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EDWARD SINGLETON HOLDEN

BY W. W. CAMPBELL

Epwarp SiNcLETON HoLDEN, son of Edward and Sarah
(Singleton) Tolden, was born in St. Louis, Missouri, on No-
vember 5, 1846. IHis secondary education was received in
private schools at Cambridge, Massachusetts, and during the
years 1860-’62 in the Academy of Washington University,
St. Louis. He was a student in Washington University dur-
ing the years 1862-66, receiving the degree of bachelor of
science in the latter year, William Chauvenet, author of the
well-known Manual of Spherical and Practical Astronomy,
was professor of mathematics and astronomy in Washington
University, and it is probable that Mr. Holden pursued astro-
nomical studies more or less extensive with Professor Chau-
venet. Professor Holden’s later associates, who are now re-
siding on Mount Hamilton, recall his frequent remark that his
interest in astronomical subjects had been aroused on the occa-
sions of visits to Harvard College Observatory while his
cousin (by marriage), George P. Bond, was an observer and
later (1859-'05) director of that institution. Mr. Holden was
a member of Professor Chauvenet’s household during a part
of his student days, and married Chauvenet’s daughter Mary
in the year 1871.

Mr. Holden was a cadet in the U. S. Military Academy at
West Point during the years 1866-70. He was graduated in
the latter year, with third rank in his class. During the aca-
demic year 1870-"71 he was second lieutenant in the Fourth
U. S. Artillery. In 1871-"72 he was second lieutenant in the
U. S. Corps of Engineers, serving as instructor in natural
philosophy in the Military Academy. In 1872-'73 he was in-
structor in practical military engineering in the Academy. He
published an octavo treatise on ‘““IT'he Bastion System of Forti-
fications, Its Defects and Their Remedies,” in 1872. Mr.
Holden resigned his commission in the army in March, 1873,
to accept appointment as professor of mathematics in the U. 8.
Navy, for service as astronomer in the U. S. Naval Observa-
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tory, Washington, DD. C. Drofessor llolden was assigned to
duty on April 15, 1873, as assistant with the transit circle,
under Professor Harkness. 'The 20-inch refracting telescope
of the Naval Observatory was completed in November, 1873,
and on November 17 Professor Holden was transferred to that
instrument as assistant under Professor Simon Newcomb. It is
clear from historical developments, as well as from passages
in Newcomb's “The Reminiscences of an Astronomer,” that
Newcomb was tremendously impressed with Holden's energy
and ability. When Mr. D. O. Mills, president of James Lick’s
first board of trustees, went to Washington in 1874 to consuit
with Newcomb and others concerning plans for the Lick
Observatory, Newcomb “suggested that a director of the new
establishment should be chosen in advance of beginning active
work, so that everything should be done under his supervision.
As such director T suggested that very likely Professor FHolden,
then my assistant on the great equatorial, might be well quaii-
fied. * * * 'The necessity of choosing a director was not,
however, evident, but communication was opened with Pro-
fessor Holden as well as myself to an extent that T did not
become aware of until long afterward.”

It is an illuminating comment upon Professor [Holden's
promise as an astronomer of the future that he should be rec-
ominended, and probably tentatively selected, as the director of
the proposed Lick Observatory, to contain the largest and most
powerful telescope in existence, at a time when his astronom-
ical experience had covered but little more than one year. Pro-
fessor Holden was then less than twenty-eight years of age.
The appointment referred to was not made, as the first board
of trustees resigned in 1875, following certain unsatisfactory
relations with James Lick, and a new board of entirely differ-
ent personnel was appointed by Lick in 1876, under whose
auspices the actual construction of the observatory was con-
ducted. The appointment was actually made by the regents
of the University of California on October 20, 1885, for servica
as director to begin upon the completion of the observatory,
two or three years later.

Professor IHolden continued as assistant with the 26-inch
refractor under Professor Newcomb to May, 1875, and under
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Professor Hall to February, 1880. In addition to assisting
energetically with the principal programs of observation with
this instrument, Holden undertook many pieces of work on his
own account. He investigated the object glass and the
micrometers of the great equatorial and published a brief de-
scription of the instrument. [le observed the positions of the
satellites of the planets; lie observed especially interesting
double stars; he made drawings of Mars, Jupiter, and Saturn,
and of several especially interesting nebulae; he observed the
surface markings of the planet Venus; he made position
observations of the comets; and he made extensive observa-
tions of the Great Nebula in Orion. His monograph on the
Nebula of Orion, based upon observations begun in 1874 and
continued through many vears, is the most extensive paper on
the subject that has ever been published. It includes a pains-
taking résumé of all previous observations, his own observa-
tions of the positions and brightness of the principal details of
the nebular structure, and a comparison of his results with the
earlier observations. Holden expressed the hope that his work
would be useful to succeeding astronomers when examining
the object for evidences of motion or of variations in bright-
ness. Before the monograph was published Dr. Henry Draper
had made the first photograph of the Nebula of Orion, in Sep-
tember, 1880, and a full-page artotype reproduction of Draper’s
photograph of March 14, 1882, exposure 137 minutes, was in-
cluded in the monograph. Although the photographic method
of delineating such objects was then in its infancy, Professor
[{olden recognized some of the advantages of this method over
the visual method of observation. The sequel has, indeed,
shown that searches for motion and other evidences of change
in the Orion Nebula will be based upon the photographic rec-
ords alone. This is one of the penalties which the pioneers
pay to progress.

The transit of Mercury which occurred on May 6, 1878, was
observed by "Dr. Henry Draper and Professor Holden at
Draper’s observatory in New York.

Professor Holden was in charge of an expedition dispatched
by the Naval Observatory to Central City, Colorado, to observe
the total solar eclipse of July 29, 1878. His part in the observ-
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ing program consisted of a search by visual methods for the
hiypothetical planet Vulcan. All objects seen were identified as
well-known stars.

Professor Holden was sent to London in 1876 as a delegate
from the United States Government to examine and report
upon the South Kensington [.oan Collection of Scientific In-
struments, especially as to improvements in astronomical and
geodetical instruments,

While on the staff of the Naval Observatory Professor
Holden made himself very famihar with the literature of
astronomy.  He prepared and published a very complete hibli-
ography of papers and books relating to nebulee and star clus-
ters, to the transits of Mercury, and to other subjects. He
prepared annual reports on the progress of astronomy. lle
wrote many popular articles for the magazines and many semi-
popular articles for scientific journals. In collaboration with
Professor Newcomb, he wrote a text-book on astronomy for
high schools and colleges. An abridged edition of the latter
volume served for schools. e prepared and published (1881)
a volume on “Sir Willlam Herschel: His Life and Works”;
and in collaboration with Professor C. S. Hastings he prepared
and published (1881) “:\ Synopsis of the Scientific Writings
of Sir William Herschel.”

