived from the solvent denudation of the
continents shows that climatal conditions do not, within the limits,
seriously affect the rate of solvent denudation. This finds explana-
tion in the extremely complex nature of the factors concerned in
rock weathering and rock solution. Now, the mere sbundance of

1 Wull, Gool, Sor. Ameriem, vob 20, IR
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life throughout the world in every age since the Cambrian, and very
certainly in pre-Cambrian times also, is sufficient indication that
climatal conditions can not have been so extreme as to seriously
inhibit denudation. It would be easy to cite evidence from sun-
cracked sediments dating back to Torridonian times from teeming
oceanic life now confined to tepid seas, but at various periods of
geological history inhabiting every part of the ocean, and finally
from forest growth and insect life on the land, that there is no evi-
dence for continued lessened solar heat in past ages.

But existing soil conditions might be exceptional. There are
to-day great sheets of glacial clays spread over the northern lands of
the earth. May they not affect the river discharge of sodiumt
Tha snswer is to be found in the river analyses. It is sufficient to
refer to the figures cited by Clarke in his Data of Geochemistry.
There is no indication of excessive supplies from northern rivers,

T am not aware of any sources of error other than those now con-
sidered. Tt would appear that solvent denudation estimated in the
only manner open to us assigns an age to the ocean which at its
probable maximum does not exceed 100 million years. Assuming
that certain sources of error combined to lower this age, for instance,
that more complete knowledge will reveal a lesser sodium supply
than has been determined on existing data; that the cyelic sodium
should be taken as somewhat more than we have assumed; that
former fluctuations of land area on the whole produced an effect on
solvent denudation; assuming all this, we might be somewhat out in
our reckoning. We have, however, neglected all those sources of
error tending to increase the age unduly. Chief among these are
the following: Primitive sodium existing in the ocean; marine solvent
denudation effected directly on the coasts and sediments; sodium
supplied with voleanic ejectamenta; sodium supplied by submarine
rivers and springs. Tor a discussion of these sources of error I must
refer to the several papers cited above. It is generally conceded
that any precise evaluation of their effects is not possible; so that a
eonsiderable margin must be left when considering the minor limit
of the age of the ocean by this method. They certainly produce
some effect as a set off to the corrections already dealt with. When
all is considered, I believe it will be found that the most probahle
result bassd on solvent denudation is 100 million years, or close to
this, and rather under this than over. It is against probability to
add 50 per cent to this value. We can only double it by appealing
purely and simply to the imagination for effects of which we possess
no indication, and the existence of which is at variance with what we
know.

The age as determined is based upon the summation of the sodium
supplied by the rivers during geological time. This integral can,
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obviously, give us no information as to the relative durations of the
geological epochs. The latter question can be approached in two
ways. (1) By means of the stratigraphical column or measured
maxima of detrital and chemical deposits, assuming that these were
laid down at an approximately uniform rate; and (2) by the radio-
active method. I shall first consider the former method.

THE AGE FROM THE SEDIMENTARY COLUMN.

As the result of the observations of geologists in many parts of the
world, the maximum thickness of the strata deposited in the various
geological periods may be estimated as follows:
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This compilation is due to Prof. Sollas.®

It is not probable that there will be in the future any very large
amendment of these figures so far as they refer to post-Algonkian
time. The Jurassic, as Sollas observes, seems deficient. The pre-
Cambrian is the most obscure among the estimates. It elaims our
special attention, not only with reference to the thickness of accu-
mulated sediments, but in so far as the observations may throw
light on the denudative conditions of the time. .

In no part of the world are pre-Cambrian rocks better developed
and exposed than in and around the Archsan shield of Canada; and

——

t Proafdential Address, Geclogical Socloty, London, 1600
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fortunately no rocks have been more carefully studied within recent
years, The appearance of the monograph of Van Hise and Leith!
places the known facts at our disposal along with explanatory
remarks of the most helpful character.

It will be remembered that most American geologists now sub-
divide pre-Cambrinn rocks as follows:

Eoweennwan,

Algonki Upper Huronian (Animikian),
Middle Huronian.
Lower Huromian,

Lauréntian.
Archasn Kewatin,

Prior to 1904 the Lower and Middle Huronian were together called
Lower Huronian. Alternative names for the three divisions of the
Huronisn are Lower, Middle, and Upper Marquettisn. The lines
represent unconformities.

A study of the recorded facts shows that the higher estimates of
Keweenawan rocks include preponderating amounts of igneous rocks,
both effusive and voleanic. The time value of these materials is prob-
ably—nay, certainly—small. Van Hise cites a case where the accumu-
lation of 7,000 to 8,000 feet of Huronian voleanic materials is paral-.
leled by the collection elsewhere of 700 to 800 feet of ordinary sedi-
ments? The estimates which approximate to as much as 45,000 feet
inelude some 30,000 feet of igneous or mixed igneous and sedimentary
materials® No sedimentary column thicker than 17,000 feet is cited.

The Huronian, or lower division of the Algonkian, is nowhere, save
in an early estimate of Winchell’s, found to embody more than 15,000
feet of sediments. Winchell's estimate* is obscured by the nomen-
clature, and would seem to include Archman rocks. If his Marquet-
tian, which name he spplies to rocks formerly known as Kewatin,
includes Lower Huronian only, we have an estimate of 27,000 feet for
this division. The estimate would be unique. The highest distinet
estimate of Lower Huronian which T have found in the Bulletin is “‘a
possible maximum thickness" of 16,000 feet, of which 5,000 feet are
true sediments,?

The Algonkian generally is wariously estimated, but in no case is a
thickness greater than 50,000 feet cited. In the Cordilleras the Belt
series—30,000 feet—plus the Cherry Creck scries may amount to
more. It does not seem likely, however. The former series is char-
acterized by Van Hise and Leith as unique among the pre-Cambrian
geries of North America for wide extent, thickness, and lack of defor-
mation. There is no apparent unconformity between the Cherry

i Bafletin M0, T, 8. Geol, Survey, 1900, 4 Loe. elt., p. 200,
¥ Loo, oit., p. 144 & Loc. clt., pe 104
¥ Loc. elt, p. 191,
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Creek series and the gneissic rocks beneath. In the Selkirk Range

40,000 feot of deposited rock are recorded, but the correlation is some-
what obscure, suggesting that its age may not be entirely pre-Cam-
brian. In Nova Scotia sedimentary rocks, probably Algonkian,
amount to 26,000 feet. The Canadian Huronian (equivalent to Algon-
kian) has been estimated up to 50,000 feet. It is largely volcanic, and
contains unstratified igneous muasses,

It is remarkable that recent work has in many cases tended to
reduce the estimates of earlier observers. Chamberlin and Salisbury *
point out the liability to overestimation which exists in these cases.
These same observers state:?

The muximum thickness of the system (Keweenawan) has been cstimated as nearly
50,000 feat, but it is not impossible that this estimate is an exagrersted one. If it be
correct, the Keweenawan is the thickest body of post-Archman rock referred to any cne
period. This seemingly ineredible thickness may merely mean inclined deposition
and subsequent tilting and shearing and the estimate be altogether correet,

And of the proterozoic systems collectively in the Lake Superior
region they write:®

1i none of the estimates are exaggerated, there is an sggregate of more than 30,000 feot
of sedimentary rock in the proterozoic systems.

1t would appear, then, that the Keweenawan at its maximum, so far
as observed, is less than 50,000 feet, and its true sedimentary thick-
ness evidently considerably less. The Huronian does not appear to
have been reliably estimated as above 15,000 feet. Together the max-
imum estimates for the Algonkian are not above 60,000 to 65,000 feet,
inclusive of igneous materials. In its great development in the Cor-
dillerss it would appear that & maximum of 40,000 feet of true sedi-
ments would be safe, on the existing data.

With the Archean we are not here concerned. Van Hise and Leith
briefly summarize our knowledge of the earlier rocks in these words: ¢

The Algonkian is characterized by well-assorted fragmental and chemieal sadimenta
giving evidence of extensive decomposition of land areas and of the pasmge of normal
cycles of erosion.  Igneous rocks are abundantly present, but for the most part are sub-
ordinate in amount to the sediments, The Archeean is characterized mainly by igne-
ous rocks with the sediments in very small quantity, The Archean sediments, more-
over, ate frequently of wacke type, and, so far as known, are not largely of the cleanly
assorted kinds resulting from complete decomposition as in the Algonkian,

Similar testimony is borne by Chamberlin and Salisbury.*

According to the definition of Algonkian and Archman we must
draw a line at the base of the former as representing that limit at
which geological time, as an era of sedimentation and solvent denuds-
tion, began. ‘“The Archman was essentially a period of world-wide
vuleanism, and in the relative proportions of rocks of igneous and sedi-

1 Texthook of Gealogy, p. 267, ¢ Loe. elt, pp. 21-32
1 Loa, ¢, P 102 i Tuxtbook of Geology, vol. 3, p. 199,
 Loe, elt., p. 196,
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mentary origin represents a departure from the uniformity of condi-
tions of later geological times.” !

Turning to the pre-Cambrian geology of other parts of the world we
find that the Torridonian and Lewisian of northwest Scotland in
their mutual relations and petrographical characters resemble the
Algonkian and Archman divisions of North America. The aggregate
thickness of the Torridonian has been estimated at not less than
10,000 feet. To this the Dalradian has, possibly, to be added.

The pre-Cambrian rocks of Finland have been divided by Sederholm
as follows:

Jotnian.
j'at.ulian, Upper.
Jatulian, Lower.
Kalevian, Upper.
Kalevian, Lower.,

Bottnian.
Ladogian.

Katarchean,

Sederholm msakes the same statement regarding the Jotnian,
Jatulian, Kalevian, and Bottnian as has been made with reference to
the Algonkian. Sederholm says:

At least as far back as during Bottnian time the climatic conditions were not sensibly
different from thoee of later geological periods, as shown by the'existence of rocks which,
in spite of their metamorphic chamcter, show themselves to bo sediments with the
same regular alternation of clayey and sandy material (annual stratification) as the
glacial t’:ln].-n of that =sme region, explinable only by assuming a regular change of
HEABOTLA.

The parallel suggested by Sederholm with the Lake Superior rocks
is as follows:

Jotnian equivalent to Keweenawan.
Jutulinn equivalent to Animikian or Upper Huronian.
EKalevian equivalent to Lower Hurondian.

Van Hise and Leith further suggest the correlation of the Ladogian
and Katarchean with the Kewatin and Laurentian; the Ladogian
being intruded by the granites and gneisses of the Katarchwan,

In China a basal complex of gneisses having very subordinate masses
of sedimentary materials underlie four sedimentary groups, originally
muds, grits, conglomerates, and limestones; having, in fact, all the
characteristics of the Algonkian. In short this prevailing relation
of an older gneissic and dominantly igneous system with an uncon-
formably overlying metamorphosed sedimentary and voleanic

| Van His and Laith, loc. cit., p. 30
1 Bedarhoim, T, 7., Bull, Comm. Giol. de Finlands, Ko, 3, p. 95, 1907,
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series—which again is divided by unconformities—is & significant
feature observed in many widely separated parts of the world.

The above cited facts seem to show (1) that we are entitled to com-
mence our reckoning of the sedimentary column at the base of the
Algonkian; (2) that the existing sedimentary deposits of that epoch
are probably not greater than the more or less concordant observa-
tions from several localities indicate; (3) that the early sedimentation
was similar in character to that which proceeded in subsequent periods.

Although much is gained by these deductions, it is difficult to deter-
mine any approximate time equivalent for these ancient deposits. Itis
true that there is no reason to suppose that their derivation proceeded
at a different rate from more recent ones; their rate of accumu-
lation, however, may have been and indeed probably was quickened
by less stable crust conditions, permitting more localized depressions
and greater concentration. The geographical disposition of the earlier
sediments sometimes affords evidence of this. There are, again,
several unconformities in the pre-Cambrian succession which do not
appear to be represented in the known sedimentary aecumulations.
Van Hise and Leith recognize the principal unconformity ns separat-
ing the Archman from the Algonkian. Adams, however, recognizes
one of equal significance beneath the Upper Huronian, Three uncon-
formities oceur within the Algonkian. That these are indicative of
considerable lapses of geological time is highly probable.

A discussion of the time allowance for these early unconformities
would lead us too far into speculation. Tt may be observed, however,
as regards the evidence for prolonged periods of denudation deduced
from regional basp leveling, that the instability of the early crust
must sgain be kept in mind. It is probable that the Algonkian
mountains were not of the dimensions of those of later periods and
that, therefore, they were at once more rapidly formed and more
rapidly removed. Van Hise and Leith suggest that the unconformi-
ties may represent as much sediment again as now remains to observa-
tion. This, of course, can only be matter of opinion; and I have as
far as possible endeavored to exclude what is purely matter of opinion
from this review of the subject. It would seem, however, that Sollas's
estimate of 82,000 fect of sediment includes such an allowance as ap-
pears possible to Van Hise and Leith.

Taking all into account—and much has been omitied which might
be said upon the subject—it does not appear that Prof. Sollas's com-
pilation of the stratigraphical column need be seriously disturbed.
1If we dounble the estimate for the Jurassic we at least tend to reduce
the possibility of error of deficiency in the thickness assigned to this
system. This brings the column up to, say, 345,000 feet.

What now, finally, is the time value of this enormous totalt Un-
fortunately the average rate of collection is a very indeterminate
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quantity. We are, I believe, at liberty to assume that the rate of
deposition and sinking was anything from, say, 1 foot to but a few
inches in a century, A rate of accumulation of 4 inches in a century
interprets the geological column as indicating 103 millions of years.
Three inches gives us 148 millions. The order of the time value is
probably indicated in these figures.

It is important to note that the facts of solvent denudation place
a quite definite limit on the amount of sediments which have been
formed during geological time, The sodium which has reached the
ocean has originated in the conversion of igneous into sedimentary
rocks. It is easy to caleulate from the composition of & generalized
igneous and a generalized sedimentary rock and from the quantity of
godium in the ocean that the denudation of about 84 million cubie
miles of igneous rock, producing sbout 80 million cubic miles of
sediment, accounts for the sodium in the ocean. Such a quantity of
sedimentary rock would, il all was now on the land, cover the present
land area (55 million square miles) to a depth of a little over 1 mile.!
As it can be shown that somewhat less than a third of the sediments
have been precipated as oceanic deposits,? the average depth of the
gedimentary rocks on the land is less than 1 mile; about 4,000 feet,
The total sedimentation throughout peological time must berestricted
within this limit. Possibly the limit is too high, for there may have
been some sodium in the primitive ocean. It is difficult to show
wherein it is too low. This limit must define not only sediments
which keep their recognizable characters as such, but those which
may possibly have been metamorphosed beyord eertain recognition.
It is significant that the guesses (for they can only claim to be such)
of several writers as to the amount of recognizable sediment upon the
land areas, do not diverge very far from the suggested limits. Thus
Van Hise thinks these rocks may be taken as on an average covering
the continents to a depth of 2 kilometers. Clarke thinks that the
sediments certainly do not oecupy a bulk equal to the whole land
extending above sea level. This would amount to less than an aver-
age of 2,411 feet deep over the continents. The sediments in the sea
would be additional to this.® These estimates may be guesses, but it
is improbable that they are several times in error. The observed
amounts of sediment are not then in discord with the limitations
imposed by solvent denudation.

THE AGE OF THE EARTH BY RADIOACTIVITY.

The radioactive investigation of the age of the earth is based upon
the aceumulation in minerals of the inert produects, helium and lead.
The rate of production of helium by a given amount of uranium

L Tmns. Roy. Dublin Boc., yol. 7, 1500, p. 45,
s Adddress to section C, British Association, 1608, p. 6.
¥ Datn of Geochemistry, p. 2.
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may be regardnd a3 known with considerable accuracy. It may be
assumed that 1 gram of uranium in equilibrium gives rise to, closely,
10.7x 10® cubic centimeters of helium (messured under atnndard
conditions) per year. Thorium and its produets of change are just
as widespread in occurrence as uranium. The contribution of helium
derived from the thorium group must, therefore, in most cases
be also taken into account. Failing direet measurements of the rate
of generation of helium by thorium, it is possible to estimate this in
~ terms of the ontput due to uranium by a comparison of the ionization
effects of the two families of substances. This comparison has been
made by Boltwood. Allowance has further to be made for the differ-
ent ionizing activity of the alpha rays from the uranium and thorium
geries due to their differing veloeity and range. The final result is
that 1 gram of thoria (ThO,) is equivalent, in its rate of production of
helium, to 0.203 gram of U,0,. The “helium ratio" of a mineral is
the helinm in cubic centimeters per gram of “total equivalent’
uranium oxide present. This is the usage adopted by Strutt. In a
recent paper * Strutt experimentally verifies this procedure by direct
measurement of the helium evolved by minerals rich in uranium and
thorium. '

The use of lead as a measure of geological time involves the assump-
tion that Boltwood's theory is correct, i. e., that lead is the final
product of decay in the uranium series. There is strong evidence in
favor of this view. Notably the fact that the atomic weight of
uranium, less that of the eight alpha particles which are known to be
emitted during its several stages of disintegration, descends to that
of lead. The universal association of the two elements and the con-
nection of this association with geological time, constitute further
evidence.

The mass of lead generated in one year per gram of uranium is
easily found from s knowledge of the mass of helium produced.
The latter, calculated from the volume, is found to be 1.883 102
gram. The associated lead will be 1.22¢10* gram. That is, the
presence of one gram of uranium involves the production of 1.22 % 10~
gram of lead per annum. A small correction may be required for
the exhaustion of the wranium.

The most obvious eriticism which the radioactive method suggests
may be embodied in the following possibilities:

(@) Risk of the original presence of helium or lead in the minerals
investigated.

(5) Risk of loss of helium or lead, or their gain from spurious
S0UTCes.

As regards the first of these heads there is evidence that helium
or lead may be originally present in the substance. In fact, we may

\ Proc. Ray. Soc., October, 1810,
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in & general way consider that the same causes which lead to the
segregation of uranium or thorium most probably led to the concen-
tration of other substances. This at least is probable where, as in
the case of zircon, none of the substances dealt with are essential
parts of the molecule of the mineral. The magma or menstruum
from which the parent radioactive substances are derived may be
very rich in helium or lead, and the amounts of these constituents
which enter into the mineral may be considerable. Tt follows that
the absolute value of the helium or lead ratio involves the events
attending the genesis of the mineral. It is even quite probable that
substances erystallized out within a plutonic mass, and which, at
first sight, might be thought secure from impurities of this sort,
would be seriously affected. Consider the case of a mineral of early
consolidation such as biotite. It is held by many petrologists that
the substances first to erystallize are not necessarily those whose
molecules were first formed in the magma. Biotite or hornblende
may, indeed, crystallize in advance of feldspar or quartz, but they
do so in presence of already formed molecules of these bodies or of
molecules which are forerunners of these bodies. If this were not
the case the adjustment of the alumina to the potash, soda, and
lime which appear in the feldspars would be inexplicable.! On this
view & clear explanation is found of the heterogeneous concentra-
tion of elements in bodies of early consolidation. These minerals,
in & sense, are residual, receiving those elements which have been
excluded from taking part in earlier molecular grouping. The final
result is a *forced isomorphism.”

The same phenomena, on an intensified and more demonstrable
scale, appear in the formation of pegmatitic minerals. Here very
often it may be inferred that mother liquors rich in the rarer elements
and the products rejected by the magma, generate on a large secale
minerals which are quite subordinate within the mass of the rock.
Extruded gases, under great pressure, also act under such conditions.
In the internal cavities and druses of granites, doubtless, all these
factors operate. TUnder such circumstances are generated the beryls
and zircons which find their way into museum collections.

In keeping with the conditions attending vein minerals Strutt
found that such minerals from the Cornish granite contained maore
helium, relatively to the radioactive elements present, than did the
granite itself, although the vein must be younger than the rock con-
taining it. The fact, also shown by Strutt, that beryls often contain
. & quite unaccountable quantity of helium, probably finds its expla-
nation in the original occlusion of this substance.

Brigger, in writing of the syenitic pegmatites of Norway, concludes
that the minerals of the thorite-orangite group, including uranc-

1 Harker, The Nataml History of Igneors Rocks, London, 1909, p. 167,
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thorite, erystallized in the first phass of vein formation, “that of
magmatic consolidation with the cooperation of pneumatolytic proc-
esses,”” and that in the second and principal phase of pneumatolytie
activity galena crystallized out.! If the undifferentiated magma
has been fairly radioactive, may not the pegmatitic substances,
representing & large part of the rejected elements of the magma, be
rich in the producis of radioactive decay? It would seem that we
aro reasonably entitled to expect this. There might even be a cer-
tain proportionality between the amounts of radioactive bodies and
segregated products of decay.

The results of the experiments themselves alone can indicate how
far sources of error of this kind have operated. The final ratio—
whether of helium or lead—to the parent radio-active substance is,
we may suppose, compounded of two ratios, a segregation ratio
which obtained from the first, and a generative ratio which kept on
increasing throughout geological time. Consider the case of lead.
We have no prima facie right to conclude that the originally segre-
gated lead is, relatively to the uranium, more for, say, Archman
minerals than for Devonian. If, then, the gross lead ratio for the
former is very much greater than for the latter, the effect of the
oceluded lead must only exercise an insignificant influence in invali-
dating the results regarding Archman time. To take a concrete
example. The assumption that of the total lead found in Devonian
minerals a quantity equal to 2 per cent of the uranium present in
each case is not of radionctive origin but was originally introduced,
amounts to saying that one-half the ratio (about) is due to original
segregation and one-half to radioactive genesis. The time value of
the corresponding deduction from Devonian time (as derived from
the gross ratio) is about 160 million years. A quantitatively equal
correction applied to the ratio observed in Archman minerals will
not be very important, as will presently be seen. Unless, then, we
have some reason to infer that the conditions attending the forma-
tion of the minerals having the higher ratios were such as to lead to
the inclusion of greater relative amounts of lead, the objection under
this head is not of serious weight, at least in the case of the higher
ages which have been arrived at.

Acting either to increase or diminish the observed deduced age,
errors under the head (b) may exist. The volatile escape of helium
has been demonstrated by Strutt. ¥nder past conditions of heat-
ing and percolation, ete., its escape is very probable. On the other
hand, the aceretion of radium is not impossible, for radium is known
to migrate from its parent elements, and in considerable amounts.
Lead is certainly st least equally liable to migration under suitable

t Briggor, Die Minemllen der Byeoltpagmatitgangs, pt. 1, pp. 100, 134, and pt. 3, p. 10,
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conditions. These sources of error would also tend to go on aug-
menting with the lapse of time. Unless, however, it can be shown
that & special sort of selective absorption for one or more of the
elements likely to bring in error is exercised within the minerals
dealt with, the error can be apprised at its true worth by compara-
tive observations upon associated substances which do not contain
appreciable amounts of the parent radioactive bodies, and which
have been exposed to like vicissitudes of history.

The earliest determination of age by the radioactive method is, so
far as I am aware, that made by Rutherford! The helium in a speci-
men of fergusonite was determined by Ramsay and Travers as
amounting to 1.81 cubic centimeters per gram. The mineral con-
tained about 7 per cent of uranium. From this Rutherford deduced
the nge as sbout 240 millions of years. The geological position of
this mineral is not specified, nor is the possible influence of thorium
taken into consideration.

The principal development of the method by helium ratio is due
to Strutt, whose work upon the subject has appeared in five papers
in the Proceedings of the Royal Society (1908-1910). These experi-
ments deal with phosphatized fossil remains and nodules, hematite
and other iron ores, zircons, and sphenes. Some of these determina-
tions are evidently not available as an estimate of the time since their
formation, being plainly deficient in helium. Such results of course
strengthen the conviction that loss of helium must occur in some
cases.

The results arrived at by Strutt are not always concordant. Thus
we find fwo sphenes of Archean age and from the one locality (Ren-
frew County) affording 222 and 715 millions of years; and again two
Archman sphenes from the one locality (Twederstrand, Norway) 213
and 449 millions of years. Zircons show for Paleozoic time 140.8 to
321 millions of years. Here the lower figures are supported by
results on hematite. This one mineral gives for the time since the
Eocene age 30.8, since the Carboniferous 141, and since the Devonian
145 millions of years. Limonite gives for post-Carboniferous time
145 million years. These are closely agreeing results. Other iron
ores give, however, inconsistent results. All are, of course, recon-
cilable if we assume that the lower results are in every case due to
loss of helium. It is a little unfortunate in this connection that the
minerals used for the greater af®s are more retentive in their nature
(sphene and zircon) than the substances dealt with for determination
of the lesser periods of time.

Strutt, in his final paper, selects from his results the following as
summarizing the data of his earlier papers:

1 Phik. Msp., Octobier, 1000, p. ME,
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Years.

Bphmrosiderite from Rhins Proviness—Oligocene............ 843100
Hmmatite, County Antrim—Eocene ...ccoceercivenn naees: 81 X106
Hmmatite, Forest of Dean—Carboniferous Limestone ........ 150 %100
Bpheno, Renfrew County, Ontario—Archmean............... 710 X108

These are advanced as minimum values, the loss of helium being
impossible to estimate.

Boltwood first investigated the age by the accumulation of lead.?
Very high figures were obtained, ranging from 246 to 1,320 millions
of years. Becker criticizes these results,? pointing out that certain
radioactive minerals of well-determined age (Llano Group, not far
below the Cambrian) afford on the same principles ages which are
quite incredible, ranging from 1,671 to 11,470 millions of years. Bolt-
wood questions the suitability of the minerals on the score of incipient
or advanced alteration. Becker in reply urges that there is no evi-
dence to show that alteration can affect the ratios. Becker considers,
further, that Brogger's views, gs cited above, show that lead may be
occluded as an impurity in such minerals, and that the amount of this
mmpurity will vary from crystal to erystal, in accord with the results
of the observations. y

The subject of the lead ratio has been lately taken up by A. Holmes?
Holmes selects minerals from the intrusive nephelene syenite of the
Christiania district, supposed by Brégger to be of Middle or Lower
Devonian age; most probably the latter. Seventeen minerals are
investigated, among which are thorite, biotite, zircon, sgerine, nephe-
line, feldspar, ete. The ratio of lead to uranium ranges from 0.041 to
0.500. There is found to be an increase in the valuo of the ratio with
diminution in the amount of uranium; a result suggesting the pres-
ence of original lead. Holmes, accordingly, rejects about half the
results (those which give the higher ratios) and finds a mean among
eight results which range from 0.043 to 0.050. The mean of these
gives for post-Lower Devonian time 370 million years. It must be
admitted that this result is not entirely satisfactory; it contains an
element of arbitrary choice, and although it is possibly true that the
minerals with least uranium contain too much original lead to be
reliable, we are by no means sure that even larger amounts of origi-
nal lead did not enter into the constitution of the others, The agree-
ment among the ratios renders this improbable, however.

Holmes enters into the question of the geological positions of the
results cited by Boltwood, and concludes that they may be tabulated
as follows. His own mean result is included in the table.

) Amer. Journ. Bel., vol. 23, 1907

? Bull. Geol. Boc. Amer., wol. 19, p. 113, 1008,
Froo. Roy. Boe., June, 1911
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The Swedish minerals are from pegmatites of an age younger than
Jatulian. The results obtained from them show, among 17 specimens
examined, two well-marked groups, having the ratios tabulated.
There is nothing in the rocks to indieate any difference in age. Of the
United States minerals, those having the lesser ratio are from granites
intruded into the Llano Group (Texas) of metamorphosed sedimants,
Their age is, therefore, younger than the sediments, which are early
Algonkian. Those with the higher retio are from Burnet County,
Tex., and Douglas County, Colo. The geological evidence is similar to
that of Llano County.

The evidence for the pre-Cambrian age of the Ceylon thoriamite
is the resemblance of the rocks to the fundamental complex of India.
The tabulated values are the means of several results cited by Bolt-
wood, some of which are in closer mutual agreement than others. :

These results greatly transcend Strutt’s in the antiquity they assign
to Palwozoic and pre-Cambrian time. This fact can be explained by
the escape of helium. The possibility of occluded lead entering se-
riously into such determinations will, doubtless, form the subject of
future research. Meanwhile it seems improbable that the higher
average ratios of the oldest minerals can find explanation in this
manner. [ have already dwelt sufficiently, in view of our very
deficient knowledge, on these points.

The discordance between the radioactive indications of time and
thosa derived from the stratigraphical column appears clearly when
we plot ono against the other (fig. 1). The assumption made in plot-
ting the sedimentary thicknesses is that these, inter se, are roughly
comparable as regards the rate of accumulation. As T have already
pointed out, this seems probable save in the case of the earlier pre-
Cambrian sediments, which we might expect would have been accu-
mulated morelocally. The thicknesses of the severalstrata Ihave laid
out according to the data collected by Sollas, The radioactive times
are plotted above the points on the base line to which their geological
positions assign them. We have from the lead ratios two early-
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Algonkian results and two post-Jatulian results. The Archean re-
sults by helium and lead ean not be located on the base line save by
the indieations of
the other results.

If there was \
necord between }\ : -
the stratigraph-
ical column and
the radioactive
data, the latter
should be ranged
on straight lines
which necessarily
pass through the
origin (present
time). We find
them, however, N
ranged upon
curves. I have
plotted a rather
exfessive value of |e ¥ 3
the age of the [°
ocean as deter-
mined by solvent | —|
denudation, erect- &
ing for this pur- \’L\,‘
pose an ordinate = i
of 150,000,000 of J
years at the begin-
ning of Algonkian
time. Joining the
summit of this or-
dinate to the ori-
gin we see that
the curves for
helium and lead
flow into this line
in recent periods.

If now we as-
sume that the
time indications 'a
of the lead ratios
are eorrect, we are
presented with the following alternatives as regards the amendment
of the sedimentary column.
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We assume that the stratigraphical column for post-Carboniferous
time is in actuality much as we have plotted it, and draw a right line
from the origin through the three results for the age of Carboniferous,
Devonian, and Silurian-Ordovician periods as derived from the lead
ratio. This is equivalent to assuming that the error in the strati-
graphical record is to be sought mainly in the pre-Cambrian records.
We therefore plot the early Algonkian and post-Jatulian results on
this line. We have now to make the following amendment on the
recorded thicknesses of the pre-Cambrian sediments. Algonkian
sediments rise from 82,000 feet to 381,000 and 441,000 feet (A, or A,
on the diagram), according to which of the two early Algonkian
results we select. Keweenawan sediments rise from 50,000 feet to
245,000 or 359,000 feet (K, or K,), according as we select among the
two Jatulian results.

While it is true.that important unconformities exist in the pre-
Cambrian succession, the sedimentation equivalents of which are not
found as yet, it seems ineredible that amounts of sediments consider-
ably greater than the entire thickness of post-Algonkian rocks and
from 60 to 70 miles in cumulative depth can have escaped investiga-
tion. There is another point. The calculation which equates the
amount of sodium in the ocean with the estimated bulk of the detrital
sediments, knowing the loss by solution attending the derivation of
these from the average igneous rock, has, as we have seen, been found
to give results in fair agreement with the measurements of all the
quantities involved. The radicactive results must now postulate an
amount of pre-Cambrian denudation much greater than would have
attended the formation of the whole amount of sediment previously
estimated. This point is really quite apart from the question of the
age of the ocean. It is purely one of loss and gain, of balance of
accounts. Nor can evasion of the difficulty be found by ascribing
exceptionally local restrictions to pre-Cambrian denudation. Tt is
probable that none was more world-wide in its effects.

If these conclusions appear untenable, we may deal with the results
in another way. The ages found from the higher lead ratios may be
placed at a reasonsble distance from the base of the Cambrian and
joined by a right line to the origin. To bring them on to the line so
determined, the results for the Carboniferous, Devonian, and Silurian-
Ordovician must be shifted to the left. This procedure is equivalent
to assuming that while the total thickness ascribed to the strati-
graphical column is approximately correct, the proportionate thick-
nesses assigned to pre-Carboniferous and post-Carboniferous strata
are erroneous; too much has been assigned to the latter. The read-
justment of the strata involves diminishing the post-Carboniferous
deposits about 50 per cent and increasing the pre-Carboniferous by
nearly 40 per cent.
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The sssumptions involved in making these adjustments are inher-
ently improbable, and it might be thought easier to assume that the
time values of the post-Carboniferous strata were, as compared with
the earlier strata, less. This emendation requires us to assume that
the more recent materials were laid down about three times as fast as
the earlier.

These are the alternative modes of adjustment of radioactive time
to the stratigraphical column, leaving the latter on the whole intact.
If we assume that the recent sediments have been overestimated in
thickness, we can, by discarding about one-half the recorded thick-
nesses since Carboniferous time, produce an effect on the diagram
equivalent to moving the origin to the right. With this particular
numerical assumption the lead line will become steeper than it appears
on the chart, and the early Algonkian point will remain at such a
distance to the right of the Cambrian as will aseribe to the pre-
Cambrian sediments a thickness equal to that of the whole post-
Algonkian accumulation.

The important question is, of course, as to how far such assumptions
are permissible consistent with any degree of probability. There is
much that is uncertain about data respecting rock thickness, not only
as regards the actual field observations, but as to the real significance
of what is observed. Again, the relative time equivalents of deposited
rocks are not really known to us. Whether it is a detrital sediment
forming in an estuary or a coral-reef building in clear water, the rate
of growth must depend to some extent on the downward movement
of the sea bottom, either induced by the load or taking place from
other causes. Some sediments are, however, plainly of rapid and
some of slow growth. Amidst such considerations we find no very
definite grounds for numerical computation. - So far as crustal yield-
ing affects thé question, the probable inference is, as T have stated
above, that the earlier strata were in their greatest development
more localized, and hence their time value should be less than the
more recent. As regards the vertical distribution of definitely fast
or slow collecting materials, a careful comparison of the materials
throughout the geologic colummn is required in order to gather any
evidence that may be forthcoming from these indications. At
present, however, there seems nothing to support the different time
values or amended thicknesses which must be assumed if we are to
adjust the radioactive results in any way to the sedimentary record.

What will prima facie appear most difficult to eredit in the fore-
going assumptions is the extremely slow rate which must be aseribed
to the accumulation of the sediments even at their maximum. If
the recorded depths of sediment have taken 1,400,000,000 years to
collect, the average rate has been no more than 1 foot in 4,000 years!
This seems incredible; and if we double the depth of maximum sedi-
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mentation it still remains inecredible. But, if possible, still more
incredible is the conclusion respecting solvent denudation to which
radioactive time drives us. If the sodium in the ocean has taken
1,400,000,000 years to accumulate, the rivers are now bearing o the sea
about fourteen times the average percenlage of the past—not less than
nine times. It seems quite impossible to find any explanation of such
an increase.

With these difficulties in view it is excusable to direct attention to
the foundations of the radionctive method and ask how far they are
secure. The fundamental assumption is that the parent radioactive
substance, uranium, has always in the past disintegrated at the
present rate. Is this assured? I am not now suggesting that the
rate of change has been effected by external physical conditions, such
as heat or pressure, but I assume that there may have been a different,
and from the evidence as well as from probability, a greater rate of
decay in the past, arising intrinsically, and ultimately due possibly
to canditions of origin,

I venture to suggest—I do so with diffidence—that our assumption
of & constant rate of change for the parent substances—uranium or
thoriym—is really without any very strong basis. It rests upon
analogy with the behavior of the substances which have been derived
from them. But there may be a very profound distinetion. The
latter are of radioactive origin. That particular distribution of
stability or of intrinsic energy among the atoms of these bodies
obtaining at the moment of their formation, upon which the subse-
quent constant change rate depends,' may be conditioned by the
events of radioactive transformation, or by their past history, or by
both. In a word, a radioactive ongm may be essential.

Now we know nnthlng as to the origin of the primary radioactive
elements. No substances of greater atomic weight are known frem
which they may be derived. Nor is it unphilosophic to assume that
they have had some other mode of origin, seeing that the radioactive
ascent must terminate somewhere. Uranium can not be regarded,
therefore, as in all senses one of & series anymore than we should regard
lead as such.

The matter seems to turn upon the legitimacy of the aashmpﬁun
that the mere existence of radioactive change progressing in the sub-
stance involves such a particular distribution of instability among
its atoms as will insure that a constant fraction of these disintegrate
each unit of time from their first origination—however this was
brought about—till all are transformed. If such an hypothesis is not
sufficiently secure to overbear the opposing evidence we must agree
to judge the former by the latter. In this case the accumulation of

t Bee Bir 1. J. Thomson's Presidential Address to the Britiah Association, 1900,
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transformation products in minerals, in place of being a measure of
geologie time, serves to shed light upon the rate of transformation
of the primary radioactive bodies in the past. Apart from its interest
in other respects, the importance of such a conclusion to geologic
science would be great. If we supposed the curve, found by plotting
the time results derived from lead ratios against the sedimentary
thicknesses, represented an approximation to the facts, the rate of
change of uranium 150,000,000 years ago may have been migany times
what it now is, The radiothermal effects of the whole series must
have been proportionately increased, and the convergence of the
radioactivity must have had an influence upon the secular cooling of
the earth.
July 18, 1911.






INTERNATIONAL AIR MAP AND AERONAUTICAL MARKS.!

By Cm. Lattemaxnp,?
FPresident of the French Association for the Advancement of Selences,

1. PRELIMINARY ACCOUNT.

The dirigible air balloon, and more especially the aeroplane, which
are scarcely out of the period of research and experiment, will soon
enter into the area of practical polities. To-day, still mere instru-
ments of sport or of military reconnaissances, they will become,
to-morrow, valuable means of transport. It is time that aviators
were given means for finding their way, similar to those which, for
a long time, have existed for navigation and travel.

Whether on sea, land, or in the air, the pilot has always before
him the same triple problem to be solved. He must from time to
time—

1. Recognize his position.

2. Determine the direction of the point to be reached.

3. Rapidly estimate the distance remaining to be covered.

For terrestrial locomotion, the solving of these various problems
was greatly simplified by producing special maps for the use of tray-
elers and by erecting along the principal routes easily visible signs,
such as milestones, plates ipdicating the names and distances of more
or less remote towns, signposts at road junctions, ete.- But the mark-
ing or buoying of routes presupposes a course fixed in direction
and limited in extent. Admirably suited for travel by land, this
system is still, to a certain extent, applicable to coasting trade, that
is, for sea voyages along coasts or in estuaries. But, on the other
hand, for travel on the high sea this method is unsuitable, and for
aerial navigation quite useless in foggy weather or at night. In the
latter case it is necessary to use a compass, In spite of fog, darkness,
or the absence of marks, the use of the compass enables the pilot to
follow the desired direction, which direction has been previously

4 British Asmociation, Portsmouth, September, 1911, Reprinted by permission from The Geographical
Journal, Londan, vol. 35, No. 5, November, 1911.

! Inspecteur-Généml des Mines, Directour do Service do Nivellement péndml de la France, Metbes de
VInstitnt ot do Doress des Longitodes,
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marked off on the map, and, in the case of aerial travel, determined
by a prominent object on the horizon, such as a clock tower, an
isolated tree, etec. Knowing his speed, the pilot may, at any subse-
quent time, roughly estimate the distance already run and spproxi-
mately deduce his proper position.

This position will, of course, be very frequently rectified, according
to the indieations of the map compared with the features of the terrain.
The aviator will endeavor to recognize characteristic points, such as
a high building, for instance, or the crossing of a canal with a railway
line, or the junetion of two rivers, etc. Now, the compass will not
always suffice. Unknown to the pilot, a water current mey cause
the ship to drift; similarly, an unseasonable change of wind may
pull the dirigible or seroplane out of its course, when traveling in
log or above the clouds. Both the seaman and the serial pilot, when
opportunity occurs, by the lifting of the fog or daylight reappearing,
must recognize their position and, if necessary, rectify their route.

For this the seaman must make use of the sun or stars and deduce
from their observation the geographical coordinates, that is, the lon-
gitude and latitude of his position. Owing to the rather precarious
conditions of the arrangements on board it would be pretty difficult
for airmen to use this method. Fortunately for them traveling over
sea is rather an exception. They would be saved any reckoning by
placing all over the country, at convenient intervals, aeronautical
marks, that is, by writing, on the ground itself or on the roofs of build-
ings (by means of conventional signs or very conspicuous numerals)
the longitude and latitude of the corresponding site. Having read
thesa, the pilot with the help of & map, would be enabled to recog-
nize his proper position and to reckon the distance of his destination,
as well as its new orientation, that is, the inclination, to the meridian,
of the new direction to be followed.

Notwithstanding every artifice, however, this method is still long
and difficult enough, and would only be useful were it possible to
exactly follow the arc of a great cirele cutting the pilot's destination
which, as a matter of fact, is rendered impossible by side winds and
terrestrial obstacles. Airmen, like most seamen, will prefer to mark
off the point on & map, or more simply to trace it on a simplified
sketch, such as the index diagram (fig. 1, showing the fitting together
of the sheets of the detailed map), upon which can be read the
approximation of both required elements—distance and orientation.

For instance, an aviator flying over Bourges (the town marked by
a black point at the bottom of sheet 72 of the index diagram) toward
Pan (black dot in the lower half of sheet 39) would at once see that
the distance remaining to be covered is nearly equal to 4.25° of
latitude measured on the diagram. Each degree being 67 miles long,
the required distance would be roughly 285 miles. Moreover, the
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direction to be followed is 26° to 27° W, of the meridian to the south,
say, magnetic S. 40° W. (the magnetic declination at Bourges being
13.5° W.). The compass should therefore show the complement,
say, N. 140° W,

If necessary, this diagram could even suffice for traveling. A
straight line having been drawn joining starting point and destina-
tion, the pilot can see that his way will run successively right across
the upper left angle of sheet 62, then eross the lower half of sheet 61,
thereafter cut the upper edge of sheet 51 about the center, pass
through the right-hand corner of the lower half of sheet 50, cut diago-
nally across sheet 40, graze the upper left corner of sheet 30, and
finally end about the middle of the lower half of sheet 39.

Let us suppose that at any moment the pilot observes on the ground
below a mark similar to that of figure 2, with the two figures 5 and 0
on either side, respectively, and with a large dot occupying the proper
position of the town of Angouléme in the upper part of sheet 50 of
the index map. He would at once conclude that he had deviated
to the right of his route, and after a rough estimation he would incline
25° to 30° to the left. But, in every case, n detailed map would be
necessary [or landing.

Having examined many systems, the permanent committee for
aerial navigation of the public works department of the French Gov-
ernment recently proposed for this map and for aeronautical signs
the following solutions that seem to be the simplest ones and also
the most likely to be adopted by other countries:

2. ATR MAP,

In order to attain the required object and to keep to the necessary
clearness, an air map must show only the details required by airmen,
either for finding their way or for landing.

To the first category belong the characteristic geographical features
of the terrain, such as railways, main roads, channels, streams and
rivers, lakes, forests, bushes, elumps of isolated trees, large areas of &
similar cultivation, large boroughs with their outline and principal
streets, chimneys of factories, clock towers, high towers, and, briefly,
all objects liable to attract the attention of the pilot from a distance,
either by means of their shape, dimensions, eolor, or situation.

To the second category belong turf pits, thick hedges, irrigation or
drainage canals, electrical power lines traversing fields, and generally
all objects liable to impede landing; and, in addition, gasometers,
aerodromes and sheds where, if necessary, refuge or help could be
obtained.

In the opinion of all competent authorities, the scals of 1 to
200,000 seems to be the most convenient one. On & smaller scale
the map would be less clear; on a larger scale unwieldy without
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apprecisble advantage. In many countries maps on this scale
already exist, but having been produced with special objects, either
economical or strategical, they only imperfectly satisfy the wants
of airmen. A new special map is therefore necessary. A provisional
model, submitted by the Aero Club of France, showing specially the
typical buildings by their profile in black, was adopted by the com-
mittee.

At my suggestion it was decided that the new map should be a
subdivision of the International Map of the World, on a scale of 1
to 1,000,000, for the production of which, on the happy initiative
of England, & common agreement was recently arrived at between
the principal States of the civilized world.

The “world map” would furnish index diagrams for the fitting
together of the sheets of the “air map,”’ It would also be useful
for drawing up schemes for long journeys, or for measuring the dis-
tance between two widely separated points and obtaining the orienta-
tion of the line adjoining them.

The “world map” is to be designed with the meter as unit of
lengths, and the meridian of Greenwich as origin of the longitudes,
The sheets are limited by meridians drawn out at successive intervals
of 6°, extending from Greenwich, and by parallels traced out at sue-
cessive intervals of 4°, reckoning from the Equator.

The meridian sectors, from longitude 180° east or west of Greenwich,
are given numbers from 1 to 60, increasing in an easterly direction.
The zones, extending from the Equator on each side to 88° latitude,
are given letters from A to V preceded by the words “north or south.”
The polar areas are lettered Z. Each sheet shall bear the name of
the locality or most important geographical feature on the territory
represented, and in addition the number of the sector and the letter
of the zone crossing each other on the sheet in question. For example,
the sheet of Paris will be named ‘‘North M. 31.”

For each sheet the corresponding part of the terrestrial ellipsoid
is represented by a modified polyconic projection constructed on its
central meridian. The meridians are straight lines and the parallels
arcs of circles the centers of which lie on the prolongation of the cen-
tral meridian, so that the radius of each one is equal to the generatrix
of the cone tangent to the ellipsoid along the corresponding parallel.
The alterations of angles, distances, and areas are practically small
enough to be neglected. !

On the other hand, the sheets of the air map will be limited by
meridians and parallels at successive intervals of 1°, reckoned from
the same origins as for the world map. Each sheet should cover an
area of 1° of longitude and 1° of latitude. Twenty-four sheets of this
map will therefore cover the same area as the corresponding sheet of

1'That lsnot to sy that the air map will be an exact smplification of the world map, but nearly so.
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the world map on the scale of 1: 1,000,000. As the scale is five times
as large,'each of these sheets will be of approximately the same dimen-
sions ns the corresponding sheet of the 1: 1,000,000 map.

Tt is necessary, however, to introduce a mare simple method of
notation, It is customary to distinguish between longitudes east
and west of the initisl meridian and between latitudes morth and
south of the Equator. The nomenclature of the latitude and longi-
tude therefore changes as one passes across either of these lines of
origin. In other words, degrees of longitude increase to the right
er left from the initial meridian and degrees of latitude increase both
north and south from the Equator. This notation is apt to cause
trouble.

In order to overcome this disadvantage, the committee at my sug-
gestion has decided to number the longitudes from 0° to 360° in an
ensterly direction, commencing from longitude 150° east or west
of Greenwich, and to substitude for latitudes polar distances meas-
ured from the South Pole and reading from 0° to 180°. This is done
in order that in the Northern Hemisphere, in which are situated most
of the inhabited countries, the number may incresse as usual from the
Equator northward. Moreover, in the Northern Hemisphere the
umits of degrees would be the same for a south polar distance as for
the corresponding latitude. The units of the longitude thus adopted
will be the same, between 180° and 360°, as they are now for longi-
tudes east of Greenwich. The tens of degrees, in the case of south
polar distances, will be increased by 9 units, and in the ease of longi-
tudes east of Greenwich by 18 units.

In the Southern Hemisphere the polar distances will be the com-
plements of the corresponding latitudes, and in the hemisphere
extending from 0° to 180° of longitude the new longitudes of places
will be the supplements of the present longitudes west of Greenwich.
In addition to the usual notations, these new ones should be printed
on the world map and on the index diagram, figure 1.

Each sheet of the sir map will bear the name of the most important
locality on the area covered by it and shall be numbered by the
coordinates of its southwestern corner. This number shows the
number of degrees of longitude and south polar distances in the
coordinates of any point in the sheet, and in order to obtain the com-
plete coordinates of any given point it will be sufficient to add to these
figures the tenths of degrees or minutes obtained from the marginal
seales.

The air map will be constructed on the same modified polyconic
projection as that used for the world map. Each sheet shall be 56
centimeters, or 22 inches, high and from 41 centimeters to 34 centi-
meters broad (in France). The corresponding breadth near London
would be 12 inches. Each sheet in France would therefore cover an
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area of 111 kilometers, or 67 miles, north and south and from 82 to 68
kilometers (61 to 41 miles) east and west.

In this system the distortion, which incresses as the square of
the distance from the central meridian, would be 36 times as small
in the air map as in the world map, since a sheet of the air map covers
only 1° of longitude instead of 6°. As, however, the scale of the air
map is five times us large, the errors from this source are reduced to
one-seventh of those in the world map.

In order to facilitate handling, each sheet should be cut in half,
the cutting lines running east and west, each half measuring some 28
by 38 centimeters (11 by 15 inches). The two half sheets should be
pasted on either side of & piece of cardboard, and should have the
name and number of the sheet shown in a conspicuous manner.

The Aero Club of France have prepared, this year, three trial
sheets of this map, covering the area to be used in the next military
maneuvers, with a view to obtaining the remarks of the aviator
officers previous to publishing a final edition.

3. AERONAUTICAL MAREKS,

As has been previously mentioned, each mark shall show the
approximate longitude and polar distance of the point over which
the aviator is flying. The sign adopted by the committee consists
of half a rectangle (fig. 2) reproducing, on a sufficiently large seals,
the frame of the half sheet of the air map in which the mark lies.
The sides of this frame appear as broad lines, except the side where
the cut is, which is shown by a fine dotied line; thus it is easy to
distinguish between the upper snd lower halves of a sheet. In this
frame & large black dot will indicate the carrect position, on the sheet,
of the mark of the ground.

The hali rectangle is correctly oriented, the small sides, parallel
to the meridians, being due north and south.

Two large figures, reading toward the north, will be marked on
either side of this rectangle, the left one giving the numkber of the
units of degrees of the polar distance, and the right one the number
of the units of degrees of the longitude.

The combination of these two figures, forming a number easy to
read and remember, will be sufficient to define the number of the
corresponding sheet of the map, and to give the rough coordinates
of the mark itself. In every case whera confusion might exist, each
of the figures should be underlined.