In February, 1879, Professor Holden was relieved in part
from technical duty to serve as librarian of the U. S. Naval
Observatory. For work of this kind Professor Holden pos-
sessed unique talents, and it is not surprising to read in the
Superintendent’s report, dated October 2o, 1870, that the
library “is now in a satisfactorv condition.” \While engaged
in cataloguing the library Professor Holden prepared a com-
plete index to the publications of the Washington Observatory
during its entire existence, from 1845 to 1875. He served as
assistant on the transit circle under Professor Eastman from
April 1, 1880, to January 1, 1881. .

Professor Holden resigned the professorship of mathematics
early in the vear 1881 to accept appointment as director of the
Washburn Observatory of the University of Wisconsin, in sue-
cession to Professor J. C. Watson, deceased. His activities at
Madison are reflected in the publications of the Washburn
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Observatory, volumes I to IV. They include observations of
nebulae, double stars, red stars, comets, etc.; meridian observa-
tions of star positions, especially of the 303 stars in Auwers’s
Fundamental Catalog of Southern Stars; of investigations on
the distribution of stars in the sky, based upon Sir William
Herschel's star gauges and the principal existing star charts.
In collaboration with Prof. J. G. Hagen, he prepared and pub-
lished a catalogue of 1,001 stars from the observations of
Tacchini in Palermo in the years 1867-'69.

The National Academy of Sciences organized an expedition
to observe the total solar eclipse of May 6, 1883, in the Caro-
line Islands. Appropriations in support of the expedition were
made by Congress and from the Watson Fund of the National
Academy. Professor Holden was appointed chief of the ob-
serving party and scientific director of the expedition. Asso-
ciated with him were four young astronomers whose names
later becanre well known : Professor C. S. Hastings, Mr. E. D.
Preston, Mr. S. J. Brown, and Mr. Winslow Upton. The
experiences passed through by many eclipse observers in the
tropics fell to the lot of the expedition to the Caroline Islands;
the sky was clear during the greater part, but not all of total-
ity, and during the partial phases there were clouds and rain.
The air in most tropical localities is so near the saturatioin
point that the fall of temperature when the moon is covering
the sun is sufficient to cause clouds and precipitation ; and that
the sky is clear one moment does not mean that the following
minute will not bring clouds and the following five minutes
rain. Professor Holden’s expedition was successful in carry-
ing out all of the main features of the program. A search for
the hypothetical planet Vulcan led again to negative results.
Spectroscopic and polariscopic observations of the corona were
secured as planned. The details of the corona were observed
visually. The times of contact were estimated and the infla-
ence of the eclipse upon the meteorological elements was
observed. The memoir on the eclipse of 1833 is a model in
form and is frequently referred to by past and future observers
of eclipses.

Professor Holden’s connection with the Lick Observatory,
University of California, is perhaps the most interesting and
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important factor of his life. We have referred to Professor
Newcomb's recommendation of his assistant, Professor Holden,
for the position of director of the Lick Observatory. Iro-
fessor Holden served extensively, but for the most part infor-
mally, and at all times without remuneration, as a scientific
adviser to the Lick trustees during the organizing and con-
struction period. I'rofessor Newcomnb's counsel was sought
and freely given during the same period. [P’rofessor Holden
visited Mount Hamilton in 18871 to assist in the installation of
the meridian circle and to observe the transit of Mercury. IHe
also visited Mount Hamilton in the fall of 1883, on the return
trip from the Caroline Islands. It was upon the advice of
Professors Newcomb and Holden that the atmospheric condi-
tions on Mount Hamilton were tested by Professor Burnham
in the summer of 1879. The trustees had delayed action on
this subject until after the county of Santa Clara had con-
structed an excellent stage road irom the Santa Clara Valley
to the summit of Mount Hamilton, in fulfillment of their defi-
nite agreement with James Lick. The location of the observa-
tory was, therefore, impossiple of change after the road was
built, but fortunately Mr. Burnham’s report upon the observ-
ing conditions was enthusiastically favorable,

Professor Holden was appointed president of the University
of California and director of the Lick Observatory on October
20, 1885, to serve in the former capacity until the observatory
should be completed and thereafter in the latter capacity. His
active service as president began ahout January 1, 1886, and
as director of the Lick Observatory on June 1, 1888. [letween
these dates his interest in and service for the observatory were
constant and of great value.

An astronomer has well said that “the first requisite for the
director of a great observatory is to have a very clear notion
of just what kind of work ought to be done, how it should be
done, and then to give all the aid in his power to the investi-
gator.” Director Holden selected the most promising men he
could find in the United States to comprise the observatory
staff, and great credit must be accorded to his acumen, judg-
ment, and courage in appointing several young men upon the
basis of their contributions, as vet very limited in number and
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extent. He assigned the members of the staff definitely to cer-
tain lines of research, which the future has shown to be of the
highest importance. He gave them such opportunities to suc-
ceed as no other astronomers had ever enjoyed. In particular
he gave them great liberty of action, wished them success, and
the results of their work were published over their own signa-
tures. To quote from Newcomb's Reminiscences, page 1g0:

“The institution made its mark almost from the beginning. I know
of no example in the world in which young men, most of whom were

beginners, attained such success as did those whom Holden collected
around him.”

The evidences of P’rofessor Holden's organizing ability and
energy are written all over the Lick Observatory. Nor were
these qualities confined narrowly to the internal work of the
institution. The total solar eclipse of January 1, 1889, was
effectively studied, on his initiative, by a well-equipped expe-
dition from the lLick Observatory. The Astronomical Society
of the Pacific is truly his creation. The Montgomery Library
Fund of the society, the Donochoe Comet-Medal Fund and the
Bruce Gold Medal Fund were provided at his solicitation. He
devised the unique regulations governing the bestowal of the
Bruce gold medal, which insure that the award made by the
trustees of the society shall be of unquestioned wisdom. In
maintaining the relations of this observatory with other similar
institutions throughout the world and in making the more im-
portant results of the observatory’s researches known to the
scientific public, Professor Holden gave devoted and able effort.

His own scientific work in the Lick Observatory related prin-
cipally to the photography of the moon. He encouraged the
study of his lunar photographs by astronomers in other insti-
tutions, and he published a lunar atlas comprising ninetecn
large sheets, the reproductions of enlarged photographs. He
made occasional observations of the nebule and of the planets.
He was the editor of the Publications of the Lick Observatory,
quarto, and of Contributions from' the Lick Observatory,
octavo. Three volumes of the former and five of the latter
were issued during his residence at Mount Hamilton. His
administrative duties did not leave much time for personal
research.
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The Lick Observatory had been planned and was essentially
completed before astronomers realized that electricity and
photography would become the chief servants in the great
observatories. It was one of Director Holden’s first duties to
provide photographic equipment. The 33-inch correcting lens,
to convert the 36-inch visual refractor into a 33-inch photo-
graphic instrument, was finished in 1888 ; the Willard-Crocker
photographic telescope was completed in 18go; the D. O. Mills
spectograph was provided in 1894 ; and the Crossley reflecting
telescope was secured in 1895 and installed in 18g6. An elec-
tric plant to supply current for purely scientific purposes was
provided by gift of Thomas A. Edison in 18¢1. The instru-
ments here noted were used by the members of the staff in
developing several cxceedingly fruitiul fields of research.

Tive expeditions were sent out by Director Holden to observe
total solar eclipses: January, 1889, in northern California;
December, 1889, in French Guiana ; April, 1893, in Chile; June,
1890, in Japan; and January, 1898, in India.

The last years of Professor Holden's administration weie
marred by the existence of animosities in the observatory com-
munity and by much ill-advised criticism in the newspapers.
The time has not come for any member of the staff under his
administration to attempt a critical analysis of the situation,
and T shall let a distinguished non-partisan speak. To quote
again from Newcomb’s Reminiscences, pages 192-193:

“The term of HMolden’s administration extended through some ten
vears. To me its most singular feature was the constantly growing
unpopularity of the director. I call it singular because, if we confine
ourselves to the record, it would be difficult to assign any obvious
reason for it. One fact is indisputable, and that is the wonderful suc-
cess of the director in selecting young men who were to make the in-
stitution famous by their abilities and industry. If the highest problem
of administration is to select the right men, the new director certainly
mastered it. So far as liberty of research and publication went, the

administration had the appearance of being liberal in the extreme.
Doubtless therc was another side to the question.”

Professor Holden’s astronomical career practically ter-
minated with his departure from Mount Hamilton in October,
1897. He resided in New York city until the latter part of
1go1, where much of his time was devoted to the writing of
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popular articles and books on astronomical subjects of every-
day interest.

I'rom November, 1go1, until his death he was librarian of
the United States Military Academy at West Point, New York.
When his former associates heard of this appointment they
said without hesitation: “He will be wonderfully successful,”
and so it seems he was. In 1907 the well-known journal,
Army and Navy Life, inaugurated a series of biographies of
“Distinguished Graduates of the United States Military Acad-
emy in Civil Life,” by beginning “this series of articles with
a brief survey of the distinguished career of the Academy’s
most learned living alumnus, Dr. lidward Singleton Holden,”
prepared by Capt. [i. G. Davis, U. S. A. I shall let Professor
Holden's biographer speak of his services to the library of the
Military Academy:

“k * * He has labored unceasingly, within the means at his com-

mand, to make the library meet the legitimate needs of every instructor
and every cadet. .

“He saw from the first the magnitude of this last great task which
he has undertaken. He found the library fairly well supplied with
books on every subject, but their contents were not readily available.
His first task was to complete the collection, so that every subject is
now represented by the standard books that give its past history, as well
as by the current periodicals which exhibit its present progress. Some
.30,000 volumes have been added to the library since 1go1. * * *

“All the new hooks of the library and all the military books, whether
new or old, have been thoroughly catalogued and made available to
instructors and others. A veritable mine of information has bezn
opened for them in which they can find unlimited material for the ex-
tension of their professional studies or for original research in any field.

“FEvery nook and cranny of the library has been ransacked and Doc-
tor Holden has personally cxamined every paper in the records of
the bureaus of the War Department from the beginning of 1838 (the
date of the fire which destroyed the records at West Point), making
copies of all the important MSS. So that now for the first time since
1838 the historical records at West Point are substantially complete.
Many orderly books, etc., have been acquired by gift or purchase.

“All of this material has been catalogued and much of it has been
thoroughly gone over, either by Doctor Holden himself or under his di-
rection by officers who have voluntarily assisted him in this work, * * *

“His report as librarian for the last yvear shows that about twenty-five
per cent of the younger officers did volunteer work for the library and
that more than one-third of the officers of the post were there engaged
in serious work and many more at their own quarters. * * *
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“Recently an officer, who was to deliver a lecture to the student
officers at a near-by post, wrote to Doctor Holden asking for assistance
in the collection of historical data concerning the development of a
particular military subject.

“‘Visit the library, replied the Doctor, ‘and all our books and manu-
scripts relating to this subject will be placed at your disposal.

“The officer came. He found a table piled high with books and
papers, containing, perhaps, every treatment of the subject from the
time of the Greeks and Romans down to the present. He was inclined
to despair when he saw the mass of material before him. To wade
through such a pile of books scemed an endless task. But to his aston-
ishment he found that the work had been more than half done for
him; he was furnished with a manuscript bibliography of his subject,
which gave him in a moment just what the various books contained
and told him where to look for it. He went away delighted and enthu-
siastic. Doctor Holden has prepared similar complete bibliographies
on every military subject. As soon as funds are available they are to
be printed and distributed to the service. When this is done officers
will know just what data arc available for the study of any military
subject in which they may be interested.”

Professor Holden’s interests took a wide range. He has
written and published on the bastion system of fortifications;
on the number of words used in speaking and writing ; on the
celebrated cipher dispatches of 1876 relating to the election
of a President of the United States in that year; on the treat-
ment of pamphlets in special libraries; on studies in Central
American picture writing; on a system of local warnings
against tornadoes: “The Mogul Emperors of Hindustan,” a
delightful volume published in 1895; a volume on “"Mountain
Observatories in America and Furope” (1896); a volume of
“Memorials of W. C. and G. P’. Bond” (1897) ; a “Catalogue
of Earthquakes on the Pacific Coast, 1769 to 1897 (1898);
a volume entitled “Farth and Sky” (1898); “Our Country's
Flag” (1898) ; a “Primer of Heraldry” (1898); “Flementary
Astronomy” (1899): a volume on the “Family of the Sun”
(1899) ; “Essays in Astronomy” (1900), by various authors,
including three by himself; “Stories of the Great Astrono-
mers” (1903); ‘“Real Things in Nature” (1903); “The
Sciences” (1903); the “Centennial History of the United
States Military Academy, 1802-1902,” Vol. 11, containing a full
bibliography of West Point for 1324-1902, of the Military
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Academy for 1776—1902, and of the writings of all graduates
of the Military Academy during 1802-1g0o2. There are many
magazine articles on still other subjects.