Owing to the absence of the digits showing the hundreds and tens
of degrees of longitude and polar distance, any two marks which are
10° or a multiple of 10° apart will have the same number. The
disadvantage of this would not be of great importance. For an
airman to confuse two such marks would mean that he would make
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an error of 10° of either longitude or latitude. 1In latitudes between
40° and 50° this error would amount to 1,100 kilometers (700 miles)
. of latitude, or from 700-800 kilometers (400-500 miles) of longitude.

In an area covering the whole of France, only the extreme points
of Brittany and the Vosges will have marks showing the same num-
bers. Consider, for instance, the marks numbered 39 in the environs
of Pau. The same number as this, on land, would not occur again
nearer than points in Algeria, England, Belgrade, or Hamburg, and
would not appear at all in Spain or Italy, To mistake such dissimilar
countries would be practically impossible.

To determine the correct coordinates of a mark, an aviator would
only have to add to the number shown the hundreds and tens of
degrees of polar distance and longitude. The remainder, with an
error of perhaps a tenth of a degree (or a few minutes), could be esti-
mated by examining the position of the dot, with reference to the
gides of the mark. The position of the mark could thus be estimated
with an error of less than 10 kilometers (6 miles) in either direction.

4. CONCLUSBION. -

The initiative thus taken by France in producing an air map and
establishing aeronautical marks will very probably be followed by
other countries. In such a case it would be necessary to have an
international agreement to give definitely the conventional signs of
the air map and other details.

In May last the cartographical committee of the International
Aeronautical Federation, whieh met in Brussels to consider such
questions, adopted in principle the meridian of Greenwich as the
origin of the longitudes, a scale of 1:200,000 for the air map, and for
the limits of the sheets, meridians and parallels one degree apart,
starting from Greenwich and the Equator, and decided that electrical
power lines, which are so dangerous for airships and aeroplanes
when landing, should be shown on the map.

As regards the aeronautical marks, this committee did not venture
to select any ons system out of the numerous ones that were pro-
posed, and only suggested that the names of the respective localities
should be marked, in large letters, on roofs, especially on thosa of
railway stations. As many stations, however, would thus show the
same name, this would be a source of error and confusion; in addition
to this, the avistor would have to consult a dictionary of names of
boroughs, in order to find the number of the sheet of the air map which
he requires. A system of marks showing the cutting lines of the
shest concerned, together with an abbreviated distinguishing number,
seems to be much more precise, significant, and certain. It is there-
fore to be hoped that sooner or later this system will be universally
adopted.



GEOLOGIC WORK OF ANTS IN TROPICAL AMERICA.!
[With 1 plate.]

By J. C. Buaxxes.

INTRODUCTORY.

In 1800 I published a short paper on the geologic work of ants in the
Tropics.* Since then a good many additional observations, notes, and
photographs have been made, and the most important of them are
here brought together in a single article, -

There are many brief notes on the work of ants scattered through
the writings of travelers in tropical countries, but these notes are for
the most part repetitions of rather vague and sensational stories
which make no claim to accuracy of statement, so that they would add
little or nothing to the value of the article. No attempt has there-
fore been made to use such notes except in so far as they seem to
afford new or important corroborative evidence. At the same time
it is realized that some of the things that ants do in tropical countries
are so remarkable that those who have no personal experience of
them may be pardoned for regarding the stories told about them with a
certain amount of suspicion. For this reason I have confined myself
to my own observations and to some of our most trustworthy scientific
writers, such as Bates, Belt, and Spruce, who are naturalists to be
taken seriously.

The best anyone can do who has not seen the work of ants in trop-
ical countries is to turn to what can be seen in temperate regions.
But the work done by ants in temperate zones is, with a fow excep-
tions, of no geologic importance at all as compared with that done
by them in some parts of the Tropics.

The work of the ants, in so far as it is of geologic importance, con-
sists chiefly of their nests, habitations, refuse heaps, or mounds, above
ground and their burrows, tunnels, passageways, and other excava-
tions beneath the surface, and the opening up of the soil and the
subjacent rocks to the various atmospheric influences.

! Hend before the Condllleran Sectlon of the fGeclogical Eoclety of Americs Mar, 25, 1910, Manoseript
fecelved by secratary of the socloty Apr. 20, 1910, Published Aug. 20, 1910,  Reprinted by permission
(vondensed by authoer) from Bulletis of he Geo ogionl Soclaty of Amerles, vel. 31, pp. 440-i90,

% Journal of Geslogy, vol. 8, pp. 151-18.  Chiengo, 1900,
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In the United States we have very little evidence of ants making
either underground passageways or mounds of sufficient size or
extent to have attracted much attention. Indeed, it secems to be
generally conceded by entomologists that the ants of the northern
part of North America are not as enterprising as those farther south,
or oven as those of Europe. Forel seems to have found the structures
of our North American ants so insignificant that he avoided spesking
of them as having mounds at all. Certainly the little ant hills we
have seen in most parts of the United States are too insignificant to
attract the attention of geologists. In the South and Southwest
they are somewhat more conspicuous, and in the semiarid portions of
western Texas and in Arizona, New Mexico, and parts of California
they have attracted not a little attention.

The western halves of Oklahoma, Kensas, and Nebraska and the
eastern portion of Colorado are inhabited by mound-building prairie
ants that are sufficiently abundant and sufficiently pugnacious to
have attracted the attention of farmers and entomologists, if not
geologists.!

In the Western States generally ants are more abundant than they
are in the East, but a writer on the ant hills of southwestern Wisconsin
says that in that part of the country he knows at least a hundred
so-called ant hills within a radius of 5 miles, and he appears to regard
this number as quite striking. Their mounds, he says, are as much
as 75 centimeters in diameter and 40 centimeters in height.* These
eases nre mentioned simply for the purpose of contrasting the size
and number of ant hills in a region that seems to be regarded as
pretty thickly inhabited with some of the typical localities in the
tropical portions of South America.

Furthermore, in the tropical parts of America ants are not the
simple and easily ignored insects with which we are acquainted in the
temperate zones of the earth. Save in the cities, they are almost
omnipresent. To the housekeeper they are not only never-sleeping
pests, but they are bold and defiant robbers or sneak thieves, as cir-
cumsiances require or permit. To the planters they are veritabla
plagues; they destroy the growing crops as completely as if they had
been burned over. They do not wipe out a field of grain in a few
hours as completely as do the locust swarms of Argentina, and then
disappear, but they stay with their work right alongside of the crops,
and with time they destroy them no less certainly. Unlike the
locusts, they do not come and depart, but they stay right in one cir-
cumseribed area all their lives. Farinha de mandioca, the meal pre-
pared from the cassava plant, or grain of any kind and of a size small

* 7., Headleo snd Grorge A. Dea: The mound-balkling pruirie snt ( Pojoromyrmes occhentulls resson).

Bull 154, Esnsas Agricultural Experiment Station. Manhattan, 1908,
1 Hermann Muckermann: Psyche, vol. 9, pp. 38360, Bostoa, 1902
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enough for them to earry, require to be guarded with constant care.
I have known entire bagfuls of farinha de mandioca to be carried
away by them. In short, the inhabitants have to be constantly on
their guard against the ants, both indoors and out of doors, to say
nothing of the mere inconvenience of their presence. Nor can their
importance be regarded as whimsical in any sense; indeed, I am
convinced that they are social, and even national, factors that are
not to be ignored.

Nothing in the way of & biologie or systematic study of tropical ants
is attempted in the present paper. However valuable such a study
might be, it is the number of individuals, rather than the number of
species, that concerns the geologists, though it is recognized, of course,
that some species are much more active agents than others. We need
concern ourselves with only two large orders—the true ants belonging
to the Hymenoptera, and the termites, or so-called white ants, neurop-
teroid insects which belong to the Isoptera, and areknown all over Brazil
by the popular Indian name of “eupim.” And nothing is attempted
in the way of a study of the architecture of their nests and under-
ground passages, save in so far as such details will give a better idea
of the geologic bearing of these matters.

In studying the work of ants in the Tropics one is constantly
reminded of Mr. Darwin’s studies of the work of earthworms, Mr.
Darwin was able to give the quantitative results of his studies; in
the case of the ants, unfortunately, quantitative results have not been
possible. The time occupied by them in doing a given amount of
work varies so much that quantitative observations, in order to have
any value, would have to be carried on upon many colonies and for a
long period of time. The results given at page 316 are an attempt at
quantitative determination, but it will be observed that it is not
known how many individuals took part in the work or how long they
were at it.

To illustrate this article especial pains have been taken to get as
many photographs and sketches as possible of the above-ground
structures of ants and termites, and the accompanying illustrations
have been carefully made from photographs, most of them taken in
Brazil. It seemed hetter to have the drawings made rather than to
use the original photographs, in spite of the evident suspicion of
exaggeration or alteration, whether intentional or accidental, to
which all drawings are open. This redrawing was the more necessary
because the photographs were taken hastily and under many unfavor-
able circumstances, and they are therefore often not good, or they are
not available for reproduction as photographs. Abundent illustra-
tions are given because it is felt that they are the most trustworthy
witnesses one can put in evidence regarding the subject.

A8734°—aM 1811—20
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THE TRUE ANTS.
ATUNDANCE.

Although ants are not everywhere equally abundant in tropical
South America, their numbers are so large on an average as to
. promptly attract the atiention of travelers, even when they do not
excite their wonder. Residents, who might be expected to have con-
servative views on the subject, often speak of them as the owners of
the land. Such a remark is st first regarded as merely facetious, but
the character of some of the writers who make it entitles it to serious
consideration. As long ago as 1648 Piso said that the Portuguese not
inappropriately called the ant the “‘king of Brazil.” *

Another naturalist who spent some time in the country says,
“‘Brazil is one great ants’ nest.”” * Belt says, “They are one of the
greatest scourges of tropical America.” *

A Brazilian traveler says of the region of the upper Rio, Paraguay,
“The snt and the different kinds of termites own the land.”*
Another puts it in this fashion: “. . . ants . . . deserve to
be considered the actual owners of the Amazon Valley far more than
the red or the white man.” ¢

These characterizations and others that might be given are so
sweeping that, taken alone, they are open to the suspicion of being
merely picturesque and extravagant ebullitions rather than serious
statements of fact, If they are based on some knowledge of the ants,
these expressions seem to spring from more or less personsl animosity
toward those insecis. And yet this very animosity, if it really exists,
must come from a pretty uniform personal experience of them. Dr.
Auguste Forel says that ‘‘the ant fauna of South America is perhaps
the richest in the world from the systematic point of view.” * In the
book cited 440 species of true ants are noted as inhabiting Brazil, out
of & total of 2,000 known in the world.

But though it is with the number of individuals rather than the
number of species that we are concerned, it is worth remembering that
in many considerable regions a single species may occupy about all the

space thit it is possible for ants to occupy. A single species
may thus fairly swarm and do a vast deal more work than several
different species.

The true ants, evidently of a large number of species, are so
abundant and are such serious pests in some places that the land is

immthﬂMerhmT?u,qWMmmm
d n!mﬂuﬂmﬂnlﬂmmh ores & alate, vorm sunt.

ﬂ-i;;:lj.:th. Aguls, & Locis. Gilietmi Pisonis Historim Natoralis & Medicm, p. 9. Amsterdam, 1858
* Rev, H. Clark: Latiers home from Bpaln, edo., pp. 131, 178, Lomdan, 1887,

& Thomss Balt: The naturalist in Nicaragoa, p. 70, London, 1874

# Iy, Joko Béeveriano da Fomseon. ‘-'h;unmruimduhuﬂl,ml.l.p.m Rio de Junelro, 1580,
lnmuﬂmm:ﬁumnr-whmthAmmdnndmrd.mp.m Landon, 108,

A, Forel: A [stma dos formizes do Bradl.  Bol. do Missen Parnense, vol. 1, p. 89, Para, 1506
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practically preempted by them. Travelers passing the night in the
open have to be constantly on their guard against colonies of ants.
Fighting such colonies under the circumstances is simply out of the
question. When one finds himself in disagreeable proximity to them,
the only thing to be done is to move at once and leave the ants
masters of the situation.

Bates, speaking of a certain species, says (page 354):

These Ecitons are seen in the pathways of the forest at all pluces on the banks of the
Amazons, traveling in dense columns of countless thousands.

On the Rio Tapajos, in the Amazon Valley, he noted the

quantity of drowned winged ants along the beach; they wern all of ono species, the
terrible formiga de fogo ( Myrmien sevissima), the dead or hali-dead bodies of which
were heaped up in a line an inch or two in height and breadth, the line continuing
without interruption for miles at the edge of the water. The countless thousands had
been donbtless cast into the river while flying during a sudden squall the night before,
and afterwards cast ashore by the waves,! . . . 1 was told that this wholesale
destruction of ant life takes place annnally, and that the same compact heap of dead
bodies which I saw only in part extends along the banks of the river for 12 or 15 miles
{op. cit., p. 206).

I have seen similar accumulations of dead female ants on the lower
Séio Francisco and the Rio Paraguay, near Corumba, and at two
places on the shores of estuaries near Aracaju, in the State of Sergipe.

Bates says the formiga de fogo, or fire ant, was so abundant at one
place on the Tapajos that there was searcely a square inch of ground
free from them. (Op. cit., p. 202.)

The only figures T am able to give in regard to the sizes of ant
colonies are the estimates given by Azevedo Sampaio, a Brazilian
entomologist who has studied the sadbas. He estimates the eolonies
at from 175,000 to 600,000 individuals.?

DESTRUCTIVEXESS.

The destruction wrought by the true ants is confined chiefly, but
not entirely, to agricultural produets. It is no uncommon thing to
find spots where certain ants are so abundant and so destructive that
the planters simply leave them alone. Sometimes it happens that
after elearing a piece of land, and beginning their planting, the farmers
find the ants so destructive that those particular fields are abandoned.
In the coffee regions certain ants, popularly known as the satbas,
are so destructive that a systematic and unceasing war has to be waged
upon them in order to save the coffee trees. But their attacks are
not confined to coffee trees by any manner of means. Theycut and
earry away the leaves of the mandioea plants, orange and lemon trees,

' H. 'W. Hatess The naturlist on the River Amasone, 4ih od., p. 901, Looden, 1875,
5 Azeveds Bampalo: Sagve oo Manhn-udrs, pp. 50, 56 5. Paulo, 1584,
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and all kinds of garden vegetables. Indeed, there seem to be very few
or no cultivated plants that they do not attack.

They generally move along well-beaten paths that are almost as
wide and as well defined as sheep paths in a pasture,

The expense of fighting these ants is a really serious item in the cost
of the production of Brazlian coffee. A distinguished Brazilian
planter says, with perfect justice, that “among the obstacles with
which the planters have to contend * * * there stands perhaps
in the front rank the destructive force represented by the sadba," *

One can get some idea of the economic importance of ants in Brazil
from the fact that in the seventies and early eighties an enormous
number of privileges or patents were asked of the Brazilian Govern-
ment for machines and devices of various kinds for killing ants, and
especially the sadbas.

In 1857 the Provines of Rio de Janeiro voted a reward of $25,000 for
the discovery of a means of destroying satdbas.®

1t is impossible to keep things out of their reach on any large scale.:
Certain devices are used with more or less success for protecting things
indoors when they are constantly watched, but standing crops or
considerable stores require constant watchfulness and war.

In regard to the sadbas in the Amazon region Bates says:

This ant (the saiba) is seen everywhere about the suburbs, murching to and fro in
broad columns, From its habit of despoiling the most valuable cultivated trees of
thair foliage, it is a great scourge to the Brzilinns, In some districts it is so abundant

that agriculture is almost impossdble, and everywhere complaints are heard of the
terriblo pest.? ’

ATTACES ON MAXN.

The formiga de fogo, or fire ants, are so called on account of the pain-
fulness of their sting. When they are met with in large numbers
there is simply no withstanding them.

One of the reasons for calling ants the kings, rulers, and owners of
the country is due to the vicious attacks they make upon all kinds
of animals: Bates tells of one csse in which a town on the Tapajos
was sctoally depopulated by ants of this kind. This statement
seams so remarkable that it is quoted here at length: *

Aveyros was deserted a few years before my visit on account of this little tormentor
{formiga de fogo), and the inhabitants had only recently returned to their houses,
thinking its numbers had decreased. It is & small species, of a shining reddish color,
notgreatly differing from the commaon red stinging ant of our own country ( Myrmica
rubra), except that the pain and irritation caused by its sting are much greater.
The soil of the whole village is undermined by it; the ground is perforated with the en-

! Henrique de Pacla Mascarenhas: Revists Agriceln do Imperial Instituto, vol. 14, . 215. To de
Tnnstro, December, 1523,

1 Apxilisdor dn Industria Nocional, vol. 37, p. 64, Rio de Janeiro, 1685,

. W, Bates: The naturatlst on the River Amagons, dth ed., p. . London, 1675

# Notarallst on the Amasons, p. 205
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trances to their subterranean galleries, and a little sandy dome occurs here and thore,
whers the insects bring their young to receive warmth near the surface. The houses
are overrun with them; they dispute every fmgment of food with the inhabitants, and
destroy clothing for the mke of the starch.  All eatables are obliged to be

in baskets from the rafters and the conds well soaked with copauba balsam, which is
the only means known of proventing them from climbing. They seem to attack per-
gans out of sheer malice; if we stood for a fow moments in the street, even at a distance
from their nests, we were sure to be overrun and severely punished, for the moment
an ant touched the flesh he secored himself with his jaws, doubled in his tail, and stung
with all hismight. When we were seated on chairsin the evenings in front of the house
to enjoy a chat with our neighbors, we had stools 1o support our feet, the laes of which,
as well as those of the chairs, were well anointed with the balsam. The cords of ham=
mocks are obliged to be smeared with the balsm in the sme way to prevent the ants
from paying eleepers o visit

Anyone who wishes to get a clear understanding of the seriousness
of the bite of these ants should read Dr, Richard Spruce’s account of
his personal experience of them ':

. Aupgust 15, 1853.—Yesterday I had the pleasure for the first time of experiencing
the sting of the lanre black ant called tueanders in Lingoa Geml, = % *

I had gone after breakinst to herborise in the cospoem north of San Carlos, where
there were a good many decayed trunks and stumps, [ stooped down to cut off & pateli
of & mioss on a sump, and remarked that by so deing 1 exposed o large hollow in the
rotten wood ; but when 1 turned me to put the moss into my vasculum [ did not notice
that a string of angry tucanders ponred oot of the opening | had made. 1 was
specdily made sware: of it by a prick in the thigh, which [ supposed o be caused
by s make until, springing up, I mw that my feet and legs were being covered
by the dreaded tucanders. Thers was nothing but flight for it, and T accordingly
mn off as quickly as I conld among the entangling branches, and finally succesded
in beating off the ants, but not before I had been dreadfully stung about the fest,
for T wore only slippers without heels, and these come off in the strupgle. T was
little more than five minutes' walk from my house, * * * and I wished to walk
rapidly, but could not. 1 was in agonies, and had much to do to keep from throwing
myself on the ground and rolling about as I had seen the Indians do when suffering
from the stings of thisant. * * *

HENEFICIAL ANTS,

Not all the ants, however, are to be looked upon as pests. Certain
earnivorous ants are rather to be regarded as beneficial toagriculture,
and to mankind generally, on account of their destruction of eaterpil-
lars and other noxious insects, In districts where cotton is grown
the larva of the cotton moths are kept in check by the ants destroying
the young ones, especially during the early part of the season. The
invasion of houses by ant colonies is & common ocecurrence in every
part of Brazil. Ordinarily these invasions are only temporary. Dur-
ing the hour or two when these ants swarm through one’s house or
rooms they are certainly annoying, but they soon disappear, and one
feels that he has been relieved to a considerable extent from the cock-
roaches and other more offensive and more serious p]ngum.

1 Rishar) Sproce: Notes of & botanks on the Amasen snd 'Lndn vol |1, ppmm Lamdon, 1os,
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Many writers have described the operations of these ants, but the
following, quoted from Dr. Richard Spruce, will give a clear iden of
them:*

\ One morning soon after sunrise the hut was suddenly filled with lorge blackish ants,
which ran nimbly about and tried their teeth on everything. My churqui proved too
tough for them; but they made short work of a bunch of ripe plantaing, and rooted out
cockroaches, spiders, nnd other such like denizens of o forest hut, 5o long ax they
were left unmolested they avoided the human inhabiiants; but when T attempted 1o
brush them away they fell on ma by hundreds and bit and stung fiercely,

Thomas Belt has a good deal on the swarms of ants in Central
America. The following extraet is from his “Naturalist in Nica-

ragua,” page 17:

One of the smaller species (Eciton predafor) used occasionally to visit our house
and gwarm over the floors and walls, searching every cranny and driving out the cock-
rouches and spiders, many of which were caught, pulled, bitten to pieces, and carried
off. The individuals of this species were of various sizes, the smallest measuring one
and o quarter lines and the lugest three lines, or a quarter of an inch,

I sw many armics of this, or a closely allisd species, in the forest. My attention
waa generally first called to them by the twittering of some small birds, belonging to
severnl different species, that follow the ants in the woods. On approaching, a denss
body of the ants, three or four yards wide, and so numerous a= to blacken the ground,
would be seen moving mpidly in one direction, examining every cranny and under-
neath every fallen leal, On the flanks and in advance of the main body smaller col-
umns would be pushed out, These smaller columns would genemlly first flush the
cockmaches, grasshoppers, and spiders.  The pursued insects would rapidly maks off,
but many in their confusion and terror would bound right into the midst of the muin
body of ants.

Bates has the following regarding the Ecitons, page 354:

When the pedestrian falls in with s train of these ants, the first signal given him is
a twittering and restless movement of small flocks of plain-colored birds (ant thrushes)
in the jungle. T this be disregurded until he advances a few steps farther, he is sure
to fall into trouble, sod find himsell sudderly attacked by numbers of the ferocious
little creatures. They swarm up his legs with incredible rapidity, each one driving
its pincer-like jaws into his skin, and with the purchase thus obtained, doubling in its
tail, and stinging with all its might. There is no course left but to run for it; if he is
accompanied by natives, they will be sure to give the alarm, crving, * Tanfeal ™ and
scampering at-full speed 1o the other end of the column of ants, The tenacious insects
who have secured themselves to his legs then have to be plucked off one by one, & task
which is penemlly not accomplished without pulling them in twain, and leaving heads
and jaws sticking in the wounds,

The errand of the vast ant armies is plunder, as in the case of Eciton legions; but
from their moving always amongst dense thickets, their proceedings are not so casy
to obeerve as in that species. Wherever they move, the whole animal world fs set in
commotion, and every creature tries to get out of their way. But it is especially the
wvarious tribes of wingless insects that have cause jor fear, such as heavy-bodied spidens;
ants of other species, maggots, caterpillars, Inrvie of cockroaches, ete., all of which live
under fallen leaves or in decaying wood. The Ecitons do not mount very high on
troes, and therefore the nestlings of birds are not much incommoded by them.

1 Richanl Sproce: Notes of o bolanist oo the Amason and Andes, vol. 2, pp. 371=373. Loodoa, 1908,
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ANTE A5 FOOD.

In the Amazon region some of the ants are even used by the Indians
for food.

The head and thomx are the parts esten, the abdomen being nipped off (at San
Carlos I constantly see them eaten entire), and it is eaten uncooked. The taste to me
is strong, fiery, and disgreeable, but those who have caten the hachdco fried in turtle
oil tell me it is quite palamble!

Orton ? says the satibas *‘are eaten by the Rio Negro Indians, and
esteemed a luxury, while the Tapajos Tribes use them to season their
mandioca sauce.”

In the more thickly settled parts of Brazil the custom of eating these
ants is either not practiced nowadays, or, if it is, it is not generally
known. In the early history of the country, however, when the native
Indians were much more abundant than they are now, the custom
appears to have been common.

STREUCTURES ABOVE GROUND,

Origin of the structures.—The word *‘nests” frequently applied to
the superficial structures of ants should not be understood to mean
nests in the ordinary signification of the word. These structures
gometimes contain the queens, eggs, and larve, but at other times
these are kept in excavations below the surface.

The mounds made by the true ants all begin as small funnel-shaped
ridges around the excavations started by individual females. The
large mounds are the results of the work of many generations and of &
vast number of individuals.

Without going into any detailed description of the habits of the
ants, it is worth while to give, for those unfamiliar with their habits, a
general idea of the methods followed by these ants in establishing new
colonies and in increasing them. When the swarming or mating sea-
son of the sattba ant comes, the young females leave their homes and
fly away. They seem to fly about very much at random—at least, I
have rarely seen them going in any particular direction—and when
they have been seen going together it was apparently due to the direc-
tion of the wind or the position of the sun at the time, rather than to
any definite purpose on their part.

When the female alights after a flight of only a few minutes, she
breaks off her wings and at once falls to work at excavating & burrow.
Al kinds of places are selected for these burrows. It does not appear
that the selection is deliberate, but it seems to be determined by the
accident of alighting from an asimiess flight. Judging from the large
number of individual females I have frequently seen in the gir and on

+ Richard 8proce: Notes of a botanist on the Amarn and Andes, val. 1, p. 434 Loodon, 1903
* James Orton: The Aodes nnd the Amason, 3d ed.. p. 301 New York, 1876,
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the ground at one time, the great majority of these young colonies
must fail to survive, Often I have seen the young females so abun-
dant that there must have been an individual to every square meter
of land surface over areas of many hundreds of acres.

In some places where the new arrivals alight the mounds are

s0 thick that there is little or no room for new colonies, and
it is probable that some of these young females must either be adopted
mto the old eolonies or they are killed or die.!

It is evident from the nature of the case that where such a large
number of new colonies is started most of them must perish from
mere overcrowding, if for no other reason.

The excavation first made by a young female is small and simple,
and the earth taken from it is heaped' about the opening without
any apparent order. Dr. Huber, in the paper just cited, states that
at Para, in a colony started by a single female, the first workems
appear at the end of 40 days. Shortly thereafter the queen, or
founder of the colony, ceases to be an active worker, and all subse-
. quent excavating is done by the constantly increasing number of
workers. As the colonies increase in numbers more underground
room is required, and the amount of earth excavated and carried to
the surface increases proportionately. This earth is brought to the
surface in the jaws of the workers in the form of small pellets which
are thrown down apparently without any other object than to be rid
of them. Sometimes they are heaped up in funnel-shaped pits;
sometimes they are thrown out on the downhill side of the opening.
At first these bits of earth form heaps of loose, incoherent material,
but in time, and with rain and sunshine, it packs down until it is
often as hard as an unbaked brick. As long as the colony is active
and growing, additions are constantly being made to these accumu-
lations, and these additions muy be at any point over the sides or
at the top. Passageways are either kept open through these heaps
of earth or they are reexcavatea. This is demonstrated by digging
into the mounds, but it is evident without opening them, from the
fact that the fresh malerial is brought out and spread over any and
all parts of the surface.

Size of the mounds—It might be inferred that there would be
practically no limit to the size of the mounds built in this fushion,
and I am not sure that there are any limits save those which may be
imposed by certain physical conditions, such as the amount and dis-
tribution of the rains, the character of the soil, the area over which
the necessary plants or food can be obtained, ete. Of course, the
_ mounds are of different sizes according to their ages; but consid-
1 Jast how new colonles of snbas can be establishied by & single fernnle s described by Dr. J. Haber ig

Blologisches Contralbdatt, vol. 25, pp. 600-818, £34-635, and in the Boletim do Museu Gosldi, vol. §, pp.
IB-M1. Pam, J007-5. Alsotn the Annual Report of the Smithsoninn Institution for 1906, pp. 335-347,
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ering only the largest and oldest ones made by a single species, and
found in various different loealities, it is noteworthy that there is a
great difference in the sizes of the largest of them. Just what deter-
mines this variation I can not say positively, but the influences
referred to ubove—that is, rainfall, character of soil, and vegetation—
naturally suggest themselves as possible influences,

Nowhere do I remember to have seen more or larger ant hills than
along Rio Utings, in the dianmond regions of the interior of the State
of Bahis. From the town Riachao, down the river to the village of
Pegas, the examples are big and abundant. In a few places they are
so close together that, big and little, they appear to cover half of the
ground. My notes, written on the spot, say ‘‘more than half of the
ground.” Such places, however, are exceptional. The distribuxion
is always more or less irregular—bunched apparently on acecount of
characteristics of soil or drainage, or for some other reason that does
not appear. In some areas of from 10 to 20 acres the ant hills
occupy from a fifth to a third of the ground, while over larger tracts
they take up from one-eighth to a seventh of the ground. In height
the mounds are often as much as 5 meters high, with bases 15 or 16
meters in diameter. In the forests these mounds are generally over-
grown with young trees, On many of the big mounds I have seen
trees more than 30 centimeters in diameter. At the village of
Antonio Jose the people have planted pineapples upon the mounds.

At fazenda Bello Horizonte, about 18 kilometers north of the village
of Pegas, the ant hills are so large and stand so thickly upon the
ground that they form one of the most striking illustrations I have
ever seen of the work of these insects. An area of some 30 acres or
more is there covered with mounds resembling haycocks. They
probably average 2 meters in height and a diameter of 4 or 5 meters
at the base.

At a place called Ponte Nova, on Rio Utinga, 8 kilometers north
of the village of Pegas, the ant hills are a remarkable feature of the
landscape. To the east and northeast of the Protestant college the
mounds cover the old fields, One of the accompanying photographs
(fig. 2, pl. 1) and text figure 1 were made in this region.

Six kilometers north of the station one'was found by measurement
to be 1.8 meters high and 4.5+ meters wide at the base. This
mound was not regarded by the people of the locality as anything
unusual.

To the east of Serrinha several mounds were observed with a height
of 3 meters and a diameter at the base of 10 meters. The:e mounds,
therefore, contain each 78.5 cubic meters of earth.

Along the western half of the Bahia and Minas Railway, that starts
from the coast near Caravellas, in the southern part of the State of
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Bahin, and runs west 376 kilometers into the State of Minas Geraes,
ant hills are big and abundant. The newer ones are steeply conical,
but with age they become more or less rounded and flattened. In

[Fremm & photegraph by 1. Crandal, 1907.)

Fig. L—Aot hills oo Ris Utingn, newr the villige of Poges, State of Hahlo.

the vicinity of Urucu Station (kilometer 226) the mounds are so thick
and so close together that the country looks like a field of gigantic
potato hills.
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1. NEWLY CLEARED FiELD COVERED WITH MOUNDS OF ANTS NEAR RI0 UTINGA, STATE
OF BaHia, BRaziL

Tho largest of those mounds haye bases of 8lx or seven metem,  Fhotogmph by 1L Crandall, 1907,

2. Mounps oF TERMITES IN AN OLD FIELD NEAR QUELUZ, BTATE OF MINAS GERAES,
BrRaziL

Whiie spots In the background ame the monnds,  Pholograph by Dir. Goneagn de Campos, 19050,
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In some places they stand so elose that their bases touch each other,
though such cases appear to be rather exceptional. The mounds in
this part of Minas and Bahia that appear to have reached their full
development range from 1 to 4} meters in height and from 3 to 10
meters in diameter at the base. The biggest of these mounds—
that is, one 4.5 meters high and 10 meters in diameter—contains
approximately 117 cubic meters of earth.

At one place in the Rio Utinga region, where the forests had been
cleared away so that the mounds were clearly wvisible, I selected a

Fio, 2—Ant hill { Formigs de mandlocs) near Mundo Nove, State of Hahia, Braefl,
[From a photograph by . Crandall, 1907.]

spot where they were strikingly abundant, and messuring a space
100 by 100 meters, as nearly as it could be done by pacing, counted
the mounds within the area and estimated their heights and diam-
eters at the base.

The slopes of these mounds vary from less than 30 degrees up to 47
degrees, and on some parts of them there are even perpendicular
places. It was thought that 38 degrees was a fair average for the
ones in this particular ares.
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The figures obtained are given in the table below:
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This estimate makes the area actually covered by the mounds elose
to onefifth of the total area under consideration. My notes show
that within sreas of a few acres the ground covered by the mounds is
sometimes as high as one-half of the total ares. The cubical con-
tents of the mounds, if evenly distributed over the entire 10,000
square meters, would have a thickness of 22.25 centimeters.

Although the mounds within the area here considered were large,
they were not the biggest 1 have seen, nor do they average as large as
can be found. The largest ones measured were on the upper drainage
of Rio Utinga; several of these were found to be 5 meters high and
16 and 17 meters in dismeter at the base, and each contained, there-
fore, about 340 cubic meters of earth. There were no other mounds
closer to these than 10 or 15 meters.

The reader should be reminded, however, that this sort of thing
is not to be seen in all parts of the country, by any manner of means.
So far as my own observations go, ant mounds are unusually large
and unusually abundant in this particular part of Brazl.

Age of the mounds—The amount of work done by these ants in a
region where they seem to be favorably located is fairly well shown in
the preceding table. Trustworthy dats for caleulating the time
required to build & mound of & given size or to do any given amount
of work are lacking. Necessarily the time must vary with the size of
the colonies, other things being equal. The colonies, however,
appear to have their ups and downs, for while some of them increase
in numbers and continue to add to the mounds for long periods,
others sppesr to be less active, while still others disappear, whether
by migrating or through the death or captivity of the members
is not certainly known at present. It is interesting to note that the
Brazilians generally regard the size of the ant hill as directly related
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to the age of the colony. At Serrinha, on the Sio Francisco Railway,
I was told that mounds about 2 meters high and having a base of
about 5 meters were probably ss much as a hundred years old.
This was an expression of views based simply upon & general impres-
sion and not upon records.

UNDEEGROUND WORK.

So far as I can learn, there has never been any careful examination
or study of the character, extent, and uses of the underground excava-
tions made by ants in the Tropics. What is known about them
has been learned accidentally, and our knowledge of the passages is,
therefore, fragmentary. 1 have frequently dug into the mounds,

Yo, 3—Ant hills made by the * Formign de mandioes,” near Venturn, State of Bahis, Brasll
[Fram a photograph by B. Crandall, 1007.]

but always without the time necessary for satisfactory results. The
most I have been able to make out in these hasty explorations is
that the superficial mounds are penetrated in every direction with
passageways. The large mounds were in no case opened down to the
ariginal surface of the ground; but when small mounds were opened
they were found to connect through small tunnels with the under-
ground excavations,

A pit started by the removal of a large ant hill east of Timbo, in the
interior of Bahia, and continued to a depth of about 4 meters, showed
the arrangement of the underground tunnels better than I have seen it
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elsewhere. The section did not pass through the main shaft or tunnel
that connected the ant hill with the subterranean excavations, but a
little to one side of it. The upper layer of the earth, to a depth of
half a meter, was undisturbed ; then there was one tunnel with a flat
floor, about 20 to 25 centimeters across, and having a low arched
roof; below this, st n distance of about 25 centimeters, were two
tunnels at the same level and of about the same size and shape;
below these, at a further depth of about 25 centimeters, were three
similar openings. This arrangement continued to a depth of nearly
2 meters, the tunnels being more numerous always at the lower
levels. The tunnels at the lowest level did not form a complete
row, but the work seemed to have been commenced at the outside.

This same arrangement of the tunnels has been seen frequently in
railway cuts and ditches, but nowhere else have I seen so many levels
or such a clearly defined plan in the placing of the excavations.

In some other cases noted the number of tunnels connecting the
above-ground mounds with the underground galleries seemed to vary

Fig, 4 —Nest of eaf-cutting ant.
After Balt. *Tha Nstumlis: in Nimmgun,™ p. 80.

with the size of the mounds—that is, the more ground the mound
covered, the more passagewnys there seemed to be to connect with the
galleries benenth.

The section through the burrows given by Belt is reproduced in
figure 4. This section, however, is diagrammatic, and does not claim
to show the great extent of the galleries. Belt tells, however, of
galleries 1.5 meters in depth (p. 76). The best evidence I have
been able to gather in regard to the depth to which the ants penetrate
has been obtained in cuts along railways and canals, and in deep
ditehes often dug to serve as fences. On Rio do Peixe, near Serro,
in the State of Minas Geraes, I found the galleries as deep as 2.5 meters
at several places along a canal under construction. Most of them,
however, were only about 1.5 meters below the surface at the deepest
points exposed. At Bomfim, on the Bahia and Sio Francisco
Railway, I found the burrows exposed in a deep ditch at a depth of
2.1 meters.
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Sampaio, s Brazilian entomologist who has given much attention to
the satiba ants, shows one burrow as much as 3.5 meters below the
surface.!

Dr. Jaoquim Lustosa, of Lafayette, State of Minas Geraes, Brazil
writes:

Competent persons assure me that the true ants burmow to a depth of 10 meters
or mare, and that they exhibit a sirange and remarkable intellivence, and that they
even cross wide and deep streams by means of tunnels so deep as to avoid the infiltrm-
tion of the water,

The length of the tunnels has often been demonstrated by foreing
smoke through them. I have myself seen fumes blown into one
opening and issuing from others as much as 300 meters away.

Ants excavated a tunnel under the bed of the River Parahyba,
at a place where it is as broad as the Thames at London Bridge.
At the Magoary rice mills, near Para, these ants once pierced the
embankment of a large reservoir; the great body of water which it
centained escaped before the damage could be repaired.?

Another writer, Rev. J. C, Wood, tells of the sadbas having * ruined
a gold mine for a time, breaking into it with a tunnel some 80 yards
in length and letting in a torrent of water, which broke down the
machinery and washed away all the supports, so that the mine had
to be dug afresh.’” ?

The diameter of an underground passage varies from 1 or 2 centi-
meters up to 5 centimeters or more. They widen out and narrow
down without any spparent reason, and those made by the sadbas
that have been examined have here and there local enlargements that
are commonly from 1 to 2 decimeters in height and from 1 to 3 deei-
meters in length. These chambers, when freshly opened, T have
generally found filled, or partly filled, with loose, moldy masses of
dead leaves.

Belt describes the underground passages in Nicaragua as follows: ¢

In our mining operations we also, on two occasions, carried our excavations from
below up throngh very large formicariums, o that all their underground workings
wera exposed to observation. 1 found their nests below to consiel of numerous

rounded chambers, about as large ns a man's head, connected together by tunneled
passages leading from one chamber to another.

RELATIONS TO THE BODIL.

The distribution of ant colonies as shown by their mounds suﬂ:mls.
if it does not prove beyond question, that the character of the soil has
an important influence on the distribution of the ants themselves.

LA, 0, do Assvedo Bampalo: Satvs e Manhe-viem, pp. 22, 62, 6. Bso Panlo, 1804

L, W. Bates: Naturnlist on the Amasons, 4th ed., pp. 815 Loodon, 1878,

¥ Charles Wailerion: Wanderings In South Ameren. Explansiory Index, Rev. J. 0. Wood, p. 47
Landon, 152,

§ The Naiurallst in ¥icaragua, p. &0,




320 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1011,

In view of the habits of ants, it seems highly probable that at the
time of leaving their nests the young females seatter over the surround-
ing region pretty much at random. When they alight, some of them
find themselves in locations where ant colonies, on sccount of the
character of the ground, ean not possibly survive, and as these young
females break off their wings as soon as they alight, they can not
renew their flight and seek more favorable ground, but they must
perish without having founded a new colony. And this must happen
over and over again, with the final result that localities unfavorable
for ants do not have ant colonies, while the favorable localities may
have a superabundance of them. Favorable and unfavorable con-
ditions are not always sharply defined, but merge into each other.

In some cases it is quite evident what constitute unfavorsble condi-
tions. Ground that is constantly wet or liable to inundation ean not
be occupied; hard, rocky surfaces, or even very thin soils, are not
available; soils so sandy or frisble that underground tunnels dug in
them will not stand are evidently not available for the establishinent
of colonies.

Between soils most favorable and unfavorable ones there are all
sorts of gradations, so that one is prepared, for this reason alone, to
finel the ant hills bigger and more abundant in some places than in
others. It is evident that it is all a question of adaptability, how-
ever, rather than & matter of choice on the part of the ants,

Just what kind of soil is most favorable for the ants I can not state
positively, My general impression is that the mounds are most
abundant on clayey soils, whether the clay comes directly from the
decomposition of feldspathic rocks on from the disintegration of shales
and slates,

This preference for the clayey soils is well shown ut many places
through the diamond-bearing highlands of the interior of Bahia,
where the dinmond-bearing quartzites, known as the Lavras series,
are underlain by a thick series of shales called the Caboelo series.
The Lavras beds being quartzites, or sandstones, break down into a
very sandy soil, while the Caboclo shales form a stiff, elayey soil, and
a8 they are adjacent to each other the line of demareation between
the two soils is usually well defined. While traveling through that
district in 1907, I was frequently able to locate myself geologically
by the abundance or absence of the ant hills. Not infrequently the
line of parting between the two series was concealed by a thick soil
and overgrown with forests, but the distribution of the mounds
would often show the line of parting within 20 or 25 meters.

My former assistant, Mr, Roderic Crandall, who has traveled exten-

.sively in Bahis, Pernambuco, Pisuhy, Minas, and Goyaz, writes, in
reply to my inquiries, as follows regarding the preference of the ants
for certain soils: * In Bahia the ants of all kinds show a preference for
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the Estancia and Caboclo shales; next to these the granites seem to
have the biggest nests."

I infer that the smaller number of the mounds on the sandy soil is
due to the fact that during the rainy season water soaks through into
the burrows, and the excavations do not stand up where the soil is wet.

Thinking it possible that the exposure of the mounds or of the
ground on which they stand to the sun might influence location and
distribution, an outlook has been kept with these questions in mind.
It does not appear thus far that such exposure influences the location
or size of the mounds, even in the southern part of Brazil, where the
sun is on the north most or all of the year.

THE WHITE ANTE, OR TERMITES.
GENERATI CUHARACTERISTICS.

The so-called white ants, or termites, belong to the Tsoptera, and are
therefore not ants at all. They are included in this paper solely on
account of the geologic work done by them in the Tropics, which
bears a certain similarity to the geologic work of the true ants.

In Brazil the white ants are commonly known by the name of
eupim. In their habits the white ants both resemble and differ from
the true ants. They generally avoid the light, carrying on their
work, even when it is above ground, in galleries which they con-
struct as they go. Their nests are sometimes attached to tree trunks
or rocks, but they are often built directly upon the ground. Not
infrequently these nests are as large, or even larger, than the nests of
the true ants, hut they are very different in shape and character.

ABUNDANCE.

Here, again, I am unable to give anything regarding the biology of
the white ants.!

- Dr. Fritz Muller, who lived for many years in southern Brazil,
reports 15 or 16 species of termites in that part of the country, but
not all of these live on or in the ground.

M. Jules Desneux, in his monograph on the Termitidw, reports 45
species from Brazil and some 15 or more from other tropical parts of
America.

White ants, like otuer animals, are not evenly distributed in the
tropical parts of South America. They are so much less obtrusive
and pugnacious, however, that they do not attract the attention
as promptly as do the true ants.

| For the baneflt of those who nroInterssted fo the blology of white ants T elte the fallowing,
K. Escherich: Die Termiten oder weisen Amelsen. Eine Blologlache Studle, vol. 19, p. 198 Lelpelg
Hia,
Cenera Insectorum publies par I'. Wytsman. Fuso 3, Dopiers, fun. Termitidm par Jules Desninx,
Bruxeiles, 1004
BT —am 1011—21
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The fact that the white ants live and work entirely under cover
might naturally lead one to infer that they were much less abundant -
than the true ants. But nowhere have I found the ground as thickly
covered with the termites’ nests as with those of the true ants, a fact
probably due to some extent to the methods by which the two kinds
of insects procure their food supplies.

I have never been able to estimate the number of individuals in
the old colonies, nor have I found such an estimate made by any-
one else, In the matter of numbers we are obliged to depend on
general impressions gained from the abundance of the above-ground
gtructures of the separate colonies and from certain of their habits.
For example, it is stated that the queen of an allied species whose
habits have been studied has ‘‘an egg-laying rate of 60 per mintute, or
something like 80,000 per day."*

AXIMALS FEEDING ON TERMITES.

As the white ants have no means of defense against their natural
enemies, they are easily destroyed and are preyed on h} many other
insectivorous animals. Indeed, one of the impressive evidences
of the great numbers of the white ants in South America is the
existence there of certain large vertebrate burrowing animals that
are said to feed almost exclusively upon the white ants.?

The great ant-eater, kmown in Brazil as the famandud bandeira, is
gaid to live entirely on ants. Brazilians ascquainted with the habits
of the famandud tell me, however, that the ant-eater does not eat the
gaiibas or other biting or stinging ants, but that it lives chiefly and
almost exclusively on the cupim, or so-called white ant. To give an
idea of the size of the animal, I quote the following measurements
of an ant-eater as given by Wells: Head, 16 inches; back, 4 feet;
tail, 4 feet; total length, 9 feet 4 inches.?

The existence of an animal as big as an ordinary dog, over 2 feat
high at the shoulder, with its long, slender muzzle, its powerful
forelegs and claws adapted to the excavation and exploration of
ant-mounds, and its tongue nearly a yard in length, and living
chiefly, if not entirely, upon white ants, is an important witness
on the side of the abundance of termites in the region in which it
lives. DBates reports four species of ant-eaters in the Amazonas
region, two of which are large and two small ones (op. cit., 2d ed.,
p- 110), while Wellace says there are five species in tropical America,
besides one extinct form.*

10, L. Matiatt: Clreular 50, o 3, 34 ser., Doresn of Entomeolegy, U. 5. Department of Agricaltnre.
Wiakington, 1908,

# Fiobea often found (n the moanids of the trie ants show that pome of these large ant-eating aolmals feed
on the truos ants alss,

BY. W, Wells: Thrve thomsand miles throogh Hrazil, vol. 2, p. 141,  London, 1688

A, B. Wallace: The prographical distribution of animaly, vol. 2, p. M7.  New York, 1870
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The armadillos, known in Brazil as fatis, are also ant-eaters. As
Mr. Wallace points out! the armadillos are highly characteristic
of tropical South and Central America, and at the time of the publica-
tion of his famous work on the geographical distribution of animals
they embraced 6 genera and 17 species, to say nothing of many
extinet species found by Lund in the caves of Minas Geraes. Some
of these armadillos are so large that a single individual will weigh
as much as 75 pounds, or even more.

They live upon insects chiefly, and the white ants seem to be their
favorite food. They enter the nests by digging openings at the base
of the cones with their powerful fore feet.?

The white ants also form the principal food of the South American
ostrich (Rhea americana), which is the largest bird in tropical
America.?

In addition, there are large numbers of birds and reptiles, such as
toads, frogs, lizards, and snakes, that habitually feed upon these
insects.

The true ants are enemies of the white ants worthy of especial
mention. The abundance of the ants and their pugnacious disposi-
tions make them serious obstacles to the development of the termites’
colonies, and they are probably their worst natural enemies. The
termites have in their colonies forms that are known among biologists
as soldiers, but so far as T have been able to determine from personal
observations these soldiers do not attack the true ants, though they
do take the place of soldiers in obstrueting the passage uf the ants into
the termites’ nests and galleries.

The result of the relations existing between the true ants and the
termites is that the two kinda do not thrive together; at least I have
never found the termites’ nests where the sadbas or other true ants
were notably aburdant. Preyed on by the true ants and by animals
of so many different kinds, and even by insecta themselves, it occurs
to one that their chances of survival in the midst of so many enemies
must be very small. That survival appears to be due largely to their
habit of living and working under the protection of their covered
roadways, and to the fact that their roads are constructed of mate-
rials that are remarkably inconspicuous. Nothing could look more
thoroughly abandoned and lifeless than the common run of white
ants' nests and their covered passages; yet if one breaks through
these coverings lie will usually find them fairly swarming with life.

My general impression is that those white ants which build mounds
of earth are especially abundant in the highlands of Minas Geraes
and through the semiarid portions of Sergipe, Bahia, Goyaz, Matto

1 Alfred R, Wallace: The peographical distribution of antmale, vol. 1, pp. M5-ML.  New York, 1590,

2The flash of the taffds (s very mnch prised for food,; and this naturally leads to the hunting and killing
af thess anfmals, which shoald be protected.

# (eorgs Gardner: Travelsin theinterior of Brasil, p. 380 London, 154,
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Grosso, and the interior of Ceard, Maranh@o, and Pisuhy. Mr. Cran-
dall tells me that he finds them most common on the Diamantina
Plateau.

STRUCTURES ABOVE GROUND,

(Jeneral characteristics.—The nests of the white ants, or cupim,
have no visible external openings. When a mound is new or is

Fin. f.—Abovegmoand strocture of while ants, *

[Beven kilometers west of Guelos, betwesn Plquiry snd 5. Gangales, State af Minm Germes From a
photogmph by the sathor, Aug. 4, 19097.)

being added to, the outside of the new portion is so soft that it can
be readily broken off with a stick; but with time the outside usually

becomes ns hard as a sun-dried brick. Thizs hard outside covers the
entire mound, and is usually about 6 inches thick, but in the very
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big nests it is sometimes nearly or quite a foot thick. Inside of this
hard, thick eovering the materials are quite soft and brittle, and the
partitions are sometimes almost as thin as paper, though thicker in
the larger nests. Where the mound stands on the ground, the cavi-

=
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Fum., 8.—Mound of termites or white ants, Btate of Minss Gernes, Bl
[From a photograph by R. Crandall, July, 1006.)

ties of the upper portion connect through the perforated base with
subterranean excavations,

Parts of the nests are made of the excrement of the inhabitants,
I have often broken the nests or the covered roads of these insects
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in order to observe the workers repair them. In every case observed
the repairs were made by building up a wall or covering of excre-
went or something of the kind. At least it is voided from the poste-
rior part of the body in a plastic condition, and is smoothed down
on the sides so that the later layers always override the earlier ones
on both sides of the wall. An examination of their construetion,
however, shows that they are made partly of elay or the earth sbout
the nest and partly of woody fiber. These two substances are
variously mixed in structure, sometimes one being more abundant,
sometimes the other. An examination of the materials of the out-
side part of the 'arge and old nests, however, shows that this part
of the nest at least contains fragments of quartz, sand grains, and
such like rock fragments that could not possibly have passed through
the bodies of the insects. The structure of some of the nest walls
suggests that these walls are constructed partly of earth and rock
fragments brought up from beneath the ground and built into the
nesta by cementing them together with excrement or some other
adhesive substance.