Distinguished honors were bestowed upon Professor Holdea.
He was elected foreign associate of the Royal Astronomical
Society in 1884; a member of the National Academy of
Sciences in 1885; and later to membership in the Astronomical
Society of France, in the Italian Spectroscopic Society, in the
American Academy of Arts and Sciences, in the American
Philosophical Society, etc. He received honorary degrees:
M. A. from Washington University in 1879, LI. D. from the
University of Wisconsin in 1886, LL. D. from Columbia Uni-
versity in 1887, Sc. ID. from the University of the Pacific in
1896, and Litt, D. from Fordham College in 1910. He served
as a member of the board of visitors to the United States Mili-
tary Academy in 1885, and of the board of visitors to the
United States Naval Academy in 1896. The reports of the
hoards of visitors for those years were live documents. e
was made a knight commander of the Ernestine Order of
Saxony in 1894, and a knight of the Royal Order of the
Dannebrog in 189s, and the Order of Bolivar was conferred
upon him in 18g6.

Professor Holden possessed abilities wonderful in many
ways. [lis knowledge of literature, both general and scien-
tific, including, of course, the literature of astronomy, was very
extensive, and this knowledge appeared always to be at his
immediatc command. He enjoyed writing; he wrote rapidly
and with a fine literary style. Tt is a remarkable fact that the
heavy correspondence of the Lick Observatory was conducted
by Professor Holden’s personal pen throughout his term of
office. He did not utilize the services of a stenographer and
only an occasional letter was copied with the typewriter. His
social abilities were of very high order. His conversation was
entertaining to the point of brilliancy. His hearers did not
always agrece with his point of view, which he defended with
vigor and skill, but no one could be found to deny that Pro-
fessor Holden had made the subject seem alive. His lamented
death on March 16, 1914, marked the passing of an extremelv
tuteresting man,
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Wash., 1874, App. 1, pp. 3-9 (in Smithsonian Misc. Coll, 1831, v. 20).

On Sir William Herschel’'s observations of the satellites of Uranus.
Bull. Phil. Soc. Wash., 1874, App. 4, pp. 30-36 (in Smithsonian
Misc. Coll,, 1881, v. 20).

Telescopic research on the nebula of Orion. Pop. Sci. Mo., 1874, v. 3,
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Wash., 1875, v. 2, App. 6, p. 16 (in Smithsonian Misc. Coll., 1881,
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Progress of astronomy in 1876. Ann. Rec. Sci. and Indust., 1876, p. 17.
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*Many minor notes published in newspapers and elsewhere have been
omitted from this bibliography. The references have been verified
only in so far as the library of the Lick Observatory permits, and this
library does not contain any of the daily, weekly and monthly journals
or magazines which are in popular circulation. All unverified refer-
ences up to the middle of the year 1902 are taken from the bibliography
of Professor Holden as prepared by himself and published in “The
Writings of Graduates of the U. S. Military Academy, 1802-1902.”
The titles and references for publications from 1902 to 1914 have been
kindly supplied by the Assistant Librarian of the U. S. Military Acad-
emy, William I,. Ostrander.—W. W. CAMPRELL,.
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Bull. Phil. Scc. Wash., 1875-1877, App. 6.

On the vocahularies of children under two years of age. Trans. Amer.
Philological Asso., 1877, p. 58 Extract of same in Proc. Amer.
Philological Asso., 1877, p. 23.

On the distrihution of standard time in the United States. Pop. Sci.
Mo.. 1877, v. 11, p. 174.

Index-catalogue of hooks and memoirs relating to nebula and clusters,
ete., Wash.,, 1877, pp. 9 -+ 109 | [2], 8° (in Smithsonian Misc. Coll,
1878, v. 14, Art. VIII).

Note on the reticulated forms of the sun’s surface. Amer. Journ. Sci.,
1878, v. 16, p. 346.

Subject-index for the publications of observations. Library Journ.,
1878, v. 3, p. 365.
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part 1, Astronomical bibliography. Wash., 1879, 10 pp.

Subject-index to the publications of the United States Naval Ob-
servatory (1845-1875), including the observations of Capt. J. M.
Gilliss, U. S. N, on Capitol Hill (1838-1842). Wash., 1879, 74 pp.,
4° (Wash. Obs. for 1876, v. 23, pt. 2, 180, p. 5).

Astronomy for high schools and colleges (with Simon Newcomb),
N. Y. 1879. (This. and a modified Briefer Course by the same
authors passed through several editions.)

Note on a relation between the colors and magnitudes Of the com-
ponents of binary stars. Amer. Journ. Sci, 1830, v. 19, p. 467.

On the treatment of pamphlets in special libraries. Library Journ,
1880, v. 5, p. 166.
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On some of the consequences of the hypothesis recently proposed, that
the intrinsic brilliancy of the fixed stars is the same for each star.
Proc. Amer. Asso. Adv. Sci., 1880, v. 29, p. 137.

Recent progress in astronomy. N. Amer. Rev., 1880, v. 131, p. 375.

List of red stars observed at the Washington Observatory. Copernicus,
1881, v. 1, p. 176.

Observations on the light of telescopes used as night glasses. Amer.
Journ. Sci., 1881, v. 22, p. 120.

Observations of Comet b, 1881 (1881, 1IT), made at the Washburn
Observatory. Amer. Journ, Sci., 1881, v. 22, p. 260.

A forgotten astronomer (L. P. Mason). Internat. Rev., 1881, v. 10,
p. 38s.

Sir William Herschel, his life and works. N. Y., 1881, 6 - 238 pp, 12°.

Synopsis of the scientific writings of Sir William Herschel (with
Charles S. Hastings). Wash,, 1831, 114 pp., &8 (in Smithsonian
Rept., 1880, p. 509).

Reports of American observatories (in Smithsonian Rept., 1879, p. 535).

Reports of astronomical observatories (in Smithsonian Rept., 1880,
p. 623).

sStudies in Central American picture-writing. 1st annual report Bureau
Ethnol. (in Smithsonian Rept., 1831, p. 207).