The outer parts of the nests, when they stand on the ground, are, so
fur as my observations go, always made of earth eemented in a thiek,
hard wall. In the inner portions of the nest the partitions are thinner,
and though they are made largely of an easy-spreading clay, they are
often made partly, or at least overspread, with a dark, friable sub-
stance that has the appearance of being masticated wood, leaves, or
other organic matter.

The openings through the mass of the nests are pretty uniform in
gize, being from 3 to 10 millimeters in diametor and averaging close to
5 or 6 millimeters, The openings within the nests sometimes have the
appearance of being arranged in rude tiers; sometimes they are appar-
ently haphazard labyrinths.

The external forms of the nests vary considerably, but unfortu-
nately I do not know whether this variation is due to difference in the
species of termites, to difference in the nature of the ground, or to
other causes.

As a rule, the mounds are rudely domed, rounded or conical, and the
method of adding to the outside gives them a bumpy, lumpy appear-
ance, so that, as Burmeister suggests, they resemblo gigantic Irish

tatoes. In some localities they are mostly tall and slender. Most
of the tall, slender forms observed have been in wet ground or on

that is sometimes overflowed. For this reason it is inferred
that these forms are due to the presence of water rather than to a dif-
ferent species of termites. In size they also vary greatly. I have
seen them as much as 6 meters high and 8 meters in circumference, but
these very large ones are exceptional.



GEOLOGIC WORE OF ANTS—BEANNER. 827

In southern Minas, south of Barbacena, Dr. R. Walsh notes mounds
of the white ants 10 or 12 feet high.!

In the vicinity of Caximbu, in southern Minas, white ants’ nests are
said to be 4 meters high and nearly 2 meters in diameter at the base.
In the vicinity of Taubaté, Sio Paulo, they are often 2.4 meters high,
while about the city of Sdo Paulo they usually are 1 meter and less in
height.

Over the level table-lands of the interior of Piauhy, where the soil
is red clay, the mounds of white ants are abundant and often 6 or
8 feet high.?

At and about Asuncion, in Paraguay, I found the nests yery abun-
dant on the clayey soils, and many of them as much as 3 meters high.

Fin. T.—White ants’ nest built of sarth, in the State of Minas Gernes,
[From & photograph by H. Crndall, July, 1000.)

The outer portion of the nest being thick, hard, and compact, and
the inside being frinble and casily removed, it is a custom in the inte-
rior of Brazil and Paraguay to scoop out the inside of white ants’ nests
and to use them for ovens. The door is cut near the base of the cone,
and the inside parts removed through it.

The accompanying illustrations will probably give a better ides of
the sizes and shapes of the nests than verbal descriptions.

Sir Woodbine Parish speaks of “‘Corrientes and Paraguay, where
whole plains are covered with their dome-like and conical edifices,
rising 5 and 6 feet and more in height.”?

A Rev. K. Walsh: Notices of Brazil in 1828 and 1520, vol. 2, p. 30. Doston, 1531
8 Goorgn Ganiner: Travels in the interlor of Brazil, p. 250, Londan, 1546,
384 Woodbine Tarkh: Duenos Ayres and the Proviooes of Rio do s Pista, 2d od., p. 252 Londen, 1852
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In the region about the headwaters of the Paraguay the nests of the
white ants are extremely abundant in fuvorable localitics, and the
forms of the nests are different from those noted in other parts of trop-
ical America. The tall and very slonder forms are especially notice-
able in the low, flat prairic lands south of Cuiaba. (Seofig.8.) Theso
slender forms are known in that part of Brazil by the Indian name of
tacuri.

Age of the mounds.—The method of building the mounds and the
habits of the termites, so far as I am acquainted with them, lead to the
conclusion that the size of a mound is determined by its age and by the
size of the colony building it. Just how long it requires to build the
large mounds I have but little means of judging. One frequently sees
nests built on houses and fences, and in these cases it has been possible
to determine the maximum ages of these particular nests. These

F10, 8.—White ants’ nest of earth in Matto Grosss, on the plalns of the Upper Paragnay.

[Sketch by J. C. Branaer.]

- cases, however, afford only & sugrestion. The oldest nests I have
seen, and of which I could get an idea of their ages, were not more
than 50 years old, and the biggest of them contained a little less than
1 cubic meter of earth, the estimate being made without reference to
the cavities within the mass,

It is evident that the size and age in one of these cases may or may
not help one to determine the time occupied in the construetion of one
of the very large nests figured in this paper, for the rates of building
may have been very different.

UNDERGROUND STRUCTURES.

The above-ground structures of the white ants conneect with under-
ground passageways, but wherever I have seen these passageways
opened they appeared to have been excavated and then to have been
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filled with smaller chambers made of materials like that used to make
the chambers of the mounds above ground. An examination of the
thin chamber walls found in some of the underground excavations
shows that they have been constructed of soft, plastic materials, so
piled up that each later addition overlaps the preceding one on both
gides of the wall. The materials are partly of reddish clay like that
of the ground in which the nest is made and partly of a dark brown
substance that I take to be organic matter—probably masticated
plants.

I have never seen the excavations made by the white ants more than
a meter and a half below the surface, but I have heard of them being
found considerably deeper. My friend, Dr. Joaquim Lustosa, of
Lafayette, State of Minas Geraes, writes me on this subject: “As for
the depth to which they penetrate the ground, it is my impression
that it is but little more than 3 meters.”

RELATION OF NESTE TO EHE SOIL.

The white ants do not seem to be so dependent on the character of
the soil as do the true ants. This is probably due to the faet that
when the true ants excavate their tunnels in the earth they depend
on the character of the ground and the form of the excavations to
support the structures. The white ants, on the other hand, depend
partly on the nature of the soil, but partly on their method of cement-
ing the materials of which their nests are made,

The preference, however, of the termites for certain soils and certain
localities is very evident in some distriets. On the upper Parsguay
places have been seen where the nests are quite thick over certain
areas, while there were none, or but few, on an adjoining area. Wher-
ever these marked contrasts have been observed, however, they have
apparently been due to a difference in the amount of moisture in the
ground. I have thought that the white ants are sometimes found in
rather wet ground, because they are there comparatively free from
the attacks of their enemies, the true ants.

Opinions of Brazilians in regard to the distribution of the termites'
nests vary considerably; some think they are mors abundant in the
open campo regions than in the forests; others think they prefer
fields; still others think they are favored by a dry climate. AIl of
these views appear to have more or less support. I have much doubt,
however, about the theory of their preferences for campos. It is true
that they do appear very sbundant in the campo regions, but I am of
the opinion that the apparent abundance is deceptive and due to the
fact that all the nests are visible at onee over a wide area (pl. 1, fig. 2),
while in a forest-covered area no nests, or but few nests, can be secen on
account of their being concealed by the dense vegetation. This im-
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pression has been deepened by the fact that in several instances where
the forests have been cleared away the mounds of the white ants
appear to be quite as abundant as they are in the old clearings or
on the open campos.

Further support is given this theory by Maximilien, Prince de
Wied-Neuwied, who, in speaking of the white ants’ nests near Con-
quista, in the southwestern part of the State of Bahia, says that they
are extremely sbundant in covered and wooded places.!

RELATIONS TO VEGETATION.

Compared with the true ants, the white ants are harmless. At least
they do not attack crops and animals or render certain localities unin-
habitable. The harm they do to agriculture is confined to the mere
encumbrance of the ground by their big, hard, rock-like nests.
do, however, destroy wood used in the construction of fences, houses,
bridges, and furniture, and they sometimes burrow into books and
papers that are left to stand for a long time undisturbed.

I quote below some remarks of other writers in regard to the
destruction of timbers by termites, but I must add that I am disposed
to question the rate at which these inseets are said to destroy wood.
My own observations lead me to conclude that the idea expressed by
Drummond and others that a piece of furniture may be destroyved in
& night is simply a picturesque way of putting it. In the first place,
there are certain kinds of wood (in Brazil at least) that the termites
do not attack at all. T sm unable to say just now what kinds they
are, but it is a matter of common information among Brazilian
carpenters and cabinetmakers.

In the second place, the method of discovery of their destructive
work frequently leaves an erroneous impression. In sccordanes with
their general habit of keeping away from the light, termites attack a
piece of wood that forms a part of s building from within. Their
work does not appear at the surface at all, and it may be carried on
for months, or even for years, without its being discovered. But
some day a window sill crushes in, a doorpost is shattered by a
trifling blow, or a rafter gives way without its ever having been sus-
pected that they were being attacked by the cupim. The suddenness
of the discovery not unnaturally leads to the unwarranted inference
that all this work was done during the preceding night.

It should be noted that although the white ants are abundant in
forests, I am not aware that they ever attack the living trees. They
appear to eat only the dead trunks or dead limbs or bark. Many of
them build their nests on the trees, Nests found high up on tree
trunks are always, so far as I have observed, made of woody matter

' Voyage nu Hodall, wol. 0, p. 139, Parls, 15839,
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and not of earth. Those on trunks, only a meter or two above the
ground, are often made partly of woody matter and partly of earth.

GEOLOGIC WORK.
EARTH MOVED.

The amount of earth brought to the surface by ants in a few
instances has been given. ‘The calculations at page 316 show that in
one case the earth brought up would cover the ground to a depth of
22.25 centimeters. An estimate by Gounelle ! makes the earth brought
up 15 centimeters thick. In neither of these cases is it known how
long the building of the mounds occupied.

Mr. Darwin’s study showed that the earthworms in many parts of
England bring to the surface annually 10,516 kilograms of earth to the

Fug. 10.—Whiie ants' nest Io o tree, Salitre Valley, State of Bahia,
(7. C. Brannar, 1607.)

acre.  In order to compare the work of ants with that of earthworms,
it would be necessary to know how long the ant hills were in process of
formation. Unfortunately, I have no trustworthy means of deter-
mining the ages of the mounds. If we assume an average of 100
years for the age of the mounds over the area measured (an average
which seems to me quite conservative in this case), the totul work of
worms and ants would compare as follows:

Total weight of earth brought to the surface in 100 years over
1 hectare (10,000 square meters):

Kilograma.
Bywormsin England. . ........cooviiinamrrescsssnconaaas 2, 598, 500
By antsin Brazil................ LA e b S 3, 22, 250

L E. Gounslle; Ann. Loc. Entom. France, 7 ser. *To.d,lmpp.!ﬂ-m.
lmmmWWMnrvmmﬂmemqtm P 305, New ‘Lﬁr‘s.
asl,
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It is to be noted that the amount of work done in both instances is
rather exceptional—thst is, localities were selected favorable for
exhibiting the activities of worms in one case and of ants in the other.

I have no trustworthy data showing the amount of earth brought to
the surface by termites over a definite area. The places seen where
the nests were most abundant were in low, inaccessible grounds on the
upper Paraguay. My impression is that in those particular localities
there was less earth brought up than in the case of the true ants
vited above.

The sizes of individual white ants’ nests were frequently measured.
One of the largest I ever saw in Minas Gernes was 6 meters high and 8
meters in circumference 2 meters above the ground, and contained
30.55 eubic meters of earth, no account being taken of the porous
nature of the structure, which would probably reduce this total by
3 or 4 cubic meters.

Another unusually large mound in the State of Minas was 4 meters
high and 7 meters in ciroumference 2 meters above the base, and con-
tained 15.59 cubic meters of earth. These are individual chses,
however, and I am unable to say how large an area the contents can
properly be distributed over, how long the termites were in doing the
work, or how large the colonies were that made them.

In the case of the white ants, the earth undergoes some process of
digestion and passes through the bodies of these insects, so that the
chemical effect is probably more important than the mere upturning
it gets from the true ants.

ORGANIC MATTEH.

The true ants carry into their burrows enormous quantities of leaves
and other organic matter. These leaves must yield either directly or
mdirectly organic acids, which help attack the soil, the minerals, and
the Yocks with which they come in contact.

- The organic matter carried into their burrows by the termites con-
sists chiefly of the decayed wood and other vegetation eaten by them.
These materials, however, can not fail to contribute. orgunic acids
that help attack the minerals of the soil and adjacent rocks,

OPENINGS IN THE SOIL.

The extensive subterranean excavations, especially those of the
true ants, permit the freer circulation of atmospherie air and of carbon
dioxide. These channels must also serve from time to time for the
passage of meteoric waters, and their great extent and ramification
must hasten very considerably all the processes of atmospheric disin-
tegration and alteration of soils, minerals, and rocks,

Unfortunately we have no observations at present that enable us to
give quantitative values to these underground sgencies and activities,
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We only know that the openings beneath the surface are rudely equal
to the amount of soil in the above-ground structures.

RESUME.

Ants and termites are vastly more numerous in tropical America
than they are in the temperate regions.

They show a marked preference for, or rather their structures stand
up better on, elayey than on sandy soil.

They affect the geology, especially the soil and subseil, both directly
and indirectly.

Direetly:

1. By their habits of making underground excavations that
radiate from a central nucleus and often aggregate several
miles in length.

. By opening the soil to utmmplmm air and gases.

. By bringing to the surface large quantities of soil and subsoil.

By introducing into their subterrancan excavations large
quantities of organic matter which must yield acids that
nffect the soil and the subjacent rocks.

5. By using these excavations for habitations and the produc-
tion of gases that attack the soil and its contained min-
erals.

Indirectly:

8. By the periodic passage and circulation of meteoric waters
through their extensive tunnels.

7. By affecting the availability of the soil for agricultural pur-

o= L b2

poses. .
8. By affecting the habitability of the land by man.
9. By the destruction of crops.

10. By the consumption (by termites) of dead plants and of tim-
bers and lumber used in houses and for the manufacture of
furniture, machinery, ete.

Although the data available are defective, we seem to be warranted
in concluding that ants and termites are quite as important geologic
agents,in tropical America as sre the earthworms of temperate zones.
They are also factors of great importance from an agricultural,
economic, and social point of view.






ON THE VALUE OF THE FOSSIL FLORAS OF THE ARCTIC
REGIONS AS EVIDENCE OF GEOLOGICAL CLIMATES.!

By Prof. A, G. XamuorsT, of Btockholm,
Tranalated from the French original® by E. A. NeweLt Ansen, M. A, F. G, 8.

Among the problems which are constantly called to mind during
geological explorations in the Arctic regions, that of the climates of
the past naturally demands special attention. The contrast between
the present and the past is there more striking than in any other
region. Beneath the snow and ice bordering the Arctic Sea one
marvels to find, for example, large corals in beds belonging to the
Carboniferous system, or again the remains of saurians, ammonites,
or nautiloids in those of Triassic age. But when one bears in mind
the extreme richness of the invertebrate fauna of the Arctic Seas
to-day, when one remembers the colossal whales which find their
subsistence in these waters, one may be inclined to ask if it has not
been an error to conclude, from the occurrence of the fossils above
mentioned, that the climate was formerly more genial than it is to-day.
Should we not be underestimating the creative power of life if we
imagine that, among the saurians, the ammonites, and the nautiloids,
no species has been able to develop which was adapted to life in the
Arctic Seas? If the reindeer and the musk ox were extinet, who
would imagine that these beasts were able to flourish on the scanty
vegetation of the high parallels north of 80° of latitude? And who
would suppose that such monsters as the mammoth and the woolly
rhinoceros could find sufficient nourishment in the poor vegetation
of the tundras or the coriferous forests? Such examples teach pru-
dence; there is certainly no question which requires so much eaution
as the problem of deducing from the faunas of the past the climatic
conditions under which they flourished. !

This remark applies with equal force to the floras. Although
to-day the cycads only oceur in warm regions, it would be an error

1 A paper read beforo the Elrventh International Geologioml Congress on Aug. 35, 1610, “Bur [a valenr
des Nores foaslles des réglons mrotiques comme prouve des climats phologiques,” Stocichobm, 1910, Ao In
Compt. Rend. Eleventh Intern. Geol. Congr., Stockhaln, 1912, Reprinted by permision from the (oo
logioal Magnzine, Loadon, Decade V, vol. 8, No. 55, pp. 317-025, May, 1011,

1'The English transiation tins been revised by Prof, Nathomt, aod referances added.



336 ANNUAL REPORT BMITHSONIAN INSTITUTION, 1911,

to econclude that the cycadophyta of the past have always flourished
under similar conditions. On the contrary, we must admit that dur-
ing the Mesozoic period, when these plants were abundant, it would
no doubt havé been possible to find several species which had adapted
themselvps to an Alpine climate if such a one had then existed. And
if, since then, the differentiation of climates has begun to make itself
felt, it would be again a case of overlooking the creative power of
life if we assumed that none of the species of eycadophytes were
able to adapt themselves to a temperate climate in the Polar regions.
Aguin we meet with difficulties, even when we study the plants of
the Tertiary period, which are assigned to genera still living. Our
common juniper (Juniperus communis, Linn.), which exists in
northern Europe ns far north as the North Cape, exceeds by 20 to 25
degrees of latitude, in the Esstern Hemisphere, the northern limit,
not only of the other species of this genus, but also the whole family
of the cupressinee. Now, if one imagined that the common juniper
were extinct, one would naturally draw conclusions relative to the
fossil remains from the distribution of the other species, and one
would consequently suppose that it lived under a climate much
warmer than is actually the case. One would scarcely imagine that
we were concerned with a plant adapted not only to temperate but
also to Arctic climates. (One finds the juniper, on the western side
of Greenland, up to the sixty-fourth parallel.)

These examples counsel prudence, and the matter should be treated
with judgment and circumspection. But, even if it is necessary to
make reservations, when one seeks to determine from the fossil plants
the nature of the former climates in the Arctie regions, at least one
ean not doubt that they were distinetly warmer than that of the
present day, The difficulty of explaining these former climates,
especially when one has to take into consideration the length of the
winter night, is without doubt the reason which has led some scientists
to evade the question, instead of seeking to solve it. It is indeed a
ecasa of evading the question when it is boldly asserted that the plant-
remains, on which Heer ' has based his theories of ancient Arctie
climates, have been drifted by marine currents to the places where
they have been found. >

It is not to be disputed that plant débris may be transported in
water for a very great distance without being damaged, provided that
they are carried st a sufficient depth to escape the influence of the
movements of the surface layers of the water, When Agassiz was
engaged in dredging on the American coasts, he found that the bottom
of the sea—sometimes to a depth of nearly 3,000 meters—was covered
with plant débris, such as wood, branches, leaves, seeds, and fruits,

L O, Heer, Florn feadlis aretica, vols, 1-7, Zirich, 15681550,
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in all stages of decay. Also, in certain places, these remains were
still fairly abundant at a distance of 1,100 to 1,200 kilometers from
the shore. This distance corresponds to about 10 degrees of latitude.
It is thus proved that the remains of plants may be transported for
very considerable distances. But this is true only of marine deposits.
If we are concerned with fresh-water sediments, the example given
has no bearing on the case.

One might, however, reasonably suppose that a river, flowing in
the direction of the meridian from south to north, might have carried
from the southern regions leaves and other fragments of vegetation
which became buried in some deposit of the stream itself, or of a lake,
which it traversed, or of its delta. This is a possibility which must
not be neglected, but on the other hand it must not be treated as
though it were an ascertained fact, since we do not know how far it
applies to the case in point.

The fact is, it is puerile to attempt to draw conclusions as to the
ancient climates of the Arctic regions, before the nature of the
deposits in which the fossil plants have been found has been ascer-
tained. It is especinlly important that an attempt should be made
to answer the question, Did the plants once flourish in the neighbor-
hood of the deposits in which they are found, or were they trans-
ported from far-awsy lands? It is this question which an attempt
will here be made to solve, by furnishing a concise résumé of the
principal beds containing fossil plants in the Arctic regions.

In Bear Island,! and in Ellesmere Land,? beds extremely rich in
plant remains are met with belonging to the Devonian system. The
fossil plants of Bear Island oceur in the series of beds which also
include several seams of coal. Beneath the coal, which is composed
essentially of the bark and trunks of Bothrodendron, one finds, as
elsewhere, bituminous schists containing roots, and from this one
ean show that the plants of which we spesk flourished, at least in
part, in situ. This is likewise proved by the actual nature of the
plants, as much in the older beds with Archzopteris fimbriata Nath.,
as in the more recent with Pseudobornia ursina Nath. The latter
species has been found with large stems or rhizomes, as well as very
small ones, only a few millimeters in diameter, to which extremely
delicate, almost membranous, leaves are still attached. It is hence
quite certain that there is here no question of the plants having come
from distant regions. The materials have not been sorted out. One
sees a medley of branches, small and large, and the perfection of the

LA, G. Nathorst, “ Zur Oberdevonischen Flora der Biren Insel:” Kong!, Svesska Vet-Akad, Handl
vol. 3, No. 3, Btockholm, 1002,

® I, “Tre Oberdovonische Flors dm Ellsmere Landes:* Hep. 2nd Norweg. Arcile Exped, in the Fram
wol. 1, Christinnka, 1004

34734 —sm 1011—22
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preservation of their delicate leaves demonstrate conclusively that
they have not undergone transportation from afar. The same applies
to Archeopteris fimbriata. Tho beds of coal, the clay with rootlets,
and the very nature of the plants themselves, all point to the same
conclusion, namely, that we have here a flora which flourished in part
on the very spot where it is now found.

As T have already pointed out in my deseription of the Devonian
flora of Ellesmere Land, one arrives at the same conclusions here also,
and it is unnecessary to enter into further details.

In the Arctic regions, culm deposits, yielding fossil plants, are
known from Spitsbergen,! from the northeast of Greenland,? and
probably from the south of Melville Island, in the Aretic Archipelago
of America.

We will here concern ourselves only with Spitsbergen, although it

may be mentioned in passing that the flora of the culm discovered
by the Danish expedition to Northeast Greenland, in latitude
81° north, consists of nearly the same species as that of Spitsbergen.
The latter flora has been observed in many localities up to 79° of
latitude. It is characterized by the presence of Stigmaria, with
appendicular organs radisting in all directions, still in continuity, and
penetrating the clay beneath. We are thus able, in several places, to
observe the presence of Stigmaria in situ, which furnishes undeniable
evidence of the fact that the plants lived in the place where we now
find them. The stems of Lepidodendron found in the same place have
a diameter of at least 40 em. It would be superfluous to give other
examples, for one can scarcely doubt that the plants of the culm have
flourished in the very place in which they are now found, or in its
vicinity.
On the other hand, the observations which relate to the Triassio
plants of Spitsbergen and eastern Greenland are somewhat different.
The latter ones belong to the Rhmtic Series and include several species
of Pterophyllum, Podozamites, Cladophlebis® ete. In Spitsbergen one
finds them as far north as 78°. Neither there nor in Eastern Green-
Jand, where one meets with them between the 70th and Tist parallel,
are they associated with beds of coal, but the manner in which they
occur in Greenland indicates that in no case have they traveled from
very distant localities. One has not with certainty observed any
marine petrifactions associated with the plants, but it has not yet
been clearly determined whether the Triassic beds with fossil plants
of Spitsbergen are of marine or of freshwater origin.

¥ A, 0. Natharst, *Zor Pallotobschen Flom der Arctischen Zone:™ Kongl Svenska Vet.-Aknd, Hanil.,
wol. 3, No. 4; Brockbalm, 1534

314, * Cantributiond to the Carbonlferom Flora of Northeastern Greenland: " Meddelalser om Grinlsnd,
vol. 43; Copanhagen, 1911. =

1%, Hariz, * Planteforstentnger Ira Cop Btewart | Oetpronland: " Meddelsber om Grimland, vol. 15;
Copanhagen, 1506,
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The most ancient Jurassic sediments of Spitsbergen are marine,
and belong to the Sequanian stage. There was consequently a long
interruption in sedimentation after the formation of the Rhmtic
beds.! The upper part of the Jutassic formation (Portlandian)
furnishes a series of plant-bearing sandstones, seams of coal, and beds
of undoubted fresh-water origin, containing Unio and Lieplax polaris.
The fossil plant remains belong to two different floras? one, the more
ancient, being characterized by the presence of Ginkgo dipiata
Brongn., sp.; the other, the more recent, by Elatides curvifolia Dkr.,
sp. The two floras are associated with beds of coal, and one may
here also put forward the view that the plants originally flourished in
the place where they are now found. One of the coal seams at Cape
Boheman furnishes a great abundance of Podozamiles and Pityophyl-
Tum; sometimes the surface of the schists is as completely covered
with the leaves of Ginkgo digitaia, as the soil beneath a living ginkgo
tree may be in sutumn. Since branches and seeds of the same plant
are also associated, it is natural to suppose that & ginkgo forest
occurred not far away from this spot. The same observation applies
to Elatides curvifolia of the more recent flora, which occurs loeally in
the fresh-water beds containing Unio and Lioplar. Floras of the
same nge and composition are also known from King Karls Land, the
islands of New Siberia,® from Northern Siberia, and Arctic Alaska.

The Neocomian series of King Karls Land is overlain by sheets of
basalt, often amygdaloidal, and containing chalcedony and agates.
Fragments of silicified woods, large and small, also occur here, and
these, without doubt, owe their mineralization to the volecanic
phenomena. Some of these trunks are fairly large, and I have
myself measured one, which, although incomplete, was 70-80 cm.
in diameter, and showed 210 annular rings. Some of these remains
eonsist of the lower portion of the trunk and the primary ramifica-
tions of the roots. :

The microscopic examination of these specimens, undertaken by
Dr. W. Gothan,* has shown that the annual rings of the fossil stems
from King Karls Land were much more accentuated than those of
stems found in the corresponding beds of the European continent,
which indicates that the trees lived in a region where the difference
between the seasons was extremely pronounced. They ean not there-
fore have been transported from the south by marine currents, and as

L A. 0. Kathorst, ** Beltrilge sur Geologlo der Biren Inwel, Epitabergens, und des Kinlg Karl Lando®:
Bull, Geol. Inst, Upsals, vol. 10, 1910,

AL (0. Nalborst, “Zur Meozrolsehon Flors Spiteborgens ™ Kongl. Sveanaks Vel Akwd, Handl, wol. 30,
No, 1; Swockholm, 1597,

3TiL., ¥ U'ber Trina und Jumplanzen voo der Tnsd Kotelny '; Mém. Akad, Tmp, Sel 88 Péiasbonrg,
oer. &, vol. 21, No. 2, 1007,

4 W. Gothan, “ Do fomilan Hiflser von KSalg Karls Land "™ Kongl. Svenska Vet-Alnd. Handl,, vol. 47,
No. 1; Btockhalm, 1907,
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the trunks found in the corresponding beds of Spitsbergen ' show

the same peculiarity, it is quite safe to conclude that we are here

concerned with large trees, which have actually flourished in these

latitudes, and which have not been transported from more southern
.y )|

The Cretaceous system, as we know it, is represented in western
Greenland, between the parallels of 69° and 71° by an important
series of beds containing fossil plants belonging to the Urgonian,
Cenomanian, and Senonian, the two first mentioned containing conl
seams. 1 have been able to show, as the result of the studies which
I made in Greenland in 1883, that beds, full of roots, underlie those
containing fossil plants at Unartoarsuk, as well as at Igdlokanguak.
Without doubt the Urgonian flora, like the Cenomanian flora, is &
relic of vegetation which once flourished in the same regions where
we now find the fossils. But, on the contrary, the Senonian flora, or
flora of Patoot, is in part contained in marine beds, containing
Inoceramus, ete., and thus it may have been transported from some
distance. The Urgonian flora, or flora of Kome, is composed of
ferns, cycadophytes, and conifers, while the Cenomanian or Atane
flora, in addition to arborescent ferns (Dicksonia) and cycadophytes
(Pseudocyeas),* is particularly rich in the leaves of Dicotyledonous
trees, among which are found those of planes, tulip trees, and bread
fruits, the last mentioned closely resembling those of the bread-fruit
tree (Artocarpus incisa)* of the islands of the southern seas.

In the limited space at my disposal I have had to be content with
s brief summary of the strata containing fossil floras of Palwozoic and
Mesozoic age. But from what has been said it is clear that we have
every reason to regard the flora of the Devonian, Culm, Jurassie, and
Cretaceous of the Arctic regions as being composed of plants which
flourished in these very regions, There ‘are no proofs that the
Trisssie flora has been transported from more southern regions by
marine currents, but there is, however, some uncertainty on this
point.

114, "D fomflan Holsresta voo Spltebergen®: Kongl. Svenskn Vet-Almd. Handl, vol. 45 No. &
Stoekhetm, 1910,
lnm;hmmumtma!ﬂhlﬂed pﬂwm.mmmmmmuusﬁm

deseribod by Dir. Gothan (loe. eit.) does not show say annual rings at all, at s prechely the cass with the
Palmosole stems of Europe, As has besn pointed oot to ma by Dr. Th, Halle, thisisa
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In relation to the present problems, the Tertiary floras are un-
doubtedly the most important, and for this reason I will enter into
the subject in some detail. But the materials are so wonderfully rich
that I shall have to restrict myself to giving some examples indicating
the nature of the beds containing the Tertiary plants in Spitsbergen,
Iceland, and Greenland. More especially, I shall recall that thoy are
found at 79° of north latitude in Spitsbergen; on the east coast of
Greenland between 74° and 75°, and on the west coast between 60°
and 73°; at Lady Franklin Bay, in Grinnell Land (81° 42); in
Ellesmere Land between 77° and 78°; on the River Mackenzie at 65°;
in Alaska south of 60° (and therefore outside the Polar Cirele); and,
lastly, in the islands of New Siberia (75%). Iceland, it is true, is
outside the Polar Cirele, but nevertheless its Tertiary flora may be
included in this consideration.

The Tertiary formations of Spitsbergen, which have a thickness of
perhaps 1,200 meters or thereabout, contain fossil plants and seams
of coal, both in the upper and lower beds, though the middle portion
is marine. As an example of the deposits with fossil plants from the
base of this formation the shales called the “Taxodium Shales,"” at
Cape Staratschin, may be mentioned. These are fine-grained black
soft shales, which form the roof of a small bed of coal. In the shales
the leafy branches, the flowers, the seeds, and the ovuliferous scales
of the Swamp Cypress (Taxodium distichum miocenum), the leafy
branches of Sequoia Nordenskigldi Hr., and Librocedrus Sabiniana
Hr., are particularly common. There are also associated a large
number of remains of gramines, cyperaces, several species of pines
and firs, a Potamogeton, and the leaves of various dicotyledonous trees,
Thus, as Heer has shown, one is dealing here with fresh-water
sediments, in the neighborhood of which it is evident that the
swamp cypresses have formed forests, as in the swamps in the
southern portion of the United States to-day. This conclusion is also
confirmed by the occurrence of the remains of rather numerous insects,
among which there are a score of coleopterids, two of which are
hydrophilous coleopterids (Hydrobius and Laccophilus).

These beds with fossil plants, at the base of the Tertiary formations
of Spitsbergen, are overlain by thick marine sediments. In their
upper portion the latter show indications of a retreat of the ocean
and a recurrence of fresh-water conditions. It is possible that the
leaves found in the lower part of the higher horizon containing fossil
plants have been transported from afar by a river, and deposited near
its mouth, but as regards the upper portion deposition must have taken
place in vast swamps, on which the majority of the plants actually
lived. In these beds one notices thin seams of coal, a 7eal
quantity of leafy branches, and also cones of Sequoia Langsdorfii
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Brongn., (closely sllied to the redwood of Californis, Sequoia
sempervirens Endl) and the swamp cypress (Tazodium distichum
miocenum). Here and there & large horsetail (Equisetitzs Norden-
skidldi Nath.) oceurs in such sbundance that one would imagine that
it formed small forests. There are also associsted rlizomes, with
their roots and tubercles still attached. I may mention in passing
that Equisetum arcticum Heer, occurs in the same manner in the
lower zone of the plant-bearing beds. There is also found o great
asbundance of Osmunda spetsbergensis Nath., and on the same horizon
nodules of clay ironstone, entircly filled with leaves and stems of the
latter plant, in which the tissues have been so completely mineralized
that one can study the microscopie structure as minutely as in the
living Osmunda. One sees in the carbonaceous petrified layers
rootlets and spores of ferns, as well as fragments of branches, ete.
This might justly be called a mineralized peat. Among the dicoty-
ledonous trees, the leaves of which occur in great quantity, one finds
leaves of all dimensions belonging to the more common species.
I have examples, among others, of the leaves of Ulmiphyllum
asperrimum Nath., varying from 1-17 ¢m. in length. All the obser-
vations indicate that we have here a deposit formed by the delta
of & stream passing through a marsh on which grew trees requiring
humidity, while the remains of other plants which lived at some
distance away have been transported, either by the wind or by water,
and become mingled with those of the marsh.

The beds of this horizon, discovered at Cape Lyell, are remarkable
for the enormous quantity of leafy branches of Sequoia Langsdorfii,
leaves of Grewia crenata Hr. and of Acer arcticum Hr., the fruits of
the last mentioned also occurring. A bed full of rootlets was also
met with, showing that the plants flourished on the spot where they
are now found. Among the marsh plants an Alisma occurs. Among
the dicotyledonous trees of this horizon are poplars (Populus), wil-
lows (Saliz), alders (Alnus), birches (Betula), hornbeams (Carpinus),
hazels (Corylus), beeches (Fagus), oaks (Quercus), clms (Ulmus),
planes (Platanus), magnolies (Magnolia), limes (Tilia), and maples
{Acer), ctec. We can thus show that during the Tertiary period
all these plants have flourished st 78° or 70° of latitude. In
Grinnell Land we find, even at nearly 82°, the swamp cypresses, the
spruces, pines, firs, poplars, birches, elms, limes, ete.

In Ieeland the Tertiary {lora may be studied in the voleanic tuffs or
in the alluvium formed from them, and at BrjAmslackur, for instance,
in a deposit which may be compared with & laminated peat. Thus,
us Heer had suggested, and Thoroddsen has proved, we here meet with
formations laid down sbove sea level, which are overlain by thick
basalticbeds. A glence at the specimens from Brjimslaekur serves to



FOSSIL FLORAS OF ARCTIC REGIONS—NATHORST. 343

show that we have here to deal with fresh-water deposits. M. Ostrup’s*
microscopic cxamination of the diatoms, found in the same beds as
the fossil plants, confirms this conclusion, for they are fresh-water

es.

Among the beds furnishing Tertiary plants, so abundant in Green-
land, I will only mention those of Hardon (Hare Island), near
Waigattet. Hore the plants oceur either in a true basaltic tuff, or
in an altered tufa or a sediment formed from it, which is overlain
with basalts.

The investigation of two beds, which I made in 1883, has proved
that they can not be other than formations laid down sbove sea level.
In one of these deposits the fossil flora consisted almost exclusively of
leaves of the maple (Acer), crowded like those which cover the ground
in autumn, and among these leaves large samarss, like those of
A. olopteryz Gp., occur. In another bed the tufl was formed of
cinders and small lapilli, and the way in which the vegetable
fragments were inbedded leads one to suppose that the branches,
leaves, and fruits of the trees were broken off by a shower of cinders
and lapilli. A medley of silicified branches of different sizes occurs,
and among them are the cones of the spruce, the nuts of the walnut
(Suglans), and the hickory (Carya), with the leaves of Ginkgo, ete.
In the finer tuffs we likewise find the leaves of the walnut, the leaves
and fruits of an ash (Frazinus macrophylla Hr.), and the leaves of
species common in the Tertiary flora of Greenland, such ss the plane, -
oak, chestnut, beech, ete.

The presence of the leaves of Polamogeton, associated with a fresh-
water mussel (Unio), indicates that the deposits were of fresh-water
origin. Some of the branches of the trees are silicified and exhibit,
under the microscope, an extremely well-preserved structure. Dr.
J. Schuster, who has undertaken a preliminary examination of these
remains, concludes that they all belong to one species, which was
probably either an arborescent member of the leguminose® or of the
rosace®. It is clear that we have here to deal with fragments of
vegetation broken off by a shower of ashes and entombed in them,
though some fragments may have been transported into a fresh-water
basin containing mussels and aquatic plants.

The Tertiary plants discovered by the Norwegian expedition to
Ellesmere Land deserve special mention on account of their state of
preservation. They consist almost entirely of branches of Sequoia
Langsdorfii, contained in a bituminous laminated clay, from which
I have been able to remove them by a process of washing, with
the result that they are now isolated like dried specimens in a
herbarium:

t B, Gytrup, * Distoméerne | nogls {alandsie Surtarbrandisg," pi 1 Maddel. fra Dupsk Gool, Forenjog,
No. 3; Copenhagen, 1896, Pi. 3, Ibld., 3o, 8, 1500,
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I must now bring to a close my review of the ancient plant-bearing
beds of the Arctic regions. We may conclude that in the greater
number of cases it is evident that the plants really grew in the
regions in question. Although we know of fossil plants in some
marine deposits, as, for instance, in the Senonian of Greenland and
perhaps also in the Trias of Spitzbergen, these are exceptions which
lack importance, since other deposits of a closely corresponding age
are of fresh-water origin. While it may be admitted that even in
Spitsbergen part of the Tertiary flora may have been transported
from & more or less distant country by a river, yet other deposits on
approximately the same horizon indicate that the greater number of
the species, and among them the most important types, have actually
flourished in the region itself.

Taking into account the facts which I have enumerated, it is evi-
dent that the fossil floras of the Arctic should be still regarded as the
foundation of every discussion of the former climates of that region.
How are these favorable climates to be explained? That is a ques-
tion to which we are not able to reply at the present moment and of
which the solution belongs to the future.



RECENT ADVANCES IN OUR KENOWLEDGE OF THE PRO-
DUCTION OF LIGHT BY LIVING ORGANISMS.

By F. Avex. MoDensorr, Washingtor, D, .
-

INTRODUCTION.

The original paper (*)' upon which the following is based was read
under the title “ The Chemistry of Biophotogenesis,” before the Chem
ical Society of Washington, D. C., on October 13, 1910, and subse-
quently published in the Scientific American Supplement, No. 1842,
In revising this paper for publication here it has been found that so
much new work of importance has been published or has come to the
author's attention in the interim, that it has been decided to recon-
struct the paper along the line indicated by the above title, taking up
the more significant recent work, and adding a few heretofore un-
published observations of the author.

The term “ Biophotogenesis,” in its complete sense of the produe-
tion of light by living organisms, covers a group of phenomena accom-
panying the vital processes in a wide range of animal and vegetable
forms. The fireflies (Lampyride) are to most of us the commonest
and most brilliant of these forms, and the following will therefore have
special reference to these insects.

An excellent monograph (*) of the subject of the emission of
light by living forms, including an extensive bibliography of the
important papers and a general review of the literature, has appeared
under the title “ Die Produktion von Licht,” by Prof. E. Mangold, as
the second half of the third volume of Winterstein's Handbuch der
vergleichende Physiologie. The whole literature of the subject is
very extensive, although much of the older work is without signifi-
cance to-day. A considerable number of scientific men, including
workers in the fields of chemistry, physiology, biology, entomology,
and physics, are working on the problems presented by the phenomena
of luminous organisms, and important developments in our knowl-
edge of this subject are to be expected.

 Nambamn mier to llteratore refierences at the end of paper.
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For tke sake of convenience the subject will be considered in the
following sections in this paper:

1, Physical properties of physiologie light.

2. The chemistry of the photogenic process.

3. The effect of chemical reagents, etc., on the luminous tissue.

4. The photogenic organs.

5. Fluorescent substances in luminous insects.

6. Biologic relations of the phenomena.

1. PHYSICAL PROPERTIES OF PHYSIOLOGIC LIGHT.

It is an interesting and significant fact that the luminous radia-
tions of the mejority of luminescent organisms produce upon the
human reting the sensations of yellowish green, green, or bluish

. That this color is the result of the actual composition of the
emitted light and not a subjective phenomenon, has been damun—
strated by & number of investigators.

The light of one of the common fireflies of the eastern United St-ataﬂ
Photinus pyralis, has recently been made the subject of a very inter-
esting spectrophotographic study by Drs. Ives and Coblentz, (*) at
the Bureau of Standards. These observers found the light of this
insect to resemble very closely the light of the Cuban cucuyo (Pyro-
phorus noctilueus Linn.), us studied and described by the late Prof.
8. P. Langley and Prof. . W. Very (**) 20 years ago. Briefly, the
spectrum of the light of Photinus pyralis consists of a structureless,
unsymmetrical band in the red, yellow, and lower blue portions of the
visible spectrum, with & maximum at about that portion having the
greatest llim:mnﬂunm effect with the minimum of actinie and thermal
effects. It gives no hint of continuation in the infra-red or ultra-
violet portions of spectrum. More recently, Ives () has shown that
there is no infra-red radiation between 0.7065 micron and 1.5 microns
in the light of the firefly, nor is any ultra-violet radiation present.
Coblentz (*) has shown that the chitin covering the luminous organs
of the firefly has a very low transmissivity for radiations of greater
wave length than 2.5 microns; so low, in fact, that it would be diffi-
cult, in these wave lengths, to distinguish radiations from the photo-
genic organs from those due to the ordinary animal heat. However,
the same author (* *) has found that the luminous segments of the
firefly do give evidence of being at a slightly higher temperature than
the rest of the insect’s body, and that the ventral side of the luminous
segments is at a higher temperature than the dorsal. He did not
observe an increase of temperature during light emission.

While it seems probable that the light of most other luminous
organisms is essentially similar to that of Photinus pyralis, slight dif-
ferences muy be noted even between closely related species. A few
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marine forms, e. g., the Cephalopoda and the Pennatulide, give lights
of several colors. Among the insects the only forms known definitely
to present wide differences from this general similarity are the trop-
ical species of Phengodes as observed by Barber (%) and uthm, which
possess a photogenic organ, located back of the head, that gives a dis-
tinetly reddish light. No spectroscopie studies of this red light of
Phengodes have been made. Coblentz (* *) has given spectrographic
proof of the differences in the color of the lights of Photinus pyralis,
P. consanguineus, and Photuris pennsylvanica, attention having been
called to the physiologic differences by the author (*) and others,
[Enab (), Turner (*)]. The author has recently had an opportunity
to examine the light of Phengodes laticollis (female) with the pocket
spectroscope referred to in his paper in the Canadian Entomologist,
1810 (*), and found it to consist mainly of & narrow band in the
yellow-green and green, with very much fainter ends stretching toward
the red and blue; the definite ends of the band could not be made out
on account of the feebleness of the light, and the predominsnce of
the greenish band may, of course, be mainly due to the greater
retinal sensitiveness to these tones.

Forsyth () has claimed that cultures of certain photobacteria give
spectrophotographic evidence of the existence of ultra-violet rays in
their emitted light. It seems to the author that this ohservation is
in need of confirmation, not that it is impossible, of course, but that
it is at variance with previous work and with present ideas of the
properties of physiologic light, McDermott (%) failed to find evi-
dence of ultra-violet radiation in the light from cultures of Pseudo-
monas lucifera Molisch, and, as would be expected, also failed to find
any indication of appreciable radioactivity.

It need scarcely be said that the light of the firefly affects the pho-
tographic plate; obviously spectrophotographic studies could not
otherwise have been made upon it. Photographs have been taken
by means of the light of the photogenic bacteria and of the cucuyo.

In 1896 Muraoka (*) announced that he had proved the penetra-
tion of metal films by means of the light of the firefly in & manner
similar to that of the X-rays. The author has failed to find any evi-
dence of the penetration of thin sheet eopper, aluminum foil, or the
black paper with which X-ray plates are wrapped by the light of
Photinus pyralis. It seems that under certain circumstances sub-
stances which do not actually emit penetrating radiations may affect
the photographic plate, and an explanation of Muraoka's results has
been offered by Molisch (™ %) based upon bacterial or vapor influ-
ence; but when we consider that his results were published only a
little while after the discovery of the X-ray it seems possible that
Muracka was just a little over-enthusiastic. However, Singh and
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Maulik (**) have recently published soma results similar to those of
Muraocks.

Judged from the fact that the light produced by many chemilumi-
nescent reactions appears greenish to the human eye, it would seem
that these should give spectra approximating that of the firefly [see
Radziszowski (*), Trautz ()], but in view of the facts that the light
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emitted in most of these cases is very feeble and that the human eye
is decidedly more sensitive to the greenish tones than to ot hers, it moay
ba simply that the amount of radiation, other than that giving the
sensation of green, produced by these reactions is insufficient to cause
the human retina to respond. However, it is difficult to class the
production of light by living forms as other than a vital expression of
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chemiluminescence, and the fact (to be referred to in the next section)
that the luminous tissues may be removed from the organism and desic-
eated and still induced to produce light under certain circumstances,
confirms the view that the only essential differonce between the two
phenomena is that biophotogenesis takes place in a living organism
instead of a test tube.

A comparison of the spectral ranges of the light from different
organisms is of somo interest, and the accompanying chart has been
compiled from data from the references given, and redrawn to a
uniform scale, the extrome left-hand end representing wave length
0.70p and the extreme right-hand end wave length 0.39x; afew of the
more important Fraunhofer lines are shown in the first spectrum, and
the sodium D line is continued through the series by the dotted line.

2. THE CHEMISTRY OF THE PHOTOGENIC PROCESS,

Our knowledge of the chemical processes involved in biophoto-
genesis is rather meager. It is fairly well established that all photo-
genic organisms require at least two constant chemical factors in
addition to the specific photogenic substance in order to exhibit
their luminous property, viz, the presence of oxygen and of moisture.

Dubois's (") theory assumes the oxidation of a substance of un-
known composition, to which he has given the name “luciferine,”
through the agency of the oxidase “‘luciferase.” Prof. Kastlo in his
monograph on ““The Oxidases and Other Oxygen-Catalysts Con-
cerned in Biological Oxidations' () refers to this claim of Dubois
that the photogenic process in organisms involves the action of
“Juciferase.”” Prof. Kastle's observations on this point led him to
believe that no oxidase was present, but that peroxidase and catalase
were present; he found that aqueous extracts of the luminous tissue
of the common firefly failed to turn tincture of guaiacum blue,
except in the presence of hydrogen peroxide, and the bluing in the
presence of the latter was accompanied by the rapid disengagement
of oxygen. Quite recently Dubois (*) has put forth the view that
luciferase is a peroxidase, for the reason that it can be replaced to
some extent by hydrogen peroxide. Loew (*) found that the lumin-
ous tissue of the firefly showed no greater catalase activity than
other tissues from the same insect. Lund (¥) has made similar

" obsarvations on the enzymes in these insects. Until more definite
data are at hand, it would seem that the enzyme theory requires
some caution in accoptance, but the facts so far as known certainly
present some analogy to other known biologic processes of an enzy-
motic nature, and it is not at all impossible that his explanation
may be correct. Watasé () expresses the view that in Noctiluea
miliaris and other simplo luminous forms the ‘‘phosphorescence”
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is ussociated with the contractility of protoplasm, as a potential
property of all protoplasm, whether exhibited or not, and he rather
leaves the reader with the impression that he believes that the par-
ticles of food materials are actually burned in the living tissues with
the production of an incandeseent temperature.

There has been a good deal of discussion, to and [ro, as to whether
the chemical processes involved in the production of light by the firefly
and analogous forms are really oxidations, and evidence both for and
against the oxidation hypothesis has been offered. At present the
great weight of the evidence is that in all ecases the fundamental
process is an oxidation, though not necessarily the oxidation of the
same photogenic substance. Polimanti (™) has asserted that the
luminous process in Pyrosoma elegans can not be an oxidation, and
gives several arguments in favor of the nonoxidative nature of the
process, one of which is that the light has a greenish tone. In view
of the fuct that, as mentioned before, a good many chemiluminescent
reactions known to be oxidations produce the sensation of green
upon the human retina, this argument certainly does not seem to be
valid. Lund (%) states that while oxygen is & necessary factor to
light production in the Lampyride, this does not prove that the
chemical process is an oxidation.

Joussetde Bellesme (*) in 1880 stated that he believed the light to be
due to the spontaneous combustion of phosphine, liberated by the
decomposition of protoplasm, and Sir Humphry Davy (*) noted that
Lavoisier held a similar view., The nature of the substance con-
sumed in this biologic oxidation—the Noctilucin of Phipson () the
Luciferine of Dubois (** ** *) and the Photogen of Molisch (**)—has
been variously regarded by different authors. Many seem to have
regarded it as a fat or a fat-like substance; Phipson, who apparently
isolated and snalyzed a culture of photogenic bacteria, concluded
that it contained nitrogen; Kalliker (*) and Macaire (@) believed it
to be an slbuminous body. Embryologically, it appears to be an
extension of the fat layer in many, though not in all cases. (See
Dahlgren and Kepner (7))

Of the more recent theories, Dubois (**) states that the photogenic
material of Pholas dactylus gives some reactions for a nucleo-slbumin,
while Polimanti (®) regards the luminous secretion of Pyrosoma
elegans as of a fatty nature; McDermott (*) is inclined to regard the
active substance as a lipoid or phosphatid.'! Golodetz (**) has shown
that the blackening of fats by osmic acid is due to the presence of the
oleic (or other unsaturated) acid radical; the present interest in this
point is that the luminous tissues of the Lampyride and of Phengodes
laticollis blacken intensely on exposure to osmic acid, indicating

" Howerer, It must be sald that both Dubels (private commumboation) and the suthor bavs falled 9
extsact o photogenis lpold with the usoal Upold salvegts,
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generally, the presence of a reducing sgent, and more particularly,
probably of an unsaturated fatty-acid radical.

Lund (©) has recently brought forth some evidence tending to show
that in the photogenic process in the Lampyride, there is an actual
using up of some material by oxidation, with the deposition of a
erystallin waste product in the tissues, forming to so-called urate or
reflecting layer, and states that it appears that there is present a
substance related to if not identical with some of the derivatives from
nucleic acids. His work is also strongly in support of the oxidation
hypothesis, or at least that the process requires the presence of oxy-
gen, even if it be not a simple oxidation. He suggests that the redue-
tion of osmic acid may be due to the presence of a ‘‘reductase;” the
latter, however, might still be dependent on an unsaturated fatty-
acid radical for its activity. Coblentz (*) also notes the expenditure
of the photogenic substance, without regeneration.

All attempts to isolate and analyze the active substance have failed.
When the luminous -organs of the firefly are treated with alcohol or
ether in an atmosphere of hydrogen, the liquid ascquires a yellow
color, but no light emission occurs when it is exposed to the air or
treated with hydrogen peroxide. Lecithin does seem to exist in the
insect in small amount.

Emmerling (=) has studied the hydrolysis products of Noctiluca
and finds a number of the ordinary physiclogie amino acids, Lan-
kester (™) remarks that the products of metabolism in Noctiluca
are albuminoid and fatty granules.

The interesting fact that the photogenic tissue of luminous life
forms preserves after desiccation the power to evolve light on the
application of water in the presence of air or oxygen, has long been
known, and it at once suggests other known instances of the preserya-
tion of biologic activity by drying, as exemplified by the yeasts and
ferments. By drying the photogenic tissue of Photinus pyralis over
sulphuric acid in hydrogen or a hydrogen vacuum, dry material has
been prepared which has retained its photogenic activity apparently
without loss when kept in sealed tubes for over 18 months. Indeed,
there seems to be no good reason why, under these circumstances, it
should deteriorate. In its conduet toward wvarious chemical sub-
stances, the dried tissue, after moistening, does not differ essentially
from the live insect or the freshly detached luminous organ. It glows
on moistening in the air, somewhat brighter on moistening in oxygen,
and but dimly or not at all when moistened in nitrogen, hydrogen,
and carbon dioxide. Moistened with 3 per cent hydrogen peroxide
instead of water, the dried tissue produces a much brighter light than
with water alone, accompanied by the decomposition of the peroxide.

Lund (#) also ealls attention to the effect of hydrogen peroxide on
the fresh tissue.
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McDermott (*) has recently recorded the results of some experi-
ments with liquid air, which show that exposure of the photogenic
tissue, fresh or desiceated, to this temperature, and grinding while so
exposed does not in the least affect the ability of the substance to
produce light upon restoration to the normal temperature., Macfad-
yen (*) found that, while exposure of the luminous bacteria to the
temperature of liquid air did not inhibit their sbility to produce
growth and light upon return to the normal conditions, trituration
at this temperature permanently destroyed the photogenicity. Tt
would appear, then, that there is some essential difference between
the microorganism and the insect in this regard.

The photogenic bacteria present many interesting problems; their
ability to grow and luminesce in & medium consisting only of a solu-
tion of 3 per cent of sodium chloride and 1 per cent of asparagin in
water; the dependence of the marine species on the presence of certain
mineral salts, and these in certain concentrations, and upon the pres-
ence of oxygen, for light production; the pathogenic and symbiotic
relations existing between some species of these photobacteria and
some higher organisms are all matters of great interest, McDer
mott () made some experiments with the view of determining any
chemical resemblances that might exist between these bacteria and
the fireflies. The work was on the whole inconclusive, but indicated
that if proper conditions could be arranged liquid cultures of the
bacteria might be dried and sfterwards caused to produce light on
moistening. Molisch () found that the thicker layers of growth of
photobacteria on solid media could be dried and would exhibit their
photogenic activity on moistening,

The well-known work of Radziszewski () has already been referred
to, and also the more recent researches of Trautz (). Delépine (*)
has experimented with s large series of thiocarbonic esters and
related bodies, which appear to be phosphorescent” as the result of
oxidation, & phenomenon to which this writer has given the name
“Oxyluminescence.” Hernandez and Cerdan (*) have questioned
Delépine’s view of the nature of the “phosphorescence” in these
cases, and refer it to a form of triboluminescence. In any event,
work slong this line has some bearing on the problems of biophoto-
genesis, and it seems not too much to expeet that it may develop that
In organic chemistry there will be found to be “photophore” or
“photogen” groupings, just as we now have chromophore and fluoro-
phore groupings, fluorogens, ete.

Various observers have found the urates and phosphates of ammo-
nium, sodium, potassium, and ealeium in the luminous tissye and its
ash. Dubois at one time seems to have rejected the oxidation theory
and to have believed that the light was due to the spontaneous
erystallization of ammonium urate (crystallo luminescence).
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Guanine appears to have been found in the reflecting layers of the
photogenic organs of some marine forms, and Lund (%) states that
the dorsal layer in the firefly’s organ gives the test for guanine under
some conditions.

In summary it may be said that the biophotogenic process is prob-
ably an oxidation in all cases, and that the substances whose oxidation
produces light is a complex product of cell metabolism containing
both fatty and albuminous radicals, and probably differing in com-
position in each type of organism. The mechanism of the process
may vary—the oxidation may be direct or indirect—according to the
type of photogenic organ and the particular species of organism in
point.

Light is & form of energy, just as are heat, electricity and chemieal
affinity. We know that in many chemical reactions a great deal of
the energy of chemical affinity is transformed, probably directly, into
heat, and sometimes some of it appears as electricity. If sufficient
heat is generated, a portion of the original chemical energy may be
transformed into light indirectly through the agency of the heat, the
phenomenon being known as incandescence. But there appears to
be no good reason why some of the chemical energy might not appear
directly as light if the conditions are favorable, and indeed it is quite
evident that such is sometimes the case, unless we adopt the view of
the *“combustion of food particles in the tissues,” referred to Watasé
a little "while ago. For instance, the light-producing reaction
between hydrogen peroxide and an alkaline sclution containing
pyrogallol and formaldehyde, generates considerable heat, enough to
make the container uncomfortable to hold in the hand, yet nothing
approaching that required for incandescence, and it is certainly incon-
ceivable that there could be particles heated to incandescence by
chemical action in a solution. It seems possible, however, that in the
lecture experiment described by Schwersenski and Caro ("), in which
it appears that aleohol is oxidized by ozone in the presence of the
powerful dehydrating agent sulphuric acid, there may actually be
small explosions, with incandescent temperatures,in the liquid, though:
it is mot impossible that the flashes of light observed result from the
direct transformation of chemical into radiant energy. If, in the
pyrogallic acid reaction, solid sodium peroxide be used instead of
alkaline hydrogen peroxide, a flame may be produced, but the charac-
teristic light in the solution is produced at the same time, and it
seems probable that the flame is due to the combustion of the vapor
of formaldehyde (driven off by the heat of the reaction) in the oxygen-
rich atmosphere produced by the evolution of oxygen during the
solution of the sodium peroxide. It is of some interest in connection
with Radziszewski’'s work, that in both this reaction and that of
Schwersenski and Caro the active substance may be an aldeliyde.

38754%—su 1011—23
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3. THE EFFECT OF CHEMICAL REAGENTS, ETC, ON THE LUMINOUS
TISEUE,

During the summer of 1909 the writer was associated with Prof.
Joseph L. Kastle in & study of the effect of various chemical reagents
on the luminous tissue of Photinus pyralis.(®*) Prof. Kastle and
the writer tried the effect of a large number of chemical substances
upon the live insect, the freshly detached luminous organ, and the
luminous tissue which had been dried in hydrogen, and some of these
results seem worthy of special attention. Taking first the live
-nsect: Injections of solutions of the metallic nitrates, of strychnin,
and of adrenalin caused the emission of light. Immersion of the
insect in methyl and ethyl alcohols, in ether and in chloroform,
resulted in the production of light. Immersion in pure oxygen
appeared to stimulate the photogenic function somewhat, but not
as much as might have been expected. Tmmersion in nitrous oxide
caused & considerable Tnerease in the intensity of the light. In
the cases of injection and immersion in liquids, the reagents kill the
insect, but not until they have caused light emission. Nitrous
oxide narcotizes the insect, but in the air it recovers again. Hydro-
eyanic acid and eyanogen kill the insect, of course, but not until they
have caused the emission of light. The luminous organ of one of
the local species of Lampyride has been observed to glow in the
mixture of air and prussic acid in the cyanide killing bottle for over an
hour, long after the actual death of the insect. Ammonis water
causes the evolution of light either by injection or immersion;
Watusé is authority for the statement that if a tissue suspected of
being luminous refuses to give light with any other stimulus, it will,
if a true photogenic tissue, glow on moistening with dilute ammonia
water. The injection of 3 per cent hydrogen peroxide solution also
caused the evolution of light. Lund () has also studied the effect
of H.O, on the tissue,

. With the freshly detached luminous segments, the most notable

results wese obtained with the vapors of methyl and ethyl aleohols,
carbon tetrachloride and bisulphide, and mononitrobenzene acting in
the presence of air. All of these reagents caused light emission and
the light given out was not the continuous faint glow frequently the
result of wesk chemical stimuli, but was accompanied by a series of
distinet flashes or pulsations of light similar to the normal fashes
of the insect. With the detached organ, the effect of powerful
poisons was in almost every instance to produce the evolution of
light, sometimes faint and of short duration, but definite. As
examples of poisons acting thus may be cited hydrofluoric acid, iodine
eyanide, and bromine,
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Thus far one substance alone has conducted itself as a positive
inhibitor of the photogenie function. This is sulphur dioxide.
Carradori observed this fact with the Luciola italica over 100
years ago, and Dubois has made a similar observation with regard to
the cucuyo. The live insect, the freshly detached luminous organ,
and the dried tissue, placed in this gas, all fail to glow, or glow but
weakly and momentarily, and are dead to all other stimuli when
removed from it. As a rule even those substances which tend to
poison the luminous tissue caused the evolution of a dim light at
first, but not so with sulphur dioxide in the majority of cases in which
we used it. It has since been found by MeDermott (*) that liquid
sulphur dioxide and liquid ammonia both destroy the photogenic
power of the dried tissue.

Mechanical stimuli, such as friction and percussion, and physical
stimuli, such as electricity and heat, also cause the production of
light by the luminous organs of the ﬁﬂeﬂy, whether attached to the
living insect or detached. The effects of various temperatures and of
electrie discharges of various strengths have been extensively studied
by other observers. Lund's () observations on the effect of heat
on the tissues are very interesting and important, as showing definite
temperatures as the [atal points for light production, reduction of
0,0,, ete, Transferring the detached luminous organs from one gas
to another, even though one or both be chemically neutral, may cause
light production, apparently due to some osmotic effect. Currents
of air and other gases exert an effect on these detached organs, which
Prof. Kastle has compared to the effect of sir currents on the strych-
" minized frog. It is obvious from these facts that the luminous tissue
is one of great irritability. ¥

Some of these results indicate that the effect of reagents is exerted
on the nervous system rather than directly on the luminous tissue,
and this probably aecounts for some of the irregular and conflicting
results obtained by those who have experimented in this field.

The significant fact that osmic acid is reduced by the luminous
tissue has already been referred to. It has been observed that
fixing fluids containing this oxide increase the intensity of the light
of fresh luminous organs placed in it, but whether this is due to direct
oxidation by the osmic and chromie scids present, or to irritation
of the nervous system produced by them, can not be said.

The writer has observed that liquid luminous cultures of Pseu-
domonas lucifera are extinguished and killed by the addition of solutions
of hydrogen peroxide and sodium perborate, and of mononitrobenzene,
but that the effect of adding solutions of potassium perchlorate was,
if anything, to increase the intensity of the light, and the culture was
not killed in two days.
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4, THE PHOTOGENIC ORGANB.

The luminous apparatus of the male of Phetinus pyralis—the more
commonly seen of the sexes—occupies the entire ventral surfaces of °
the two abdominal segments next to the last, and a portion of the
preceding segment. That of the female is a small rectangular area on
the third shdominal segment from the last; both sexes have also two
very small points of luminous tissue on the last abdominal segment,
In general the luminous apparatus of other Lampyride is confined to
a similar location on the body, though some species of Phausis and
Phengodes show a wider distribution of the organs.

The luminous organ of Photinus pyralis, in common with those of
the other Lampyride which have been studied, consists of two layers
of eells, under the outer transparent chitin. These layers of cells are
penetrated by numberless trachem, the ends of which are connected
by & network of very fine tracheoles, the whole system resembling the
finer veining of aleaf. On the inner surface of the organ these trachem
unite to form larger passages, which unite near the spiracle with the
breathing traches. It is practically certain that during the life of
the insect these trachem ave filled with air.  Of the two cell layers, the
outer consists of a mass of some special type of nucleated cell, of
unknown nature, penetrated by the aerophore cylinders, while the
imner layer is composed mainly of urates, and probably serves as a
sort of reflector.

Several studies of the structures in different species of Lampyride®
have been made, which agree with each other in a general way.
MeDermott and Crane () have shown that the structures in Photinus
pyralis, P. consanguineus, ‘and Photuris pennsylvanica are quite
similar, and agree very well with those described by Townsend (**) for
Photinus marginellus. The organs of Photuris presented some slight
differences from those of the other species, Lund (©) has recently
examined the photogenic tissues in a number of Lampyrids, and
come to very similar conclusions.

Bongardt (*) has studied the photogenic organs of Phausis (Lam-
puris) splendidula, Lampyris noctiluca, and Phosphaenus hemipterus,
three European Lampyrids, and apparently failed to find anastomosis
of the tracheoles. However, the author has recently éxamined some
sections of the luminous tissue of Lampyris noctiluca (female), and
had little difficulty in seeing the tracheolar anastomosis; the strue-
tures differed somewhat from the American Lampyrids, the distribu-
tion of the tracheal branches being less regular, and the “cylinders”
(as in Photuris also) less sharply defined than in Photinus. He has
also examined the tissues of Photinus scintillans and Lecontea lucifera
and found them to be practically identical with those in the sects
previously studied.
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The luminous organs of Phengodes laticollis (female) present a
different structure. The photogenic tissue does not show the definite
and more or less regular bonndaries seen in the other species studied,
but seems to be simply small masses of tissue, without regular margins;
the urate layer, moreover, appears to be entirely absent. As com-
pared with the tissues of the Lampyride above described, the indi-
vidual cells are very much smaller, and the number of traches is
much less. At this time nothing can be said regarding the arrange-
ment and distribution of the tracheal capillaries, except that only &
very few have been observed and none could be traced to points of
anastomosis.

Among the other luminous organisms, considerable attention has
been directed to the fish, the sea-stars (Ophurians), the Annelids
(Odontosyllis) and Achole, and to a variety of other marine forms.
Much of the more recent work is contained in Mangold’s monograph,
and treated therein quite exhaustively. Briefly, many of the photo-
genio organs in marine forms appear to be typically gladular, and of
degrees of complexity varying from simple secreting cells to complex
arrangements of glands, reflectors, and lenses. -

Piitter () has divided biophotogenicity into intra- and extra-
glandular processes and into intra- and extra-cellular luminescence.
Under this classification the process in the fire-flies, the fish investi-
gated by Steche (), etc., is intra-glandular and intra-cellular. In the
cephalopods and certain fish which are supposed to secrete a photo-
genic product in one portion of the organ and then utilize it in another
portion serving as a receptacle, the process is intra-glandular and
extra-cellular, while in the annelids (Odontosyllids) [Galloway and
Welch ()], Achole [Kutschera ()], the myriapods [Dubois (%),
Thomas (*) and others], certain prawns [Alcock ()], and some species
of cephalopods [Hoyle ()], the process is extra-glandular and extra-
cellular. (“Intra-” and “extra-organic” would perhaps be better
- general words than intra- and extra-glandular.)

The photogenic organs of some fish and cephalopods show & net-
work of blood vessels, corresponding roughly to the aerophore trache-
oles of the fire-flies. Many of the organs in these forms and in certain
crustaceans (see Mangold), show a “‘search-light” or ‘““bull's-eye™
structure in which there is more or less well-defined lens, a light-
producing body, and a reflecting layer of approximately parabolic
outline. \

There is a considerable field for further investigation in this matter
of the structure of the light-giving organs of different forms, and some
of the work that has been done is in need of confirmation. We can
not but wonder at the processes which duringthe ages have operated
to produce these structures in present-day orgenisms—how they
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originated, and why ? The phylogenetic problems are certainly very
interesting, and present remarkable instances of “convergence,” It
is hoped to collect some of these cases and develop them in a future

paper.
5. FLUORESUCENT SUBSTANCES IN LUMINOUS INSECTS.

An interesting circumstatice in this connection is the existence in
eertain luminous organisms of a substance whose solutions exhibit a
brilliant blue fluoreseence. Dubeis (% ") found this substanee In
the eueuyo, and in Luciola italica, and named it ** Pyrophorine,” from
Pyrophorus noctilucus, the entomologic name of the cucuyo. More
recently Coblents () has found it in Photinus pyralis, Photinus cor-
rusus, and Photuris pennsylvanica, and the author has found it in
Photinus consanguineus, P, scintillans, and Lecontea lucifera. 1t is
also present in the larva of Photinus pyralis, and in other lampyrid
larvee. Dubois (* * *) regarded this substance as a glucoside,
analogous to esculin (a glucoside which is present in the bark of the
horse-chestnut, and whose solutions possess a blue fluorescence),
wh:iu the present author (7) concluded that it had an alkaloidal
nature, and not at the time being aware that Dubois had offered the
name ‘‘Pyrophorine” for the fluorescent material from the eucuyo,
suggested the name ‘‘Lucifereseeine” for the substance from the
Lampyridae, Neither view as to its chemical nature is at all definite,
however, and more work will be necessary to elucidate this point.

Fluorescent extracts of the pyralis are produced by extraction with
aleohol, ether and water, but not by chloroform, benzene, or carbon
tetrachloride. The fluorescent material is not precipitated by lead
acetate, mercuric chloride, ammonium sulphate, nor chlorplatinie
acid. It appears to be a solid at ordinary temperatures, though as
emitted by the insect it is contained in a sticky exudation, which
goon hardens in the air.

Luciferesceine dissolves readily in liquid ammonia, the solution
presenting the blue fluorescence characteristic of aqueous and aleo-
holic solutions, the solution itself being very pale yellow.

Dubois seems to have regarded this substance as of use to the
insect in transforming useless into visible radiation, and thus improy-
ing the quality or intensity of the emitted light; and he states that on
this theory he first advanced the idea of the use of fluorescent mate-
rials with artifieial illuminants to improve the quality of the light,
as is now done in the use of rhodamine with the mereury vapor are.
Two things, however, stand in the way of the acceptance of the view
that the fluorescent property of this substance is of use to the insect;
first, the internal juices of the insects (at least of Photinus pyralis)
are slightly but distinetly acid, and it has been found that even a
weak acid reaction destroys the fluorescence; second, Ives and Co-
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blentz (ante) photographed the spectrum of the fluorescent light from
solutions of luciferesceine and of the emitted light of the fire-fly
itself, and showed that the spectra are almost complementary, and
that the fluorescent spectrum does not appear on the plates of the
emitted light of the insect, although these plates were sensitive to
the wave-lengths embraced in the fluorescent spectrum. In any event
the intensity of the fluorescence of the material in a single insect would
be too slight to have any appreciable effect in modifying the color of
the emitted light. (See Cnh]ﬁﬂutz () ). In fact it seems probable
from the work of Tappeiner and Iodlbauer (%) that if the substance
should actually fluoresce in the bodies of the inseets, it would kill
them. Pigments and other substances showing fluorescence are not
unccmmon in animals ; Stibel () has claimed that all animal
tissues exhibit fluorescence when exposed to ultraviolet light, while
Arndt (private communication) states that he has obseryed the
presence in most inscets of substances which are fluorescent under
the influence of the X-rays.

Personally, the writer is inclined to regard the fluorescence simply
as an incidental property dependent on the structure of some com-
pound frequently met with in insects of this nature, much as Jordan
(4) regards the fluorescent pigment of Bacillus fluorescens liguefaciens.

Dr. Coblentz finds that these fluorescent extracts exert a strong +
rotation on polarized light.

5. BIOLOGIC RELATIONS OF THE PHENOMENA.

There has been a good deal of discussion as to the signifieanee of
the photogenic functions for the forms possessing it. There are
four recent papers of considerable importance in this connection.

Galloway (@) [Galloway and Welch (®)] has observed the use of
“phosphorescence” as a mating adaptation in an Odontosyllid, Odento-
syllis Enopla Verrill, this apparently being the first instance in which
the relation between this function and the reproductive life of the
organism has been definitely established. MeDermott (**) has con-
firmed the old and frequently over-looked observation of Osten-
Sacken (**) that the photogenie function plays an important part in
the mating of Photinus pyralis, and has extended the observation to
a few other species of Lampyridae. Mast (**) has confirmed this
result as applied to Photinus ardens, and brought out the bearing of
the phenomenon on the problems of phototaxis and orientation.
Lund (* %) has made observations on Odontosyllids, Lampyrids,
and Elaterids, which tend to support the observations recorded in
the above-mentioned papers. An extended study of the relation of
the photogenie function to the reproduetive life of a large number of
species of Lampyridae of different genera would be of great interest,
especially as the females of a great many of the species of this family
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are unknown, while in some other instances, the females alone are
known. A number of observations of the relations between size of
eyes, length and complexity of antennse, and the development of
the photogenic function in the sexes have been made, the extreme
of which appears to be reached in forms like Phengodes laticollis,
where the male is winged, has very large eyes, large, plumose
antennae and is non-luminous, while the female is intensely luminous
from & large number of photogenic organs, is entirely apterous, has
very small eyes, and only rudimentary antennae.

The reported luminosity of midges (Chironomus) has long been a
matter of curiosity and speculation. It has at last been proven by
Tssatschenko (*)—as was previously suspected—that the light emis-
gion in these insects is due to bacterial infection, apparently patho-
genic. This strongly recalls Giard's observation (¥) of the patho-
genie relation of a species of photogenic microorganism to Talitrus.
It may also have a confirmatory value toward the explanation offered
by Distant (%) of the alleged luminosity of Fulgora. In view of the
known propensity of owls to hide during the day in hollow trees,
and the frequent infection of such trees by photogenie molds, ete., it
seems that a similar explanation might be advanced for the occasional
instances in which these birds have been reported to be luminous,
such as those cited by Dobbs and Moffatt ('), and Purdy ().

A number of observers have, at various times, reported the lumi-
nosity of various species of earth-worms. Walter (*) attributes this
property to the secretion of certain glands in the skin of the worm,
which is of interest when considered with the studies of Galloway
(= ®) on the related marine Odontosyllids, and those of Kutschera
(*) on Achaloe; in this latter instance the luminosity appears to have
& defensive function.

So far as marine forms in general are concerned, the photogenic
function appears to have a variety of uses, its significance to a given
organism depending on the method of life of the species. Alecock (')
brings out this variation in the use of the function in marine organ-
isms very well. Nutting (*) has also had a very interesting paper
on this phase of the subject. With the increasing knowledge of the
existence of light-giving structures in numbers of species of fish,
cephalopods, crustanceans, and many lower forms, the views as to
the use of such organs to their possessors are gradually broadening,
and the conception of the conditions of life in the depths of the sea
becoming more and more definite and interesting.

Several studies of the structure and development of the luminous
organs in various fish have been made, perhaps the most interesting
and complete of which are those of Greene (*") and Gatti (*'); neither
of these papers can be conveniently quoted here, but both are
important.
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It seems to the author that the question of the relation of the
photogenic function to the lives of the creatures possessing it has
not had the attention it deserves. Reliable and definite observations
are scattered, and sometimes conflicting, and there is much ground
that has not been eovered that would form an inviting field for some
extremely interesting biologic studies.

Moore (®*) has made the interesting observation that ecertain
luminous marine organisms show a diurnal periodicity of light-
emission, even when kept in complete darkness for several days;
this periodicity shows itself by the appearance of light at approxi-
mately the same time in the evening and its cessation at about dawn,
even though the creatures are kept away from light during the whole

time of observation. '

CONCLUSION.

We can not say now what possibilities lie before us in the discovery
of the “secret of the firefly,” particularly as to the kind of “oil” he
uses in his little lamp. Perhaps it will be discovered and turned to
practical account. The emitted light of the firefly is far from being
a good light for peneral illumination, in spite of its high luminous
efficiency, on aceount of the very limited range of color effects pos-
gible under it. A single firefly has been variously estimated to give

from ¢y (Coblentz,*) to vy (Langley and Very,*) of a candle power,
s0 we would need quite a high “firefly power" to light our homes
and streets by biophotogenic light. There are still many gaps in our
knowledge of this interesting subject, in spite of the large amount of
work that has already been done, but one by one we hope to close
these up and discover the secret of the cheapest form of light.
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The term * organic evolution implies that existing organisms are
children of the past and the parents of the future. As biologists we
hold that this order of things is the result of natural processes of growth
and change working throughout past ages; in fact, that existing
plants and animals are the lineal descendants of ancestors on the
whole somewhat simpler in organization, and that these are derived
from still simpler forms, and so backward to preCambrian geo-
logical periods, when we have reason to believe that living organic
matter first came into existence on the earth. Of one thing we may
be sure, which is that evolution, according to the above definition,
depends on the fact that the living substance which constitutes the
essential part of organisms on the one hand is capable of passing
its form and functions on to its descendants, and on the other hand
possesses an organie changefulness which we call variability.!

Organic evolution implies a definite structural arrangement and
combination of an aggregate of elements into a form which constitutes
a unit or cell; one or it may be a mass of these units form the body
of an organism. This form of matter is known as protoplasm or the
basis-substance of life, because the complete series of phenomena
which collectively we call life are manifested through the instru-
mentality of this kind of matter.?

The protoplasm of living cells, among its other constituents, inva-
riably contains a chemical compound known as protein, a wonder-
fully complex substance, Forinstance, the protein which exists in our
red blood cells is said to be composed of molecules having a chemical
formula of Cee Hye NyeFeO,q,, whereas the formula of water is H,0.
And just as the peculiar properties of water are given to it hy the

1 Hepodlity, by J. Arthor Thomsan, p. 12, Lendon, J. Murmy, 1008,

1 Thiss phenomena include the power possesed by llving protoplasma of replacing Ity worn-out elemenis
from surrounding materials without changing its form e (unctlons, of reproducing i ke, of resplring,
and by chamieal action of forming ensymes; I3 ls also capatie of being modified by external and internal
forces i such & way oa to bakome n tranaformer of energy into peyehizal and olber procemsest. .
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properties of the hydrogen and the oxygen which combine to form it,
so the marvelous properties of protein are due to the assemblage of
the properties of the carbon, hydrogen, and other elements which
enter into its composition. The molecules of pretein, in some at
present unknown way, are built up so as to form the still more
complex body, living protoplasm.!

The fundamental principle we have to bear in mind is that living
protein, without alteration in its chemical composition, is capable of
existing in & multitude of forms. As Prof. W. B. Hardy states, all
proteids are not the same proteids; there are proteids of men, others
of beasts, others of fishes, and others of birds.. The properties of a
complex substance like protein are defined not so much by the kind
of atoms or number of elements of which it is built up, as by the
structural arrangement and the motion of those atoms in space.?
He gives as an example the molecules of two chemical substances,
benzonitrile and phenylisocyanide, each of these being composed of
seven atoms of carbon, five of hydrogen, and one of nitrogen. There
is a small difference in the arrangement of these atoms; this differ-
ence so alters the properties of the two substances that one is & harm-
less fluid with an aromatic smell; the other an offensive poison. Tt
is evident from the complex nature of the elements of a proteid that
its molecules must be of far larger dimensions than the molecules of
inorganic substances; but the larger the size the greater the proba-
bility of variation of its elements in detail by the action upon them of
various forms of energy. As we have elsewhere stated, it is, we hold,
in consequence of the unique structural arrangement and motion of
the elements which constitute protoplasm, that it acts as a trans-
former of chemical and other kinds of energy into phenomena char-
acteristic of living matter.®

The majority of persons who have studied the subject are of opinion
that organic evolution is a natural process, the existing orders of ani-
mals and plants having been progressively developed out of specially
adapted protoplasmic elements. Nevertheless, a considerable num-
ber of educated people have misgivings on this subject, for they fail
to comprehend how, if the various classes of animals have been gradu-
ally evolved out of & common form of organic matter, it comes to

that some of them should possess a nervous system, through
means of which they have gained the power of guiding their actions

1 Tha Dootrine of Evolation, by Frof IL E. Crampton, p. I

¥ Sclence Progress, vol. 1, p, 195

l:tmyh.hmnLhununhmmqmnthmmnmnhmﬂﬂd:mhumbr
{lse s of mints mmonnts of mits.  The salts may b washed out, but ts effects remain and exert & direct
{nfluence on the suceesding malectulnr events, so far this setlon lasts for all time in the alwence of srtive
ehemicnl intervention. See Journal de Chem. Fhysique, vol. 2 and 3, pp. 61, 50; Human Speech, by N,
C. Macnsmars, Tntarnstionn] Bejentific Serfes, vol. 95, p. 12

ProL Vills, in kis admimbls work on Contemporry h:rhdm.um""a'hnt we call “llie or biologioal
orpanimtion is the result of 5 pecullar combination of elementa,” pp. 268, 371
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by intelligent thought, while other classes of beings, derived from the
same forms of matter, have failed to develop these powers, their
movements being goverfled by automatic and reflex processes. In
attempting to give a reason for this state of affairs, we assume that
at a certain stage of our earth’s formation an aggregation of elements
came into existence such as that to which we have above referred.
Our object is, if possible, to ascertain under what conditions and
demonstratable properties, this organic matter has developed into
the orders of animals and plants now living in the world.

In attempting to master the complex mass of phenomena which
are involved in the solution of & problem of this kind, there is only
one rational course to pursue in order to get a view of its cause; we
must invent an hypothesis—that is, we must place before ourselves
some more or less likely supposition respecting the cause; and,
having framed our hypothesis, we must endeavor, on the one hand,
to prove that the supposed cause exists in nature, that it is com-
petent to account for the phenomena, and that no other known
cause is competent to account for them.?

Various hypotheses have from time to time been promulgated to
account for the natural evolution of animals and plants. Of these
theories two at present occupy the serious attention of biologists,
The one known as Darwin’s hypothesis, or natural seléction, assumes
the progressive evolution of the simpler into more complex orders
of beings, The other is De Vries's hypothesis of mutation, which
assumes that new species of animals and plants have suddenly been
produced from preexisting fully formed beings.?

We may best appreciate Darwin’s hypothesis by referring to his
own remarks on the subject. He states that in his opinion “animals
have descended from at most only four or five progenitors, and plants
from an equal or lesser number. This would lead us one step further,
namely, to the belief that all animals and plants have descended
from some one prototype.” * We may suppose that the primeval
prototype began by producing beings like itself, or so slightly affected
by external influences as at first to be scarcely distinguishable from
their parent. When the progeny multiplied and diverged, they came
more and more under the influence of *‘natural selection,” and thus
through countless generations under the operation of this law human
beings were finally developed.

Darwin refers to the multitude of the individuals of every species,
which from one or another cause perish either before or soon after
attaining maturity. He states that in consequence of the struggle

1 Evelution Thrwinian amd Spencerian. The Herbert Spencer Lectare, by Raphsel Meldola, F. R. 8.,
p. 20, Also Homan Speech, by N. C, Macnamara, p. 12,

* Hoxley's Esays, Phenomena of the Origin of Matter, Everyman's Libeary Edition, p. 247,

* Bpecies nod Varketies: thelr Origin by Muotation, Heredity, and Evelution. Hy Hugo de Vries.

4 Origin of Species, p. 4584
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for existence, any variation however slight, and from whatever cause
proceeding, if it be in any degree profitable to an individual of any
species in its infinitely complex relation to other beings, and to its
environment, will tend to protect that individual and will generally
be inherited by its offspring. Darwin calls the principle by which
ench slight useful variation of an organism was preserved, the principle
of natural selection, in ofder to emphasize its relation to man's power
of selective breeding. For it is well known that by careful selection
of the stock, we can adapt organic beings to our own use through
the accumulation of slight but useful variations. Natural selection,
however, is a power constantly ready for action, and is as immeas-
ursbly superior to man's efforts as the work of nature is to that
of art.!

Darwin repeatedly insists on the fact that natural selection could
not have been effective, unless very long periods of time were allowed
for its complete action. It is evident that time must have been an
all-important factor if we are to suppose, that by the interaction of
the inherent properties possessed by the elements of living organic
matter, its structural arrangement became gradually meodified in
siich a way, that the existing classes of animals and plants have been
evolved out of it. For, as the late Prof. Huxley states, natural
selection implies not only the existence of organic matter, but also
its tendency to transmit its properties, and its tendency occasionally
to vary; and lastly, given the conditions of existence, that these
put together are the cause of the present and the past conditions of
organic nature.

The only evidence we can bring to bear on the subject of the pro-
gressive evolution of the animal kingdom is derived from a study of
their fossil remains, in the various geological strata of our own, and
other parts of the world® The length of time these strata have
taken to form is an open question, but we may be sure that our
chalk rocks, for instance, consist of the shells of marine species of
animals, and that these remains of onee living beings must have
taken long periods of time to have been deposited layer upon layer at
the bottom of thesea. Darwin states that the fineness of gradation in
the shells of successive substuges of the chalk formations led him
to maintain the gradual as against the sudden evolution of species.
The fossil shells in these rocks have been thoroughly investigated by
Mr. A. W. Rowe, who states that “the white chalk of England offers

i Omn the Origln of Bpecies by Means of Natural Seleetlon, by Charles Darwin, M. A, 185, o 81,

1 Many aof the attacks made upon (he hy pothesis of natural seloction have been founded on the fmgper-
fection of geologienl records to show the transitional links, which, secording to fhis theory, must have
oonnectid the claely silied specles of animals, - 1f, however, we take (nto sccount the perinkable nature of
the bodimand lmbaol thes ereatimes, the robable changes thal have coctiresd ln Uhe merface of Uhe sarth
slnece thay were deposited, and the Im perfect state of our geolagical records, wo can read iy nnderstand tha
renson for thers bilng miming linlks in the fomsil remains of former geologioal periods,
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an almost unique field for observation, on account of its thickness
(considerably over 1,000 feet), its slow, uniform, and continuous
deposit in a sea of moderate depth, with no closely adjacent land,
the abundance and wonderful state of preservation of its fossils,
together with the facility with which they ean be cleared of their
chalky eovering."? .

Among the most common chalk fossils is the flattened, heart-
shaped ses-urchin. These are first found in their shelled, sparsely
ornamented forms, from which spring, as wo ascend the zone, all
the other species of the genus. The progression is unbroken and
minute in the last degree. We can connect together into continuous
series each minute variation and each species of gradation of strue-
ture so insensible that not a link in the chain of evidence is wanting,
In the other common ses-urchin of the chalk, although evidence
derived from the details of structure is not equally available, that
afforded by the gradual variation in shape as we ascend through
the zones of formation is convineing and complete. Equally clear
proof of continuous evolution is provided by the study of the belem-
nite Actinocamax. Although this genus reaches at definite zonal
levels a sufficiently accentuated degree of variation in its intrinsie
character to warrant, for purely stratigraphical purposes, the use of
trivial titles, the fact remains that these so-called species are but
landmarks in the progressive and unbroken evolution of a single
though somewhat plastic genus. The bearing of this evidence upon
the question of continuity or discontinuity in evolution is of para-
mount importance. Nowhere has evidence been collected so fully as
in the case of the white chalk; nowhere have such conclusive proofs
of continuity in evolution been established.?

Prof. W. B. Scott, referring to the evolution of the existing species
of horses, states that in the Lower Tertiary deposits of North America,
““each one of the different Eocene and Oligocene horizons has its
characteristic genus of horses, showing a slow, steady progress in a
definite direction, all parts of the structure participating in the
advance—which, it should be emphasized, the changes are gradual
and uninterrupted.” This series of fossils points to the fact that
existing species of horses are derived from individuals less highly
capable of evading enemies, and obtaining food; that is, they point
to progressive improvement through long periods of time in structural
arrangement of this species of animals.

Prof. E. B. Poulton was much impressed by the series of mammalian
skulls from the Lower Tertiary beds of North America, aganged in

1 Darwin and his Modern Crities, by E. B. Foulton. The Qoarterly Reviow, July 1900, p. 19.

2 Prof E. B. Poulton. The Quarterly Review, p. M, July, 1008,
3 The Cambridge Darwin Memarial Volume, p, 190,
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the American Museum of Natural History, New York, in the order of
succession in time as determined by the strata from which the [ossils
had been taken. One series showed the most gradual and continuous
modification in the characters of teeth, anothera similarly continuous
evolution of horns, >

Again, the well-known fossil Archaeopteryx, found in a series of
slates in Germany, would certainly seem to constitute a link between
groups now widely separated by divergence in evolution from the
same ancestors. This animal is at once a feathered flying reptile
and a primitive bird with many reptilian structures. Although
Archaeopteryx was a primitive bird, it is in a true sense a *‘link”
between reptiles and the group of modern birds; the gap between
these types is filled up by fossil forms like Hesperornis, whose remains
are found in strata of a later date. *“That these links are not unique
is proved by numerous other examples known to science, such as
those which connect amphibia and reptiles, ancient reptiles, and
primitive mammals, as well as those which come between the differ-
ent orders of certain vertebrate classes. The important element in
these examples of evolution is, first, their adaptation; secondly, the
origination of new parts, and thirdly, the retention of the better
invention."” * Ewvidence of this kind does not enable us to decide
upon the cause of evolution; but in the instances referred to pro-
gressive development has occurred gradually, and not by mutation
or sudden leaps? On the other hand, they have much to do with
the building up of the fittest. As Darwin states: “The tendency
to the preservation (owing to the severe struggle for life to which
all organic beings at some time or generation are exposed) of any
variation in any part, which is of the slightest use or favorable to
the life of the individual which has thus varied, together with the
tendency to its inheritance. Any variation which was of no use
whatever to the individual would not be preserved by the process
of natural selection.” *

Arnother kind of evidence favoring the ¥ea of the progressive
evolution of human beings from simpler orders of animals is the
presence of what are known as nonfunctional vestigial structures,
relics of past phases of existence, such, for instance, as the unused
axternal muscles of our ears and rudimentary third eyelids; the
gillclefts of reptiles, birds, and mammals, and the hind limbs of
whales. The study of these vestigial structures is of importance
in showing that ancestral features have great power of hereditary

1 Ths Dactrith of Evolution, by Prof. 7. E. Crampton, p. 9.

B E, B. Poulton, The Quarterly Review, July, 1909, p. I8,

2 More Lotters, 1. Pp, 138, Quarterly Review, July, 19000, p. 2. Also The Evolotlon of Living Pur
posive Matter, by N. C. Macnamarn, vol. 7, International Selentific Series, pp. 2, 51
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persistence. These traces of ancestral history are intelligible only by
means of the hypothesis of natural selection.!

Prof. G. Elliot Smith insists on the fact that a knowledge of the
evolution of the brain affords us a reliable and important elue in
understanding the factors which have led to the making of mammals
what they are, as well as supplying evidence to show whence they
came. Ho demonstrates the fact that from the earliest development
of the structures forming the cerebral cortex (or that portion of it in-
cluded in the neopallium), its function has been to regulate “‘skilled™
movements of the animal's body.? The superior development. of
the brain of Pithecanthropus with its rudimentary sensori-motor
center of speech, gave this order of beings an advantsge over its
nearest competitors, the anthropoid apes, and as the progressive evo-
lution of the brain of man was raised to a higher standard by the
exercise of his skilled movements, so his psychical powers increased,
and led him to manufacture weapons and implements of warious
kinds, and to appreciate the use of fire to aid his brute force.
Thus the gap between man and apes widened more and more as the
reasoning power of the former increased through successive gen-
erations.” }

Having thus given an outline of the evidence which leads us to
aecept Darwin's hypothesis as being ss near an approximation to the
truth as, for example, the Copernican hypothesis was to the true theory
of the planetary motions,* we must refer to some of the reasonable
objections that have been advanced against this theory.

As far back as the year 1863 Huxley found he was unable, without
reserve, to accept the theory of natural selection, because although in
his opinion this theory accounted for the structural origin of species,
it was incapable of explaining their physiological differences.® For,
he argued, it was & well-known fact that distinet species in a state of
nature were, when crossed, incapable of perpetuating the species. On
the other hand, selective hreeding was incapable of producing species
which on crossing were, as & rule, sterile. Sinee Huxley's time,
however, it has been proved that fertile pairing between distinct
species of animals is by no means a rare occurrence.®

We have already referred to another difficulty experienced by
many educated people in accepting, without reserve, the theory of
natural selection; they are unable to conceive how slight beneficial

t Heredity, by Prol. J. A. Thomsaon, p. 127,

* British Association for the yoar 1911. 8ec. D. * The Origin of Mammals.""

# Prof. H. E. Crumpton, “The Doctrios of Evolution,™ p. 175 Enmapﬂ.hrh C. Marnamars,
P 210, figs. 57 and 42

4 Herxley's Essays, po 1006

* Huxley's Essays, p. 28

#J. A. Thomson on Heredity, pp. 239, 357,

S8734°—su 1011—24
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varistions in the structural arrangement of the protoplasmic ele-
ments of living organisms could have become established, and sub-
sequently developed in succeeding generations, in the constantly
changing environment (climatic and otherwise) to which these organ-
isins must have been exposed. It certainly seems necessary, that the
modes of energy which, by their action on the living elements of
protoplasm had caused its molecular modifications, should have con-
tinued to act on these elements for considerable periods of time, in
order that these beneficial wariations should be established and
become hereditary. This objection, if valid, would seem seriously
to affect the soundness of the foundations on which the theory of
natural selection rests, This difficulty, however, is one capable of
being satisfactorily met; for there is good reason to suppose that, in
spite of the adverse influences to which primitive organisms must
have been subjected, certain of the forces acting upon their living
protoplasm have been continuously in operation; such, for instance,
as that form of energy we call light, which we may suppose by its
constant action on these elements gradually changed their molecular
structures, and adapted them to its own specific mode of action.

To illustrate our meaning we may take, as an example, the develop-
mént of structures such as those which enter into the formation
of the eyes of two different classes of animals, viz, mollusks and
vertebrates.

It seems probable that these structures were derived from a com-
mon ancestral stock, for they both consist of similar tissues adapted to
concentrate a definite mode of energy on a specialized form of nervous
eloments, which, in conjunction with work performed by corre-
sponding cerebral matter, gives rise to visual sensations. There is,
however, a difference in the arrangement of the internal stroctures
of the eyes of mollusks and vertebrates, especially in those tissues
which sre concerned in the adjustment of the focus of the eyes to
near and distant objects, and also in its nervous apparatus., The
question is: How are we to account for these differences, supposing
the eyes of these creatures to bave been evolved from a common
ancestral stock ?

It seems unlikely that the delicate tissues entering into the for-
mation of the eyes of vertebrates and mollusks have been built up on
similar lines by the play of chance variations in their protoplasmic
elements, produced in response to the action of a constantly varying
environment. Even supposing slight identical beneficial changes
in the living matter of these structures had thus been effected, this
action must have been persistent, otherwise these molecular changes
would soon have become obliterated; but, as above stated, it would
be different supposing light acted continuously and directly on the

L '+ ns to change its molecular structure and
protoplasmic elements, so as &g
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to adapt it 1o its own specific mode of action. The resemblance of
the tissues of the eyes of vertebrates and mollusks would thus be
referable to an identical force or cause. The more and more complex
eyes of vertebrates would be something like the deeper and deeper
impression of light on a substance, which, being organized, possesses
a special aptitude for receiving it.!

In many unicellular and some invertebrate beings, red spots of
coloring matter may be seen on their outer surface. These are known
as “eye-spots,” for in some of them lens-like structures exist which
are analogous to those of the eyes of the higher orders of animals.
There is reason to suppose that by the action of light on the substance
forming these eye-spots, organisms possessing these structures are
enabled to distinguish light from darkness. Animals having more
highly developed eye spots secem to be sensitive to alterations
in the intensity of light; their rudimentary organs of vision may
therefore, in a vague way, assist these organisms to guide the move-
ments of their bodies.?

There must have been very many stages in the evolution of eye-
spots into structures such as those which constitute the eves of
mollusks und vertebrates, and some of these stages may be traced
from one to another through the ascending order of beings. Each
stage consisting in the purpesive adaptation of the structures entering
inte the formation of the eye to the requirements of each order of indi-
viduals. Beyond this natural selection is no longer operative, because
a further specialization of structures entering into the construction
of the organ of vision would not assist this particular order of beings
in their struggle for existence. It would, for instance, be of no advan-
tage to a scallop, as it is to human beings, to possess a complex
arrangement of structure adapted to instantaneously focus its eyes on
near and distant obhjects.®

8o fur as our knowledge extends regarding existing orders and
species of animals, we do not find any indications of sudden changes
taking place in the structures entering into the construction of their
organs of vision. On the other hand, we ean account for their
undoubted progressive development by supposing their eyes to have
been evolved by the continued action of light on living matter, which
under the operation of the laws of natural selection has gradually
been molded into a form adapted to respond to this mode of energy.
In other words, the action of light on the living purposive elements of

1 Creative Evolution, by H. Bergson, p. 71 It Is as Prof Crampton meemarks ( Doctrine of Evolution,
P-21) that organisms are in o trus sonse com pllested chemien] mechanisme sdapted to meet the conditions
under which they must opsrie,

1 The pydimentary eyes of these lower kinds of beings have besn doveloped from the Using protoplasm
of the owter Isyers of their body (sumatic) cells by chemico-physics] sction, the colir prodosing enzyimes
of thisspecialized form of matter belng stimolated and krought Into sotion by energy derived from sun-
light.

1 The Evolation of Living Purposive Matter, by N. C. Macnamars, p. 5
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a differentiated form of protoplasm has gradually produced changes
in the structural arrangement of its molecules, whereby they have
effectively responded to the exigencies of their environment. Strue-
tural changes thus effected have a tendency to become hereditary
qualities. To this extent light may be said to have evolved the
structures which enter into the formation of the eyes of the various
classes of animals. Herbert Spencer, when referring to molecular
changes of the kind to which we have referred, states that there go
on in all organisms certain changes of structure and functions that
are directly consequent on changes in the incident forces, inner
changes by which outer changes are balanced, and the equilibrium
restored—rearrangements which produce an exactly counterbalane-
ing force.! But the result, though as a rule progressive under the
laws of natural selection, is not always so, as for instance in the case
of internal parasites which lack even a digestive tract, because a
stomach is unnecessary in an animal which lives bathed in the
nutrient fluids of its host.

The other hypothesis which we mentioned as, at present, engaging
the attention of biologists to enable them to explain the origin of
new species of animals and plants, is the theory which has been
advocated by the well-known Dutch botanist, Prof. Hugo de Vries.

De Vries, in the preface to his work ‘‘Species and Varieties, their -
Origin by Mutation,” observes that the current belief assumes that
species are slowly changed into new types. In contradiction to this
eonception, the theory of mutation assumes that new species and veiri-
eties are produced from existing forms by sudden leaps, The parent
type itself remains unchanged throughout this process, and may
repeatedly give birth to new forms. These may arise simultaneously,
and in groups, or separately at more or less widely distant periods.

De Vries lays stress on the difference between slight structural
changes in plants, and mutations; the former he holds are subject to
fluctuations and occur continually from one to other generations,
Mutations, on the other hand, are rare and oceur intermittently;
they do not show any ascending law of frequency. Fluctuations do
not lead to a permanent change in the increase of the species unless
there be very rigorous selection, and even then, if the selection be
slackened, there is regression to the old mean; mutstions lead per
saltum to a new specific position, and there is no regression to the
old mean. De Vries maintains that fluctuations do not yield any-
thing really new, they imply a little more or less of characters a.lremi;.r
present; mutations are movelties, they imply some new pattern,
some new position of organic equilibrium.  De Vries holds that no new
species can be established without mutation.  ““When a mutation has

& Principles of Biology, by H. Spencer, vol. 1, pp, 434, 442,
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oceurred a new species is already in existence, and will remain in
existence unless all the progeny of the mutation are destroyed.”
According to De Vries, therefore, species originate by mutation
instead of by continuous selection. He adds: “Natural selection
may explain the survival of the fittest, but it can not explain the
arrival of the fittest.”?

It is clear that De Vries's hypothesis of evolution of species by
mutation, if established, would mean a profound change in the
idleas received from Darwin. The survival of the fittest among a
crowd of fresh elementary species or subspecies ready-made by
mutation is a different conception from that of the progressive
building up of the fittest types, by the improvement through selec-
tion of existing characters and qualities, and the gradunl addition of
a unit here and a unit there to a complex structure of species.?

Darwin, as far back as the year 1859, stated that it was the fine-
ness of gradation in the shells of substages of the chalk formations,
which led him to maintain the gradual, as against the sudden evolu-
tion of species.

The evidence upon which De Vries founds his hypothesis as to
the sudden production of new species from existing types—that is,
by mutations—is largely derived from his own observation of changes
which took place in specimens of plants of the evening primrose (Eno-
thera lamarekiana) he found growing in the sandy soil of a field at
Hilversum. De Vries took seeds from two species of these wild
plants and sowed them in a well-manured garden in Amsterdam.
Seeds collected from these cultivated plants produced, according to
De Vries, seven constant elementary species of the evening primrose;
but these species differed so slightly from one another and from the
parent stock, that we should rather refer them to varieties than as
constituting distinct species. Varieties of this kind might be ac-
counted for by a change of environment, the plants having origi-
nally grown in a sandy soil and been transferred to a well-manured
garden. De Vries, however, attributes the changes observed in
these plants to the latent qualities possessed by the parent stock,
He assumes that the characters of organisms are made up of ele-
ments that are sharply separated from each other, and that at
certain periods these elements become impressed by an impulsive
mutability. It was at one of these periods De Vries supposes he
chanced to secure his evening primrose, henece the changeful state
of the plant and its production of seven elementary species within a
short time.