Investigation of the objective and micrometers of the 26-inch equatorial
constructed by Alvan Clark and Sons, Wash., 1831, 44 pp. (in
Astron. and Meteor. Observ. U. S. Naval Observ.,, 1877, v. 24,
App. 1). .

The multiple star 3} 748. Wash,, 1881, 22 pp. (in Astron. and Meteor.
Observ. U. S. Naval Observ., 1877, v. 24, App. 2).

Publications of the Washhurn Observatory of the University of Wis-
consin.

v. 1, 1881:
Introductory note, pp. 1-3.
Description of huildings and instruments, pp. 5-37.
List of 60 new double stars, pp. 76-89.
Observations of 81 red stars and a list of 27 new red stars,
pp. 161-163.
Observations and drawings of the great comet of 1861, pp. 1653-
166, and three plates.
Miscellaneous observations, pp. 167-168.
v. 2, 1884:
Description of buildings and instruments, pp. I1-73.
Methods of determining instrumental constants and reducing
observations, pp. 73-92.
List of 111 new double stars and 2 nebule, pp. 97-10I.
Observations of 119 red, or colored, stars, pp. 102-108.
Occultations of 4o stars by the moon, pp. 1¢9-112.
The star-gauges of Sir William Herschel, pp. 113-173.
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Counts of stars from the charts of Peters, Watson, Chacornac
and Palisa, pp. 174-260.

Two drawings of Saturn, pp. 260-201.

List of 38 auroras, pp. 322-325.

Catalogue of the Woodman astronomical library of the Wash-
burn Qbservatory, App., pp. I-53-

v. 3, 1885

Introductory report, pp. 1-24.

Catalogue of 1001 Southern stars for 1860.0, from observations
by Tacchini (with Father Hagen), pp. 41-83.
List of 437 Southern stars for 1850.0, derived from Washington
transit circle observations (with Father Hagen), pp. 85-g0.
Counts of stars in the Bonner Durchmustering between —2°
and +13° (with Father Hagen), pp. 100-106.

v. 4, 1886:

Introduction, pp. -4

Constants of the meridian circle, pp. 5-30.

Remarks on the observations and reductions of 303 funda-
mental stars, pp. 31-52.

Latitude of Washburn Observatory, pp. 53-61.

Determination of the longitude of a point near the western
boundary of Dakota (with D. G. Major), pp. 62-68.

Corrections to the star catalogues contained in the library of
the Washburn Observatory, pp. 69-76.

Results of meridian circle ohservations at the Washburn Ob-
servatory, pp. 77-188.

Observations of the transit of Mercury, Nov. 7, 1881, at Mount Hamil-
ton, California, by Edw. S. Holden and S. W. Burnham. Amer.
Journ. Sci., 1882, v. 23, p. 48.

On the inclination of the ring of Saturn to its orbit, deduced from
Washington observations. Mon. Not. R. A. S, 1882, v. 42, p. 304.

Mecasures of the rings of Saturn in the years 1870, 1880, 1831 and 1882.
Amer. Journ, Sci., 1882, v. 23, p. 387. .

Figures of the nucleus of the bright comet of 1882 (1832, 11). Amer.
Journ. Sci., 1882, v. 24, p. 435.

Monograph of the central parts of the nebula of Orion. Wash., 1882,
230 pp. (in Astron. and Metcor. Observ. U. S. Naval Observ., 1878,
v. 25, App. 1).

Report of the observations of the American expedition to observe the
total eclipse, May 6, 1883, at Caroline Island, South Pacific Ocean.
Mem. Nat. Acad. Sci., 1883, v. 2, pp. 1-146.

Observations of the transit of Venus, made at the Washburn Observa-
tory, December 5-6, 1832, Amer. Journ. Sci., 1883, v. 25, p. 71.
List of twenty-three new double stars discovered at Caroline Island by

. S. Holden and C. S. Hastings. Science. 1883, v. 2, p. 66.

Prefiminary list of errata in Yarnall's Catalogue. Astr. Nachr., 1883,

V. 107, p. 261,
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System of local warnings against tornadoes. Science, 1883, v. 2, p. 52I.

Proper motion of Lacaille 8262, Astr. Nachr., 1883, v. 107, p. 273.

The narrow belt on Saturn. Observatory, 1884, v. 7, D. 74.

Statistics of stellar distribution derived from star-gauges and from the
celestial charts of Peters, Watson, Chacornac, and Palisa. Ob-
servatory, 1884, v. 7, p. 249.

Personality of George Eliot. Nation, New York, May, 1885, p. 400.

Sketch of S. P. Langley. Pop. Sci. Mo., 1883, v. 27, p. 401

Photography, the servant of astronomy. Overland Mo., 1886, v. 8, p.
459.

Inaugural address of President Holden, University of California, June
30. 1886. Sacramento, 1886, Pamph.

The Lick Observatory. Sid. Mess., 1884, v. 3, p. 301; Overland Mo,
1883, v. 6, p. 631; I’Astronomie, 1839, v. 8, pp. 241 and 305; Himmel
und Erde, 1889, v. 1, pp. 437 and 501; Universal Review, Feb. 15,
1889; San Jose Mercury, Jan. 1, 1892; Blue and Gold (Univ. of
Cal.), 1892; La Atmosfera, May, 1803; Merchants’ Asso. Rev., May,
1807, etc.

Publications of the Lick Observatory, Sacramento, 1886, 4°, v. 1, His-
torical, pp. 5-12, 34-44; Description of instruments, pp. 50-83.

List of recorded earthquakes in California, Lower California, Oregon
and Washington Territory, 1769-1837. Sacramento, 1887, p. 78.

Stellar photography. Overland Mo., 1883, v. 11, p. 587.

Note on earthquake intensity in San Francisco, 1808-1833. Amer. Journ.
Sci., 1888, v. 35, p. 427.

A new light on Balzac. Scribner’s Mag., 1888, v. 3, p. 76.

Farthquakes in California and elsewhere. Overland Mo., 1888, v. 11,
p. 30.

Total solar eclipse of January 1, 1880, in California. Probable meteoro-
logical conditions at that time. Mon. Not. R. A. S,, 1888, v. 48, p.
302,

Note on the occultation of 47 Libra by Jupiter, June 9, 1888. Astron.
Journ,, 1888, v. 8, p. 64.

The Ring nebulz in Lyra. Mon. Not. R. A, S, 1888, v. 48, p. 383.