! Heredlty, by J. Arthur Thomsen, M. A., regho professor of natoral history in ths University of Aber-
deen, pp. 00, U&.
E The Quarterly Review, July, 1900, p. 2. E. B. Ponlton, Darwin and his Modern Crities.
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The history of the Maltese family of Kellein is often referred to
as an example of mutative changes in the case of human beings,
The father and mother of this family had the ordinary number of
toes and fingers, but their eldest son possessed six fingers on each
hand and six toes on each foot. This child; Gratio, subsequently
married and had children, several of them having six fingers and
toes. This malformation was absent in the following generation,
but reappeared in the succeeding family; it then seemed to have
died out. Another remarkable instance of this kind is that of the
flock of Massachusetts Ancon sheep. The deformity which charae-
torized these sheep, however, disappeared in the course of a few
years, it is said in consequence of the introduction of the Merino
sheep into the United States. In both these cases of the sudden
development of monstrosities it ean not be said that new species,
but only varieties, had suddenly come into being. Our knowledge,
however, concerning the evolution of the simpler into complex
orders of plants, like that of animals, must to a large extent be
guided by information we derive from the study of their fossil re-
muins—a branch of science which has only been taken seriously in
hand within the last few years. Palacobotanists of repute, such as
MM. Barrois, Bertrand, and Cayeux, are of opinion that in the
earliest sedimentary or pre-Cambrian formations they have obtained
evidence of the existence of rudimentary animals and plants, in the
ghape of protophytes and protozoans! However this may be, we
know that numerous species of distoms, seaweeds, and fungi exist
in & fossil state in the coal measures of England and other parts
of the world, and that the structure of these beings resembled those
now flourishing. The higher plants, however, on which these fungi
fed ““have changed profoundly since’ the coal-measure epoch,
“stimulated by ever-changing surroundings.”? All the plants
which existed during the Carboniferous period have become extinet;
they were flowerless and otherwise differed from those of the present
dey; but this difference was in outward form, or the grouping of
their eells, rather than in the functions performed by their vascular,
respiratory, and other structures. Thus we find in fossil plants of
our coal mensures a layer of chlorophyll bearing cells situated
beneath their epidermis, indicating the existence of a starch-forming
system, worked by energy derived from sunlight. In each sueceed-
ing geological period the main types of vegetation changed, and
each succeeding change advanced a step toward the types of the
existing flora. It was not, however, until we arrive at the Creta-
ceous epoch that the existence of fossil flowering plants appear.

i Annnal Report of the Bmitheonian Tnstitution for the year 1003, g, 512,
# Ancient Plants, by M. O, Stepes, D, 8o, p. 1635,
8 Julem, p. 40,
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The advent of these plants in the flora of this period, according to
existing fossils, appears somewhat sudden, so much so that palaso-
botanists have been disposed to think that this epoch indicates the
existence of a mutative period in plant life. TIn fact, that during
the time the chalk rocks were forming that plants suddenly all
over the world produced species differing essentially from those
which had preceded them. Tt is necessary, however, to take
into consideration the existence of a group of fossil plants known
as Cyeads, which were probably derived from a common stock
and ““which are in close connection with the ancestors of
modern flowering plants; thus flowering plants can be linked on
to the series that runs through the Cyeads directly to the primitive
ferns.”* 1t is only within the last few years that the important
extinet group of plants—Pteridosperms—has been recognized.
Nevertheless, they form the most numerous plants of the Carbon-
iferous period and have displaced the ferns from the position they
wera hitherto supposed to hold as the dominant plants of the coal
measures, Facts such as these render us eautious in aceepting the
idea that the flowerless flora of the ancient world became suddenly
changed during the Cretaceous epoch into flowering plants. It is
clear that the vascular and reproductive organs of the plants of
ancient geological periods, as they grew taller and came to inhabit
a dry soil, must, under the laws of natural selection, have undergone
certain modifieations. From the microscopical examination of the
tissues forming these primitive plants we find that alterations in their
structure have gradually taken place, culminating in the appearance
of the flowering plants of the Cretaceous epoch.

Dr. M. C. Stopes in the concluding chapter of his excellent work on
“Ancient Plants" (p. 178) states that *“ the group of fossil plants do
not now appear isolated by great unbridged gaps, as they did even
20 years ago;' by means of the fossils either direet connections
or probable links are discovered which connect series and fami-
lies. We may add that plants now growing in the Nile Valley are
similar in character to those represented on the monuments of the
earliest Egvptian dynasties. In the stable elimate and conditions of
the Nile Valley these plants for thousands of years have retained
their character; but if removed to a different soil and climate such as
that of England, in the course of a few generations they become
variable and thus undergo marked modifications. We hold this
result to be attributable to the response of their living protoplasm to
the action of changes of environment, which in the course of time wa
believe, under the influence of natural selection, might possibly lead
to the production of new varieties, if not actual species. The following
details coneerning a remarkable series of variations in certain Fox-

UAncient Flants, hy M. C. Btopes, . 108,
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glove plants appear to afford us reliable evidence in favor of the idea,
that under certain unknown conditions the flowers of s wild plant
may become suddenly and completely altered in character, and that
variations of this description are passed on from one to succeeding
generations by means of the germ cells.!

From a packet of Fox-glove seeds (Digitalis purpurea) sown in the
year 1906, 54 plants were, in June, 1907, planted in a shrubbery of fir
trees with an undergrowth of laurels. Of these plants, 51 grew into
normal Fox-gloves, but the 3 remaining plants were sports, which
we may distinguish by the letters A, B, and C. .

A. In this plant the flowers of the lower half of the stem possessed
only a bifid upper petal and seven stamens united at their bases.
The flowers of the upper part of the spike were normal.

B. A fine, well-grown plant 4} feet high; throughout the whole
length of the spike the flowers consisted of a bifid upper petal, seven
stamens, and style. The upper part of this spike was isolated; it
produced abundant self-fertilized seed.

. The spike of this plant grew to be 5 feet high; from base to apex
its flowers consisted of nine stamens and a style, with no vestige of
It is unnecessary to follow the history of plant A, as it was only the
lower part of the spike in which the flowers were abnormal, and the
stem was not isolated.

Seed tanken from the upper covered part of the plant B, whose
flowers consisted of a bifid petal, 7 stamens, and a style, germi-
nated abundantly; 21 of these plants flowered in 1908. Thirteen of
these 21 plants produced spikes of the parent type, and 8 of the 21
plants produced normal Fox-glove flowers. One of the 13 plants
grew to be 5 feet 1 inch high, its spike producing 1 bifid petal and a
style; but its terminal flower consisted of 22 stamens and a large
flask-shaped carpel (divided into 7 compartments) and style, but
having no corolla; that is, it had no petals. (Asshown in photograph
exhibited.)

The season of 1909 was sunless, with constant rain; consequently,
all covered plants suffered much from mildew, but I mansged to col-
lect some self-fertilized seed from the terminal flower of the plant,
referred to, and this seed germinated snd flowered in 1911, Every
one of the 12 plants I reared from the seed of the terminal flower pro-
duced flowers precisely like the parent. Two of these plants were
isolated and their self-fertilized seed germinated freely (September,
1911).

The seed originally collected from the covered part of plant C
of 1907 had produced plants which, in 1009, gave flowers precisely

1 ¥, €, Maenamars, on Muotations tn Fox-glove Flants. Linnesn Society of Lendon, (enorml Mesting
Mo, 10, 1011 i
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similar to the parent plant. Self-fertilized seed from these plants
(1909) in 1911 produced plants exactly like those of 1907—i. e,
flowers having nine stamens and a style, but no petals. Self-ferti-
lized seed from these plants are now (September, 1911) germinating
freely. Some of the plants, however, of 1909, in place of a tall
single spike, grew some seven or cight shorter spikes, each flower
of which had nine stamens but no petals.

It seems that a certain number of the Fox-glove seeds sown in
the year 1906 contained elements in a condition such as that de-
scribed by De Vries as being “impressed by an impulsive muta-
bility,"” for some of the flowers produced by these sceds were sports.
Seeds from these sports produced their like in 1909; and, further,
these latter plants bore some terminal flowers totally different in
character from the parent sport from which they were derived.
Seeds from these terminal flowers produced their like in the year
1911, so that I have now two different strains of Fox-glove plants
derived from the seed sown in 1906, and these strains have resulted
from self-fertilized flowers—that is, from flowers carefully protected
from insects or other means of cross fertilization. It is, however,
doubtful if these varieties would have been maintained in a state
of nature. While specific stability under constant conditions appears
to be the rule in nature, it is widely different in cultivation. When
& plant is brought under cultural conditions it maintains its type
for some time unaltered, then gives way and becomes practically
plastic.! It is certain, therefore, that before we can accept De
Vries's hypothesis of the origin of species by mutation we must
have further and more conclusive evidence on the subject than that
which is now available. On the other hand, Huxley's conclusion
regarding  the Darwinian hypothesis still holds good. He states
that all species have been produced by the development of varieties
from common stocks; the conversion of these, first into permanent
races, and then into new species, by the process of natural selection,
which process is essentially identical with that of artificial selection
by which man has originated the races of domestic animals, the
struggle for existence taking the place of man; and exerting, in the
case of natural selection, that selective action which he performs in
artificial selection.

The evidence brought forward by Darwin in support of his theory
15 of three kinds. First, he endeavors to prove that species may be
originated by selection; secondly, he attempts to show that natural
causes are competent to exert selection; and, thirdly, he tries to
prove that the most remarkable and apparently anomalous phe-
nomena exhibited by the distribution, development, and mutual

I Noture, Nov, 25, 1007,
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relations of species can be shown to be deducible from the general
doctrine of their origin which he propounds, combined with the
known f[acts of geological change; and that, even if not all these
phenomenn are at present explicable by it, none are necessarily
inconsistent with it; on the other hand, sinee Huxley’s time Darwin's
theory has been strengthened by many new facts.!

| Huxdey's Emays. Everyman's Librury, p. 51 See ulso The Internstioon] Sclentific Beries, vols
Sand 7. EKwgan Paul. Loadon, 1008 and 1910,



MAGNALIA NATUR/E: OR THE GREATER PROBLEMS OF
BIOLOGY !

By D'Ancy Wexrwonrs Teouwrsox, 0. B.,
Professor of Natural History in University College, Dundee ( University of 8¢, Andrews).

The science of zoology, -all the more the incorporate science of
biology, is no simple affair, and from its earliest beginnings it has
been a great and complex and many-sided thing. We can scarce
get a broader view of it than from Aristotle, for no man has ever
looked upon our science with a more farseeing and comprehending
eye. Aristotle was all things that we mean by “naturalist” or
“biologist.” He was a student of the ways and doings of beast and
bird and creeping thing; he was morphologist and embryologist; he
had the keenest insight into physiological problems, though his age
lacked that knowledge of the physical sciences without which phys-
lology can go but a little way; he was the first and is the greatest
of psychologists; and in the light of his genius biology merged in &
great philosophy. '

T do not for a moment suppose that the vast multitude of facts
which Aristotle records were all, or even mostly, the fruit of his own
immedinte and independent observation. Before him were the
Hippocratic and other schools of physicians and anatomists. Before
him there were nameless and forgotten Fabres, Rasels, Réaumurs,
and Hubers, who observed the habits, the diet, and the habitations
of the sand wasp or the mason bee; who traced out the little lives
and discerned the voeal organs of grasshopper and cicadsa; and who,
together with generations of bee-keeping peasants, gathered up the
lore and wisdom of the bee. There were fishermen skilled in all the
cunning of their eraft, who discussed the wanderings of tunny and
mackerel, swordfish or anchovy; who argued over the ages, the
breeding places, and the food of this fish or that; who knew how the
smooth dogfish breeds, two thousand years before Johannes Miller;
who saw how the male pipefish carries its young, before Cavolini;
and who had found the nest of the nest-building rockfishes before

! Presidentil address dellversd to the soosogical section of the British Assoclation Aung. 31, 191l
Reprinted by permlssion from suihor's printed copy.
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Gerbe rediscovered it almost in our own day. There were curious
students of the cuttle fish (I sometimes imagine they may have been
priests of that sea-born goddess to whom the creatures were sacred),
who had diagnosed the species, recorded the habits, and dissected
the anatomy of the group, even to the discovery of that strange hec-
tocotylus arm thet baflled Della Chiaje, Cuvier, and Koelliker, and
that Vérany and Heinrich Miller reexplained.

All this varied learning Aristotle gathered up and wove into his
great web. But every here and there, in words that areunmistakably
the master's own, we hear him speak of what are still the great
problems and even the hidden mysteries of our science; of such
things as the nature of variation, of the struegle for existence, of
specific and generic differentiation of form, of the origin of the tis-
sues, the problems of heredity, the mystery of sex, of the phenomena
of reproduction and growth, the characteristics of habit, instinet,
and intelligence, and of the very meaning of life itself. Amid all the
maze of concrete facts that century after century keeps adding to
our store, these, and such as these, remain the great mysteries of
natural science—the magnalia nature, to borrow a great word from
Bacon, who in his turn had borrowed it from St. Paul.

Not that these are the only great problems for the biologist, nor
that there is but a single class of great problems in biology, for
Bacon himself speaks of the magnalia naturs, quoad usus humanos,
the study of which has for its objects  the prolongation of life or the
retardation of age, the curing of diseases counted incurable, the
mitigation of pain, the making of new species and transplanting of
one species into another,” and so on through many more. Assuredly,
I have no need to remind you that a great feature of this generation
of ours has been the way in which biology has been justified of her
children in the work of those who have studied the magnalia naturm,
quoad usus humanos,

But so far are biologists from being nowadays engrossed in practical
questions, in applied and technical zoology, to the neglect, of its more
recondite problems, that there never was a time when men thought
more deeply or labored with greater zeal over the fundamental phe-
nomena of living things; never a time when they reflected in & broader
spirit over such questions as purposive adaptation, the harmonious
working of the fabric of the body in relation to environment, and the
interplay of all the creatures that people the earth; over the problems
of heredity and varistion; over the mysteries of sex and the phe-
nomens of generation and reproduction, by which phenomena, as the
wise woman told, or reminded, Socrates, and as Harvey said again (and
for that matter, as Coleridge said, and Weismann, but not quite so
well)—by which, as the wise old woman said, we gain our glimpse of
insight into eternity and immortality. These, then, together with
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the problem of the origin of species, are indeed magnalia naturs;
and I take it that inquiry into these, deep and wide research specially
directed to the solution of these, is characteristic of the spirit of our
time and is the password of the younger generation of biologists.

Interwoven with this high aim which is manifested in the biological
work of recent years is another tendency. 1t is the desire to bring
to bear upon our science, in greater measure than before, the methods
and results of the other sciences, both those that in the hierarchy of
knowledge are set above and below and those that rank alongside
of our own.

Before the great problems of which 1 have spoken the cleft be-
tween zoology and botany fades away, for the same problems are
common to the twin sciences. Whaen the zoologist becomes a student
not of the dead but of the living, of the vital processes of the cell
rather than of the dry bones of the body, he becomes once more a
physiologist, and the gull between these two disciplines disappears.
When he becomes a physiologist, he becomes, ipso facto, a student of
chemistry and of physics. Even mathematics has been pressed into
the service of the biologist, and the ealeulus of probabilities is not
the only branch of mathematics to which he may usefully appeal.

The physiologist has long had as his distinguishing characteristie,
giving his craft a rank superior to the sister branch of morphology,
the fact that in his great field of work and in all the routine of his
experimental research, the methods of the physicist and the chemist,
the lessons of the anatomist, and the experience of the physician, are
inextricably blended in one common central field of investigation
and thought. But it is much more recently that the morphologist and
embryologist have made use of the method of experiment and of the .
aid of the physical and chemical sciences—even of the teachings of
philosophy—all in order to probe into propertiesof the living organism
that men were wont to take for granted or to regard as beyond their
reach under a narrower interpretation of the business of the biologist.
Driesch and Loeb and Roux are three among many men who have
become eminent in this way in recent years, and their work we may
take as typical of methods and aims such as those of which I speak.
Driesch, both by ecareful experiment and by philosophic insight;
Loeb, by his eonception of the dynamics of the cell and by his mar-
velous demonstrations of chemical and mechanical fertilization;
Roux, with his theory of autodetermination and by the labors of the
school of Entwickelungsmechanik which he has founded, have all in
various ways, and from more or less different points of view, helped
to reconstruct and readjust our ideas of the relations of embryological
processes, and hence of the phenomenon of life itself, on the one
hand, to physical causes (whether external to or latent in the mecha-
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nism of the cell), or, on the other, to the ancient conception of a vital
element, alien to the province of the physicist.

No small number of theories or hypotheses, that seemed for a time
to have been established on ground as firm as that on which we tread,
have been reopened in our day. The adequacy of natural selection
to explain the whole of organic evolution has been assailed on many
sides; the old fundamental subject of embryological debate between
the evolutionists or preformationists (of the school of Malpighi, Haller,
and Bonnet) and the advocates of epigenesis (the followers of Aris-
totle, of Hnrmr, of Casper Fr. Wolff, and of Von Buaer) is now
discussed again, in altered language, but as a pressing question of the
hour; the very foundations of the cell theory have been serutinized,
to deuida, for instance, whether the segmented ovum, or even the
complete organism, be & colony of quasi independent cells or a living
unit in which cell differentistion is little more than a superficial
phenomenon; the whole meaning, bearing, and philosophy of evolu-
tion has been discussed by Bergson, on a plane to which neither
Darwin nor Spencer ever attained; and the hypothesis of a vital
prineiple, or vital element, that had lain in the background for near
a hundred years, has come into men’s mouths as a very real and urgent
question, the greatest question for the biologist of all.

In all ages the mystery of organic form, the mystery of growth
and reproduction, the mystery of thought and consciousness, the
whole mystery of the complex phenomena of life, have seemed to the
vast majority of men to call for deseription and explanation in terms
alien to the language which we apply to inanimate things; though at
all times there have been a few who sought, with the materialism of
. Democritus, Lucretius, or Giordano Bruno, to attribute most, or even
all, of these phenomena to the category of physical causation.

For the first scientific exposition of vitalism we must go back to
Aristotle, and to his doctrine of the three parts of the tripartite soul;
according to which doctrine, in Milton’s language, created things “by
gradusl change sublimed, to vital spirits aspire, to animal, to intel-
lectual.” The first and lowest of these three, the guz) 3 Operrech,
by whose agency nutrition is effected, is 4 =pdry guyf, the insepa-
rable concomitant of life itself. It is inherent in the plant as well as
in the animal, and in the Linnsan aphorism, vegetabilia crescunt et
vivunt, its existence is admitted in a word. Under other aspects it
is all but identical with the vy aliyred) and yasgrad), the soul of
growth and of reproduction; and in this composite sense it isno other
than Driesch’s ‘‘Entelechy,” the hypothetic natural agency that pre-
sides over the form and formation of the body. Just as Driesch’s
psychoid or psychoids, which are the basis of instinctive phenomena,
of sensation, instinet, thought, reason, and all that directs that body
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which entelechy has formed, are no other than the aleffyrad, whereby
animalia vivunt et sentiunt, and the devoyrad], to which Aristotle
ascribes the reasoning faculty of man. Save only that Driesch, like
Darwin, would deny the restriction of vede, or reasoning, to man alone,
and would extend it to animals, it is elear, and Driesch himself admits}
that he accepts both the vitalism and the analysis of vitalism laid
down by Aristotle.

The mveipa of Galen, the vis plastica, the vis vite formatrix, of the
older physiologists, the Bildungstrieb of Blumenbach, the Lebenskraft
of Paracelsus, Stahl, and Treviranus, ‘‘shaping the ]lh;.‘smal forces of
the body to its own ends,” *‘ dreaming dimly in the grain of the prom-
ise of the full corn in the ear'? (to borrow the rendering of an Oxford
scholar), these and many more, like Driesch’s ““ Entelechy” of to-day,
are all conceptions under which successive generations strive to depict
the something that separates the earthy from the living, the living
from the dead. And John Hunter described his conception of it in
words not very different from Driesch’s, when he said that his prineiple,
or agent, was independent of organization, which yet it animates,
sustains, and repairs; it was the same as Johannes Miiller's conception
of an innate ‘‘unconscious idea."”

Even in the Middle Ages, long before Descartes, we can trace, if we
interpret the language and the spirit of the time, an antithesis that,
if not identical, is at least parallel to our alternative between vitalistic
and mechanical hypotheses, For instance, Father Harper tells us
that Suarez maintained that in generation and development a divine
interference is postulated, by reason of the perfection of living beings;
in opposition to St. Thomas, who (while invariably making an excep-
tion in the case of the human soul) urged that, since the existence of
bodily and natural forms consists solely in their union with matter,
the ordinary agencies which operate on matter sufficiently account
for them.?

But in the history of modern science, or of modern physiology, it
is, of course, to Descartes that we trace the origin of our mechanical
hypotheses—to Descartes, who, imitating Archimedes, said: “Give
me matter and motion and I will construct the universe,” In faet,
leaving the more shadowy past alone, we may say that it is since
Descartes watched the fountains in the garden and saw the likeness

1 Scfence and Philosophy of the Orgunism (Gifford Lecturss), il P, 53, 1908
1 Cit. Jenkinson (Art. * Vitalism* {n Hivbert Jonrnal, April, 1011}, who has glven me ths following qootas
ton: * Das Weltzenkorn hat allerdings Bewusstseln dessen waa {n thm fst und aas [ werden knun, und

trafimt wirkiich davon. Bein Dewumiseln und seine Tralime milgen dunkel genug sein®; Trnrvimmun,
Emcheinungen und Gesetse des orgunlschen Lebens, 1531

¥ % Crzm formanm naturaliom ot corporalium esso now consistat nid fn undone ad materum, efudam
agentis pmme videinr eas prodoeere, cofus et moterinm tronemuotare.  Secundo, qila cum hujusmod! foems
non excedant virtutem et ordinem ot facultatem princdplorum agentiom (o naturs, oolls videtor necessdias
sorum orfginem in prinolpis reducere altlor.  Aquinss, De Fot. Q. L a1, CL Horper, Metaphysics of
the Schocl. [, 1. p. 152,
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between their machinery of pumps and pipes and reservoirs to the
organs of the circulation of the blood, and since Vaueanson's mar-
velous automata lent plausibility to the idea of a “living automaton,”
it is since then that men’s minds have been perpetually swayed by
ono or other of the two conflicting tendencies, either to seek an expla-
nation of the phenomena of living things in physical and mechanical
considerations, or to sttribute them to unknown and mysterious
causes alien to physics and peculiarly concomitant with life. And
some men’s temperaments, training, and even avocations, render
them more prone to the one side of this unending controversy, as the
minds of other men are naturally more open to the other. As Kihne
said a few years ago at Cambridge, the physiologists have been found
for several generations leaning, on the whole, to the mechanical or
physico-chemical hypothesis, while the zoologists have been very
generally on the side of the vitalists.

The very fact that the physiologists were trained in the school of
physies, and the fact that the zoologists and botanists relied for so
many years upon the vague, undefined force of “heredity” as suffi-
ciently accounting for the development of the organism, an intrinsic
foree whose results could be studied but whose nature scemed remote
from possible analysis or explanation, these facts alone go far to
illustrate and to justify what Kiihne said.

Claude Bernard held that mechanical, physical, and chemical
forces summed up all with which the physiologist has to deal: Ver-
worn defined physiology as ““the chemistry of the proteids”; and I
think that another physiologist (but I forget who) has declared that
the mystery of life lay hidden in ‘“the chemistry of the enzymes.”
But of late, as Dr, Ialdane showed in an address a couple of years ago,
it is among the physiologists themselves, together with the embryolo-
gists, that we find the strongest indications of a desire to pass bevond
the horizon of Descartes, and to avow that physical and chemical
methods, the methods of Helmholtz, Ludwig, and Claude Bernard,
fall short of solving the secrets of physiology. On the other hand,
in zoology, resort to the method of experiment, the discovery, fﬂr
instance, of the wonderful effects of chemical or even mechanical
stimulation in starting the development of the egg, and again the
ceaseless search into the minute structure, or so-called mechanism, of
the cell, these I think have rather tended to sway a certain number of
zoologists in the direction of the mechanical hypothesis,

But on the whole, I think it is very manifest that there is abroad
on all sides s greater spirit of hesitation and caution than of old,
and that the lessons of the philosopher have had their influence on
our minds. We realize that the problem of development is far harder
than we had begun to let ourselves suppose; that the problems of
organogeny and phylogeny (as well as those of physiology) are not
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comparatively simple and well-nigh solved, but are of the most
formidable complexity. And we would, most of us, confess, with
the learned author of The Cell in Development and Inheritance, that
we are utterly ignorant of the manner in which the substance of the
germ cell can so respond to the influence of the environment as to
call forth an adaptive variation; and again, that the gull between
the lowest forms of life and the inorganic world is as wide, if not wider,
than it seemed a couple of generations sgo.!

While we keep an open mind on this question of vitalism, or while
we lean, as so many of us now do, or even cling with a great yearning
to the belief that something other than the physical forces animates
and sustains the dust of which we are made, it is rather the business
of the philosopher than of the biologist, or of the biologist only when
he has served his humble and severe apprenticeship to philosophy,
to deal with the ultimate problem. It is the plain bounden duty of
the biologist to pursue his course, unprejudiced by vitalistic hypoth-
eses, along the road of observation and experiment, according to
the accepted discipline of the natural and physical sciences; indeed
1 might perhaps better say the physical sciences alone, for it is already
a breach of their discipline to invoke, until we feel we absolutely
must, that shadowy force of “heredity,” to which, as I have already
snid, biologists have been accustomed to aseribe so much. In other
words, it is an elementary scientific duty, it is a rule that Kant
himself laid down,' that we should explain, just as far as we possibly
can, all that is capable of such explanation, in the light of the prop-
erties of matter and of the forms of energy with which we are
already acquainted.

It is of the essence of physiological science to investigate the mani-
{festations of energy in the body, and to refer them, for instance, to
the domains of heat, electricity, or chemical activity. By this means
a vast number of phenomena, of chemical and other actions of the
body, have been relegated to the domain of physical science, and
withdrawn from the mystery that still attends on life, and by this
means, continued for generations, the physiologists, or certain of
them, now tell us that we begin again to descry the limitations of
physical inquiry, and the region where s very different hypothesis
insists on thrusting itself in. But the morphologist has not gone
nearly so far as the physiologist in the use of physical methods. He
sees so great a gulf between the erystal and the cell that the very
fact of the physicist and the mathematician being able to explain
the form of the one, by simple laws of spatial arrangement where
molecule fits into molecule, seems to deter, rather than to attract,

1'Wilson, op- cit., I.W-i.. P 434, 'InI!; C‘rll‘hlﬂl;l'fm Judgment.
38734°—am 1911—25
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the biologist from attempting to explain organic forms by mathe-
matical or physical law. Just as the embryologist used to explain
everything by heredity, so the morphologist is still inclined to say,
“the thing is alive, its form is an attribute of itself, and the physical
forces do not apply.” If he does not go so far as this, he is still apt
. to take it for granted that the physical forces can only to a small
and even insignificant extent blend with the intrinsie organie forces
in producing the resultant form. Herein lies our question in a nut-
shell. Has the morphologist yet sufficiently studied the forms,
external and internal, of organisms, in the light of the properties of
matter, of the energies that are associated with it, and of the forces
by which the actions of these energies may be interpreted and de-
scribed? Has the biologist, in short, fully recognized that there is
a borderland not only between physiology and physics, but between
morphology and physics, and that the physicist may, and must, be
his guide and teacher in many matters regarding organic form {
Now, this is by no means a new subject, for such men as Berthold
and Errera, Rhumbler and Dreyer, Biitschli and Verworn, Driesch
and Roux have already dealt or deal with it. But, on the whole, it
seems to me that the subject has attracted too little atiention, and
that it is well worth our while to think of it to-day.

The first point, then, that I wish to meke in this connection is
that the form of any portion of matter, whether it be living or dead,
its form and the changes of form that are apparent in its movements
and in its growth, may in all cases alike be described as due to the
action of force. In short, the form of an object is & *‘diagram of
forces—in this sense, at least, that from it we can judge of or
deduce the forces that are acting or have acted upon it; in this strict
and particular sense it is a diagram: in the case of a solid of the
forces that have been impressed upon it when its conformation
was produced, together with those that enable it to retain its con-
formation; in the case of a liquid (or of a gas) ‘of the forces that
are for the moment acting on it to restrain or balance its own in-
herent mobility, In an organism, great or small, it is not merely
the nature of the motions of the living substance that we must
interpret in terms of force (according to kinetics), but also the con-
formation of the organism itself, whose permanence or equilibrium
i3 explained by the interaction or balance of forces, as deseribed in
statics,

If we look at the living cell of an Ameba or a Spirogyra, we see
a something which exhibits certain active movements and a certain
fluctunting, or more or less lasting, form; and its form at a given
moment, just like its motions, is to be investigated by the help of -
physical methods and explained by the invocation of the mathe-
matical conception of force.
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Now, the state, including the shape or form, of a portion of matter
is the resultant of a number of forces which represent or symbolize
the manifestations of various kinds of energy; and it is obvious,
accordingly, that a great part of physical science must be under-
stood or taken for granted as the necessary preliminary to the dis-
cussion on which we are engaged.

I am not going to attempt to deal with or even to enumerate
all the physical forces or the properties of matter with which the
pursuit of this subject would oblige us to deal—with gravity, pres-
‘sure, cohesion, friction, viseosity, elasticity, diffusion, and all
rest, of the physical factors that have a bearing on our problem. I
propose only to take one or two illustrations from the subject of
surface tension, which subject has already so largely engaged the
attention of the physiologists. Nor will I even attempt to sketch
the general nature of the phenomenon, but will only state a few of
its physical manifestations or laws. Of these the most essential
facts for us are as follows: Surface tension is manifested only in
fluid or semifluid bodies, and only at the surface of these, though
we may have to interpret surface in a liberal sense in cases where
the interior of the mass is other than homogeneous. Secondly, a
fluid may, according to the nature of the substance with which it is
in contact, or, more strictly speaking, according to the distribution
of energy in the system to which it belongs, tend either to spread
itself out in a film or, conversely, to contract into a drop, striving
in the latter case to reduce its surface to a minimal area. Thirdly,
when three substances are in contact and subject to surface tension,
as when water surrounds a drop of protoplasm in contact with a
solid, then at any and every point of contact certain definite angles
of equilibrium are set up end maintained between the three bodies,
which angles are proportionate to the magnitudes of the surface ten-
sions existing between the three. Fourthly, a fluid film can only
remain in equilibrium when its curvature is everywhere constant.
Fifthly, the only surfaces of revolution which meet this condition
are six in number, of which the plane, the sphere, the cylinder, and
the so-called unduloid and catenoid are important for us. Sixthly,
the eylinder can not remain in free equilibrium if prolonged beyond
a length equal to its own circumference, but, passing through the
unduloid, tends to break up into spheres, though this limitation may
be counteracted or relaxed, for instance, by viscosity. Finally, we
have the curious fact that in a complex system of films, such as a
homogeneous froth of bubbles, three partition walls and no more
always meet at a erest, at equal angles, as, for instance, in the very
simple case of a layer of uniform hexagonal cells; and (in a solid
system) the crests, which may be straight or curved, always meet,
also at equal angles, four by four, in & common point. From these
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physical facts or laws the morphologist as well as the physiclogist
may draw important consequences.

It was Hofmeister who first showed, more than 40 years ago,
that when any drop of protoplasm, either over all its surface or at
some free end (as at the tip of the pseudopodium of an ammba), is
seen to “‘round itself off"" that is not the effect of physiological or
vital contractility, but is a simple consequence of surface tension—
of the law of the minimal surface; and on the physiological side,
Engelmann, Biitschli, and others have gone far in their development
of the idea. Flateau, I think, was the first to show that-the myriad
sticky drops or beads upon the weft of a spider's web, their form,
their size, their distance apart, and the presence of the tiny inter-
mediate drops between, were in every detail explicable as the result
of surface tension, through the law of minimal surface and through
the corollary to it which defines the limits of stability of the eylinder;
and, accordingly, that with their production the will or effort or
intelligence of the spider had nothing to do. The beaded form of a
long, thin pseudopodium, for instance, of a Heliozoan, is an identical
phenomenon. It was Errera who first conceived the idea that not
only the naked surface of the eell but the contiguous surfaces of
two naked cells, or the delicate incipient cell membrane or cell wall
between, might be regarded as a weightless film whose position and
form were assumed in obedience to surface tension. And it was he
who first showed that the symmetrical forms of the unicellular and
simpler multicellular organisms, up to the point where the develop-
ment of a skeleton complicates the case, were one and all identical
with the plape, sphere, cylinder, unduloid, and catencid, or with
combinations of these. Berthold and Errera almost simultaneously
showed (the former in far the greater detail) that in a plant each
new cell partition follows the law of minimal surface and tends (ac-
eording to another law, which I have not particularized) to set itself
ab right angles to the preceding solidified wall, so giving a simple
and adequate physical explanation of what Sachs had stated as an
empirical morphological rule. And Berthold further showed how,
when the cell partition was curved, its precise curvature, as well as
its position, was in accordance with physical law.

There are a vast number of other things that we can satisfactorily
explain on the same principle and by the same laws. The beautiful
catenary curve of the edge of the psendopodium, as it creeps up its
axial rod in a Heliozoan or a Radiolarian, the hexagonal mesh of
bubbles or vacuoles on the surface of the same creatures, the form
of the little groove that runs round the waist of a Peridinian even
(as I believe) the existence, form and undulatory movements of the
undulatory membrane of a Trypanosome, or of that around the tail
of the spermatozoon of a newt—every one of these, I declare, is a
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case where the resultant form can be well explained by, and can not
possibly be understood without, the phenomena of surface tension.
Indeed, in many of the simpler cases, the facts are so well explained
by surface tension that it is difficult to find place for a conflicting,
much less an overriding force.

I believe, for my own part, that even the beautiful and varied
forms of the foraminifera may be ascribed to the same cause, but
here the problem is a little more complex, by reason of the successive
consolidations of the shell. Suppose the first cell or chamber to be
formed, assuming its globular shape in obedience to our law, and
then to secrete its caleareous envelope. The new growing bud of
protoplasm, accumulating outside the shell, will, in strict accordance
with the surface tensions concerned, either fail to “wet” or to adhere
to the first-formed shell, and will so detach itself as a unicellular indi-
vidual (Orbulina); or else it will flow over a less or greater part of
the original shell, until its free surface meets it at the required angle
of equilibrium. Then, according to this angle, the second ehamber
may happen to be all but detached (Globigerina), or, with all inter-
mediate degrees, may very nearly wholly enwrap the first. Take
any specific angle of contact, and presume the same conditions to
be maintained, and therefore the same angle to be repeated as each,
successive chamber follows on the one before; and you will thereby
build up regular forms, spiral or alternate, that correspond with
marvelous acouracy to the actual forms of the foraminifera. And
this case is all the more interesting, because the allied and successive
forms so obtained differ only in degree, in the magnitude of a single
physical or mathematical factor; in other words, we get not only
individual phenomena, but lines of apparent orthogenesis, that seem
explicable by physical laws, and attributable to the continuity
between successive states in the continuous or gradual variations of
a physical condition. The resemblance between allied and related
forms, as Hartmann demonstrated, and Giard admitted years ago,
is not always, however often, to be explained by common descent
and parentage.’

In the segmenting egz we have the simpler phenomenon of a
laminar system, uncomplicated by the presence of a solid framework;
and here, in the earliest stages of segmentation, it is easy to see the
correspondence of the planes of division with what the laws of surface
tension demand. For instance, it is not the case (though the ele-
mentary books often represent it so) that when the totally segment-
ing egg has divided into four segments, these ever remain in contact
at a singlo point; the arrangement would be unstable, and the position
untenable. But the laws of surface tension are at once seen to be

0L Glard, * Discours inaogurale, ™ Bull. Sclentlt, (i, p. 1, 1858,
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obeyed, when we recognize the little cross-furrow that separates the
blastomeres, two and two, leaving in each case three only to meet ab
a point in our diagram, which point is in reality a section of a ridge or
crest.

Very few have tried, and one or two (I know) have tried and not
sucoeeded, to trace the action and the effects of surface tension in
the case of a highly complicated, multisegmented egg. But it is not
surprising if the difficulties which such a case presents appear to be
formidable. Even the conformation of the interior of a soap froth,
though absolutely conditioned by surface tension, presents great
difficulties, and it was only in the last years of Lord Kelvin's life
that he showed all previous workers to have been in error regarding
the form of the interior cells.

But what for us does all this amount to? It at least suggests the
possibility of so far supporting the observed facts of organic form on
mathematical prineiples as to bring morphology within or very near
to Kant's demand that a true natural selence should be justified by
its relation to mathematies! But if we were to carry these principles
further and to succeed in proving them applicable in detail, even to
the showing that the manifold segmentation of the egg was but an

“exquisite froth, would it wholly revolutionize our biological ideas?
It would greatly modify some of them, and some of the most cherished
ideas of the majority of embryologists; but I think that the way is
already paved for some such modification. When Laeb and others
have shown us that half, or even a small portion of an egg, or a single
one of its many blastospheres, can give rise to an entire embryo, and
that in some cases any part of the ovum can originate any part of
the organism, surely our eyes are turned to' the energies inheront in
the matter of the egg (not to speak of a presiding entelechy), and
away from its original formal operations of division. Sedgwick has
told us for many years that we look too much to the individuality of
the individual cell, and that the organism, at least in the embryonie
body, is a continuous syncytium. Hofmeister and Sachs have
repeatedly told us that in the plant, the growth of the mass, the
growth of the organ, is the primary fact; and De Bary has summed
up the matter in his aphorism, Die Pflanze bildet Zellen, nicht die
Zeolle bildet Pflanzen. And in many other ways the extreme position
of the cell theory, that the cells are the ulimate individuals, and
that the organism is but a colony of quasi independent cells, has of
late years been called in question.

There are no problems connected with morphology that appeal so
closely to my mind, or to my temperament, as those that are related

14 1ch behmarpte aber dam in Jeder boanderen Naturlehrs nurse viol cgeatiichs Wisenschaft angetrafen
werden kilane, als darin Mathemailk snsutrefen (30" Ksat, in Preface to Metaphya. Anfangsgriinde
der Natorwisenschaft (Werks, sd. Hartensteln, vol. fv., p. 360
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to mechanical considerations, to mathematical laws, or to physical
and chemical processes.

1 love to think of the logarithmic spiral that is engraven over the |
grave of that great anatomist, John Goodsir (as it was over that of
the greatest of the Bernouillis), so graven because it interprets the
form of every molluscan shell, of tusk and horn and claw, and many
another organic form besides. T like to dwell upon those lines of
mechanical stress and strain in a bone, that give it its strength
where strength is required, that Hermann Meyer and J. Wolff
described, and on which Roux has bestowed some of his most
thoughtful work; or on the kindred conformations that Schwendener,
botanist and engineer, demonstrated in the plant; or on the **stream-
lines” in the bodily form of fish or bird, from which the naval archi-
tect and the aviator have learned so much. I admire that old paper
of Peter Harting’s, in which he paved the way for investigation of
the origin of spicules, and of all the questions of crystallization or
pseudocrystallization in presence of golloids, on which subject
Lehmann has written his recent and beautiful book. I sympathize
with the efforts of Henking, Rhumbler, Hartog, Gallardo, Ledue,
and others to explain on physical lines the phenomena of nuclear
division. And, as I have said, I beliove that the forces of surface
tension, elasticity, and pressure are adequate to account for a great
multitude of the simpler phenomena, and the permutations and
combinations thereof, that are illustrated in organic form.

T might well have devoted this essay to these questions, and to
these alone. But I was loath to do so, lest I should seem to overrate
their importance and to appear to you as an advocate of & purely
mechanical biology. I believe all these phenomena to have been
unduly neglected, and to call for more attention than they have
received, but T know well that though we push such explanations to
the uttermost and learn much in the so doing, they will net touch
the heart of the great problems that lie deeper than the physical
plane. Over the ultimate problems and causes of vitality we shall
be left wondering still.

To a man of letters and the world like Addison, it came as a sort
of revelation that light and color were not objective things but
subjective, and that back of them lay only motion or vibration, some
simple activity. And when he wrote his essay on these startling
discoveries, he found for it, from Ovid, a motto well worth bearing
in mind, causa latet, vis est notissima. We may with advantage
recollect it when we seek and find the force that produces & direct
effect, but stand in utter perplexity before the manifold and trans-
cendent meanings of that great word cause.

The similarity between organic forms and those that physical
agencies are competent to produce still leads some men, such as
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Leduc, to doubt or to deny that there is any gulf between
and to hold that spontaneous generation or the artificial creation of
the living is but a footstep away. Others, like Delage and many
more, see in the contents of the cell only a complicated chemistry
and in variation only a change in the nature and arrangement of the
chemical constituents. They either cling to a belief in ‘‘heredity”
or (like Deluge himself) replace it more or less completely by the
effects of functional use and by chemical stimulation from without
and from within. Yet others, like Felix Auerbach, still holding to a
physical or quasi physical theory of life, believe that in the living
body the dissipation of energy is controlled by a guiding principle, as
though by Clerk Maxwell’s demons; that for the living the law of
entropy is thereby reversed; and that life itself is that which has
been evolved to counteract and battle with the dissipation of energy.
Berthold, who first demonstrated the obedience to, physieal laws in
the fundamental phenomena of the dividing cell or segmenting egg,
recognizes, almost in the words of John Hunter, a quality in the living
protoplasm, sui generis, whereby its maintenance, increase, and repro-
duetion are achieved. Driesch, who began as a ‘‘mechanist,”” now,
as we have seen, harks back straight to Aristotle, to a twin or triple
doctrine of thesoul. And Bergson, rising into heights of metaphysics
where the biologist, qui biologist, can not climb, tells us (like Duran)
that life transcends teleology, that the conceptions of mechanism
and finality fail to satisfy, and that only “‘in the absolute do we live
and move and have our being.”

We end but a little way from where we began.

With all the growth of knowledge, with all the help of all the sciences
impinging on our own, it is yet manifest, I think, that the biologists
of to-day are in no self-satisfied and exultant mood. The reasons
that for a time contented a past generation call for reinquiry, and out
of the old solutions new questions emerge, and the ultimate problems
are as inscrutable as of old. That which, above ull things, we would
explain baffles explanation; and that the living organism is a living

ism tends to renssert itself as the biologist's fundamental con-
ception and fact. Nor will even this concept serve us and suffice us
when we approach the problems of consciousness and intelligence and
the mystery of the reasoning soul; for these things are not for the
biologist at all, but constitute the psychologist's scientific domain.

In wonderment, says Aristotle, does philosophy begin,! and more
than once he repeats the saying and more than once he rings the
changes on the theme. Now, as in the beginning, wonderment and
admiration are the portion of the biologist, as of all those who con-
template the heavens and the earth, the sea, and all that in them is.

1 Metaph., 1, L, 02, 12, ate,
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And if wonderment springs, &s again Aristotle tells us, from ignor-
ance of the causes of things, it does not cease when we have traced
and discovered the proximate causes, the physical causes, the efficient
causes of our phenomena, For behind and remote from physical
causation lies the end, the final cause of the philosopher, the reason
why, in the which are hidden the problems of organic harmony and
autonomy, and the mysteries of apparent purpose, adaptation,
fitnoss, and design. Here, in the region of teleology, the plain
rationalism that guided us through the physical facts and causes
begins to disappoint us, and intuition, which is of close kin to faith,
begins to make herself heard.

And so it is that, as in wonderment does all philosophy begin, so
in amazement does Plato teach us that all our philosophy comes to
an end.! Ever and anon, in presence of the magnalia naturae, we
feel inclined to say with the poet,

05 ydp e viv e kdyli, did' def more

Zi vadra, xoddelr olfey é5 Brov "eby.
¢“These things afe not of to-day nor yesterday, but evermore, and no
man knoweth whence they came.”

1 will not quote the noblest words of all that come into my mind,
but only the lesser language of another of the greatest of the Greeks:
““The ways of His thoughts are as paths in a wood thick with leaves,
and one seeth through them but a little way.”

! CL Colaridge, Blogr. Lit
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A HISTORY OF CERTAIN GREAT HORNED OWLS.!
[With 8 plates.] :

By Crances R, Krves,

My riences with great horned owls (Bubo virginianus, espe-
cially with s pair under my observation for several years, have often
suggested a contrast and comparison with Mr. Finley’s work on the
California condor. In several respects our subjects and experiences
show & certain broad resemblance. Both birds belong to the family
of birds of prey, the one being the largest of the North American vul-
tures, the other the greatest of all the owls. The condor has passed
into legend and literature as the largest bird of flight and the most
graceful when on the wing; the great horned owl occupies & place no
less important in legend and literature as the symbol of brooding wis-
dom and solemn mystery. In both our studies, too, the rare privilege
was enjoyed of extending our observations over the whole home period
of the bird's life, from the egzs in the nest to the young ready for their
first excursion into the outside world.

In most respects, liowever, our stories are as much in contrast as
they could well be. The condors had their home in one of the wildest
and most inaecessible of Californian mountain regions; from their nest
rim the owls could look out upon five farmhouses, with their numerous
outbuildings, and one schoolhouse, all within & radius of 500 yards,
and all neighbors of other homesteads and schoolhouses set down
in the very peaceful and nonmountainous State of Iowa. The con-
dors, in their wild environment, were tame and well-disposed from the
first and grew constantly more docile as the study of their home life
proceeded, proving to be, apparently, the gentlest of all the raptorial
birds; the great horned owls, with surroundings that would seem to
teach peace, had bad dispositions to begin with, and these con-
stantly grew worse, until, after six weeks of suspense and with the
longest of our claw marks still unhealed, my assistant and T felt a
sense of relief when the young owls finally took to the tree tops,
leaving us with fairly whole physiognomies and the feeling that we

1 Reprinted by permimion from The Cosdor, o magasine of western omlthologT, Hollywood, Cal., vol. 13,
¥, 1, Janunry-Fetroary, 1911, pp. 519,
495
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had done the best we could, under the circumstances, to preserve the
record of an unusual set of conditions, The great lwrnad owls had
proved to be, without much doubt, the fiercest of all the birds of prey.
In one further respect, unfortunately, our experiences were in contrast
to those of Mr. Finley and Mr, Bohlman. We found it impossible,
by any means at our command, to secure satisfactory negatives of the
adult birds.! We were unable to take them at distances of less than 30
feet, and in every case they so blended with their background of gray
bark, or gray bark and patches of snow, as not to be worth while.
We regretted our inability to try the effect of & blind to operate
from, but the mechanical difficulties in the way of such an attempt
demanded more time for their solution than we had to give. We
therefore gave our attention to the nest and contents, or rather as
much attention as the old birds would allow us to give.” As the
adults were necessarily much under observation, it is hoped that a
record of their conduct may add some interest to the present article.
The beautiful deciduous forest, stretching for miles along the
north bluffs of the Cedar River to the west of Mount Vernon, had
by 1800 been reduced to various detached groves of from 10 to 100
or more acres each in extent. About February of this latter year I
was hunting through one of the larger of these groves, which, if one
struck straight across the fields, was only a mile and a half from town.
I remember watching the short, uneasy flights of a great horned owl,
but without locating his mate. I also remember talking with Mr.
MeFarland, a sturdy Scotchman who has occupied his homestead
just across the road from the owls’ hunting grounds since the early
fifties, and learning that “big hoot owls have always been in that
timber.” Soon after the great oaks and hard maples of the sastern
two-thirds of the grove fell under the ax, leaving to the west only a
25-acre remnant and, in the cut-over area, only some old white elms
and a few young maples and lindens. Among these latter the forest
soil soon gave way to a thick carpet of blue grass, and so what had been
heavy forest was gradually transformed into a rather open and still
very beautiful timber pasture. It was taken for granted that the
owls had moved elsewhere, and for s series of years what had been
famous Sugar Grove was practically forgotten. From 1901 on, how-
ever, my way several times led across the pasture and into the timber
tract, and I was surprised to note there each time the presence of
great horned owls, Once or twice I even took some pains to find a
possible nesting site. There appeared to be none, so I concluded
that the owls were merely transients. On February 6, 1906, just at
nightfall & friend and I were walking along the public highway which
1 The portralt of the adult owl shown herewith (pl. 2,) was taken several years ago from & fine specdimen

brought In to the Cornell College biological Iaboratory. The pleture was made by & student of soalogy,
wha left the negalive aa property of the college.
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forms the north boundary of the pasture and the woods. Suddenly
the hooting of big owls boomed out from a near-by linden of the timber
pasture, and there, sure enough, were both birds engaged in ardent
courtship and not minding our presence in the least. They stood
facing each other on the same branch and, with feathers ruffled and
heads bobbing, were hooting in low tones as they side-stepped toward
one another and greeted one another with low bows. Finally they
flew away, side by side, into the timber tract. That these were
transient birds was beyond belief; so, on February 17, after allowing
what seemed to be a fair margin of time, I decided to give the vicinity
a thorough search. To make the story short, the nest was at last found
in the very place where previously it had not seemed worth while to
look. It was not in the heavy timber at all, but in one of the large
elms of ‘the pasture, and, moreover, hardly more than 50 yards
removed from the above-mentioned public road where teams were
constantly passing. Toward the south the view was wild, open, and
picturesque enough; to the west, north, and east, at distances varying
from 200 to 500 yards, were the schoolhouse and farmhouses, ss above
stated.

A more fortunate set of conditions for the study of the owls' homs
life could hardly be hoped for. The short distance from town has
slready been indicated. The nest was in a large shallow hollow,
28 by 82 inches in diameter at the bottom, with an entrance 18 by 20
inches in diameter set at an angle of 45° and facing toward the south-
east. The hollow was only 8 inches deep on the exposed side, thus
permitting fairly good illumination. Of still more importance the
nest site was only 22 feet from the ground and a strategic branch
some Slect above the nest afforded a point of attachment for a ladder
combination from which pictures might be taken. As great horned
owls generally make use of old hawks' nests placed in the tops of the
largest trees the good fortune of this modest elevation can readily
be appreciated. At the very moment when this nest was discovered
a second pair of these birds was domiciled in a redtail’s nest placed
in a tall white elm in heavy timber 34 miles to the northwest and just
92 feet above the ground. Further, the proximity of farmhouses
made certain the necessary supply of ladders and ropes. Mr. Bene-
dict, who lived just across the road and only 200 yards to the east,
and Mr, McFarland, whose house stood only 75 yards farther to
the east, were our interested and generous benefactors. Our oppor-
tunities were indeed great and, as I said, we greatly regretted our
inability to make better use of them.

The weather on February 17 was fairly moderate, with the snow
melting slightly, though the preceding days from February 6 had
been stormy enough, with temperatures as severe as 10 below zero.
But the sitting bird was wonderfully protected from the storm
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winds of the north and west and flushed from three large perfect eggs
that lay in a slight hollow of the decayed wood on the north side
of the eavity. Itseemed to me out of the question, with such temper-
atures as February and March were sure to bring, to obtain any
pistures without having the owls put their date a little later in the
season; so, after a little quick thought, T pocketed these eggs and
went home. My conviction that the owls would not abandon so
ideal a site after a probable occupancy of years was fully confirmed
when, on March 23, three more eggs were found, just like the first
and lying in exactly the same little hollow.

Saturday, April 7, was the first warm day of spring. On this day
Mr. W. W. White, s student in Cornell College, and 1 made the first
attempts to secure pictures of the owls’ home and surroundings.
Mr. White's ingenuity proved greater than my own and to him are to
be credited the scheme for getting a camera within range of the nest
and the successful picture of the eggs in situ. He also took the front
view of the nest tree, looking northwest and showing the general
situstion and the interesting structure of the big elm itself. T merely
helped him with the necessary ladders and ropes. Our two 20-foof
ladders, lashed together and drawn up with a guy rope so as to rest
on the aforesaid strategic branch, made anything but a solid founda-
tion from which to work. Nevertheless all the near views of the
nest were taken from this unsteady perch, the camera being tied
with strings to the sides and rungs of the topmost ladder.

On April 14 two young were found in the nest and the remaining
egg was much pipped. Both young were entirely blind and enly
one gave much sign of life. This was done by uttering a querulous
little note somewhat like that of a very young chicken when-excited
but not sufficiently frightened to peep. The older one was able to
hold its head up slightly while the smaller was entirely helpless.
Both shivered as if from cold, the day being cool and showery.
In the nest cavity were a headless bobwhite and the hind parts of an
adult cottontail rabbit. The weather conditions prevented our
trying to secure a negative. On April 19 only two young were found
in the nest, with nothing at all to indicate the fate of the third egg.
The young appeared quite lifeless, allowing their bills, which were of
a slaty color with darker tips, to rest in the decayed wood of the nest
bottom. The feather sheaths were pushing out on the dorsal and
scapular tracts, and at the tips of these the brown juvenile plumage
was beginning to show. The primary quills were also sprouting but
the festhers themselves were still entirely concealed. The nest
eavity contained a headless adult rabbit and a headless coof, also the
hind parts of a young rabbit about the size of & striped gopher. No
assistant was available on this day. On April 21 the young showed
very mnoticeable increase in size, the brown feathers now showing
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all over the dorsal and scapular aress. The eyes had partially opened
in the form of a rather narrow ellipse. Still quite listless the young
emitted the querulous note ss described but did not snap their
mandibles. The view inside the nest hollow was rather a pitiful one.
In addition to half a coot and half a rabbit (probably the leavings of
two days before) there lay scattered about four young cottontails
hardly as large as an adult striped gopher. Two were whole, one
headless, and only the hind parts of the fourth remained. A high
wind and & chilly day caused Mr. White and me to lose this extraordi-
nary picture. By April 26 the eyes of the young birds were nearly
or quite open, the iris being of & milky yellow or light lemon yellow.
The mandibles, which were now grayish yellow in color, were snapped
vigorously. The primary quills were an inch and a half long, the
feathers just beginning to show at the tips. The food in the nest
consisted of the hind parts of an adult cottontail, an entire striped
gopher and a headless bobwhite. Various feathers of a flicker also
indicated a eapture of this species. I was again without an assistant.
On April 28, with the help of Mr. George H. Burge, I was able to
repeat Mr. White's performance of three weeks before and get a
successful negative of the nest and contents. The young were now
2 weeks old, still quite drowsy and inert, and entirely disinclined to
open their eyes toward the light. The only food in the nest was the
hind quarters of an adult cottontail.

Thus, for 1908, weather conditions thought to be insuperable and
frequent inability to get a helper when one was needed had permitted
a net return of only three good negatives. TFurther trips were made
alone to the owls’ home and a few further observations recorded.
By May 9 the young seemed to have doubled in size and were wide-
awake and combative. In size they were even then, at 3} weeks, as
large in appearance as & two-thirds grown Plymouth Rock hen. In
the nest lay the hind quarters of an adult rabbit, a headless young
rabbit about one-third grown, and a large headless brown rat.
Being awsy from town myself, on May 18 Mr. White, with a student
assistant, went to the timber pasture intending to secure a fourth
picture. The nest was found empty, the owlets having occupied it
this season only about 4 weeks. Soon after that, as I learned from
one of the neighbors, two little girls gathering flowers in the timber
tract came across hoth owlets as they were scrambling along the
ground and evidently still unable to fly. The girls reported the
strange creatures to a hired man who was temporarily in the neighbor-
hood end he hunted up the ‘‘varmints” and clubbed them to death. -
The real neighbors of the owls would not have done this. They were
ull interested in the big birds and all reported that their large flocks
of chickens had not suffered from their presence.
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A further word should be added on the behavior of the adult birds
during the first season. 'With two of us at the nest their demonstra-
tions, although energetic enough, never proved dangerous. Both
birds merely came near, flying back and forth at distances varying
from 30 to 100 feet, snapping their mandibles, ruffling their feathers,
and hooting out vigorous protests. It was different when one person
was at the nest alone. On April 28 I had arrived at the old elm
sbout 20 minutes shead of Mr. Burge and, standing on the next to
the top round of a 20-foot ladder, was making some examination of
the young and the other contents of the nest cavity. The ladder
necessarily stood as nearly vertical as possible to reach the cavity at
all angd, as the big tree was about 5 feet in diameter just below the
hollow, the hold was none too secure. Fortunately a small hori-
zontal branch shot out from the heavy trunk on the northeast side
and against this the top 3 inches of the ladder found some support.
Without this I dislike to think what might have happened when that
stunning blow came in from the south quarter. It was absolutely
unexpected and so violent as to leave the left side of my head
quite numb. With my hand I discovered that blood was running
down my cheek and a quick glance around showed my assailant step-
ping up and down on a nearby limb and clearly ready to come again,
Under the circumstances I slid down the ladder to firmer vantage
ground. The slash, which began on the left cheek and ran scross
the left ear, was rather ugly but not dangerous. Considering the
eight claws of a great horned owl, each 1} inches in length, T had
gotten off easily. Evidently only one claw had taken effect, the,
curvature of the great tree trunk and my clinging position over the
nest rim having given, doubtless, some protection. The numbness
was probably caused by the stroke of a rushing wing.

When on May 9 I was again compelled to visit fhe nest slona I
knew what to expect and so was constanfly on my guard. About 3
seconds’ study of the young birds and nest contents was alternated
with about the same amount of scrutiny of the immediate horizon.
In this way it was possible to define an adult owl’s manner of attack.
Three times on this occasion one of the birds flew in from a neigh-
boring tree and with strong stroke of wing came straight at my
head. It was not at all the stoop of hawk or falcon, but rather
the onrush of a heavy projectile with a very flat trajectory. Like a
large projectile, too, the flight was visible and so all the more disconcert-
ing; unlike a projectile, it was noiseless as a flying shadow. Audubon
speaks of the hunting flight of the great horned owl as possessing
incomparable velocity and, kind reader, I am quite ready to agree
with him. The big bird, perched on a branch from 30 to 50 feet
away, first shifts nervously from one foot to the other, then launches
swiftly into space. There is just time to brace oneself a little, swing



HISTOEY OF CERTAIN GREAT HOBNED OWLS—KEYES, 401

one's cap, and quickly duck one’s head as the great missile rushes
past. The owl keeps straight on her course and alights with heavy
impact on a branch of a neighboring tree. Here she faces about and
very likely comes straight back again. This process became finally
a bit too exciting and, after making certain that the headless quad-
ruped lying in the nest over behind the owlets was just a big house
rat, I slipped down the ladder and went home.

February 7, 1907, was cold and clear after the terrific snowstorm
of the night before. On this day Mr. James R. Smith, a young farmer
of the vicinity who had always been interested in birds and who was
" destined to be my skillful assistant throughout the season, accom-
panied me to the snow-covered timber pasture. ‘As we nppr%mh&d
the nest tree of the year before a fox squirrel leaped from one of the
smaller adjacent trees and, starting up the big elm, ran along the
rim of the great knothole which formed the owls' doorway and
scampered onto a topmost branch. If the owl were at home the
saucy fellow surely passed within 10 inches of her face. For a moment
we felt dubious as to the nest being occupied. As we approached the
tree, however, a great horned owl flew from one of the higher branches,
aroused either by the squirrel or, more likely, by our own approach.
This was more favorable. We gave the tree a few kicks, when the
sitting bird hopped up lightly to the rim of the cavity, looked ncross
the white landscape for several seconds, then spread her nearly 5
feet of wings and flew silently away.

Our first mistake for 1907 was in not looking into the nest on
this first day. Our reasons for not doing so were the belief that the
set of eggs could hardly be complete at this time and especially the
fear that the ege or eggs could not stand exposure even for a short
time on so cold a day. My present belief is that this fear was
unfounded. Just two days later, on February 9, at about 3 o'clock
in the afternoon, I visited the nest again and found the set of three
eogs complete. These were lying in a slight hollow as before, but as
far back in the cavity as possible. Except for a small space about
the egzs the house was filled, even to the doorsill, with snow. It
was a picture, indeed, but one over which we did not dare tarry in
freezing weather. All the eggs were nest stained and it did not look
as if any one of them had been laid thit day. However, this was
uncertain, and I had lost a possible opportunity of learning just when
the set became complete. This was regrettable, for no one seems to
know the period of incubation of an egg of the great horned owl.
The older ornithologists made their guess at 3 weeks. Bendire later
expresses his belief that this period is too short and that 4 weeks is
probably nearer to the truth. I have not determined the point,
though my data still possesses some interest. Toward the end of the

BT —su 1011—26
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month T began to visit the nest as often as possible to ascertain as
nearly as I could when the chicks appeared and how long the hatch-
ing process lasted. It was not until March 6, at 2 p. m., that I found
one of the eges pipped, a small round area no larger than a pea being
broken. On March 7 at the same hour the broken area was the size
of o dime. I could distinetly hear, however, several times repeated,
the low twittered note of the still imprisoned chick. The other eggs
still showed no sign. Bad weather and pressure of other work now
prevented a further visit until March 11 at 2.30 o’clock. Two very
callow owlets were now in the nest and one slightly pipped egg. The
young birds were not completely protected by their white down as
yet, Iaa bare skin being wvisiblesbetween the tracts. On March 16
three young owls of different sizes were found in the nest, one being
quite markedly smuller than the other two. The query remains:
How long does it take a great horned owl's egg to hatch? The above
are the data kept and anyone can make estimates on them. It
seems certain that these birds did not lay an egg oftener than once
in two days and that the period of incubation could not have been
less than 30 days, with the probabilities on the side of a rather longer
period. |

For our second year's work we had the experience of the first to
go on, we were more confident of the owlets’ ability to bear exposure,
and so deeided to photograph them at least once s week, let the
weather offer what it would. And the offerings were of sufficient
variety. On March 16, with the young 4, 6, and 8 days old, approxi-
mately, the temperature was well above freezing and comfortable,
but we were unable to expose a plate until 4 p. m., the sun became
covered with black elouds, and we were on the shady side of the tree.
We were not hopeful, but a long exposure accomplished our purpose.
In addition to the parts of three adult cottontails and one bobwhite,
which the camera shows, u fourth rabbit and a second bobwhite, also
a plump field mouse, do not appear in the picture, being tucked away
under the overhanging roof to the left or buried under other remains.
It was chilly on March 30 and a high wind was blowing in from the
northwest. On April 13 we had a regular northwest gale to contend
with and freezing temperature added. We varied our work with the
camera by runs across the frozen timber pasture. Why it was that
our negatives taken on these last two dates did not show motion we
have never satisfactorily explained to ourselves, for only time expo-
sures could be used. Certain it is that both the big elm and our
nearly 30-foot streteh of ladder were swaying back and forth under
the lash of that roaring wind. The gentle rain that was falling when,
on April 18, Mr. Benedict helped me bring the now lively owlets to
the base of the old nest tree, proved to be really no obstacle at all.
It splashed water against the lens of the camers but the negatives
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gave no sign. The first fine weather of spring was calling forth the
backward buds of the young hard maples when, on April 22, the
owlets posed for the last time on an old oak stump, just east of the
nest tree. The weather encountered on dates not mentioned was
composed of variations of the above, but the rule was freezing tem-
peratures, with high winds. Under all the conditions the young owls
thrived and did not seem to mind seriously our intrusion into their
home life.

During the season of 1907 the food contents found in the nest
cavity wero as follows: Five bobwhites, 2 meadow mice, 1 domestic
pigeon, 1 flicker, 2 American coots, 1 king rail, 19 adult cottontails.
This list is not, of course, an accurate secount of the various captures
brought to the nest. It merely records what was seen there on the
16 trips made. The same bird or mammal was doubtless sometimes
counted twice, and captures were in all probability brought in of
which no remnants were seen. I think not more than 3 different
bobwhites were seen, quite likely only 2, and the number of cotton-
tails is also probably too high. The fact seems to be that both birds
and quadrupeds of the larger size, after being eaten from the head to
the tougher hind parts, were then left two or three days untouched
and finally removed from the nest altogether. These were not
dropped about the base of the tree, however, and in fact no trace of
food remnants was found at any time except in the nest itself.
That some refuse was removed from the nest seems probable from
such facts as the following: The above-mentioned 2 bobwhites, 1
meadow mouse, and 4 rabbits found in the nest cavity on March 16
were all in fairly whole condition, aside from the heads. On March
23 parts of 5 rabbits were found, represented by the hind quarters
only, and 1 bobwhite with the breast eaten away. These were
mostly rather desiceated remnants and I took them to be, for the
most part, leftovers from the week before. On March 30 the nest
was entirely clean except for a freshly killed white pigeon. Generally
speaking, the nest eavity was well kept, a fact which seemed to indi-
cate removal of the excrement of the young by the old birds.

Qur second season's active work with the owls was not without its
exciting features. Twice when alone I had had, in spite of close
watchfulness, pretty close brushes with one of the old birds. But it
was not until the young were removed from the nest for the last two
attempts to get clearer pictures that there was any real element of
danger. With the three pugnacious owlets grouped on the ground
at the base of the nest tree, both old birds now closed in, teetering
and dancing and hooting on branches about 30 feet from our heads
or brushing close past us as they took up new positions or sought for
an opening. Mr. Benedict, who was my helper this time, literally
stood guard over me as, with camers close to the ground, 1 stooped
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under the focusing eloth. Except for his full-voiced yells and well-
aimed sticks I am sure my position would have been utterly untenable.

The last try for pictures, when the young were placed on the old
stump a few feet to the east of the big elm, did not pass off so smoothly.
Whether the city friend who had become interested in the proceed-
ings and who was this time trusted as my bodyguard was less effective
with voice and missiles than he should have been, or whether the owls
no longer feared an ordinary demonstration, it would be hard to say.
Two of the youngsters were already on the oak stump and I was
somewhere aloft in quest of the third. Presumably I was either just
reaching over the nest rim for the last snapping owlet or else had just
started down with him. My memory has never been clear on the point
nor was my excited friend ever able to elucidate fully. At any rate
my position for the moment must have been strategically bad. The
sharp cry “‘Look out” barely gave me time to duck my head, when
a resounding whack was administered across my shoulders. This
was not damaging, but the return stroke would come quickly and
doubtless be better placed. It came and I ducked again, but not
quite far enough, or possibly not at exactly the right instant. The
shock was profound. The list of damages showed three scalp wounds
from 1 incl to nearly 3 inches in length, while my cap had disappeared
entirely from the scene. This was later found under a tree some
hundred yards to the south, a punctured souvenir of our last intimate
contact with the great horned owls.

After each sitting the young were replaced in the nest and two
days after the stormy last one, on April 24, the house was found
empty and the family was in the treetops. It will be noted that the
owlets remained in the nest about two weeks longer in 1007 than in
1006. Omne voungster was in the very top branches of the old elm
of his nativity, fully 50 feet above the deserted home or more than
70 feet above the ground; another was 100 yards away in the timber
tract and some 18 feet up in a linden; both were motionless and
inconspicuous among the budding branches. 1In the time at disposal
the third brother could not be found. Two days before this the
young had shown neither inclination nor ability to fly. It seems
certain that no one of them could have mounted a vertical distance .
of 50 feet through any powers of his own. The conclusion seems
inevitable that in some way the old birds carried the young to the
places where I found them. But the secret belongs to the owls, for
no one witnessed the leave-taking.

A little more than two months passed by and on a walk through
their now heavily folisged retreat two great heavy owls, seemingly,
and doubtless actually, larger than adults, were startled from the
ground near some prostrate tree trunks, from which they flew slowly
into the nearby trees. Almost at the same moment a third dropped
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from the lower branches of an oak and took up a new position deeper
in the shadows of the woods. So far as mere size was concerned the
owlets had reached and even surpassed the adult owl estate, though
probably still under the care and tutelage of their elders. From now
on they would need to shrink and harden into the strength and agility
necessary to enter the competition of adult owl life and maintain
themselves in the general struggle for existence.

February of 1908 again found Mr. Smith and me rapping anxiously
at the old elm of the timber pasture. ‘With the facilities at our dis-
posal we could accomplish little more with the young birds, but
during the year we had formulated a plan by which there might be a
bare possibility of securing a portrait of the old owl as she sat within
her doorway. Our hopes were raised by the reports of both Mr.
Benedict and Mr. McFarland that, as the nesting season approached,
the owls had been heard hooting as usual. Our misgivings began
when we found piled about the nest tree the cordwood from a number
of the neighboring young lindens. The old nest cavity was found
. empty. The owls were able to endure intrusion into their home life
for two seasons, but evidently did not take kindly to radical changes
in their immediate environment.

A mile west of the old home is another forest fragment of perhaps
60 acres and in this a pair of red-tailed hawks had built their bulky
aerie in a tall white-ash tree, 75 feet from the ground. Following
the custom of most of their tribe when suitable hollow trees are no
longer to be had, the big owls appropristed this new refuge and in it,
in spite of rain, sleet, snow, and wind, suceessfully raised their brood,
To be sure we had no exact proof that these were the very owls with
which we had dealt in other years, nevertheless we felt morally certain.
The new locality was the nearest available one and for many years,
until 1908, had not boasted its pair of owls.

The years 1909 and 1910 add nothing new to the history of the
owls except that in the former year a January gale destroyed the nest
in the ash tree and the valiant pair were apparently forced to a new,
but similar, retreat. Their history, so far as we were concerned, was
a closed one. During the season of 1907 I had located five pairs of great
horned owls within a radius of 7 miles of Mount Vernon. None of
these could be intimately studied except the pair whose history I have
tried to trace. In February of 1910 I again tried to locate breeding
birds of this species, but without success. In spite of the big fellow's
tenacity in clinging to a locality once chosen, in spite of his clever-
ness in escaping observation, it almost seems now that the coming
of the shotgun arniy and the going of the protecting forests were
gradually making the great horned owl, along with many another
species without which the woods are stiller and humanity poorer, in
the more settled parts of our country at least, & member of a slowly
vanishing race. -
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PLaTE 1.

Genlihear

THE HOME OF THE GREAT HORNED OwLS A3 TAKEN oN APRIL 7,719086.



PLATE 2.

Senatheonisn Repet, 1

Fia. 1.—ADULT MALE GREAT HoRNED OwL: DuminGg A Dav's
CarTiviTy HE was SILENT, PROUD, AND DEFIANT.

Fia. 2.—A PoRTioN of THE OwWLE HUNTING RANGE AS SEEN FROM THE Puauic HigHway:
MNEST TREE ON EXTREME RIGHT. ¢



PLaTE 3.

Timeer TRACT AND ENVIRONMENT ARE SEEN IN

PARCRANMIC VIEW.

~—THE OwLs NESTING TIME; FROM TOWN TH

Fia. 1

5T CAVITY 15 IN ITSELF A NATURAL CURIOSITY; VIEW MNORTHWEST

. 2. —~THE OLD ELM WITH THE Mg

F



PLATE 4.

Smitksoninn Repart, 1911 —Heym.

FEBRUARY 7, 1907; THE GRAY PLUMAGE AND WHITE THROAT PATCH OF THE OLD OwL
BITTING ON THE RIM OF THE MNEST CaviTyY BLEND PERFECTLY WITH THE BaARK aMD

SNOW.
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AN L

Fia. 1.—MarcH

16, 1907: wHERE THE DEAD aRE Morg IN EVIDENC AN

B, anD 8 Davys OLD.

ameia A 1007 Dl ETa 1R 20

AND 22 Davys OO



PLATE 6.

Fia. 2.—AraiL 18, 1907; AT THE BASE oF THE OLD NEST TREE: Youna 37, 39, aND 41 Davs OLD.



Smithaonlan Report, 1911 —Heyes PLATE 7.

Fig. 1.—ApPfIL 22, 1807; DorsaL AND LATERAL VIEWS; AcEs 41, 43, AND
45 Dars,

Fia. 2.—APRiL 22 18907; A FRONTAL VIEW; Two Davs LATER ALL WERE IN
THE TREE ToOPs
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Tre OwlL Home oF 1908; A Van Look ALOFT.



THE PASSENGER PIGEON.
[With 1 colored plate.]

Accotunta by Perr Kanu (1759) and Jomx James Avoupox (1831).

[The former habitat of the passenger pigeon ( Ectopistes migratorius} as given by the
American Ornithologists’ Union check list (third edition, 1910) i= as follows:

“Bred formerly from middle western Mackenzio, contral Keewntin, central Quebec,
and Nova Scotia south to Kansas, Mississippi, Ponnsylvania, and New York; win-
tered principally from Arkansns and North Carolina south to central Texas, Louisiana,
and Florida; casunl in Cuba, eastern Mexico, and Nevada; now probably extinet,”

There<s one living bird left. This is in the Cincinnati Zoologienl Gardens:

The canses of the extermination of this pigecn are chiefly the greed of civilized
man. The destruction of forests within its range grestly reduced its natural food
supply, and the killing (by netting, shooting, clubbing, ete.) of enormous quantities
in the end produced the same effect ua with the bison. When these pigeons were still
numerous great numbers wern used in trap shooting.

In a wild state the pigeon became extinet about the year 1000—poasibly a fow
lingerad after that date, yet Mershon® estimates (p. 92) that o total of 1,000,000,000
were killed in the Michigan  nesting ” of 1878.]

I.—A DESCRIPTION OF THE WILD PIGEONS WHICH VISIT THE SOUTH-
ERN ENGLISH COLONIES IN NORTH AMERICA, DURING CERTAIN
YEARS, IN INCREDIBLE MULTITUDES. f

By Pemm Katx (1750).2
In North America there is a species of wild pigeons® which, com-
ing from the upper part of the country, visits Pennsylvania and
others of the southern English settlements during some years, and
in marvelous multitudes.
They have, however, already been deseribed and exeeedingly well
illustrated in lively colors by the two great ornithologists and match-

1 Readers wishiog to pumoe the sabject further should consult W. B. Mermbon's book, The Vasenger
Pigran, 1007, Xew York, from which the colored plate herewith b reproduced.

t Transiated by 8. M. Grooberger from Kongl. Vetenskape-Aksdemiens Handlingsr, e ar 1708, Vol
20, Btockholm, 1758, Reprinied by permisdon from The Auk, Vol 28, Jen., 1915

& The numes given by omithologists and others Lo tse pigeons are s fallows:

Columba (macroure) conde cuneformd longa, prctore purpurdserate. Ling. Byet. X, T. I, p. M0k
Owlumba macrours. The long-talled dove. Edwards's History of Birds, T. I, p. 15, & 15

Pelumbur migratoriae. ‘The plgran of passage. Cateshy's Nab. Fist. of Carolina, Vol. I p. 71, . 28,
Dutvar, Vilks Dufvor [pigeana, wild pigrons], s called by the Swedes in New Sweden.
m.mmb,lhtqﬂlilnlﬁﬂhnmﬂn.

Tourtes, by the French in Canada.
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less masters of bird drawing, Catesby and Edwards; but as I have
had occasion to notice with regard to the deseription proper and
especially as regards the living habits of these pigeons various things .
which these gentlemen have either left entirely unmentioned, or
which at their places of residence they have not been able properly
to ascertain, it is my desire to deliver a short account of this subject
before the Royal Academy of Sciences, using the notes from my

Although these pigeons have been splendidly illustrated by ornith-
ologists, they have not been able to reproduce their beautiful colors
in true accordance with nature, in one respect, at least: the color
indicated on either side of the neck should extend much higher up.
[Technical deseriptions follow in Latin and are here omitted.]

The size of these pigeons is about that of a ringdove.

Their long tail distinguishes them from other pigeons.

The splendid color which the male and the female have on the
gides of the neck and even a little beyond it is also peculiar in that
the feathers in that region are as if covered with a finely resplendent
copper [color], with a purple tint, which back of the neck shifts
more into green, particularly with reference to its pesition toward
the light. Rarely is this color more finely reproduced than in this
bird. Mr. Cateshy ealls it a golden color, but it can hardly be
termed that,

In the copy of Mr. Catesby’s work which I have seen both the
head and the back are of u darker color, and the breast is also of
a redder color than the bird sctually has. This I could very well
see when I laid a recently killed male beside Mr. Catesby’s figure,
as it is the male which is reproduced in his work. Mr. Edward
[sic] has entirely omitted the above-mentioned eopper color both
in his description and his figure. It may be that some of the young
ones do not have it; but it was found on all those which I have
handled, and which were killed in the spring.!

Quite a number of these pigeons may be seen every summer in
the woods of Pennsylvania and New Jersey and the adjoining prov-
inces, in which region they live and nest; and it is very seldom
that & greater number of them are not observed there in the spring,
during the months of February and March, than in the other seasons
of the year. But there are cortain years when they come to Penn-
sylvania and the southern English provinces in such indescribable
multitudes as literally to appall the people. I did not, however,
have the opportunity of witnessing such personally (although the
spring of the year 1749, when 1 was there, was considered as one of
those in which a greater number of these pigeons appeared than had

$ Edwards's figure repreents o iistinet speciis of another geuns, namsly, the Columbe {=Zenuidurg)
ST
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been the case for some years previously; yet it was not one of the
perticular or more unusual ones); but all persons who had observed
these happenings and lived long enough to remember several of
them recited several incidents connected therewith. Some had even
made short notes of various details, of which I will eite the following:

In the spring of 1740, on the 11th, 12th, 15th, 16th, 17th, 18th,
and 22d of March (old style), but more especially on the 11th, there
came from the north an ineredible multitude of these pigeons to
Pennsylvania and New Jersey. Their number, while in flight,
extended 3 or 4 English miles in length, and more than 1 such mile
in breadth, and they flew so closely together that the sky and the
sun were obscured by them, the daylight becoming sensibly dimin-
ished by their shadow.

The big as well as the little trees in the woods, sometimes covering
a distance of 7 English miles, became so fillad with them that hardly
& twig or a branch could be seen which they did not cover; on the
thicker branches they had piled themselves up on one another’s backs,
quite about a yard high.

When they alighted on the trees their weight was so heavy that
not only big limbs and branches of the size of a man’s thigh were
broken straight off, but less firmly rooted trees broke down completely
under the load.

The ground below the trees where they had spent the night was
entirely covered with their dung, which lay in great heaps.

As soon as they had devoured the acorns and other seeds which
served them as food and which generally lasted only for a day, they
moved away to another place.

The Swedes and others not only killed a great number with shot-
guns, but they also slew a great quantity with sticks, without any
particular difficulty; especially at night they could have dispatched
as many as their strength would have enabled them to accomplish,
as the pigeons then made such a noise in the trees that thc}' could
not hear whether anything dangerous to them was going on, or
whether there were people about. Several of the old men assured
me that in the darkness they did not dare to walk beneath the trees
where the pigeons were, because all through the night, owing to their
numbers and corresponding weight, one thick and heavy branch after
another broke asunder and fell down, and this could easily have
injured a human being that had ventured below.

About a week or a little later subsequent to the disappearance of
this enormous multitude of pigeons from Pennsylvanin and New
Jersey, & sea captain by the name of Amies, who had just arrived at
Philadelphia, and after him several other seafaring men, stated that
they had found localities out at sea where the water, to an extent of
over 3 French miles, was entirely covered by dead pigeons of this
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species. It was conjectured that the pigeons, whether owing to a
storm, mist, or snowfall, had been carried away to the sea, and then
on account of the darkness of the following night or from fatigue,
had alighted on the water and in that place and manner met their
fate. Tt is said that from that date no such tremendous numbers of
this species of pigeon have been seen in Pennsylvania,

In the beginning of the month of February, about the year 1729,
according to the stories told by older men, an equally countless mul-
titude of these pigeons as the one just mentioned, if not a still larger
number, arrived in Pennsylvania and New Jersey. Even extremoly
aged men stated that on three, four, five, or several more oecasions
in their lifetime they had seen such overwhelming multitudes in these
places; and even the parents of these people had in their turn told
them that the seme phenomenon had occurred several times during
their own lives; so that 11, 12, or sometimes more years elapse
between each such unusual visit of pigeons.

From Lawson’s History of Carolina (p. 141), I see that in the winter

of 1707, which was the severest known in Carolina since it was settled
by Europeans, an equally awe-inspiring number of these pigeons had
made an appearance in Carolina and the other southern English set-
tlements, driven thither by causes which I will now mention.
_ The lenmned and observant Dr. Coldon told me that during his stay
in North America, where he bad been since the vear 1710, at his
country place, Coldingham, situated between New York and Albany,
he had on two distinet oceasions, although at an interval of several
years, witnessed the arrival of these pigeons in such great and unusual
numbers that during two or three hours, while they flew by his house,
the sky was obscured by them, and that they presented the appear-
ance of a thick cloud.

All the old people were of the opinion that the months of Febru-
ary and March is the single season of the year when the pigeons swoap
down upon Pennsylyania and the adjacent English provinees in such
marvelous quantities; at other seasons of the year they are not to
be seen in any great numbers.

The cause of their migrations from the upper part of the country
in such great quantities at this season is twofold—first, when there is
& failure of the crop of acorns and other fruit in the places where they
otherwise generally spend the winter, thus rendering their supply of
food insufficient to last until the ensuing summer; and, second, and
chiefly, when an unusually severe winter with abundant and long-
remaining snow happens to occur in their customary winter haunts,
thus covering the ground and making it impossible for them to secure
theacorns, beechnuts, and other fruit and seeds on which they otherwise
feed at this season; in such cases they are forced to leave these locali-
ties and seek their food down along the seacoast, where the winters,
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owing to the sea air, are always milder, and the ground more and
earlier free from snow. Experience has shown that both of these
circumstances have caused their migrations to take place in such
great multitudes.

A peculiar fact, and one which older persons have unanimously
maintained to be true, is that on all oceasions which they could
remember, when the pigeons appeared in such great numbers, there
had always been during the preceding autumn, in Pennsylvania and
adjacent localities, an abundant erop of acorns and other arboreal
seads, excelling that of several previous years; but during their stay
the pigeons had so carefully searched and ransacked all possible nooks
and corners that after their departure it was almost impossible to
find a single acorn in the woods.

Several extremely aged men also declared that during their child-
hood there were, in summertime, many more of the pigeons in New
Sweden than there are now; the cause of this is that the country is
at present much more populous and cultivated and the woods more
cleared off, and as a result the pigeons have either been killed off or
scared away. :

As nearly all the inhabitants of Pennsylvania and the English set-
tlements in the South did not quite know whence these numberless
swarms of pigeons came from, they entreated me to ascertain, during
my journeys in the interior of the country, where so many were to be
found in summertime, what their food and other economic require-
ments were at that time of the year, and so on. During my journey
to and within Canada I found the desired oeccasion of learning all of
this, which I will now briefly relate.

When toward the end of June, 1749 (new style), I had left the
English colonies and set out for Canada through the wilderness which
separates the Knglish and French colonies from each other, and
which to a great extent consists of thick and lofty forests, I had an
opportunity of seeing these pigeons in countless numbers. Their
young had at this time left their nests, and their great numbers dark-
ened the sky when they oceasionally rose en masse from the trees into
theair. Insome places the trees were full of their nests. The French-
men whom we met in this place had shot a great number of them, and
of this they gave us a goodly share. These pigeons kept up a noisy
murmuring and cooing sound all night, during which time the trees
were full of them, and it was difficult to obtain peaceful sleep on
account of their continuous noise. In this wilderness we could hear
in the nighttime, during the calmest weather, big trees collapsing
in the forests, which, during thesilence of the night, caused tremendous
reports; this might in all probability be ascribed to the pigeons, which,
aceording to their custom, had loaded a tree down with their numbers
to such an extent that it broke down; although other causes might
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also be found, whereof more is mentioned in the third volume of my
American Journey. The additional observations which I hadocca-
sion to muke as to their economy and manner of life during my stay
in North America, both in Canads, the wilderness of the English colo-
nies, and in the land of the savages, are as follows:

The birds spend the entire summer in Canada, and particularly do
they nest in the vast wild forests and wastes which abound there,
where no men are to be found and where seldom any human being
ventures. When in summer a person travels through these forests
he might easily become terrified by the enormous number of these
birds, which in some places almost entirely cover the branches of the
trees, and when taking wing obscure the sky. These pigeons have,
however, their distinet boundaries, outside of which they do not often
venture; us, for example, somewhat south of Bay St. Paul, which is
20 French miles north of Quebee, not very many of them nest in the
woods; and the eause of this is said to be that the oak and the beech
tree, which supply them with their principal food, are here arrested
in their growth, and grow no farther north.

In forests where there are human settlements, or where the country
is inhabited, only a few are to be seen; and as the land is being gradu-
ally cultivated by man the pigeons move farther away into the wilder-
ness. It is maintained that the cause of this is—partly that their
nests and young are disturbed by boys, partly their own sense of a
lack of safety, and finally that during a great part of the year their
food is shared by the swine.

They build their nests in high trees, pine trees as well as deciduous
ones; often as many as 40 or 50 nesis are to be found in the same
tree.

Some maintain that they raise two broods of young every summer,

In places where they nest in abundance the ground is often covered
with their droppings to a thickness of 1 to 2 feet.

While these birds are hatching their young, or while the latter
are not yet able to fly, the savages or Indians in North America
are in the habit of never shooting or killing them, nor of allowing
others to do so, pretending that it would be & great pity on their
young, which would in that case have to starve to death. Some
of the Frenchmen told me that they had set out with the intention
of shooting some of them at that season of the year, but that the
savages had at first with kindness endeavored to dissuade them
from such a purpose, and later added threats to their entreaties
when the latter were of no avail.

In Canada it is almost everywhere the custom for young farm
hands and boys to investigate where the pigeons have their nests,
and as soon as the young are able to fly they are taken from the
nest and brought to the farm, where they are afterwards kept in
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suitable quarters and industriously fed, whereupon they are killed
and eaten. To make doubly sure that they do not escape, one
of their wings is generally cut short, so that even in case they do
get out they can not fly away. Such nestlings have a good appetite.
thrive comfortably, become quite tame, and within a short time, if
well taken care of, accumulate so much fat that they afford a most
palatable dish.

For food these pigeons select the following fruits, which I will
name in the order that they mature:

Seeds of the red-flowered maple (Acer); these mature in Penn-
sylvania at the end of May, but somewhat later farther north.

Seeds of the American elm (Ulmus americana); these mature in
Pennsylvania in the beginning or middle of June, but farther north
somewhat later. When on our journey through the wilds between
Albany and Cannda we cut up some of the pigeons which the French
had shot and given us, their crops were generally found to be full of
elm seeds.

Mulberries, which ripen in Pennsylvania in the beginning of June
(new style), are relished by these pigeons almost above everything
else. During my stay in the last-mentioned locality, in 1750, I
noticed that as soon as the mulberries became ripe the pigeons put
in their appearance in great numbers. Wherever a mulberry tree
grew wild it was at this time generally full of pigeons, which devoured
the berries. They often caused me much vexation, because if T had
located a mulberry tree in the woods with the intention of securing

‘seeds when the berries became ripe and it should happen that I did

not watch out for the proper time, the pigeons had generally, in the
meanwhile, been so industrious in their picking that on my arrival
scarcely a single berry was left. If some of them were shot the others
generally flew away a little distance, but returned within a few
minutes to the same mulberry tree; so that a person who owned
such trees found no difficulty to obtain daily a sufficient quantity of
choice meat as long as the mulberries lasted.

They consume all kinds of grain with the single exception of corn,
which is left untouched by them, although it has other enemies.
I noticed that they were particularly fond of the following kinds of
grain:

They ate rye, although not with particular avidity, but rather
as if in the absence of something else more palatable. Some persons
assured me that they had seen with their own eyes how these pigeons,
during summer time, when they had come to a ripe wheat field,
alighted on the fences, vomited up the rye on which they had pre-
viously feasted, and then swooped down upon the wheat field, where
they gorged their crops with wheat, as being more appetizing.
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Wheat is one of their most coveted foods, which may be seen
from what has already been stated, as well as from many another
experience. As soon as the wheat fields become ripe they swoop
down on them in enormous numbers and take considerable toll
of them, When the wheat is stacked up in the field they also visit
it and devour all too much of it, if they should happen to be in the
least hungry. In the fall, when the wheat is recently sown, they
alight in full force in the fields and not only pick up the grains which
are more or less in broad daylight but also poke up those which the
plow has not sunk sufficiently deep. In order to prevent such a
damage boys as well as others are seen at this season of the year
running around armed with guns and other “ contraptions™ to kill or
scare them away. On such occasions, however, they are not in
general particularly timid, especially the young ones, so that when
a few of them have been shot at a stack the others oftentimes fly
away only a short distance to another stack, and hence the gunner,
albeit he has made some lucky shots, generally becomes exhausted
before the birds become scared. In Pennsylvania th's species of
grain, as well as the rye, commonly ripens about midsummer (old style)
and sometimes earlier, but farther north it ripens later.

Buckwheat they are also very fond of, and levy considerabls
tribute on it. The buckwheat matures in Pennsylvania in the
middle of Septamber (old styla).

The berries of the tupelo or sour-gum tree (Nyssa) they also
consume with great avidity. In Pennsylvania these ripen in Sep-
tember. This tree does not grow in Canada.

Most forests in North America consist of oak, of which arboreal
genus there are several species; of these the greater part have nearly
every year a great number of acorns which in the sutumn fall off in
such quantities that quite often the ground below the oaks is covered
by them one hand high and sometimes more. These serve as food
for several kinds of animals and birds, as, for instance, squirrels of
several species, forest mice, wild pigeons, ete., in addition to which,
in places inhabited by BEuropeans, they serve as the staple food of
hogs during the greater part of the year, During certain years the
numberless swarms of wild pigeons already described come to Penn-
sylvania and the other English provinces in search of these acorns.
In Pennsylvania and other localities in North America the acorns
mature in September and the following months.

They are also very fond of beechnuts. There is a great abundance
of beech trees in Canada, but farther south they grow somewhat more
sparsely. In Canada the nuts become ripe in the middle of Sep-
tember. These, together with ncorns, constitute the prinecipal food
of the pigeons during the entire latter part of the fall and throughout
the winter.
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In addition to the kinds already enumerated, they also consume
various other seeds and berries of trees and plants which grow in
this country.

The trees above referred to, the seeds and berries of which the
pigeons are so fond of, grow in the forests of North America nearly
everywhere in great abundance. In a good many places, especially
farther inland, oaks, elms, beeches, and the red-flowered maple con-
stitute almost alone, with the addition of the walnut tree, the entire
forest tract. Thus it will be seen how the all-wise Creator, even in
the ease of these birds, has so wisely adapted the size of the food sup-
ply to the number of mouths to be fed.

I have also observed that the pigeons have a special fondness
for the kind of soil which is much mixed with common salt [alka-
line deposits]; this soil serves them as food, as a spice to blend with
the food, or for its medical properties, I do not know which. At
the salt springs of Onondago [sic], in the tribe of the Iroquois Indians,
where the soil is 50 strongly mixed with salt that the ground during
a severe drought becomes entirely covered with it and as white as
frost, making it impossible for plants to grow, I noticed with aston-
ishment, in the month of August, 1750, how covetous the pigeons
were of this kind of soil. The savages in Onondago had built their
huts on the sides of this salt field, and here they had erected sloping
nets with & cord attachment leading to the huts where they were
sitting; when the pigeons arrived in swarms to eat of this salty soil,
the savages pulled the cords, inclosing them in the net, and thus at
once secured the entire flock. At certain times, when they came in
such numbers that the ground could hardly be seen for them, the
savages found it more advisable to use a gun, as by a single discharge
of birdshot they could sometimes kill as many as 50 or more; and
this proved a splendid source of food supply.

These wild pigeons fly in the same manner as other pigeons; and
as soon as they have alighted in a tree or other place they have a
habit of making a clapping sound with their wings which, according
to some, is a signal for all the others to alight. At times, and when
they have had sufficient food, they are quite timid, especially the
old birds. Therefore, when one wishes to shoot them it is best to
walk to and fro among them, on the ground, as if one did not see
them; then they are not so timid, nor do they take wing so soon.

In the vast forests of Canada they remain to the end of August
or beginning of September (new style); i. e., until the grain has
been stored for the winter. A great number, however, remain until
late in the autumn, when the first snow begins to fall, which finally
drives them all away. As their food mostly consists of acorns,
beechnuts, and the seeds and fruits of other trees which become
hidden under the snow, they are obliged to leave these places and
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betake themselves farther south, where the ground is bare all winter.
Not one of them remains in Canada throughout the winter; but they
generally spend this season in the vast forests of the Illinois, who
live at about the same latitude as Pennsylvania and Virginia. They
do not willingly migrate toward the seaboard, where the country
has been extensively cultivated by the English, and the forests are
much cut down; partly because they can not there secure a sufficient
food supply, and partly to avoid running the risk of getting killed
by the number of people and gunners in that section. They prefer
the vast and dense forests in the interior of the country, where there
are no human habitations for many miles around. But should it
happen during s certain year that there is a failure of the crop of
acorns or other food suitable for them, or an unusually severe winter
with great snowfall sets in, which to some extent covers the ground,
then they are forced to leave their usual winter quarters and seek
their way to the English settlements down the seaboard. It is on
these oceasions that they swarm into Pennsylvania in such enor-
mous numbers; but as soon as the weather changes a little and be-
comes milder, they sgain retire farther inland. Here they remain
until the last snow disappears in the spring.

As the snow gradually melts away in the spring the pigeons migrate
farther and farther north and when northern Canada is free from
snow, which generally occurs toward the end of April or the beginning
of May, the pigeons arrive in their old haunts and commence their
mating, nesting, hatching of eggs, and the rearing of their young, ete.

The French in Canada, who annually catch a number of young
pigeans alive which they thereafter rear at their homes, have taken
much pains to tame these birds, although with but little success.
It is very easy, when they are kept in suitable quarters, to make them
so tame as to feed from one’s hands, in the manner of any other
domesticated pigeon; but as soon as they are let out into the open
hardly & few days pass before they fly away to the woods, nevermore
to return. It was, however, emphatically asserted that some had
suceeeded in taming them to the same extent as the domesticated

As they fly in great flocks and keep close together, whetheron
the wing, on the ground, or in the trees, so poor a marksman as to
fail to make a hit is difficult to find. Several persons told me that
a man who lived at Schenectady, between Albany and Col. John-
son's farm, had killed 150 of these birds with two discharges of bird-
shot, and in Canada there are said to have been several cases where
130 had been killed in a single shot.

Their flesh is & delight to the epicure, and especially is the meat
of the young pigeons scarcely second in delicacy to that of any other
bird.
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The great French Admiral Marquis de la Galissoniere, who in
deep knowledge of various seiences, but especially in natural history
and its advancement, has had or has very few equals, and who at
the time of my arrival in Canada occupied the office of Governor
General of that country, told me that he had once brought with him
several of these pigeons from Canada to France, and that he had
allowed them to escape in the French forests. At this time he had
again collected a great number of live birds which, in the fall of 1749,
he brought with him to France, inclosed in large cages, in order to
set them free in the woods upon his safe arrival there, with the
intention of introducing this handsome as well as useful American
bird into Europe.

In addition to the authors referred to above, the following learned
men have also mentioned something in their writings conesrning
these pigeons: P. de Charlevoix, Histoire de la Nouvelle France,
vol. 5, pp. 251-252; Salmon’s Modern History, vol. 3, p. 440; Wil-
liams's Key into the Language of America, p. 91. Others whose
works I have not had the opportunity of seeing may also have men-
tioned something concerning this subject, but they have at least re-
luted nothing of any particular value.

II.—THE PASSENGER PIGEON.
By Jomw Jawmes Avpureox (1831)!

The passenger pigeon, or, as it is usually named in America, the
wild pigeon, moves with extreme rapidity, propelling itself by quickly
repeated flups of the wings, which it brings more or less near to the
body, according to the degree of velocity which is required. Like the
domestic pigeon, it often flies, during the love season, in a circling
manner, supporting itself with both wings angularly elevated, in which
position it keeps them until it is about to alight. Now and then,
during these circular flights, the tips of the primary quills of each
wing are made to strike against each other, producing & smart rap,
which may be heard at a distance of 30 or 40 yards. Before alighting,
the wild pigeon, like the Carolina parrot and a few other species of
birds, breaks the force of its flight by repeated flappings, as if appre-
hensive of receiving injury from coming too suddenly into contact
with the branch or the spot of ground on which it intends to settle.

. I have commenced my deseription of this species with the above
account of its flight, because the most impdrtant facts connected with
its habits relate to its migrations. These are entirely owing to the
necessity of procuring food, and are not performed with the view of
escaping the severity of a northern latitude, or of seeking a southern

1 Onithological Blography, vol. 1, 1531, pp. 319-507.
38784°—su 1011—27
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one for the purpose of breeding. They consequently do not take
place at any fixed period or season of the year. Indeed, it sometimes
happens that a continuance of a sufficient supply of food in one dis-
trict will keep these birds absent from another for years. I know, at
least, to & certainty that in Kentucky they remained for several years
constantly, and were nowhere else to be found. They all suddenly
disappeared one season when the mast was exhausted, and did not

“return for a long period. Similar facts have been observed in other
Btates.

Their great power of flight enables them to survey and pass over an
astonishing extent of country in a very short time. This is proved by
facis well known in America. Thus, pigeons have been killed in the
neighborhood of New York, with their erops full of rice, which they
must have collected in the fields of Georgia and Carolina, these dis-
tricts being the nearest in which they could possibly have procured
a supply of that kind of food. As their power of digestion i3 s0 great
that they will decompose food entirely in 12 hours, they must in this
case have traveled between 300 and 400 miles in 6 hours, which shows
their speed to be at an average about 1 mile in a minute. A veloeity
such as this would enable one of these birds, were it so inclined, to
yisit the European Continent in less than three days.

This great power of flight is seconded by as great a power of vision,
which enables them, as they travel at that swift rate, to inspect the
country below, discover their food with facility, and thus attain the
object for which their journey has been undertaken. This I have also
proved to be the case, by having observed them, when passing over a
sterile part of the country, or one scantily furnished with food suited
to them, keep high in the sir, flying with an extended front, so as to
enable them to survey hundreds of acres at once. On the contrary,
when the land is rickly covered with food, or the trees abundantly
bung with mast, they fly low, in order to discover the part most
plentifully supplied.

Their body is of an elongated oval form, steered by a long well-
plumed tail, and propelled by well-set wings, the muscles of which
are very large and powerful for the size of the bird. When an indi-
vidual is seen gliding through the woods and close to the observer, it

like n thought, and on trying to see it again, the eye searches in
vain; the hird is gone.

The multitudes of wild pigeons in our woods are astonishing. In-
deed, after having viewell them so often, and under so many eir-
cumstances, I even now feel inclined to pause and assure myself that
what T am going to relate i5 fact. Yet I have seen it g]l,'mu[ that
too, in the company of persons who, like myself, were struck with
amazement. '
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In the autumn of 1513; I left my house at I'Iendmun, on the banks
of the Ohio, on my way to Louisville. In passing over the Barrens, a
few miles beyond Hardinsburg, I observed the pigeons flying from
northeast to southwest in greater numbers than I thought I had ever
seen them before, and feeling an inclination to count the flocks that
might pass within the reach of my eye in one hour, I dismounted,
seated myself on an eminence, and began to mark with my pencil,
-making a dot for every flock that passed. In ashort time finding the
task which I had undertaken impracticable, as the birds poured in in
countless multitudes, I rose, and counting the dots then put down,
found that 163 had been made in 21 minutes, I traveled on, and still
met more the farther I proceeded. The air was literally filled with
pigeons; the light of noonday was obscured as by an eclipse; the dung
fell in spots, not unlike melting flakes of snow; and the continued buzz
of wings had a tendency to lull my senses to repose.

Whilst waiting for dinner at Young's inn, at the confluence of Salt-
River with the Ohio, I saw, at my leisure, immense legions still going
by with a front reaching far beyond the Ohio on the west, and the
beechwood forests directly on the cast of me. Not a single bird
alighted; for not a nut or acorn was that year to be seen in the neigh-
borhood. They consequently flew so high, that different trials to reach
them with a capital rifle proved ineffectual; nor did the reports dis-
turb them in the least. I can not describe to you the extreme beauty
of their aerinl evolutions, when s hawk chanced to press upon the rear
of a flock. At onee, like a torrent, and with a noise like thunder, they
rushed into & compact mass, pressing upon each other toward the
center. In these almost solid masses, they darted forward in undula-
ting and angular lines, descended and swept elose over the earth with
inconceivable veloeity, mounted perpendicularly so as to resemble a
vast column, and, when high, were seen wheeling and twisting within
their continued lines, which then resembled the coils of a gigantie
serpent.