Observations of nebule at Lick Observatory (with J. M. Shaeberle).
Mon. Not. R. A, S,, 1888, v. 48, p. 388.

Regarding Sir W. Herschel’s observations of volcanoes in the moon.
Observatory, 1888, v. 11, p. 334

Sidereal astronomy, old and new; two papers. Cent., 1838, v. 14, pp.
60z, 780.

Physical observations of Mars during the opposition of 1888, at the
Lick Observatory. Astron. Journ., 1888, v. S, p. 97.

Occultation of a star (11th magnitude) by Mars. Astron. Journ., 1838,
v. 8, p. 102.

Hypothetical parallax of binary pairs. Sid. Mess., 1888, v. 7, p. 330.

Hand-book of the Lick Observatory. San TFrancisco, June, 1888, 135 p,,
32°.
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Suggestions for observing the total eclipse of the sun on January 1.
1880. Sacramento, 1888, 8°, Pamph.

Tirst annual report of the Director of Lick Observatory to the Presi-
dent of the University of California, September 1, 1888. (Extracts
printed as an appendix to Report of the President, 1888.)

A great number of brief notes in the “Notices from the Lick Observa-
tory.” Pub. Astron. Soc. Pacific, 1889-1897, v. 1-0.

Saturn and his satellites. Sid. Mess., 1889, v. &, p. 1.

On the photographs of the corona at the solar eclipse of January 1,
1839. Mon. Not. R. A. 8., 1889, v. 49, p. 343.

On the solar eclipse of January 1, 1889. Observatory, 1839, v. 12, pp.
130, 221.

Work of an astronomical society., Pub. Astron. Soc. Pacific, 1889, v. 1,
D. 0.

EFarthquakes in California (1838). Amer. Journ. Sci., 1889, v. 37, p. 392.

On the Helical nebule. Pub. Astron. Soc. Pacific, 1839, v. 1, p. 25.
Die Helikalischen Nebel. Himmel und Erde, 189, v. 2, p. 1.

Astronomical photography; two papers. Pacific Review, September and
October, 1889.

Earthquakes and how to measure them. Cent., 1889, v. 17, p. 170.

Drawings of Jupiter, made with the 26-inch equatorial at Washington
during 1875. Pub. Astron. Soc. Pacific, 1889, v. 1, p. 111.

Reported changes in the rings of Saturn. (Observations by E. S. Hol-
den, J. M. Schaeberle, J. E. Keeler, . E. Barnard.) Astron. Journ.,
18809, v. 8, p. 180.

The Lick Observatory expedition to observe the solar eclipse of Decem-
ber 21, 1889. Sid. Mess., 1889, v. 8, p. 339.

On photographing and seeing stars in the daytime. Astron. Journ.,
1880, v. 0, p. 73; second note, 1890, v. 10, p. 72.

Recent discoveries in the nebule by means of photography. Sci. Amer,,
1889, v. 61, p. 54.

On some of the features of the arrangement of stars in space. Mon.
Not. R. A. S, 1830, v. 50, p. 61. '

Photographic apparatus of the great equatorial of the Lick Observatory.
Mon. Not. R. A. 8., 1889, v. 50, p. 101.

Reports on the observations of the total eclipse of the sun, January 1,
1889. Published by Lick Obhservatory, 1889, 8vo, 22 p.

What is the real shape of the spiral nebule? Cent., 1890, v. 17, p. 456.

The Lunar crater and rill, Hyginus. Pub. Astron. Soc. Pacific, 1800,
v. 2, D. 14,

Die Rillen des Hyginus und Ariadius auf dem Monde. Sirius, 1890,
v. 18, p. 73.

Address of the retiring president of the Astronomical Society of the
Pacific, at the second annual meeting, March 29, 1890, Pub. Astron.
Soc. Pacific, 180, v. 2, p. 50.

Photometry of the corona of December, 1880. Pub. Astron. Soc. Pa-
cific, 1800, v. 2, p. 60.
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Lelipse of December 21, 1880. Pub. Astron. Soc. Pacific, 1800, v. 2,
p- 93.

Third annual report of the Director of the Lick Ohbservatory, dated
Sept. 1, 180 (in the Report of the President of the University of
California, 1800).

Astronomical photography at the Lick Observatory. International An-
nual of Anthony’s Photo. Dull., 18o0: Pub. Astron. Soc. Pacifie,
1890, v. 2, p. 152.

Sur la determination des grandeurs stellaires 4 aide de la photographie.
Bull. du Comite Intern. Permanent de la Carte du Ciel, 1892, v. 1,
DD. 291-301.

On the determination of the brightness of stars by means of photog-
raphy. Sid. Mess., 1890, v. 2, p. 12.

On the explanation of the dark transits of Jupiter's satellites. Pub.
Astron. Soc. Pacific, 1890, v. 2, p. 206.

Relation between the colors and the magnitudes of the hinary stars.
Pub. Astron. Soc. Pacific, 1800, v. 2, p. 303.

Is Mars inhabited? N. Y. Herald, Sept. 30, 1800.

Solar protruberances on the negatives of the eclipse of Dec. 22, 1830.
Mem. Soc. degli Spet. Ttal., 1800, v. 19, p. 05.

J. de Montessus: Tremblements de terre et eruptions volcanique au
Centre-Amerique, depuis la conquete espagnole jusqu a nos jours
(18388). Review. Himmel und Erde, 1890, v. 2, 442.

Auszug aus einem Schrieben an den Herausgegeben betreffend die Come-
ten 1889, I und II, und Nebelphotographien. Astr. Nachr.,, 1800, v.
125, p. 289.

The red spot on Jupiter. Journ. Brit. Astron. Asso., 1890, v. T, p. I57.

Neue Spektroskopische Untersuchungen auf Mt. Hamilton. Himmel
und Erde, 1801, v. 3, p. 140.

The moon. Youth’s Comp., Feh., 181, v. 64, p. 74.

An astronomer’s vovage to fairy-land. Overland Mo, 1891, v. 17, p. 490.

University extension in California. Book News, May, 1801, v. 9, p. 370.

Contributions from the Lick Observatory: a lunar landscape. Cent.,
1801, v. 20, p. 364.

The U. S. Military Academy at West Point. Overland Mo., 1801, v. 18,
D. 33.

Color associations with numerals, etc. Nature, 1891, v. 44, p. 223.

Observations and drawings of Saturn, 1879-1889. Pub. Astron. Soc.
Pacific, 1891, v. 3, p. I1.