Before sunset I reached Louisville, distant from Hardinsburg 55
miles. The pigeons were still passing in undiminished numbers, and
continued to do so for three days in succession. - The people were allin
arms. The banks of the Ohio were crowded with men and boys, inces-
santly shooting at the pilgrims, which there flew lower as they passed
theriver. Multitudes were thus destroyed. For a week or more, the
population fed on no other flesh than that of pigeons, and talked of
nothing but pigeons. The atmosphere, during this time, was strongly
1l‘npmgnatrud witlr the peculisr odor which emanates from the species.

It is extremely interesting to see flock after flock performing exactly
the same evolutions which had been traced, as it were, in the air by a
preceding flock. Thus, should a hawk have charged on & group at a
certain spot, the angles, curves, and undulations that have been
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deseribed by the birds, in their efforts to escape from the dreaded
talons of the plunderer, are undeviatingly followed by the next group
that comes up. Should the bystander happen to witness one of
these affrays, and, struck with the rapidity and elegance of the
motions exhibited, feel desirous of seeing them repeated, his wishes
will be gratified if he only remain in the place until the next group
comes up.

It may not, perhaps, be out of place to attempt an estimate of the
number of pigeons contained in one of those mighty floeks, and of
the quantity of food daily consumed by its members. The inquiry
will tend to show the astonishing bounty of the great Author of
Nature in providing for the wants of His creatures. Let us take a
eolumn of 1 mile in breadth, which is far below the average size, and
suppose it passing over us without interruption for three hours, at
the rate mentioned above of 1 mile in the minute. This will give
us a parallelogram of 180 miles by 1, covering 180 square miles,
Allowing 2 pigeons to the square yard, we have 1,115,136,000 pigeons
in one flock. As every pigeon daily consumes fully half a pint of
food, the quantity necessary for supplying this vast multitude must
be 8,712,000 bushels per day.

As soon as the pigeons discover a sufficiency of food to entice
them to alight, they fly round in cireles, reviewing the country
below. During their evolutions, on such occasions, the dense mass
which they form exhibits a beautiful appearance, as it changes its
direction, now displaying a glistening sheet of azure, when the backs
of the birds come simultaneously into view, and anon, suddenly pre-
senting & mass of rich deep purple. They then pass lower, over the
woods, and for & moment are lost among the foliage, but again
emerge, and are seen gliding aloft. They now alight, but the next
moment, as if suddenly alarmed, they take to wing, producing by the
flappings of their wings a noise like the roar of distant thunder, and
sweep through the forests to see if danger is near. Hunger, however,
soon brings them to the ground. When alighted, they are seen indus-
triously throwing up the withered leaves in quest of the fallen mas.
The rear ranks are continually rising, passing over the main body,
and alighting in front, in such rapid succession, that the whole flock
seems still on the wing. The quantity of ground thus swept is astonish-
ing, and so completely has it been clearcd, that the gleaner who
might follow in their rear would find his labor completely lost.
Whilst feeding, their avidity is at times so great that in attempting
to swallow a large acorn or nut they are seen gasping for a long
while, as if in the agonies of suffocation.

On such occasions, when the woods are filled with these pigeons,
they are killed in immense numbers, although no apparent diminu-
tion ensues. About the middle of the day, after their repast is finished,
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they settle on the trees, to enjoy rest, and digest their food. On the
ground they walk with ease, as well as on the branches, frequently
jerking their beautiful tail, and moving the neck backward and for-
ward in the most graceful manner. As the sun begins to sink
beneath the horizon, they depart en masse for the roosting place,
which not unfrequently is hundreds of miles distant, as has been
ascertained by persons who have kept an account of their arrivals -
and departures.

Let us now, kind reader, inspect their place of nightly rendezvous.
One of these curious roosting places, on the banks of the Green River
in Kentucky, I repeatedly visited. Tt was, as is always the case, in
a portion of the forest where the trees were of great magnitude, and
where there was little underwood. I rode through it upward of 40
miles, and, crossing it in different parts, found its average breadth
to be rather more than 3 miles. My first view of it was about a fort-
night subsequent to the period when they had made choice of it,
and I arrived there nearly two hours before sunset. Few pigeons
were then to be seen, but a great number of persons, with horses and
wagons, guns and ammunition, had already established encamp-
ments on the borders. Two farmers from the wicinity of Russell-
ville, distant more than 100 miles, had driven upward of 300 hogs
to be fattened on the pigeons which were to be slaughtered. Here
and there, the people employed in plucking and salting what had

been procured, were seen sitting in the midst of large piles of
these birds. The dung lay several inches deep, covering the whole
extent of the roosting place, like a bed of snow. Many trees 2 feet
in diameter, I observed, were broken off at no great distance from
the ground, and the branches of many of the largest and tallest had
given way, as if the forest had been swept by a tornado. Everything
proved to me that the number of birds resorting to this part of the
forest must be immense beyond conception. As the period of their
arrival approached, their foes anxiously prepared to receive them.
Some were furnished with iron pots containing sulphur, others with
torches of pine knots, many with poles, and the rest with guns. The
sun was lost to our view, yet not a pigeon had arrived. Everything
was ready, and all eyes were gazing on the clear sky, which appeared
in glimpses amidst the tall trees. Suddenly there burst forth a gen-
eral ery of “ Here they come!” The noise which they made, though
yet distant, reminded me of a hard gale at sea passing through the
rigging of a close-reefed vessel. As the birds arrived, and passed
over me, I felt a current of air that surprised me. Thousands were
soon knocked down by the pole men. The birds continued to pour
in. The fires were lighted, and a magnificent, as well as wonderful
and almost terrifying sight presented itself. The pigeons, arriving
by thousands, alighted everywhere, one above another, until solid
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masses as large as hogsheads, were formed on the branches all round,
Here and there the perches gave way under the weight with a crash,
and falling to the ground, destroyed hundreds of the birds beneath,
forcing down the dense groups with which overy stick was loaded.
It was a scene of uproar and confusion. I found it quite useless to
speak, or even to shout to those persons who were nearest to me,
Even the reports of the guns were seldom heard, and I was made
aware of the firing only by seeing the shooters reloading.

No one dared venture within the line of devastation. The hogs
had been penned up in due time, the picking up of the dead and
wounded being left for the next morning's employment, The pigeons
were constantly coming, and it was past midnight before I perceived
a decrease in the number of those that arrived. The uproar con-
tinued the whole night, and as T was anxious to know to what distance
the sound reached, I sent off a man accustomed to perambulate the
forest, who, returning two hours afterwards, informed me he had
heard it distinetly when 3 miles from the spot. Toward the approach
of day, the noise in some measure subsided; long before objects were
distinguishable, the pigeons began to move off in a direction quite
different from that in which they had arrived the evening before, and
at sunrise all that were able to fly had disappeared. The howlings of
the wolves now reached our ears, and the foxes, lynxes, cougars,
bears, raccoons, opossums and polecats were seen sneaking off, whilst
eagles and hawks of different species, accompanied by a crowd of
- yultures, came tosupplant them, and enjoy their share of the spoil.

It was then that the authors of all this devastation began their
entry amongst the dead, the dying, and the mangled. The pigeons
were picked up and piled in heaps, until each had as many as he could
possibly dispose of, when the hogs were let loose to feed on the re-
mainder, _

Persons unacquainted with these birds might naturally conclude
that such dreadful havoe would scon put an end to the species,
But I have satisfied mysell, by long observation, that nothing but the
gradual diminution of our forests can accomplish their decrease, as
they not unfrequently quadruple their numbers yearly, and always
at least double it. In 1805 I saw schooners loaded in bulk with pi-
geons eaught up the Hudson River, coming into thewharf at New York,
when the birds sold for a cent a piece. Iknew a man in Pennsylvania
who caught and killed upward of 500 dozens in a clapnet in one day,

ing sometimes 20 dozens or more at & single haul. In the
month of March, 1830, they were so abundant in the markets of New
York, that piles of them met the eye in every direction. I have seen
the negroes at the United States salines, or salt works of Shawneetown,
wearied with killing pigeons, as they alighted to drink the water
issuing from the leading pipes, for weeks at a time; and yet, in 1528,
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in Louisiana, 1 saw congregated flocks of these birds as numerous as
ever 1 had seen them before, during a residence of nearly 30 years in
the United States.

The breeding of the wild pigeons, and the places chosen for that pur-
pose are points of great interest. The time is not much influenced by
season, and the place selected is where food is most plentiful and
most attainable, and always at a convenient distance from water.
Forest trees of great height are those in which the pigeons form their
nests. Thither the countless myriads resort, and prepare to fulfill
one of the great laws of nature. At this period the note of the
pigeon is a soft coo-coo-coo-coo, much shorter than that of the
domestic species. The common notes resemble the monosyllables
kee-kee-kee-kee, the first being the loudest, the others gradually
diminishing in power. The male assumes a pompous demeanor, and
follows the female whether on the ground or on the branches, with
spread tail and drooping wings, which it rubs against the part over
which it is moving. The body is elevated, the throat swells, the eyes
sparkle. He continues his notes and now and then rises on the wing,
and flies a few yards to approach the fugitive and timorous female.
Like the domestic pigeon and otherspecies, they caress each other by
billing, in which ection, the bill of the one is introduced transversely
into that of the other, and both parties alternately disgorge the
contents of their crop by repeated efforts. These preliminary affairs
are soon settled, and the pigeons commence their nests in general
peace and harmony. They are composed of & few dry twigs, crossing
each other, and are supported by forks of the branches, On the same
tree from 50 to 100 nests may frequently be seen: I mightsay a much
greater number were I not anxious, kind reader, that however won-
derful my account of the wild pigeon is, you may not feel disposed to
refer it to the marvelous. The eggs are two ! in number, of a broadly
elliptical form, and pure white. During incubation, the male supplies
the female with food. Indeed, the tenderness and affection dis-
played by these birds toward their mates, are in the highest degree
striking. It is a remarkable fact, that each brood generally consists
of & male and a female,

Here, again, the tyrant of the creation, man, interferes, disturbing
the harmony of this peaceful scene. As the younger birds grow up,
their enemies, armed with axes, reach the spot, to seize and destroy
all they can. The trees are felled, and made to fall in such & way that
the cutting of one causes the overthrow of another, or shakes the
neighboring trees so much, that the young pigeons, or squabs, as they
are named, are violently hurled to the ground. In this manner also,
immense quantities are destroyed.

The young are fed by the parents in the manner described above;
in other words, the old bird introduces its bill into the mouth of tha

| Later ohsarvers roport that in fully half thi mests only ons egy was depoxited. —Ed.
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young one in & transverse manner, or with the back of each mandible
opposite the separations of the mandibles of the young bird, and
disgorges the contents of its erop. As soon as the young huﬂa are
able to shift for themselves, they leave their parents and continue
separate until they attain maturity. By the end of six months they
are capable of reproducing their species.

The flesh of the wild pigeon is of & dark color, but affords tolerable
eating. That of young birds from the nest is much esteemed. The
skin is covered with small white, filmy scales. The feathers fall off at
the least touch, as has been remarked to be the case in the Carolina
turtle,' T have only to add that this species, like others of the same

us, immerses its head up to the eyes while drinking,

In March, 1830, I bought about 350 of these birds in the market of
New York at 4 cents a piece. Most of these I carried alive to England,
and distributed amongst several noblemen, presenting some at the
same time to the zoological society.

Adult male: Bill straight, of ordinary length, rather slender,
broader than deep at the base, with & tumid fleshy covering shove,
compressed toward the end, rather obtuse; upper mandible slightly
dechinate at the tip; edges inflected. Head small, neck slender, body
rather full. Legs short and strong; tarsus rather rounded, anteriorly
scutellate; toes slightly webbed at the base; claws short, depressed,
obtuse.

Plumage blended on the neck and under parts, compact on the back.
W-TEB long, the second quill longest. Tail graduated, of 12 tapering
feathers.

Bill black. TIris bright red. Feet carmine purple, claws blackish.
Head above and on the sides light blue. Throat, fore neck, breast,
and sides light brownish-red, the rest of the under parts white. Lower
part of the neck behind, and along the sides, changing to gold, emerald
green, and rich crimson. The general color of the upper parts is
grayish blue, some of the wing coverts marked with a black spot.
Quills and larger wing coverts blackish, the primary quills bluish on
the outer web, the larger coverts whitish at the tip. The two middle
feathers of the tail black, the rest pale blue at the base, becoming
white toward the end.

Length 16} inches; extent of wings 25; bill along the ridge §;
along the gap 14y; tarsus 1}; middle toe 1}.

The colors of the female are much duller than those of the male,
although their distribution is the same. The breast is light gray 15],_
brown, the upper parts pale reddish-brown, tinged with blue, The
changeable spot on the neck is of less extent, nml the eyeof a somewhat
duller red, as aro the feet.

Length 15 inches; extent of wings 23; bill along the ridge 3;
along the gap §.

t Mow called the mearning dove.— Ed.,
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NOTE ON THE IRIDESCENT COLORS OF BIRDS AND
INSECTS?

[With 3 plates.]

By A. Martock, F. R. A,

Considerable interest attaches to the origin of certain forms of
vrilliant coloring which are of frequent occurrence in the animal
world, though hardly represented among plants? The colors in
question are those which are not due to ordinary pigment, and
which change with the angle of incidence of the light. The most
brilliant examples are to be found amongst birds and inseets. Fishes,
and a few reptiles, exhibit colors of the same kind, but not so con-
spicuously.

During the last 10 or 12 years I have examined some hundreds
of eases of this sort of color production, and quite recently Michelson *
has published investigations on the same subject, and refers to a
somewhat similar paper by Walter, “ Oberflichen und Schillerfarben,”
dated 1895, of the existence of which I was not before aware.

The conclusions of these authors are that the colors in question are,
in most cases, due to selective reflection from an intensely opaque
material, and, in some few, to diffraction from a finely striated
surface. Their reasons for adopting the hypothesis of selective
reflection rather than interference are the close similarities as regards
the reflection of polarized light found between the natural iridescent
colors and dry films of aniline dyes.

In the present note I give some reasons for the belief that in the
majority of cases interference of some sort is the active cause,
although in others the possibility of selective reflection is not
excluded. The question really turns on the size of the “‘grain”
of the color-producing structure. Is it comparable with the wave
length of light or of molecular dimensions 1

If the colors are due to interference, the first supposition must be
true; but if selective reflection is the agent, a comparatively small
"+ Repeinied by permison from Procesdings of The Royal Boclety, London, Series A, val35, No. A 52,
Nov. 30, 1911, pp, 895-608, (Received by the soclety Sept. 12; read Nov, 2, 91L)

* Bame Lycopodiums exhiblt traces of fridessent calar,
¥y atallio coloring in birds and insects," Thil. Mag., Aprfl, 1011,
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group of molecules may cause selective reflection. It seems clear
that this property ean not belong to individual molecules, at any
rate in the case of the aniline dyes, for their solutions absorb impar-
tially all the colors which are not transmitted, and it is only in the
solid state that their peculiarities as regards reflected light become
apparent; at the same time there is no change in the light transmitted
whether the dye is in solution or a dry film.

Before entering in detail into the reasons which seem to point to
interference rather than selective reflection as the origin of iridescent
colors, some general remarks may be made on the character of the
structures examined.

These structures have been either feathers of birds or the scales
of insects. There are few orders of birds in which examples of
iridescent coloring can not be found, but without doubt the humming
birds are the most brilliant, although peacocks, trogons, and many
others are not very far inferior. In the insect world the finest
examples are to be found smongst butterflies and the day-flying
moths of the genus Urania. Some beetles also are provided with
vividly colored scales, These belong mestly to the weevils (which
inelude the Brazilian diamond bestle).

Many other insects among the Diptera, Neuroptera, and Hymenop-
ters show brilliant metallic colors on their integuments, but these
are not provided with scales, and in many cases the color fades
more or less when the specimens become dry. These I have not
examined. Feathers and scales, however, are remarkable for the
permanence of their iridescent coloring, and it is to these only that
the present observations apply.

Some of the peculiarities of the structures as regards change of
color with the point of view depend on the shape of the surface
on which the color-producing material lies 1If the surfaces are
flat or nearly flat, reflection takes place as from a looking glass,
and the angle through which the specimen can be turned while
still showing the characteristic color is small. Often, however,
the surfaces are convex bosses or ridges, and then the angle of inei-
dence and reflection is that contained between the direction of the
incident light- and the normal to the tangent plane at the point
where reflection takes place, and is therefore to a great extent inde-
pendent of the position in which the specimen is held, since there will
always, within wide limits, be tangent planes to the convex surfaces
which reflect the incident light in the line of sight. In these cases
the colors might at first sight be taken as due to pigment, both on
account of their comparatively low intensity and from the small
change in tint and intensity which is produced hy altering the inclina-
tion of the general surface to the direction of the illumination. The
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low intensity is of course due to the small area of each convex surface
which reflects light in any given direction.

In attempting to investigate the origin of the colors many methods
were employed, the first and most obvious being to cut thin sections
normul to the color-producing surface and then to examine them
with the highest microscopie power available. If the colors are
analogous to those of thin plates, it is clear from the high intensity
of the reflected light that more than one pair of surfaces must eooper-
ate in the reflection. In general the reflected light is not even
approximately monochromatic, and this fact limits the number
of surfaces which can be supposed to act, but if the surfaces are
supposed to be separated by air and placed at the most favorable
intervals their number need not exceed three or four to sccount
for the observed intensity and tints,

The most favorable spacing for the successive layers is that their
thickness and the intervals beiween them should be a multiple of the
half wave-length of the mean ray, reckoned in the length of the waves
within the material of the layer, and it was thought possible that the
thin gections might show a laminated structure.

For the material of feathers and insects’ scales, p is somewhere
about 1.5 or 1.6, so that the least thickness for the plates of refractive
material would be of the order of one one-hundred-and-fifty-thou-
sandth and the air intervals one one-hundred-thousandth of an ineh—
both beyond the resolving power of the microscope; but from the
composition of the reflected light it seemed likely that the imtervals
might be two or three half wave-lengths, which would be readily seen
as far as adequate separation of the images is concerned. In nearly
all the sections examined bands of this order of thickness appeared
with some forms of illumination, but it was impassible to be sure that
they were not due to diffraction effects from parts of the section slightly
out of focus.

There are many difficulties in preparing sections thin enough for the
advantageous use of objectives with large angular aperture. When a
section is to show a stratified structure its thickness should certainly
not be greater then the distance between the successive strata, and
may with advantage be much less. Tt was not difficult to cut sections
about one twenty-thousandth of an inch thick, but this is three or
four times too thick to show with certainty stratification whose pitch
is one sixty-thousandth or less.

Occasionally, by accident, thinner sections (perhaps one forty-
thousandth) would be cut, and these showed apparent stratification
most plainly, but iit no case was the image free from the effect caused
by some part of the thickness of the section being out of focus, and, in
all nrobability, what appeared to bestratification was in reality a series
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of diffraction bands. Insufficient thinness, however, is by no means
the only obstacle to resolving the grain in the structure.

Thin sections are in general very transparent, and the only source
of variation of intensity in the image formed by the microscope de-
pends on the varying amount of retardation affecting the waves which
traverse their different parts, that is (since the section is of uniform
thickness) on differences of refractive index; but, in order to view such
sections at all, it is necessary to mount them in some refractive
medium, and this greatly reduces the chance of detecting a fine-
gruined structure.

I have tried washing out the bedding material and examining the
sections when dry, but, although great care was taken in keeping the
cutting edge of the knife smooth and sharp, strie always appeared in
the direction of the cut, which quite obscured the real structure. The
fact is, that there are a very few objects on which the highest micro-
scopic powers can be used with advantage, Even the test diatom,
A. pellucida, which, of course, has to be mounted dry, or in & medium
whose refractive index greatly exceeds that of silica, is too thick to
give a satisfactory image, and small solids, whose dimensions are less

" than a wave length, give images which are not their enlarged geo-
metrical outlines, but phenomena depending on the wave length.

Although the microscope, in my hands, at any rate, has failed to give
direct evidence of o * periodic” structure, other tests point strongly to
“interference’ as the origin of the colors.

In some cases the color-producing film is backed by an extremely
opaque layer, and in others the whole of the structure is transparent,
and transmits the complementary color with nearly the same intensity
as the color reflected. Even where there is an opagque backing, this is
often thin enough to allow of examination by strong transmitted
light, and the prevailing color is a brown, tinged with the unabsorbed
complementary to the color reflected. These opaque backings are
present in most feathers and in some insect scales, but in the majority
of cases the scales of insects are transparent.

Both theory and observation show that, when the reflected color
depends on interference the tint will change toward the blue as the
angle of incidence increases, so that reds become yellows, yellows
change to greens, and greens to blues, and also that if the color-
producing structure is immersed in a refractive fluid instead of air the
reflected color will change toward red and have its intensity reduced.
Two causes are operative in producing this change: In the first place,
if the color-producing film is protected from the fluid by an imperme-
able outer layer with which it is in optical contact the only effect of
the fluid is to diminish the angle of incidence of a ray of given
obliquity in air, so that the color reflected is that due to the smaller
angle of incidence. Secondly, if the fluid penetrates the layers in
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which interference takes place, the interval between the layers, now
reckoned in wave lengths in the refractive fluid, is increased, and
therefore also the wave length which is reflected for a given angle of
incidence. At the same time the intensity of the reflected light is
greatly reduced, and if the fluid has the same refractive index as
the structure itself? reflection ceases and nearly white light is trans-
mitted.!

Observation of reflection from films of aniline dyes, ete., shows
that the color changes in the same direction—that is, toward the
blue—as the angle of incidence increases, but as regards the character
of the change when the film is covered by a refractive fluid thereis a
great difference.

In some cases (methylene green, for instance) for one particular
angle of incidence the color reflected in air is unchanged when the
film is covered with cedar oil, for smaller angles of incidence the
reflected light is of shorter average wave length, and for greater
angles longer than that of the color in air.

For this particular dye the color reflected in air is a very red-purple
at small angles of incidence, changing to bluish-green when the
angle is large.

Under cedar oil the colors are respectively greenish-yellow and an
orange-yellow. The transmitted color, however, does not change
perceptibly either with the angle of incidence or with the medium
in which reflection takes place, and this applies, as far as my obser-
vation goes, to all substances which give selective metallic reflection.

The transparency, or at any rate the vanishing of the character-
istic transmitted color in the case of all animal tissues when immersad
and permeated by & fluid of the same refractive index, is strongly in
favor of interference being the source of the color, but even stronger
evidence is given by the behavior of the structure under mechanieal
pressure.

If the grain or peculiarities which favor the reflection or transmission
of particular colors is of molecular size, there is no reason to suppose
that pressure insufficient to cause molecular disruption would alter
the action of the material on light. On the other hand, if the colors
are due to interference—that is, to cavities or strata of different
optical properties—eompression would alter the spacing of these, and
thus give rise either to different colors or, with more than a very
slight eompression, to the transmission and reflection of white light.

In every experiment of this kind which I have made either on
feathers or insect scales the effect of pressure has been to destroy
the eolor altogether.

1 The dispersion of the fukd, na well s the refractive index, must be the same as that of the structure
If the transmitied lght is whiie,
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Where the scales are transparent, white light is transmitted, but
with feathers, where the color film is generally backed by dark pig-
ment, the pigment color appears untinged with the complementary
to the color naturally reflected.

With many feathers the color returns when the pressure is taken
off, but with insect scales the structure seems-to be permanently
injured by compression, and though when allowed to expand again
the material is not colorless the brilliancy which belonged to the
uninjured scale is gone, and the color in general changed.

The facts above mentioned seem to offer stronger reasons in favor
of interference than the polarization phenomena referred to by
Michelson and Walter ! do against it.

The ellipticity, etc., found in the reflected beams may, although
functions of the wave length, sccompany the production of color
without being necessary to it—that is, they may depend on the
molecular, while the colors depend on the mechanical structure,

All Lepidopterous scales, whether colored by pigment or giving
matallic reflection, are traversed by a series of fine lines or dots
arranged in lines and very evenly spaced, and the universality of
these lines on all such scales, whether with or without color, is a
good reason for not regarding diffraction as an explanation of the
metallic eolors.

In many insects these lines are as close as 36,000 to 40,000 perinch,
and when light is transmitted through a single scale or a few scales
placed side by side very fine diffraction spectra are formed, but no
corresponding effect is seen by reflection, what effect there may be
being masked by the other form of color production.

The beetle scales which I have examined were, as a rule, without
linear markings, and where lines existed they were not very regular.
The surface was always mapped out into unequal polygonsl areas,
and cross sections (pl. 2, figs. 5a, 5b) showed that the scale consisted of
a flattened sac of transparent material containing a cellular structure
in which the color originated.

When an unbroken seale is immersed in cedar oil, the outer walls
prevent the fluid reaching the color-producing layer and but little
change results either in the reflected or transmitted light; but when
the seale is broken or has a piece cut off the oil penetrates the interior
and all trace of color dissppears.

Occasionally when a viscous fluid is employed the penetration
is not complete and the character of the cellular layer is then indi-
cated by the parts which still show color.

Figures 1 to 4, plates 1, 2, illustrate this. Figure 1 is an unbroken
scalo of Entimus imperialis showing the polygonal areas. Figure 2

1 Polarived Hght should e used for this ohservation.



IRIDESCENT COLOES OF BIRDS AND INSECTS—MALLOCK. 431

shows the same scale partly penetrated by a solution of celluloid
in amyl acetate; figure 3, ditto (in which the penetration is not so
complete) more highly magnified; figure 4, threescales completely pene-
trated and quite colorless. Figures 5a and 5b are cross sections of the
seale (thickness of section about one twenty-thousandth of an inch).

Feathers are impermeable to most fluids, but when acted on by
acid (nitric, acetic, or hydrochloric) they change color toward the
red; after washing and drying, however, they regain their original
tint.

The subjects from which the above notes have been made include
among birds various species of hummingbirds, peacocks and pheas-
ants, sunbirds, trogons, and others; among Lepidoptera, the genera
Eupleea, Morpho, Calligo, Argynnis (in which silver markings are
common), Vanessa, Callicore, Lycena, Thecla, Papilio, Ornithoptera,
some of the Hesperidee and moths of the genus Urania. The only
beetles examined were Enfimus imperialis and two species of Cyphus.

To the physicist who is also a naturalist the great variety in the
character of the surfaces on which these metallic colors are devel-
oped, as well as the beauty and brillianey of the colors themselves,
offers matter of exceptional interest, but it would oceupy too much
space to enter here into a detailed deseription of even the typical
forms.

A rather curious fact, however, may be mentioned with regard
to the scales of Lepidoptera. Nearly all such scales when black or
colored by pigment have the free end deeply scalloped and presenting
what may be called an ornamental outline, but the scales which show
metallic reflections are invariably (as far as my observation goes)
merely rounded off or have very slight indentations. Figures 6 and
7, plate 3 (which are respectively colored and black scales from Orni-

Poseidon), illustrate the difference.

Although all the colors referred to in these notes are probably the
result of interference, the ways in which the interference occurs may
be very various. Feathers by their behavior suggest an action
analogous to that of a Lippmann film, but it is difficult to imagine
matter optically dense enough to behave as the silver particles in the
film being produced in an organic structure. In most of the scales
it seems that the interfering rays ure reflected from the surfaces of
very thin flat cells, but it is possible that in some cases the effect
may be due to reflection from a single dimpled surface. The colored
central images sometimes given by diffraction gratings are exam-
ples of this sort of interference, but in order that the eolors so formed
should be as brilliant as possible the depressions or dimples should
be closely but irregularly distributed over the surface (iff regu-
lar much of the light goes in lateral spectra), but of uniform depth
and section. I have succeeded in making colored rings of some
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hﬁﬂimnybyhuldingapimofglmwerthnmoke of an are formed
between metal electrodes, iron, nickel, silver, and copper being used.
In the most successful trials the rings were brighter than the colors
of soap films, and, as might be expected, the intensity of the color
increased with the angle of incidence, but the rings did not show
with normal reflection nor until the incidence execeeded 30°.

In the spectroscopic examination of the eolor, it was found conven-
ient to focus the much enlarged image of the surface on the slit of
the spectroscope. By this means, and using the sun or an arc lamp,
there was sufficient light to show the spectrum from a small part
of & single scale.

When cutting thin sections of chitin or feathers, it is important
that the embedding material should be of the eame consistence and
hardness as the object to be cut. For this purpose shellac gave
the best results. The hardness could be regulated by the time
allowed for drying.

The compression tests were carried out by placing the specimens
on o slide under & convex lens of about a foot radius. The objects
com were generally thin enough to allow of the Newton
ings of the higher orders being recognized between the lens and
slide before any compression ocourred, and by centering the objeot
in these the pressure could be applied in the right place.

Since writing the above I have examined the colors of some of
the iridescent Diptera (chiefly of the genus Lueilia), using the pres-
gure apparatus. It was found that with them, as with the scales

and feathers, the color disappeared under compression, and it seems
* probable, therefore, that interference of one kind or another is the
true cause of natural iridescent color in all cases. It may be remarked
that the intensity and composition of the light reflected from the
integument of the flies is euch as would be nccounted for by the
interference of a single film or pair of surfaces.

DESCRIPTION OF FLATEE

Fig. 1.—Bcalo of Entimus imperialis. 3 490,
2. —The same partly permeated with celluloid solution. 3 480.
a2 —The same, 3 1760,
4 —Threo sciles of sme completely permented. < 490,
5.—{Cross section of scale, 3 1750,
§.—Iridescent scale of Ornithoplera Possidon. {1170,
7 —Black scale of same. X 1170,
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1. ScALE OF ENTIMUS IMPERIALIS, X 480,

2. THE SAME PARTLY PERMEATED WITH CELLULOID
SoLuTion, ¥ 490,

3. THE Same, X 1750.
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4. THREE SCALES OF ENTIMUS IMPERIALIS COMPLETELY
PERMEATED, * 480,

5b. CROSS SECTION OF SCALE, X 1750.
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6. IRIDESCENT ScALES OF ORNITHOFTERA Posgioon, X 1170.

7. BLACK ScALE OF SaMe, % 1170,






ON THE POSITIONS ASSUMED BY BIRDS IN FLIGHT.
[With 8 platea ]

Py Beyriey Beermaw, F. Z. 8.

1.—BTARTING.

The flight of birds must ever remain a source of interest and
inspiration to man, for should he eventually master serial as suc-
cessfully a5 he has terrestrial locomotion, birds would, by reason
of their inherent sensibility to gauge the varying aircurrents, still
remain vastly his superior in the art, if not in actual pace at least
in the finer manipulations.

But whether we regard flight from the standpoint of the ornitholo-
gist or the aviator, the actions of these naturally equipped per-
formers can not be too closely regarded.

The great difficulty met with in studying the flight of birds is the
s definite and almost inexpressible nature of much of our observa-
tion. We see a bird make a sudden turn or falter in its course; &
little thing, yet even if we could analyze its actions, which is improb-
abla, it would take a page or two of writing before we could be sure
that another would understand the positions and actions as we saw
them. In our present lack of intimacy with the subject words are
quite inefficient, and we must largely rely on pictures, photographs
by preference, wherewith to record our observations.

The slower and individual movements of the wings and tails of
such large birds as herons, gulls, or eagles, are easy to perceive, and
in many cases their object or result can be appreciated, if only one
can get close enough. Unfortunately, however, our near glimpses
of large birds on the wing are usually but momentary, and it is only
by piecing together little isolated scraps of observation that we can
get a consecutive idea of what has taken place. Often the combina-
tion of our eyes and brain is far too slow to analyze and follow the
different movements, and the only impression the mind receives is one
of rapid beating motion, as is so noticeable in the flight of bees and

1 Reprinted by pormissicn frum Mhhm,wm&m,Mvﬂ.d,lm 1910-May, 1911, P
1iER- 16, Li-200, 350-350.
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other insects. Too often is this the case when trying to follow the
flight of some small bird, the beating of the little wings being quite
too rapid for our senses. We will here confine ourselves to those
birds possessed of ample expanse of wing, for, generally speaking,
the larger the wing the less sapid is the beating, and therefore the
more easily can we follow its movements., ~

To gain the velocity in order to create the resistance necessary for
the support of all heavier-than-air ““machines,” some birds run or
swim, others simply spring into the air and by the vigor of their
flapping achieve the same result; while others, again, launch them-
selves from some coign of vantage—a tree or rock—and in falling
gain the desired resistance. In this article I give some particulars
regarding the latter method, illustrated by photographs of the
Gannet (Sula bassana).

Stepping to the cliff edge, and, if there is no cause for undue haste,
having raised and partly unfolded its wings, the bird prepares to
dive into space. This dive, it should be noted, is not directed down-
ward, but rather as horizontally outward from the cliff 85 may be
(sometimes it appears to have even an upward tendency). If the
bird is one possessed of broad large wings not much altitude is lost,
and it skims through the air in much the same fashion as does &
piece of cardboard thrown horizontally. If, however, as in the case
of avks, the wings are small and narrow and the body heavy, then
the bird at first drops nearly vertically, only being able to gain a
more horizontal course as its velocity increases,

Sometimes birds of this latter class, presumably through mis-
judgment of the space they have to work in, do not get the horizontal
course in time, and crash into the rocks or sea at the foot of the
cliff. This is very noticeable when a group of puffins (Fratercula
arctica) hurriedly takes flight from a steep bowlder-strewn slope.
Under these circumstances I have frequently seen quite a number
of birds come to grief on the rocks within 30 yards of starting.
Most of these, though somewhat dazed by the impact, flutter and
claw their way on to the top of some big bowlder, and after a
moment's pause again dive forth, but not infrequently with no
better result. The first failure is, I believe, often caused by their
paying too much attention to and looking behind at whatever startled
them, instead of gauging their proper angle.

The raising and unfolding of the wings is worthy of a little con-
gideration. The former usually takes place not after, but previous
to, the diving or springing forward, while generally the whole “foot "
is st rest upon the rock. Of course, when suddenly alarmed birds
sometimes cast themselves from the cliff without first raising their
wings, and in consequence fall rapidly,
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In plate 1, figure 1, the gannet has not even risen to its feet prior
to lifting the wings, but is sitting on the edge of the nest. The
apparent leg supporting it on the near side is a delusion, for instead
of being the metatarsus, as it seems, it is really the closed webbed
toes hanging downward from the raised and hidden leg, only the
claws really touching the nest. The reason for this peculiar position
is the newly-hatched chick, hardly discernible, lying in the nest,
which would inevitably have been erushed had the bird rested on its
expanded foot.

This raising of the wings preparatory to diving forth is perhaps
more convineingly shown in figure 2, as the photograph is taken
from a point on the same level as the bird, and shows the wings
held up far above the bird's head. This picture, as also figure 1,
embraces another and more important point—that the unfolding or
straightening of the wing takes place, if again there is no extreme
haste, subsequent to the raising. This espeecially refers to the
pinion.

It will be noticed that although the humeri are raised almost to
meeting above the back (pl. 1, fig. 2) the uln are not fully extended
and in line with them, while the pinions are little divergent from the
latter, still making an acute angle with them. Casually one might
have expected that, had there been any precedence, the pinion
being the most important factor, would have been the first to assume
the position requisite for flight, but if these two photographs be
carefully examined the reverse appears to be the case. In short, it
may be said that the unfolding of the units of the wing seems to be
sequential, starting with the humerus, and not simultaneous. 3

This is, I fear, directly at variance with the writings of many
leading ornithologists and anatomists, and I can only put forward the
photographs in support of my observations. Undoubtedly the
arrangement and articulation of the wing-bones appear to indicate
that the unfolding will take place mechanically throughout on any
one part being extended, but laboratory theories, however much
they may be upheld by inanimate evidence, can not pass unchallenged
when they are found to be in apparent contradiction to observation
of the living action supported by corroborative photographs.

In plate 2, figure 1 shows the bird at the very moment it is diving
from the cliff, only the tips of its toes touching the rock, and it will be
noticed, as intimated before, that the slope of the body is strongly
upward. The wings have not even yet been fully straightened.
This final unfolding and stiffening appears, so far as 1 can ascertain,
to take place at the very moment of departure, and had this photo-
graph been taken & minute fraction of a second later it would no
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doubt have revealed the wings as fully extended as in figure 2.
Here the wings are just beginning to feel the weight of what they are
to support and are commencing their first downward beat. And
now, though it has only traveled a few inches from the rock and the
feet have not yet been tucked away undwer the tail, the gannet is
fairly on the wing, exasperatingly able and wishful to go beyond the
range of our lens or even of our observation.
IL—SBTEERING, BLOWING-UP, AND TURNING.

The old idea that the wings of a bird simply fap up and down, and
that by some means the body travels steadily along on a level hori-
zontal course, has long been dispensed with. It is, however, difficult
to realize, but none the less true, that at each full wing beat the body
is raised as well as propelled. Perhaps this can be more readily
appreciated by reference to a photograph, such as that represented
in plate 3, figure 2. By good fortune the two gannets shown there so
near together exhibit the two extremes of the positions which these
birds ordinarily assume in flight. In the top left-hand bird the wings
are raised and the body seems to be dependent from them, while in
the lower bird the wings are far depressed and the body appears
pushed up and supported by them; and this is precisely its position.
The wings in their rapid descent found resistance in the air, and as
soon as this resistance exceeded the force of gravity acting on the
bird the body was elevated at the same time that it was driven
forward, only, of course, to sink once again on the wings being raised.
Thus the path of a flying bird is a succession of ups and downs, but
the movements of the wings being so very much greater in extent
closk those of the body, and so gracefully and smoothly are the
actions performed that we do not realize the undulatory nature of
the course. The attitude of the right-hand top bird, a kittiwake, in
the same photograph (pl. 3, fig. 2), is interesting, as it shows the bird
stoering by the aid of its feet. The very extensive use some birds
make of their feet during flight requires consideration. Not only are
they freely used for steering, but they are also often employed as
brakes to lessen speed, much in the same way as a drag is used to take
way off an incoming vessel. In plate 4, figure 1, the immature
gannet there depicted is trailing its partly expanded and lowered
feet, thereby causing considerable resistance to its forward prugress,
To birds which quarter the surface of the ocean for a livelihood, feet
have yet another use during flight. As the bird swoops downward to
snatch its swimming prey the legs are dropped, and the moment the
quarry has been seized, if not before, the feet are plied vigorously to
run along the surface of the water and thus not only act as buffers and

# Tha ths of the left wing of tha hird In this fgure has been rotonched, ss owing § id

the photograpl (lavolving abhout hall of the primarkes) had becoms oﬂlimmq.‘;‘mtpm
have not been retouched in any way and have been choson to [flustrates ke various polnts discussed pather
than becauss Lhey were pood photogmphs.
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prevent the body from striking the water, but also help to increase
the veloeity necessary to enable the bird to rise again. In plate 4,
figure 2, although the feet of the kittiwake have censed to touch the
surface, the bird is still running, as it were, in space.

Another method often practiced by birds to lessen speed is that of
depressing the tail, and so offering a resistance to the air rushing
along the under surface of the body, and this is illustrated in the
gannet shown in plate 5, figure 1. This use of the tail is very similar
in its purpose and result to the use of the feet as brakes. Steering is
also, of course, aided by the tail, it being visibly turned from side to
side, raised or depressed, when flight is being executed amid tumul-
tuous currents. But this method of steering by the tail is rather
corrective than initiative in its use, being principally employed to
compensate for irregularities in the air currents. When a bird is
suddenly and deliberately changing the direction of its course—
turning an aerial corner, so to speak—the plane of the wings is
changed from the horizontal position assumed when gliding to a
more or less vertical position, the inclination depending on the
abruptness of the turn and the pace at which it is executed. If the
turn is to the right, then the left wing is raised and the right depressed,
and, of course, vice versa for a turn to the left. When writing here
of one wing being raised and the other depressed, I refer to their
positions’ relative to each other, and not to their relation with the
body. That is to say, the wings and body may be held rigidly in one
plane, the inclination of this as a whole being changed from the
horizontal to toward the vertieal. This vertical position has been
almost reached by the bird, of which, unfortunately, only a portion
is shown, in the upper part of plate 5, figure 2. It will be noticed
that the left wing is depressed and the right raised; the bird is there-
fore sweeping around to the left. I have seen birds when thus sud-
denly altering the direction of their course actually exceed the
vertical position, turning the plane of their surface through an angle
of about 105°, thus making an angle of about 75° with the horizon,
their backs then, of course, being on the underside.

The question of air currents is of paramount importance in flight,
though it is probable that owing to their invisibility we have as yet
little idea of how extensive and acute these movements are. If,
however, we watch small companies of gulls flying leisurely in the same
direction, we shall often see them pass through such loeal air eurrents,
whose existence is plainly indicated by the sudden and harmonious
wheeling of the birds. 1t is often very noticeable, too, how precisely
in the same manner all the birds will compensate for the current.
This is suggested in plate 6, figure 1, where the four central birds are
passing through a disturbance, and it will be noticed how each is
“trimming” for it in much the same way, even to the awkward bend
in the neck.
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OI—ALIGHTING.

The act of alighting appears to be not the least difficult part in the
performance of flight; indeed, whether it be regarded from man's
standpoint or from the bird’s, it may well be accounted the most
difficult.

On & boisterous day when a bird wishes to alight at some particular
point, its powers are often taxed to the utmost. The obvious signs of
this being so are the abrupt and spasmodic turns, and the flapping of
the wings, and the jerky, erratic course immediately preceding the
alighting; while not infrequently the clumsy and hurried actions on
touching the ground, plainly show how comparatively little the flight
had been under control the moment before alighting.

That this is a real difficulty of which the birds are fully conscious
is, I think, shown by their preparing for alighting long before they
actually do so. Their first care is apparently to reduce their speed
as much as possible, so as still to leave them sufficient * way" to
nsure some stability in the air, and some power of guidance. They
soar round and round or approach slowly on a long, Wavering course,
trailing their feet as brakes, or advance in a vertically zigzag course,
finding much resistance in short but steep ascents. But even after
these and many other preliminary devices have been tried, birds
often get sadly knocked about on really boisterous days when alighting
on the eliffls. The difficulty lies not so much in the mere act of
alighting, s in the settling at some particular spot. A bird must
slow up, or the impact would be too great for its leg museles to cope
with; and the difficulty is that when slowing up and almost at a stand-
still in the air, so to speak, it is greatly at the mercy of the air cur-
rents—a swirling gust of wind being able then to carry it this way
and that, whereas were it in full flight an equal gust might hardly
affect its onward course. I have seen guillemots and puffins when
on the point of alighting, and despite their rapidly beating wings,
bodily blown over in the air and hurled backwards 30 feet from where
they intended to set foot. Frequently, too, a bird, in wild weather
or when agitated, will fail to effect a landing, on a ¢liff for example at
the first attempt, perhaps finding it has too much pace to risk a contact
with the rocks, or, having too little, & gust of wind will ““take hold*
of it and bear it past the place it intended to alight upon.

As when dealing with “Taking flight,” T illustrated my remarks
by photographs of the gannet, it may be well now to continue with
the same bird, and to try to follow some of its actions when alighting,

In plate 8, figure 2, the gannet is approaching, intent on alighting.
The pace is comparatively slow, and is being continually lessened
and the course of the bird is being steadied by the trailing foet, Th.;
position of its home is not indicated in the picture; it was on the
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top of the column of rock, the base of which is vaguely suggested at
the left-hand side of the print. Each time the bird approached its
method was the same. It flew along the eliff-face until it reached a
point nearly opposite to the nest, but considerably below 1t; then it
swept round abruptly until it faced the cliff, at the same time giving
its course a strong upward tendency, still trailing its feet. Plate 7,
figure 1, shows the bird just after it had faced round to the cliff and
was sweeping upward. As soon as it arrived directly opposite to its
nest, its one thought was to stop the forward and upward impetus
produced by the great soaring approach.

Plate 7, figure 2, shows plainly the measures adopted by another
bird—which, by the way, advanced in a more direct and horizontal
course, and had, therefore, & more direet forward momentum to
counteract. It flew straight for its nest, sweeping slightly upward
until it found itsell almost opposite the place, and perhaps some 5 or 6
vards distant from it. Then by a dexterous turn it threw the plane
of its great surface into a vertical position and at right angles to the
direction of its course, thus offering the maximum amount of resist-
ance possible, The whole area of the wings, body, and tail is directly
opposed and spread out to resist the bird’s forward passage through
the air, and it is interesting to note how the tail has been extended
to the utmost, fan wise, so as to increase as much as possible the
effective area. It will be noticed that the feet are thrust forward
and the webs extended in anticipation of the coming contact. That
a great strain is being placed upon the wings and thet therefore a
great resistance is being encountered is indicated by the curve of the
primaries.

Plate 8, figure 1, shows the position s moment later, The bird
has now got its feet upon the rock (or rather one foot, for the other
is thrust out horizontally on the nest, having no doubt missed its
mark, and can be of little, if any, support), and appears to be almost
stationary, but as a matter of fact it has still a forward impetus which
the raised wings are trying to counteract. The bird has, indeed,
just set foot upon the ledge, and is falling forward in the direction
of its approach.

The last photograph (pl. 8, fig. 2) again carries us on a briel moment.
Now the bird has pitched forward on to its breast, its wings having
failed to find sufficient resistance in the air to counteract the body's
momentum, and in consequence the wings have coms erashing down
upon the rocks at the end of their strenuous beat. The position of the
tail is interesting; in plate 7, figure 2, it is seen fully expanded and
depressed in order that its ventral surface may oppose the forward
progress, and now it is turned upward above the back so that its dor-
sal surface may find resistance and try to counteract the tendency
to pitch forward on to the breast.
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Emithmonian Repart, 191 1. —Beetham, PLATE 1.

Fio. 1.—Raming THE WinGs PREPARATORY TO GOINGL

(Photogmphed by Bentley Destham,)

Fig. 2.—ApouT TO DIvE FORTH. |

(Photographed by Bentley Boctham. )
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Fig. 1.—FaIlRLY ON THE WiNG.
A Fhotogmphed by Bentley Beetham.)
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FiG, 2.—THE Tw0 EXTREMES OF POBITION.
(Photographid by Bentley Bevtham. )
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Fig. 1.—THE FEET USED a5 BRaKES.
(Fhotogmphed by Bentléy Beetham.)

Fig. 2.—RUNNING, A5 IT WERE, 1§ SRAcE.

{ Photogrmaphed by Bend by Tepwtbiam,
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Fiz. 1.—THe DepresseED TAIL USED A5 A BRAKE,

( Fhotogmmphed by Dentley Beetham, )
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Fio. 2.—NEAALY VERTICAL IN POSITION.

(Photographied by Bentley Beetlum.
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Fio. 1.—SUDDENLY AND HARMOMIOUSLY WHEELING.
(Fhotographied by Bentley Beotlom,)

Fig, 2.—~INTENT ON ALIGHTING,
(Photogrrapleisd by Bentley

Bestham. )
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Fig. 1.—SWEEPING LIFWARD.

Fhotogmphed hy Bentley Bestham. )

Fia. 2.—Maximus OF RESISTANCE.

Photogmphed by Bentley Beethaom. )



Fia. 1.—JusT BET FoOoT UrcN THE LEDGE

Fhatographed by Bentley Beetham




THE GARDEN OF SERPENTS, BUTANTAN, BRAZIL.!

By Prol. 8. Pogzr,

Member of the Academy of Medicine, Paris, in charge of scientific expedition to Brazil and
the Argentine Republic,

I passed but 12 days in Brazil on my way back from Buenos Aires
to Europe. There is much to be said about the medical institutions
of the two large cities where I stopped, Rio de Janeiro and St. Paul.
1 wish that I could express all the admiration I have for my colleagues,
the physicians and surgeons of Brazil, and tell of all T saw and appre-
ciated; but I can cite only a few names: At Rio deJaneiro, Prof. Feijo,
jr., head of the faculty; Dr. Aug. Brandso, professor of gynecology;
Dr. Daniel d'Almeida, Dr. Magalhaes, Dr. H. de Toledo-Dodsworth,
Dr. Antonio Rodriguez Lims, the Drs. Hilario and Nabuco de Govea,
Dr. Olympio da Fonseca; the general secretary of the Academy of
Medicine, Dr. Aloysio de Castro, and others. At 8t. Paul, T would
mention especially the Drs. Alves de Lima; my excellent pupil, Dr.
Arnado Carvalho; Dr. Synesio Rangel Pestana, and Dr. Oliveira
Botelho, formerly minister of agriculture and a distinguished gynecol-
ogist. Toward all T have s deep feeling of gratitude for my pleasant
reception.

But T must limit myself. So I will choose from among my experi-
ences my visit to the antivenom therapeutic institution at Butantan
near St. Paul.

This institution has at its disposal incomparable means for this
study and work because of its situation in a region where snakes
abound. Our eminent compatriot, Prof. Calmette, of Lille, one of the
pioneers in the scientific vaccination against snake bites, has been
too often impeded and limited in his laboratory work because of the
difficulty in procuring the exotic snakes whose venom was necessary
for his researches. At Butantan, the country people from all sides
bring in their eaptured snakes, in exchange for which they receive
tubes of the beneficial serum.

1 Abstrnet of & lecture given by Prof 5. Posi, at the Henrl de Rothschild Polyclinie, Mar. 2, 1011,

Transiated by permbsion from Revie Selentifque, Purls, Apr. 22, 1511 Tha nstratbons in the origh
nal paper hore omitted.
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Brazil may be considered as one of the eountries most infested by
venomous serpents. Though they have completely disappeared from
the most frequented places, they are still extremely numerous in the
surrounding country, and their bites are a fearful source of danger to
the workmen of the coffee or sugar plantations who go with naked
feet.