Motion of the solar system in space [by Oscar Stumpe]. Review. Pub.
Astron. Soc. Pacific, 181, v. 3. p. 42.

Satellites of Mars, 18g0. Pub. Astron. Soc. Pacific, 181, v. 3, p. 46.

Scientific expedition to the summit of Mt. Blanc [by M. Janssen]. Re-
view. Pub. Astron. Soc. Pacific, 181, v. 3, . 50.

On the ring-shaped mountains of the moon [by H. Ebert, of the Uni-
versity of Erlangen]. Review, Pub. Astron. Soc. Pacific, 181,
V. 3, P- 53
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Comparison of some photographs and drawings of the nebula of Orion.
Pub. Astron. Soc. Pacific, 1891, v. 3, p. 57.

Moon-negatives taken at the Lick Observatory, 1888 and 18go. Pub.
Astron. Soc. Pacific, 181, v. 3. p. 62.

Negatives of Jupiter made at the Lick Observatory during 18go. Pub.
Astron. Soc. Pacific, 1891, v. 3, p. 65.

Schmidt’s drawings of Nebula Orionis, 1860-1875, compared with photo-
graphs. Pub. Astron. Soc. Pacific, 1891, v. 3, p. 68.

United States Naval Observatory. Pub. Astron. Soc. Pacific, 1801, v. 3,
. 74

Ohservations of Saturn at the Lick Observatory during 1801 with the
36-inch telescope.  Journ. Brit. Astron. Asso., 1801, v. 1, p. 407.

Address of the retiring President of the Astronomical Society of the
Pacific, at the third annual meeting, March 28, 1891. Puh. Astron.
Soc. Pacific, 1891, v. 3, p. 103.

The Observatory of Nice. Pub. Astron. Soc, Pacific, 1891, v. 3. p. 123.

Who discovered the optical properties of lenses? Pub, Astron. Soc.
Pacific, 1891, v. 3, p. 133.

Photographs of the nebula of Orion with the great telescope. Pub.
Astron. Soc. Pacific, 1801, v. 3, p. 141.

Observations of the transit of Mercury, Mayv 9, 1891, at Mt. Hamilton
(with James E. Keeler). Pub. Astron. Soc. Pacific, 1891, v. 3, p.
223,

The Tmperial Observatory of Vienna. Pub. Astron. Soc. Pacific, 1801,
V. 3, D. 243

[ixamination of the Lick Observatory negatives of the moon. Pub.
Astron. Soc. Pacific, 1891, v. 3, p. 240.

Observations of Jupiter and of his satellites with the 36-inch equatorial
of the Lick Observatory (18388-180). Pub. Astron. Soc. Pacific,
1801, v. 3, p. 263.

The University Obscervatory of Strassburg. Pub. Astron. Soc. Pacific,
1801, v. 3. . 270.

Ohservations of the planet Uranus with the 36-inch equatorial (with
J. M. Schaeberle and James & Keeler). Pub. Astron. Soc. Pacific,
1891, v. 3, p. 283.

TFxamination of Uranus for the detection of new satellites (with J. M.
Schaeberle), Pub. Astron. Soc. Pacific, 181, v. 3, p. 285.

Discovery of a new crater on the moon-negatives of the Lick Observa-
tory, hy Professor Weinek, of Prague. Pub. Astron. Soc. Pacific,
1891, v. 3, p. 2Rs.

Forest fires at Mt IHamilton, July, 181. Puh. Astron. Soc. Pacific,
1891, v. 3. p. 2092; The Californian, Sept.,, 18g2.

Characteristic forms within the cluster in Hercules. Pub. Astron. Soc.
Pacific, 1891, v. 3, p. 375.

California foxes. Nature, 1891, v. 45, p. 8.

Total solar eclipses of 188, Cent., 1802, v. 43, p. 833.
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Report on the eclipse of December 21, 1839 (in Reports, Total eclipse of
sun, December 21-22, 1889, etc.). Sacramento, 1891, pp. 1-21, 8°.

Observations of the lunar eclipse of July 22, 1838, made at the Lick
Observatory (with J. M. Schacherle) (in Reports, Total eclipse of
the sun, December 21-22, 1889, etc.). Sacramento, 1891, pp. 100-112.

Catalog of the library of the Lick Observatory (in Reports, Total
eclipse of sun, December 21-22, 1880, etc.) Sacramento, 1801, pp.
1-121.

Popular astronomical observatories in America. N. Y. Sun, Jan. 22, 13g2.

Urania Institute of Berlin. Engineering Mag., N. Y., 1802, v. 2, p. 782.

Historical note relating to the search for the planet Neptune in England
in 1845-6. Pub. Astron. Soc. Pacific, 1802, v. 4, p. 21.

The National Observatory of the Argentine Republic. Pub. Astron.
Soc. Pacific, 182, v. 4, p. 25.

Systems of bright streaks on the moon. Pub. Astron. Soc. Pacific,

1802, v. 4, p. 81.
New star in Auriga, Feb.,, 1802. Pub. Astron. Soc. Paciflic, 1892, v. 4,
p. 84.

Photographs of the moon. Overland Mo., Jan., 1892, v. 19, p. 58.

New star of 1892. Californian, 1892, v. 1, p. 404.

Nova Aurigz; letter from Professor Holden. Astronomy and Astro-
physics, 1802, v. 11, p. 235.

The nebula of Orion. Overland Mo., Apr., 1892, v. 19, p. 401.

The lunar crater Copernicus. Pub. Astron. Soc. Pacific, 1892, v. 4,
p. 114. :

Note on the early history of the Lick Observatory. Pub. Astron. Soc.
Pacific, 1892, v. 4, p. 130.

The National Observatory of Paris, Pub. Astron. Soc. Pacific, 1892,
v. 4, . I51.

Graduate school of astronomy. Pub. Astron. Soc. Pacific, 180z, v. 4,
p. 184.

Powder explosion at West Berkeley, July o, 1892. Pub. Astron. Soc.
Pacific, 1892, v. 4, p. 187. )

Note on the Mt. Hamilton observations of Mars, June-August, 1802.
Astronomy and Astrophysics, 1802, v. 11, p. 663.

A correction (relating to Lick Observatory observations of Mars).
Pub. Astron. Soc. Pacific, 1892, v. 4, p. 103.

Women as astronomers. Chautauquan, 1892, v. 14, p. 340 (pseud. E.
Singleton).

Hieroglyphs of Central America. Cent., 1892, v. 23, p. 228.