Two great genera of serpents live in Brazil, the Crotalus and the
Bothrops. They are found in the forests, the thickets, and the damp
places. Naturally rather timid, they flee as soon as disturbed by a
noise, but if by chance one of them is touched it turns upon and
angrily bites whoever molests it. So that if a passerby inadvert-
ently puts his foot on one he is at once bitten. This happens very
frequently to beasts or horses when they disturb the peace of a snake.
Hunters dread them for their dogs when the latter search in the
brushwood.

According to statistics, up to 1906 there died annually in the State
of St. Paul elone more than 240 persons from the bites of snakes of
the Crotalus and Bothrops genera. Since the distribution of serum
from the serotherapeutic institution of Butantan, the number of
fatal cases has diminished at & rapid rate.

This serotherapeutic institution consists of a large number of
buildings soparated by courts. They include the lsboratory, the
cells for the snakes, the stables for the inoculated horses, the store-
houses for the manipulation of the serum, and the dwellings of the
stafl. Everything is perfectly organized.

Many obscure points relative to the physiology of serpents still
require study. In order to better know the habits and all the detsils
of the lives of serpents, Dr, Vital Brazil, the eminent director of this
institution, conceived a surely novel idea. He has made an inclosure
with thick walls, not so high but that one can easily look over them.
Within there is a large space, a kind of rustie inclosure, covered in
places with luxuriant vegetation, traversed by wide paths, with
glades here and there. A large interior ditch, close to the wall and
filled with water, forms a second barrier and prevents the escape of
the dangerous guests that people these thickets. The most venomous
serpents are to be placed here where they are to live at liberty, When
I was at Butantan last year the construction of this place was almost
complete. At the present time, without doubt, Dr. Vital Brazil and
his fellow workers have already made many ecurious observations
while walking to and fro in this frightful paradise, in this garden of
snakes,

Before proceeding it will be well to state some theoretical concep-
tions which will help to explain the importance of the work accom-
plished by this institution.
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The pathological physiology of venom poisoning has become very
well known through the researches of Calmette and V. Brazil. - The
poisoning resulting from the bite of a Bothrops is hemorrhagicinnature.
After a bite there occurs a decomposition of the blood which escapes
from the capillaries, causing profuse hemorrhage in the subcutaneous
and submucous tissues, sccompanied by acute congestion of theliver,
kidneys, and brain. It is a sort of acute purpura. The Crotalus
venom, on the contrary, is & paralyzing poison. Tt produces bulbar
paralysis with disturbances of the respiration, the wvision, and the
cirenlation: Loeal reaction at the seat of the wound is absent or
extremely slight. Death of the victim, if a man, results after & vari-
able time, generally about 24 hours.

Vital Brazil has made elaborate studies of the effects of venoms
upon animals. The poison of the Crotalus terrificus kills a pigeon
when one one-thousandth of & milligram is injected into its veins.
The fatal doses for other venoms vary slightly.

I will now describe in & few words the preparation of the antivenom
serum at Butantan.

The serum prepared at Lille by Dr. Calmette has little efficacy in
Brazil. Indeed, he himself says in his remarkable book, Upon
Venoms, ““For each venom there is a corresponding serum.” Since
the serum of the institution at Lille is almost wholly prepared with
the venom of Asiatic snakes, although excellent for counteracting
the bites of European vipers, it is useless against the bites of the
Brazilian Bothrops or Crotalus. Accordingly Dr. Vital Brazil has
prepared two specific serums, one anticrotalic, the other antibothropie,
each having, in small doses, a particular efficacy against the bites
of the corresponding snakes, But as it is rare that the kind of snake *
producing a bite is known, it was important to have also a polyvalent
serum, that is one equally active against all venoms. Such a serum
Dr. Brazil has made.

The animal used to furnish the antitoxic serum is the horse. A
young and healthy animal is taken, free from any disease, and
particularly from glanders. Horses are very sensitive to the venom
from snakes. At first a minimum does is injected, five one-hundreths
of & milligram; then the does is increased. The injections are
repeated every five or six days; as soon as the animal seems to
suffer or to lose weight the injections are stopped. It is a curious
fact that as soon as the immunization is complete the animal seems
to thrive from the absorption of the poison; it grows fat, its weight
increases. And yet further, a horse in the process of immunization,
if the injections are stopped, pines away somewhat as does & morphio-
manine when the latter is deprived of his habitual poison. The
horse has become, in fact, a seromaniac.
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The immunization lasts about a year, and toward the end enor-
mous doses are given reaching 1 gram. The horse is then ready
and the serum from its blood is antitoxic for the venom with which
it has been inoculated.

In such manner is prepared at Butantan the anticrotalic, the
antibothropic and the polyvalent serums. The last is obtained by
alternating the injections, using the venom first from one kind, then
from the other kind of snake, and, as its name indicates, it is valuable
a8 o remedy for the bites of all Brazilian snakes. It is therefore of
exceptional practical value. '

An immunized horse will furnish serum for a very long time,
provided that from time to time new injections of the venom are
administered. After each bleeding necessary for a supply of sernm,
the antitoxic power of the horse diminishes rapidly but recovers
several days afterwards.

In the case of man, the injection of the serum under the skin
should be made during the 12 hours following a bite, If the kind
of snake producing the bite is known, the serum specific to that kind
is the more efficient toxin to employ in doses of from 10 to 20 o, e.,
for it works more quickly and with special efficacy. If the kind of
snake is not known, as is usually the case, then the polyvalent
serum must be injected in doses up to 60 e. ¢. in serious cases,

The serum is furnished to the public in sealed tubes packed in
little wooden boxes. A minimum price is charged. Further, the
institute at Butantan distributes the serum free to hospitals, to
cities, and to the very poor, together with injection syringes and the
necessary divections for its use. The only remuneration asked by
Dr. Brazil, at times, in exchange for the serum, is the snakes which
are essential to him; and so by bringing a cascavel or a jararaca, the
Brazilian countryman receives a tube of the liquid serum.

T was very curious to visit the institution at Butantdn during the
few days I stopped at St. Paul near the outskirts of which it is
situnted. My distinguished colleague and friend, Dr, Alves de
Lima, whom I can not thank too much for his generous hospitality,

kindly offered to accompany me there. I copy the following aecount
from the note book of my travels:

A powerful 40-horsepower automobile carriod us, rising clouds of dust, along the
route which traversed o smiling country dotted with trees and exotic shrubs. After
a-ride of about half an hour wo stopped at the gate of a kind of large chalet which
belanged to a group of new buildings, the serothempeutic institution of Butantan,
A man of about, 40 years of age, tall, energotic, sun burned, wearing a black mustache,
with remarkably deep, black eyes, a reserved and deliberate manner in marked con.
traet with his southern appearance, received us on the threshold. He wore o long
white coat, such as surgeons and physiologists wear., Such was Dr. Vital Brazil,
director of the institution and o preat philanthropist, To him Brazil, and indesd
all the other conntries of South America, owe the systematic production of the serum
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which cures the bites of the numerous snakes of those tropical regions, deadly bites
which but lately killed more than 1,000 persans o year.

He commenced his study by himseli; he is indeed a “sell-made” man; later he con-
tinued his studios at Paris with Roux, at Lille with Calmette, and at Berlin with Koch,
He spenks French very purely although not very fluently. Indeed he talks very little.
It wus always necessary to ask for explanations from this modest and somewhat
taciturn man. . '

We at once entered the laboratory, & great hall with rows of jars containing snakes
imalechol. Thore ware snakes of all sizes, of all colors, of all forms, whole and dissected
to show their various organs and with some of them (who would have believed it?)
full of parasites peculiar to the snakes. In other jars there were horrible, venomons
insects, enormous scorpions, and great spider crabs.  'We had but little time to devoto
to this visit, we were therefore in a hurry and Dr. Vital Brazil realized it, He knew
of a special attraction for us, a snake eater of mnakes, the good snake, so 10 speak,
which, inoffensive himssll, destroys his venomous confreres whose bites are harmless
tohim. I asked Dr. Brazil to show ug this curiosity, He was propared for my request
and very courteously acquiesced. Ounly the good serpent had already eaten some
gight days ago, and for a snake digestion is very slow and the appetite long in return-
ing; nevertheless he let us see,

And here we saw the good serpent: Tt was taken from a box by means of a long
erooked stick, with a handle, which seized the snake by the middle, like a common
eansnge, anid deposited it on the ground near us. Tt was 2 kind of great adder, about
# metor long, of & blus color having the sheen of steel, s shiny that it scomed wet.
Tt crawled slowly, erecting ita flat head, darting out ita tongue, and seemed formidable
despite its good reputation. In onder to reassure us, Dir. Brazil took it in his hands
and twined it about his arms; he told us at the same time the snake’s scientific name,
Rachidelus brasili, loeally known as the *“Mussurana.” The natives and especially
the hunters have kmown it for a long time, but until very recently were ignorant of
ita habits and its #o useful tostes.

With the same crooked stick he took from a box another serpent, this time an excesd-
ingly venomous one, the terrible Lacheris laneeolatus, the “'Jararaca® of the Indians.
Itz bite in a few minutes kills mon or animal. We recoiled instinctively. He placed
it closa to the good Mussurana, and, at a respectful distance, we formed a ring about
them. I confess T looked back of me to see whether an open door was at hand. The
two snakes lay there almost motionless, side by ide, and apparenily seemed to take
no notice of each other, Dr, Brazil thought surely that the Mussurana, having just
eaten his fill, would not “make a march,” if T may so express my=elf, Suddenly it
made a movement and drow nearer to its formidable victim. The Iatter, as well as
we, had seen the undulation of his adversary; it also stirred.  Did it wish to escape
or did it rely upon its frresistible fangs? With incredible quickness which told
plainly that its apparent torpor was only tactical, the good serpent darted its open
mouth upon the neck of its prey, evidently aiming to get hold of the nape of its neclk
in order o render its opponent helpless. The latter, upon its guard, quickly turned
and darted its fangs into the body of the other.  The good serpent is, however, immune
to the poison by nature. And see, in an instant the Lachesis is enloced, twisted about
in the muscular spiral formed by the body of its adversary; they roll convulsively,
ane sbout the other, one within the folds of the other, and I wondered for & minute
whether the Mussurana wis not trying to choke tho Jararaca, Very soon I discoversd
the purpose of this maneuver; it had seized the enemy lower than it had wished at
the first grasp, and little by little was advancing its hold gradually until it had ita
mouth up close to that of the Jararaca. Now it had a firm grip close to the lower
jaw; it had the jaw as in a vice with itslittle flat head, which looked like an instrument
of a surgeon or of a torturer, closed nippers of steel. The venomous head, lamentably
open and s if disjointed in the constant effort to escape, extended several centimoters
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beyond the coils which enfolded the body and sbout which they were entwined.
Thulﬁtmuhmudlktnﬂdhhmku;mwhﬁhrﬂadmdmthnmh&m
strelched neck like the cord on a capstan,

Thn‘ﬁu]abnﬁynfthuwiehdmpmthaddhﬂppmndﬁthhtﬁnﬂdlohha;wd
serpent; its extromities alone remained visible, the halp}_um head on one aide, the
slowly moving tail at the other,

*He is going to dislocate the cervical vertebrm,” Dr, Brazil whispered to me, “you
will see; it is vory curious.” Indeed it was very curious and even ruther horrible
tosee. But we wers 68 if fascinated by this spectacle, the contest between the good
and the bad reptile, between Ormuzd and Ahriman,

During several minutes, which seemed to me interminable, Ormuzd had strotched
the neck of his hali-dead adversary, using some of his own entwining eoils as a ful-
crum, and ingen’ously employing the principle of the lever, Then he commenced
to twist slowly from right to left, from lelt o right, the stretched, taut necl.

Was Ahriman dead when I left this spectacle to see the rest 61 the institution? I
would not venture to say that he was entirely dead when Ormuzd, after our departire,
commenced to swallow him, An hour later, when we returned, the deed was almost
done. The good Mussumna was stretched at full length upon the ground where we
had left them rolled up as in a ball. We could distinctly see by the abrupt swelling
of the steely armor the point to which the swallowing of the prey had progressed.
The Intter had disappeared, swallowed up close to the tail: and a detail which struck
me and which moved me despite my knowledge of the unconsciousness of reflex
movements, that little tail was eoiled about one of the legs of a table and clung to it
yet with convulsive tremblings.



SOME USEFUL NATIVE PLANTS OF NEW MEXICO.
[With 13 plates.]

By Pavr ©, Srawper.

When the Spanish conquistadores journeyed northward from the
mountains and plains of Mexico into what is now the United States,
their initial expeditions led them along the narrow valley of the Rio
Grande. Near the banks of this stream, or sometimes at some dis-
tance from its waters, they found pueblos or Indian villages whose
inhabitants supported themselves principally by agriculture. The
surrounding regions were peopled by nomadic tribes who derived
their sustenance from the untilled resources of an apparently unpro-
ductive land.

A not uncommon belief among people who have never visited the
far Southwest—that part of the United States consisting of New
Mexico, Arizons, western Texas, and the adjacent lands—is that it
is a vast desert. By a desert is generally understood a region where
the water supply is scanty or lacking and the vegetation sparse.
That such a condition is characteristic of large portions of New

- Mexico must be acknowledged. Not a small proportion of that State
consists of sandy plains with but a thin mantle of vegetation, or of
barren rocky hills and great malpais—areas invested with compara-
tively recent lava flows. But there remains a considerable area com-
posed of fertile river valleys artificially watered by the streams which
flow through them, and a still larger region of high mountains cov-
ered with heavy forests and luxuriant herbage. Among the thickly
scattered ranges rise many high peaks upon which snow remains
through nearly the entire year.

In the most arid desert regions plant life is abundant, even if incon-
spicuous, and the variety of species to be found there is greater than
one would infer from the number of individual plants. Many among
these have proved useful to man and were of the greatest importance
in the economy of the early inhabitants. Existence must have been
one continuous struggle among the aborigines, situated in s country

447
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where climatic conditions from an ordinary point of view are unfa-
vorable. They had to depend almost wholly upon the natural
resources of their homes until the Spaniards introduced domestic
animals and improved methods of agriculture, and they wero there-
fore forced to utilize every possible source of food, whether among
plants or animals. There have come down to us accounts of the
employment for food of many plants which, to the people of to-day,
would seem impossible of being thus utilized. The Zuiis, for instance,
gathered and ate the inner layer of the bark of the yellow pine, a
substance most difficult of digestion and at best very low in nutritive
value. Tradition has failed to record the foods to which the people
were driven in times of unusual want, but in such periods almost
every plant not absolutely poisonous must have been requisitioned.
With the advent of civilization, and especially in recent years with
the development of the railroads, making it possible to import provi-
sions, the use of many substances which formerly served as food has
been discontinued, even by the least civilized tribes. While the
earlier inhabitants of New Mexico depended upon dozens or even
hundreds of the native plants, present inhabitants disregard all but
a few, now that more suitable food can be so easily secured. There
are, however, a number of plants which are still used extensivoly hy
the natives of the country for different purposes, and some have
even attracted the attention of the recent immigrants.

Most important among native economic plants, at least to the
original populstion, were those which furnished food. Not less
deserving mention here are some that are or have been employed for
fuel, in basketry, as dye plants, and for certain other purposes.

The most interesting, certainly the most remarkable, group of
southwestern plants consists of the members of the Cactacem or cactus
family. These at once attracted the attention of the early explorers,
and no stranger visiting this region, whether he be interestad in the
botanical features of a region or not, fails to remark upon these
peculiar forms of vegetation. Ower 70 species of this group are known
to oceur in New Mexico, ranging in size from the small globular
Mamillarias or pincushion cactuses, often less than an inch in diame-
ter, to the large branched cholla or cane cactus, frequently 10 feet
high or more. Almost all the representatives of this family bristle
with spines, which fortify them against the assaults of animals, or
possess other aduptations for maintaining themselves amid the most
unfavorable surroundings. They are found everywhere in New
Mexico except upon the high mountains, but they are by far most,
numerous in the southern part of the State. Haero on a single small
caleareous hill no less than 15 species have been collected, each rep-
resented by hundreds of individuals.
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For the greater part of the year eactuses are little more than
masses of spines, of bizarre but scarcely beautiful appearance; but in
the spring with the advent of warm weather their buds develop and
the plants are transformed into clusters of resplendent flowers. No
southwestern plants produce more showy blossoms; hence they are
admirably suited for cultivation in arid districts, where it is difficult
or impossible to grow the ornamental plants favored elsewhere. The
most beautiful of all our native eactuses are the species of the genus
Echinocereus. These are characterized by spiny cylindrical stems,
seldem more than 1 foot high and 3 or 4 inches in diameter, growing
singly or in elumps. Their flowers, borne profusely nlong the angles
of the stems, are very large, often 6 inches long, and of bright and rich
hues ranging through yellow, pink, scarlet, salmon, erimson, and
purple. At the New Mexico Agricultural College beds of some of the
different species have been established, each containing several hun-
dred plants. When in full flower these present a display of eolor sel-
dom equaled by any of our cultivated plants. Unfortunately they
do not bloom all summer, but usually continue in flower several weeks.
Other groups of the Cactaces are almost equally handsome. The
prickly pears are covered in early summer with yellow or whitish
flowers. The cane cactus (Opuntia arborescens) bears hundreds of
large red blossoms, The flowers of the Mamillarias are generally
bright pink but too small to be showy, and those of the species of
Echinocactus are small and of dull tints.

The most widely distributed of the cactuses are the prickly pears or
flat-jointed Opuntias, whose representatives in New Mexico number
about 30 species, at least one or two of which oceur in every section of
the State (pls. 2, 3). This is the group to which the so-called “ spine-
_ less cactus” belongs. While there are no native species in Now
Mexico that are completely spineless, at least two are practically so.
The spineless sorts which are reputed to have been developed in culti-
vation are tender and can not endure the winters of even the southern
part of the State. The common spiny prickly pears, the nopales of
the Spanish-speaking people, are used as food for stock, especially
when seasons of drought have depleted the ranges. They are less
extensively utilized in New Mexico than in some other parts of the
Southwest, chiefly because the stockmen of the State are unac-
quainted with their possibilities. To prepare them for cattle feed
the spines are singed off with a torch, after the plants have been
hauled to some central point or while they are standing in the field.
Experiments have been made to ascertain the feasibility of growing
prickly pear in quantity for stock feed, but these have so far resulted
in failure, chiefly because cottontails and jack rabbits eat them as
rapidly as they grow and seem to prefer the cultivated plants. When
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hard pressed by hunger cattle will eat cactuses, spines and all, even
attacking the very spiny chollas. The joints of the chollas are readily
detached from the plants and are often seen clinging to the nnimals’
bodies.

In some parts of the Southwest the young pads of the prickly pear
are prepared for human food, the tender joints being peeled and
cooked in various ways. They are not likely to become s popular
vegetable since they are nearly flavorless and their large amount of
mueilaginous matter is unpleasant to most people. The joints have
been used as poultices and their juice is occasionally employed in siz-
ing rough walls preparatory to the application of paper.

The fruit of the prickly pear, known as the tuna (pl. 4, B), is highly
prized in Mexico, where it is gathered in great quantities. The kinds
growing there have larger and more palatable fruits than any of the
New Mexican forms. Some of the northern species produce a dry
fruit consisting of little but spines and seeds, and consequently
inedible.  Others of the tunas are large and juicy and beautifully cal-
ored, but even they have large sceds.  Tha fruit has a pleasant flavor
and a taste for it does not have to be nequired, as it must for so many
of the unusual tropical or semitropical fruits. Some of the other
cactuses have still better flavored fruits, best of ull being those borne
by the different species of Echinocereus. In this genus the seeds are
small and can be eaten along with the pulp. In the earlier days, and
to some extent at the present time, the different eactus fruits were
gathered by the Indians, who ate the fresh ones either raw or cooked,
and often dried them in the sun for use in winter. The tunas are cov-
ered with very fine spines which must be removed, the Indians resort-
ing to small brushes of dried grass for the purpose. The Echinocereus
fruits, besides being much more finely flavored than the tunas, are
easier to eat because they are protected only by large spines that are
easily removed with the fingers when the fruit is fully ripe.

Tunas have not been utilized extensively in New Mexico by recent
immigrants who often eat them when they happen upon ripe fruits
but seldom make any definite effort to gather them in quantity.
Sometimes they are collected and their juice extracted and used in
the preparation of jellies and sirups, the produets thus obtained com-
paring favorably in flavor and appearance with any similar ones from
other fruits. It has been discoyered that a valuable coloring matter,
a rich red similar to that of cochineal, ean be extracted from them to
be used in tinting eandies and pastry. The prickly pear, inciden-
tally, is often & host of the cochineal insect which in spring and early
summer often completely covers the plants with its white wehs,

In the southern part of New Mexico, on the mesas bordering the
Rio Grande, is one of the most remarkable cactuses, known as the fis}.
hook or barrel ‘eactus or viznaga (Eclinocactus wislizeni, pl. 6, A),
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This was unknown to botanists until the year 1546, when it was dis-
covered by Dr. Wislizenus who was making a journey of scientific
exploration through the Southwest. He first saw the viznaga near
the village of Dona Ana at the lower end of the Jornado del Muerto,
on August 5, and speaks of it in these words:

Before reaching Doffana I met on the road with the largest cactus of the kind T have
everssen. It wns an oval Echinocactus with enormous fishhook-like prickles, measur-
ing in height 4 feet and in the largest circumference 8 feet 8 inches, It had yollow
flowers and at the snme time seed, both of which I took along with some of the riba.

These specimens ultimately reached Dr. George Engelmann of St.
Louis, the first botanist to mske an extensive study of our North
American Cactaces, who named the species in honor of its discoverer.
This viznaga is seen in cultivation in the Southwest and oceasionally
in the East. The plants that have been mutliated assume strange
forms, and bifurcate or cristate stems are not uncommon.

The barrel cactus is a potential source of water in extreme need.
When its top is removed and the juicy white pulp macerated with a
elub a quantity of a clear watery liquid is extracted from it. While
this will serve as a substitute for water in cases of severe thirst its
taste is not altogether agreeable, and fortunately in New Mexico
water is rarely so scarce as to necessitate such a substitute. The pulp
of the viznaga is used more satisfactorily for another purpose. When
cut into strips or cubes, boiled several hours until tender, then cooked
in a thick sirup which is usually prepared from the erude brown sugar
s0 largely used in Mexico, molded into rough cones known as pilon-
cillos, the resultant product is a eandied pulp similar to candied pine-
apple or citron, of a delicious flavor (pl. 5). Large quantities of it are
made every spring by the native people and sold by vendors about
the streets of nearly all southwestern towns. It is known as dulee
de viznaga. More recently another possible use for the plant has
been found. The flesh after being cut into long thin strips and,
treated with a glycerin solution forms a sort of vegetable leather
which hins been manufactured into souvenirs for the tourist trade.

Remarkable among the novel curios to be found in the shops of
the towns frequented by tourists are the canes made from the stems
of the cholla ((puntia arborescens). These are long natrow eylinders
of wood composed of a network of coarse woody bundles with many
interstices. They are the woody part of the cholla from which flash
and spines hiave been removed. Although essy to prepare, to one’
who is ignorant of the method of manufacture they appear to have
been whittled from a solid stick of wood with painstaking care. This
tree cactus is another of the plants first made known to science
through the explorations of Dr. Wislizenus, Among the Spanish
people it is sometimes known as velas de coyote (coyote candles).



452 ANNUAL REPORT SMITHSQKIAN INSTITUTION, 1911,

Almost as conspicuous as the cactuses are the Yueceas, a group of
desert plants whose members are variously known as Spanish dagger,
soapweed, Spanish bayonet, pnlma, palmilla (pl. 1), or datil. There
are seven species that grow in New Mexico, at least one of them in
every part of the State except the higher mountains, and one species
does extend into some of the ranges as high as 9,000 feet. Usually
they grow on the plains and mesas or in the foot hills. Most of them
are low, consisting of a cluster of long, narrow, more or less rigid,
sharp-pointed leaves 2 feet long or shorter, arising from a short stem
orcaudex. From this mass of leaves appears the inflorescence, which
takes the form of a raceme or panicle crowded with nearly white,
bell-shaped flowers (pl. 7). In southern New Mexico three species
grow much larger, having trunks often 6 or 8 and rarely 15 feet high,
surmounted by & cluster of leaves above which are thrust up the
panicles to a height of 2 to 5 feet more.

The yucca which is of greatest economie importance, perhaps, is
the datil (Yucca baecata, pl. 8), which grows in the foothills of the
northern part of the State in great abundance, and extends in lessenad
numbers south to the Mexican border. It is one of the low forms,
never more than 2 or 3 feet high, but it is noteworthy from the fact
that its fruit, unlike that of other species, is fleshy and edible. TIn
form the fruit is cylindrical or conical and usually 6 inches long,
with 8 smooth skin. When ripe it somewhat suggests & banana,
because of its shape and yellow color, and is palatable despite the
large black seeds with which it s filled. No use has ever been made
of it by the English-speaking peoploe and little by those of Spanish
descent, but it was an important food among the Indians, who do not
altogether ignore it now. The Navahos made mora extensive use of
it than any other tribe, possibly because the plant grows so luxuri-
antly in their territory, where it sometimes covers the foothills with
almost unbroken ranks. Regular expeditions were made to gather
the fruit when it was ripe. Some of it was eaten fresh, either raw or
cooked, but often it was preserved for winter use. The ripe fruits
were dried by the fire on flat stones, then ground and kneaded into
small cakes, which were lnid in the sun and allowed to dry still further.
These cakes were stored until wanted, when they were broken up and
mixad with water and in this form eaten with bread, meat, or other
dishes.

The Zufiis, and probably some of the other Indian peoples, ate the
geced capsules of the dry-fruited species after they had been boilad
and made into a sort of pickle. These must be very inferior to the
fruit of the datil, for they have an unpleasant taste before being
eooked, besides being hard and not at all fleshy.

The roots of all yuccas contain a high percentage of saponin and are
employed as detergents. After being dug and grated or otherwise
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reduced to small particles they are used almost exactly as soap, form-
ing & copious and persistent lather. Both the Indians and the
Mexican population use the soap weed in this form, especially for
washing the hair. The ground root, amole, is said to be superior to
soap for many purposes. In small amounts it has been placed upon
the market, where, if its merits were better known, doubtless a profit-
able sale could be found forit. Thesoap weeds thrive so well through-
out the Southwest that an almost inexhaustible supply of the roots
could be depended upon. There are possibilities in the use of
~ saponin from this source for other purposes.

Yuecea leaves furnished the Indians with the most satisfactory
material for their basketry. The Mescalero Apaches, whose baskets
compare favorably with those made by any of the North American
Indians, use the leaves of two species (Yucea radiosa and Y. macro-
carpa), obtaining from either of them two colors of fiber with which
they usually associate a third derived from another source. From
the interior of the yucea leaf is taken the nearly white fiber which
forms the groundwork of the basket. The geometrical designs with
which these are customarily decorated are worked in with strips from
the outer coarser part of the leaf, of a soft greenish-yellow color.
With these the weavers combine a few strands of a dark reddish-
brown fiber prepared from the bark of the lemita, a kind of sumae
(Sehmallzia trilobata and related species). Not all Indian baskets
made in New Mexico are woven from these materials, but most of
them are substantially the same. Some tribes use the bark of the
willow or that of other trees and shrubs, while a few prefer the stems
of cat-tails, rushes, or sedges. The Apaches also fashion wicker water
bottles from the slender willow twigs, waterproofing them with
interior and exterior coats of resin from the yellow pifie. Anywhera
upon the Mescalero Reservation one may come upon dead pines, killed
by the removal of the bark from their trunks for several feet above
ground so as to produce an exudation of resin for this purpose.
Almost all the Indian tribes of the Southwest manufacture similar
receptacles for water, although some use earthenware jars.

Because of the prominence and strength of their fibro-vascular
bundles Yucca leaves have been considered as a possible source of
fiber for cordage, but they are not well suited to such a purpose since
their product is coarse and hard. On a small scale the leaves have
been made into heavy stable brooms and there is a possibility of a
more extensive utilization in this direction.

There are several New Mexican plants that may beecome fiber pro-
ducers. The bear grass (Nolina microcarpa and other species, pl. 9)
furnishes a good quality of fiber, and tests have been made of the
sotol (Dasylirion wheeleri). Related plants furnish commercial
fibers in Mexico and other countries. The lechuguilla (Agave lechu-
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guilla), & congener of the mescal but a smaller plant, yields a fiber
which is twisted into rope and twine in Mexico. It covers many
miles of the desert of western Texas, although in that region little
effort has been made to utilize it. It barely reaches southern New
Mexico and can never be of economie importance here.

Recent advances in the price of rubber, caused by its increased use
in manufactures, have stimulated a search all over the world for
rubber-yielding plants. A large and profitable industry has been
developed in northeastern Mexico in the extraction of rubber from
one of the Composite known as guayule (Parthenium argenfatum).
It has been reported repeatedly that guayule occurs in New Mexico,
but such statements are not supported by investigations. Although
the sections of the State where it might be expected to grow have
been carefully explored by botanists searching for it, not n single
plant has been found. Another species of the genus, mariola (Par-
thenium ineanum), from which rubber can be extracted, does occur
in New Mexico on the dry limestone hills near the southern border.
It is said to yield a fair quality of rubber, but a lower percentage of
inferior value to that obtained from guayule. Nowhere in the State
is it found in sufficient quantity to be of commereial importance.

Another member of the same family, the Colorado rubber plant
(Hymenorys floribunda) is abundant in northern New Mexico, where it
covers hundreds of acres on the low foothills or higher up among the
pine trees, sometimes to the exclusion of almost all other herbaceous
vegetation. By chewing some of the stems for a few minutes a small
mass of crude rubber is obtained. A few years ago a company was
formed in Colorado to extract rubber from the plant, but the under-
taking was not a success. While there is no doubt that rubber can
be gotten from this source, it is questionable whether o large enough
supply could be relied upon to make extensive operations practicable.

A prominent feature of the desert flora of the Southwest, nlong the
rocky hills or advancing upon the plains, are the stately Agaves, gen-
erully known as mescal or century phnts, several species of which
are at home in New Mexico (pl. 10). | Their leaves are broad and short,
never more than 18 inches long, suceulent, forming & compact rosette,
Each is tipped with a sharp dark spine and is armed along the edges
with stout hooked prickles. The tall flower stalks of our native
species are 10 to 15 feet high or more, surmounted by thick divergent
branches bearing hundreds of yellowish flowers. It is a popular
belief that the century plant blooms but onece, when it has rounded
out a hundred years, hence the common name. A possible basis for
this reputation is that in cultivation the plants seldom flower,
although in their native haunts flowering plants are of common
occurrence. They are known to bloom long before they attain the
century mark and probably require only a comparatively few years
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to reach maturity. Each plant flowers but once, the leaves wither-
ing as soon as seed is matured. About each dead plant is usually left
a colony of young ones formed from suckers, by which the plant is
propa.gutetl The true mesecal plant, a native of Mexico, the source
of pulque, meseal, tequila, and other drinks, is not rare in cultivation
in southern New Mexico, but is not indigenous.

The native Agaves furnished one of the most important items.in
the diet of the Apaches and other Indian tribes, who used them for
making what is known as meseal. It is from the manufacture of this
article that the Mescalero Apaches, whose reservation lies in the
White and Sacramento Mountains, receive their name.

There are two substances to which the term mescal is applied. It
is more generally used to define an intoxicating beverage distilled
from the fermented juice of the Agave. This drink is consumed in
every part of Mexico, but is prnhabl'. not manufactured to-day in the
United States, After the coming of the Spaniards the natives of the
Southwest learned to distill the aleoholic drink and it is not impossible
that they had even developed the process independently. This, how-
ever, is not the mescal to which the Mescalero Apaches owe their
designation.

The Apaches, like others of the southwestern Indians, were wont
at certain times of the year to visit the localities where the century
plants were most numerous. The favorite season was in early sum-
mer when the flower stalks were just starting, but the plants could
be used at any time. Pits 10 or 15 feet across and about 3 feet deep
were dug and lined with stones, then filled with wood which was fired
and kept burning until they were thoroughly heated. The fire was
then raked out and the pits filled with the succulent Agave leaves.
After being covered with grass or weeds the pits were left for some
time, usually about three days, when they were opened and the thor-
oughly cooked leaves (mescal) were taken out and eaten. The leaves
thus cooked contain much sugar and have an agreeable sweet taste.
They consist so largely of fiber that they are unfit to be eaten as a
whole, but must be chewed until the digestible part is removed, the °
fiber being then ejected. Large amounts of mescal were prepared
after this method and either eaten at once or partly dried and stored
for later consumption. Mescal pits are of common occurrence in
New Mexico wherever the Agave grows (pl. 6, B). The Mescaleros
still prepare this food, but not such stores as in earlier days. In the
markets of Mexico the same article is everywhere offered for sale.
The leaves of the species used there are larger and furnish a greater
amount of nutritious matter than the northern kinds.

Another desert plant, more closely related to the Yuccas than to
the Agaves, is the sotol (Dasylirion wheeleri, pl. 11), which was utilized
by the Indians in much the same way as the century plant. Of this
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they used only the heart of the plant taken just when the flower stalk
was pushing up. The trunks were trimmed and placed in the pits,
where they were treated exactly like the meseal. This product must
be far less suitable for food, for the stems are hard and woody and only
the youngest parts can be easily rendered edible. Sotol has been
used in the manufacture of aleohol in & commercial way, the sugars
contained in the stems being readily fermentable. With this as a
basis reports have been issued of the distillation of alcohol from
cactus, but the sugars contained in the different cactuses have so far
not proved susceptible of fermentation. All plants that have spines
are popularly known as eactus in the Southwest and here may be
found the probable source of this erroneous report.

Sotol has proved its utility as feed for stock, especially when con-
tinued drought has caused a scarcity of grass. Cattle if starved can
eat the plants as they stand in the field but are likely to be injured
by the sharp edges of the leaves, When the plants are eut in two, so
as to expose their interior, they are greedily consumed. One cattle-
man in the southern part of the State, while fattening cattle for
market, had several carloads of sotol shipped in for feed and used it
with profitable results. The plants are very abundant in some
localities, closely covering broad slopes along the foothills.

New Mexico is not bountifully provided with wild fruits, but there
18 a considerable number of native ones, some of which are not par-
ticularly palatable but can be eaten. The number that are really
g::[‘ul 1s small compared with those found in the Central and Eastern

tes,

The most valuable of all, certainly the most delicious and most
frequently gathered, is the red raspberry (Rubus strigosus) which is
exactly like the plant that bears the same name farther east. Seldom
does it grow so luxuriantly as in some localities in New Mexico, where
it forms thick patches, often several acres in extent, in the broad
open valleysin the higher mountains. Its well flavored fruit is borne
in profusion and is often gathered in quantity when accessible, It is
a fuvoarite food of bears and many of them frequent the berry patches
when the fruit is ripe. A near relative is the thimbleberry (Rubacer
parviflorus) which also produces a red fruit like the raspberry, but
unfortunately the plants are low, never more than 1 or 2 feet high,
and each bears but few fruits, so that gathering the berries is a tedious
task. Strawberries of excellent quality are found in most of the
mountain ranges, sometimes in sufficient abundance to be gathered
for the table. In the ranges between Santa Fe and Las Vegas and
northward a blueberry (Vaecinium oreophilum) is common. Tt grows
in sandy soil high up among the spruces, a low shrub rarely more
than a foot high, loaded with small wine-colored berries which L
often picked and eaten. On the Plains along the eastern border of
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the State are scattered thickets of the sand plum (Prunus watsoni)
whose fruit is used for jams and jellies. The wild red plum (Prunus
americana) is known in a few localities in the mountains., It is
abundant about the pueblo of Taos whose inhabitants utilize all
the fruit produced. In some parts of the State this plum seems to
have escaped from cultivation but in places it is almost certainly
indigenous.

The buffalo berry (Lepargyrea argentea) grows in the San Juan
Valley, a large shrub usually about 10 feet high, with silvery white
leaves and clusters of very small currant-like berries. The fruit has a
flavor not unlike that of the cultivated red currant and is gathered
and preserved. " Currants and gooseberries are seen everywhere in all
the mountain ranges. Unfortunately the fruit of the wild currants
is tasteless and insipid and is seldom used for food by the English-
speaking people although employed by the Indians formerly and to
some extent to-day. The native people used the fruit either fresh,
or dried and preserved for winter. From the berries certain of the
western tribes prepared an intoxieating beverage, one of the species,
Ribes inebrians, receiving its specific name from this fact. One of the
gooseberries ((Frossularia pinelorum) is distinguished by having its
fruit, while agreeable to the taste, so densely covered by sharp spines
that it can not be eaten. Elderberries (Sembucus microbotrys and
other species) grow in most of the mountains and in the lower Rio
Grande Valley. All have edible fruit that is sometimes gathered.
The Mexican elderberry (Sambucus mezicana), which is frequent in
cultivation in the Rio Grande Valley and may be native in some parts
of the State, differs from the eastern species in becoming a good-sized
tree. It is valuable as an ornamental plant because it is green nearly
throughout the year and may put forth its blossoms even in January
or February if there are a few days of mild weather. The algerita
(Berberis haematocarpa), a native of the hills and dry canyons, is a
barberry which bears quantities of juicy blood-red berries that are
made into jellies. There are several other barberries, including the
“Oregon grape”. (Berberis repens), which grow in New Mexico, but
never in sufficient abundance to furnish any considerable amount of
fruit. One of the ground cherries (Physalis neomericana), a trouble-
some weed in cultivated land at higher elevations, makes excellent
preserves, besides being prepared in other ways.

The fruits that have been mentioned are nearly all that are used
by the English-speaking people of the State, but in former times the
Indians were compelled by the general scarcity of food to make use
of many others, and some of the more primitive tribes, like the
Navahos, still employ some of them. Among those whose fruit has
been utilized are the lote bush (Zizyphus lycioides) and Condalia
spathulata, low straggling desert shrubs of the southern mesas, the
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wild grape (Vitis arizonica), choke cherries (Padus melanocarpa and
P. capuli), the wild rose (the fruit or hips of Resa fendleri and other
species), service berries (Amelanchier sp.), mulberries (Morus micro-
phylla), hackberries (Celtis reticulata), lemita (Schmalizia trilobata),
and tomatilla (Lyeium torreyi, L. pallidum, and other species). Of
the first two shrubs a Mexican once told the writer that the fruit con-
sists of ““mucho hueso y poco carne” (a large seed and little flesh),
and this is true of most of those just enumerated. Wild grapes grow
in many of the mountains, but their fruit is small and sour. Mul-
berries are found only in the southern part of the State. The trees,
which stand in the drier canyons and on open stony slopes, are small
and stunted, and the fruit is undersized and not very juicy. Service
berries form thickets in most of the mountains, but the berries are
small and insipid. The fruit of some of the species found in the
northwestern part of the State is nearly if not quite dry, and =o iz not
edible. The tomatilla, a characteristic shrub of the mesas and river
valleys, bears an abundance of bright red juicy fruit which is eaten
by the native population, although it does not seem very appetizing.

Besides these fruits—in the popular sense of the word—the seeds
of many plants formed part of the food of the Indians. Those of the
sunflower, a weed which thrives almost everywhere in the West, were
guthered and ground into meal. This is so rich in oil that it was sel-
dom used alone but was mixed with other substances. The seeds of
some of the amaranths (Amaranthus spp.) and goosefoots or lamb’s
quarters (Chenopodiumspp.) were collected by the Zufis and Navahos,
as well as those of purslane (Portulaca oleracea and P, retusa) and of
certain grasses. The Apaches depended upon a sort of bread made
from the ground legumes and seeds of the mesquite and the tornillo
or screw bean (Strombocarpa pubescens). The pods of these shrubs
are rich in sugar and sweet to the taste. Children are often seen
chewing them and’ they are relished by stock of all kinds. The
Zuiis gathered cedar berries and after grinding them formed the meal
into cakes. Young fruits of the wild gourd (Cucurbita foetidissima)
wers cooked in various ways.

Besides the seeds of the lamb’s quarters the plants themselves, the
leaves and young shoots, -were cooked as “greens,” just as they fre-
quently are in other parts of North America. Additional succulent
plants such ns the purslane, the Rocky Mountain bee weed (Peritoma
serrulatum), s small composite (Pectis angustifolia), and many others
were treated in the same way. All plants used thus are known by
the Spanish name of quelite. It seems almost incredible to anyone
familiar with the bee weed that it could ever be eaten. It is one of
the most common plants of the northern part of the State, covering
large extents of mesa land. Its stems and leaves when crushed give
off & most offensive odor, but this is said to disappear upon cooking.
Only the young shoots are used as food.
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While New Mexico furnishes a number of fruits capable of being
utilized in different ways, in the matter of nuts the State is not so
fortunate, there being only one that is of economic importance. Two
species of walnuts (Juglans rupestris and J. major) grow in the moun-
tains and low foothills. The first bears very small nuts, scarcely
" large enough to be eaten, and the second has them but little larger
and of poor flavor. Indians formerly collected the acorns of the
many oaks for food, but it is improbable that they use any at present.

The one kind of nut which New Mexico does produce in quantity
is the pinyon (Pinus edulis, pl. 12, A). This is the seed of a small
pine tree, seldom more than 20 feet high and often much lower, which
grows almost everywhere in the State at elevations of from 5,000 to
7,000 or 8,000 feet. Where the nut pine is found it is the most con-
spicuous component of the vegetation and often the only tree or
shrub present, although commonly associated with one or two kinds
of cedar. The nuts are inclosed in small cones, only a few in each.
They are gathered in one of two ways. More frequently, after frost
has come and the cones are opening, the nuts are shaken down upon
blankets spread beneath the trees. Obviously only a fractional part
of them can be secured in this manner, at least at a single shaking.
Another method is to pick the cones before they are open and heat
them until the nuts fall out or can be removed by the fingers. In
either case they are roasted before eating, to the improvement of their
flavor. The delicious taste of the roasted nuts is not excelled by that
of any of our well-known kinds, and indeed is equaled by few of
them. The nuts are small, scarcely more than half an inch long,
and oblong in outline (pl. 12, B). Their thin shells are easily broken
by the teeth and separated from the meat by the aid of the tongue.
In the Southwest, at least among the native population, pinyons
are much more popular than peanuts, to which they are most com-
parable, and wherever a erowd assembles on some festive oceasion or
on market days, the ground and sidewalks are soon covered by the
shells. They can not be eaten rapidly, consequently one can eat
them almost all day long. Enormous quantities of pinyon nuts are
gathered in good seasons, which are said to occur once in every five
years. In some localities they are brought into market by the
wagonload and have been gathered in large enough amounts to be
used in feeding horses. Most of the crop is consumed in the South-
west where the pinyon is known and appreciated, but a part is
ghipped East and retailed in the fruit stores of the larger cities.
Candy manufacturers have used the nuts in sweetmeats and they
would become a staple article if the supply were more constant.

The nuts of another New Mexican pine (Pinus flezilis) are edible,
but they have such thick shells that they can not be easily eracked
with the teeth and are seldom gathered. The gum of the pinyon
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is sometimes chewed, being similar in flavor and consistency to
spruce gum,

Several planis native to New Mexico have roots that serve useful
purposes, Two kinds of wild potatoes grow in the State, one of
which (Solanum jamesii) is a common weed in cultivated lands in the
pinyon belt, while the other (Solanum fendleri) is not rare in the
higher mountains on shaded banks along with pine and spruce trees.
The latter is not distantly related to the cultivated potato (Solanum
tuberosum) and has been referred to that plant as a subspecies. It
has small tubers about half an inch in diameter which are sometimes
eaten. 'Wild onions, as well as the roots of certain umbellifers and
of wild liquorice (Glyeyrrhiza lepidota) were used for food by the
earlier inhabitants of the region. A member of the Senna family,
Hofimanseggia densiflora, found on the lower alkaline land in the
western part of the State, is known as camote de raton or rat’s sweet
potato. It develops along its roots many spherical tubers an inch or
less in dinmeter, which the Indians dig and cook like the common

tato.
puA near relative of the yellow dock, known as cafisigre (Rumesr
hymenosepalus) is another plant whose root is economically impor-
tant. This is often the first plant to bloom in the spring on the sandy
mesas of southorn New Mexico. The flowers appear as early as Fob-
ruary in the lower Rio Grande Valley, and by the time most other
plants are blooming this has completed its growing season and its
fruit stalk and leaves have disappeared. For the rest of the year
the plant consists of a large mass of fascicled roots similar in appear-
ance to those of the dahlis and about as large. They are rich in
tannin and aro employed throughout the Southwest in tanning
hides, Most of the cattle, sheep, and goat skins cured within the
region are treated with cafinigre roots. Utilization of the plant for
commercial purposes has boen attempted. Experiments toward this
end were successful in demonstrating the efficacy of the roots in
tanmning. '

The problem of fuel in New Mexico has solved itself in much the
samo way as elsowhere. With the advent of the railroads coal mines
were opened and coal is largely used in localitios where it is accessible,
but wood is still the principal fuel. In the mountains, with the
forests of pine, fir, spruce, and other trees to draw upon, firewood is
obtained at no great expenditure of labor. Where available oak is
preferred to the wood of coniferous trees because of the less amount
of soot formed by its combustion. In the foothills of the northwest-
ern and western parts of the Stato pinyon and cedar are the woods
depended upon. The pungent odor of cedar smoke which greets one
whenover he approaches a human habitation must always be asso-
ciated in memory with Indian camps to one who has traveled in the
less frequented parts of the Southwest.
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Tn the river valleys, often far removed from forested mountains,
or separated by almost impassable country, the fuel question is less
easily solved. There is a widely quoted saying that in the South-
west men ““dig for wood and climb for water.”” The first part of this
statement is literally true. The people of southern and southwestern
New Mexico, like those of the adjucent regions, depend for fuel
largely, if not chiefly, upon a low, straggling, spiny shrub, which
would certainly be ignared by one not acquainted with its peculiar
possibilities. The mesquite (Prosopis glandulosa, pl. 13) is a widely
distributed and characteristic plant of all the Southwest, being in
New Moxico always a low shrub, never more than 3 to 5 feet high,
its slender branches seeming even more tenuous by réason of the
sparse dissected foliage with which they are invested. The branches
are so small that even were they all compressed into a solid block of
wood they would still supply but scant fuel. The shrub’s value lies
not in its branches and trunk, however, but in its roots. When the
sand heaped about the stems is pushed away and the roots uncov-
erod it becomes evident that the mesquite can be a source of a large
amount of firewood. The roots have been developed more than is
common in woody plants, presumably that they may serve as stor-
age organs for water, and thus enablo the shrubs to exist in the arid
regions where they grow. Many of the native Mexicans earn no
inconsiderable part of their livelihood by digging mesquito roots
upon the mesas or in the waste land of the valleys. Each bush yields
a large amount of wood, but there are no data available from which
to determine the amount per acre. While in the form of very thick
and gnarled hard roots, extremely difficult to cut or split, when
finally prepared for the stove or grate the wood is of unexcelled
quality. It can be burned green, but is improved by drying. The
tops or branches are usually thrown away. Unimproved land in
the valleys is gencrally covered with mesquite and removal of the
bushes and roots must precede cultivation.

A near relative of this shrub is the tornillo (Strombocarpa pubes-
cens, pl. 4, A) or scrow bean, which receives its English name—the
exact equivalent of its Spanish one—from the shape of its pods,
which are coiled into a long eylinder so as to resemble a screw. In
the ease of the tornillo the stoms, not the roots, furnish fuel. These
are little larger than an ordinary broomstick and would appear to
be an unsatisfactory source of heat, but thousands of loads of them
aro cut in the valleys every year. The bushes grow only in the allu-
vial lands. When cut off near the ground, they sprout up and are
soon ready for cutting again.

The land immediately bordering the principal streams is nearly
always covered with bosques or groves of the valley cottonwood
(Populus wislizeni) accompanied by a thick undergrowth of small
ghrubs. The cottonwood, which often reaches a large size, is used
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principally in the construction of houses, corrals, and shelters. The
wood is so soft that it burns almost as rapidly as paper and produces
an intense heat but of short duration. The large trees seem immune
to destruction as long as loft to the native people, who are apparently
baffled by their size. In some localities one sees men going miles to
dig mesquite roots, an operation requiring the hardest kind of laber,
while along the roads lie huge trunks of fallen cottonwoods, untouched
because the people do not know how to cut, them up.

Best known among all the handiwork of the North American
Indians are the splendid rugs made by the Navahos, whose reserva-
tion occupies the northwest corner of New Mexico. These blankets,
whose workmanship would be a credit to any civilized people, notwith-
standing the crude methods of their manufacture, are noted for the
permanence and harmony of their colors. To-day the raw wool is
eolored with imported synthetized dyes, but formerly all the colors
of the blankets, like those of other similar articles, were obtained from
native plants or mineral substances. Red was produced by a decoc-
tion of the mountain mshegany (Cercocarpus parvifolius), the
powdered bark of the alder (Alnus tenuifolia), and the ashes of the
cedar  (Juniperus momosperma snd J. uwlehensis), Yellow was
obtained by rubbing the wool with a paste made from the roots of
cafisigre or by vsing an extract of the flower heads of rabbit brush
(Chrysothamnus spp.). Black was produced by a decoction of the
leaves and berries of the lemita (Sehmaltzia trilobata) combined with
calcined gum of the pinyon. Other tribes elsewhere in the State used
different plants to secure the same results.

There is not space here to enumerate any of the plants used
medicinally by the Indians; indeed but little is known or probably
ever will be known of this subject. To almost every plant some real
or fancied medicinal virtue was assigned. While many of these uses
were purely empirical, others doubtless were based on some substratum
of fact. There is a common herb which is reputed throughout all the
West and Southwest to be a remedy for the bite of the rattlesnake.
Others were used to treat the stings of venomous insects and of
spiders and scorpions.  Nor is there space for the mention of any of the
forage plants, in whose variety and abundance consists New Mexico’s
greatest natural resource, furnishing sustenance to thousands of head
of stock each year. A second great asset lies in the extensive forests
which cover all the mountains. Those plants which are here briefly
noted are 