Visual magnitudes of Nova Aurige—observations made at Mt. Hamil-
ton. Pub. Astron. Soc. Pacific, 1892, v. 4, p. 225.

LEnlargements of the Lick Observatory photographs of the moon. Pub.
Astron. Soc. Pacific, 1892, v. 4, p. 257.

Photographs of the phenomena which accompany the ingress of the
shadows of the satellites of Jupiter. Pub, Astron. Soc. Pacific,
1802, v. 4, p. 260. :
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Fifth satellite of Jupiter. Pub. Astron. Soc. Pacific, 1892, v. 4, p. 262.

Regarding thce announcement of Professor Barnard’s discovery of a
fifth satellite to Jupiter. Observatory, 1892, v. 15, p. 452.

Negatives of Jupiter, made with the great telescope of the Lick Ob-
servatory during 1891 (with W, W. Campbell). Mon. Not. R. A. S,
1892, v. 52, p. 499.

Columbus the navigator. San Fran. Call, Oct. 21, 1802.

What we really know about Mars. Forum, 1892, v. 14, p. 359.

Farthquakes in California in 18¢o and 1891 (with Henry Crew). U. S.
Geol. Sur. Bull. 95, Wash., 1802, 31 pp.

The U. S. Military Academy (in Report U. S. Bureau Educ., 1891-2,
p. 767).

The new Dudley Observatory at Albany, N. Y. Pub. Astron. Soc.
Pacific, 1893, v. 5, p. 100.

Alphabetical indexes to special libraries. Pub. Astron. Soc. Pacific,
1893, v. 5, p. I10.

The Lick Observatory eclipse expeditions of January, 1839, December,
1880, and April, 1893. Pub. Astron. Soc. Pacific, 1894, v. 6, p. 245.

Negatives of Jupiter, made with the great telescope of the Lick Ob-
servatory during the opposition of 1892-3 (with W. W. Campbell
and A. L. Colton). Mon. Not. R. A. S, 1803, v. 53, p. 44S.

Screens 1o protect telescopes from wind tremors. Astronomy and
Astrophysics, 1803, v. 12, p. 471.

What is evolution? A letter to boys. Overland Mo., Mar,, 1893, v. 21,
p. 331

How to protect the individual against the newspaper. Overland Mo.,
June, 1893, v. 21, p. 666.

Zchir-ed-din Muhammed Baber, emperor of Hindustan, A. D. 1482-
1530. Cosmopol., 1893, v. 15, D. 204.

Tamerlane the Great (A. D. 1336-1405). Overland Mo, v. 22, p. 3%0.

The wonderful new star of 18g2. Forum. 1893, v. 16, p. 21I.

American achievements in astronomy, 1620-1893. Forum, 1893, v. 15,
p. 744.

Suicide of rattlesnakes. Nature, 1803, v. 48, p. 342.

Life of James Lick. Nat. Cyclo. Am. Biog., v. 3, 18g3.

On the Eclipse Comet of April 16, 1893. Astr. Nachr.,, 1894, v. 136,

p. 203.
Meteor of July 27, 1894. Contrih. Lick Observatory, 1895, no. 5, pp.
1-30; Pub. Astron. Soc. Pacific, 1804, v. 6, p. 268, .

Bright projections at the terminator of Mars. Pub. Astron. Soc. Pa-
cific, 1804, v. 6, p. 28s.

Ancient Arahian marriage customs. Overland Mo., 1804, v. 24, p. 444.

Publications of the Lick Observatory, Sacramento, 1894, v. 3. iitro. pp.
I-20.

Article on “Lick Observatory” in Johnson’s Universal Cyclopzdia, 1804.

Brief account of the Lick Observatory. Berkcley, 1804, 32 pp.; 2nd eod,,
Sacramento, 1895.
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St. Francis of Assisi, by Paul Sabatier. Review. Overland Mo., 1803,
V. 25, P. 7.

American astronomical journals. Pub. Astron. Soc. Pacific, 1805, v. 7
P. 30

Drawings of Mars, 1804. Pul. Astron. Soc. Pacific, 1803, v. 7, opposite
p. 81.

Teaching of astronomy in the University of California. Pub. Astron.
Soc. Pacific, 1895, v. 7, p. 1206.

A large reflector for the Lick Observatory.  San Fran. papers, April 3,
1895; Pub. Astron. Soc. Pacific, 1895, v. 7, p. 128; Astr. Nachr,
1893, v. 137, D. 335; Science, 1803, v. L. . 457.

Report made to the joint committce of the regents on the organization
and course of instruction in the department of astronomy, Apr. I3,
1805. [Secparately issued as an octavo pamphlet.] Addendum to
the above, June 11, 1895. |[Separately issued.] Sacramento.

’

The Crossley reflector of the Lick Observatory. San Jose Mercury,
April 20, 1895.

General subject-index to periodical scientific literature. Science. 1893,
v. I, p. 520. ’

Color associations with numerals, ctc., 3rd note. Science, 1893, v. I,
p. 576.

The Crossley reflector. Pub. Astron. Soc. Pacific, 1893, v. 2, pp. 197,
202, 205.

I'he latest news of Mars. N. Amer. Rev., May, 1893, v. 100, p. 636.

Lighth report of the Dircctor of the Lick Observatory (in Annual
report of the Secretary to the Board of Regents of the University
of California, 1895).

Farly insurance of animals against lightning. N. K. Hist. and Gen.
Reg., 1805, v. 49, p. 330.

Some extracts from a family Dible (1613-1748). N. Ii. Hist. and Gen.
Reg., 1803, v. 49, p. 34I.

Early history of New England towns. Univ. Cal. Mag., 1893 v. 1,
nos. 5-6, pp. 181, 238.

Sonva Kovalevsky: tr. from the Russian by [sabel Y. Hapgood. Re-
view. Pub. Astron. Soc. Pacitic, 1893, v. 7, p. 340; Overland Mo.,
1895, v. 20, D. 455.

The U. S. Military Academy at West Point and the education of offi-
cers. Journ. Mil. Serv. Inst. U. S, 1893, v. 16, p. 575.

Astronomical work in California. San Fran. Call, Dec. 23, 1895.

Mogul emperors of Hindustan. N. Y., 1805, 365 pp.

The value of large telescopes. San Ifran. Chronicle, Jan. 23, 1890.

Mountain observatories in America and Furope (in Smithsonian Mise.
Coll.,, 1806, v. 37, p. 1). :
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