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EDWARD EMERSON BARNARD
1857-1923

By Epwin B. Frost

By the death on February 6, 1923, of Edward Emerson Barnard, professor of practical
astronomy in the University of Chicago, and astronomer at the Yerkes Observatory, the world
has lost one of its foremost searchers of the skies, and the National Academy of Sciences one of

its most distinguished investigators in the field of physical science. C -

He was born at Nashville, Tenn., on December 16, 1857, the son of Reuben and Elizabeth
Jane (Haywood) Barnard. The death of his father before his birth threw a heavy burden upon

_his mother, who was obliged to support herself and her two young sons. Those were hard times
for poor people in that section of our country, and they were still harder after the Civil War
came on, a few years later, bringing tragedy to all on the scene of conflict. The Battle of Nash-
ville made an impression upon the lad that never left him. Later in his youth he survived an
attack of cholera, when that plague raged beyond its usual bounds. '

His mother’s firmness of character was such that she did not lose her taste for culture in
the struggle with poverty. The name Emerson, given to the young son in honor of our American
philosopher, was an evidence of this. She inspired the lad with a desire to know good literature,
although his opportunities for any regular education in school were most meager; in fact,
Edward Barnard attended the common school only two months in hisdife. His mother had a
taste for art, also, and partially supported herself by modeling wax flowers. That she had

" impressed upon her son character and self-reliance was indicated by her statement that the
lad, when less than 9 years old, could be depended upon to do a task in which many other boys
had failed. A photographer in Nashville had on the roof of his studio a ponderous enlarging
camera which had to be kept pointed at the sun. Most of the lads had lacked the patience
necessary in the human substitute for a driving clock, and went to sleep at the task. Edward
Barnard justified his mother’s confidence; he worked in that studio, in various capacities,
for 17 years. His duties, doubtless often monotonous, were fitting him to be a pioneer in the

photography of the heavens. , : ' . L

' As a boy, he had watched with wondering eyes the starry skies above him, as he lay upon
an old wagon box in the yard; and he had, indeed, learned to know the stars, but not their

names or their constellations. A man employed in the studio, who had mechanical skill, one
day picked up in the street the small objective of a broken spyglass, and, making for it a paper
tube, constructed a telescope for the young apprentice. - With this, Edward Barnard studied
the stars further, but still without the means of identifying them, until chance brought into his
hands, soméwhat later, a volume of the works of Thomas Dick, who enjoyed a considerable
reputation as a writer on astronomy, as well as on theology. It seems that Barnard found his
first star map here, and was delighted to learn the conventional names of the objects with which
he was already so familiar. Later, he put together a better instrument for which he purchased

lenses of 2}4 inches aperture. ' ‘ o

The young man was now supporting himself and his mother by his daily work in the studio,
but a passion for astronomical observation had already developed. Through rigid economy he
gratified this passion by the purchase, in 1876, of a 5-inch telescope, equatorially mounted,
from John Byrne, of New York, the price of which, $400, represented some two-thirds of &
whole year’s earnings. This gives sufficient evidence of his determination to acquaint himself
with the science of astronomy. In 1877 the American Association for the Advancement of

Science held its annual session at Nashville, and the youth of 20, who was becoming locally

well known for his zeal as a stargazer, joined the association. His friends persuaded him to
bring his.telescope and meet, the president, Simon Newcomb. This distinguished astronomer,
. 20154°—26——385 . ’1
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already eminent at the age of 42, whose researches were in the domain of theory rather than of
observation, advised young. Barnard that to accomplish_ anything important in astronomical
research he must first be well grounded in mathematies. This advice might have discouraged
2 less ardent seeker for knowledge of the stars, ‘but it inspired Barnard to do just what was
advised. He applied himsolf diligently to elementary mathematics and other common items of -
-education which he had been obliged to neglect in his youtl, and from his own slender esrnings -
hired a tutor for some branches of his study, .. . . oo C o
... In January, 1881, while still an employeo at the studio, he married Miss Rhoda Calvert. -
She had come from Yorkshire, England, to Tennessee a few years earlier with her brothers, who
weroe artists and who also had work in connection with the studio. Ifis marringe greatly -
influenced his subsequent careecr, as his wife nost unselfishly encouraged and helped him in his . . :
offorts. to obtain a better education and to overcome some cultural deficiencies. of which he -
was conscious.. She proved a true helpmeet in overy. way, caring for.the household in.a most
prudent-manner and taking over all responsibility for his now invalid mother. . This made it -
possible for him to mprove every opportunity that presented itself for his advancement, ., .-
. -OnMay 12, 1881, Barnard discovered his first comat in the morning sky near Alphe Pegasi, -
He found it again on tho next night, ‘but could not afterwards locate it, and masmuch as he did -
not-send out any sannouncement to the astronomical world, and it was not, seen by any other
astronomer, this comet. was never assigned & place in.the formal records of astronomy—mno ‘-
number. was given it, and it was not counted by Mr. Barnard himself.  Of course, from what.
wag later known of his roliability and skill as an observer, there could be no question as to the
cortainty. of his obseryation, but at that time he was unknown among sstronomers. .. . . . .

~... This accidental discovery, however, developed his interest in.the search for comets, and he
began systematically to sweep the sky for them.. His diligence was rewarded on the night of -
.September 17 of the same year, when he found & comet in the constellation Virgo, . He announced
the discovery to Dr, Lewis Swift, so that it was.observed by other astronomers and received:the
name ‘“ Comet 1881 VI.” .. Mr. H. H. Warner, who had established st Rochester, N. Y., the.
private astronomical observatory of which: Doctor Swift. was. the director, had taken much
Interest in astronomy and, offered a prize of $200 for each unexpected comet discovered by an
American observer. . The award: was made to Mr. Barnard for the discovery of this. comet,
and it happened opportunely, for at that time the young man was building a little house for his -
bride and. his mother, and the burden of paying notes on borrowed .money. as they came due .
was.a serious one. . Five times in all Barnard received this award for the discovery of a comet, -
and it meant to his family the possibility of owning their modest home.: That dwelling is still -
known in Nashville as the “ Comet. House.” .. Few,.indeed, are ‘the astronomers whose Leen
eyesight and extraordinary diligence in the quest for celestial discovery have literally provided
them with a roof to sleep under. - It was vory little, however, that he slept under. that roof..
when the sky was clear... . .. R T
<+ .1 am deseribing these circumstances in this detail because they may seem -almost;incredil_)__lé -
to-some. of our.contemporary Huropean astronomers who :have reached positions in our sclence
in university or governmental observatories after. passing through a very. definite and.uniform -
course of study and training. That inborn genius can find a way of achieving its ideal dn
America, we may call to witness our lately departed friends, Burnham and Brashear, as woll ag- o
Barnard, - oo o T G e e
A year later, on Soptember.13, 1882, the second recorded comet (1882 III). was: dis_éoy_mféd e
with the &-inch telescope. = A rather dramatic.incident occurred o month later, October 14, of
which we have.a printed record in. Barnard’s own . words. -He had been searching for. co
through the early part. of the night, and had set his alarm clock for a later hour in order to.get
some much-needed rest. - He says that when the alarm -clock sounded he had been dreaming *
of discovering a wonderful field of comets, big end little, with long and short $ails, in his field
of view. - After-he awole ho began sweeping in the.neighborhood. of the great comet, of 1882,
and to his astonishment saw 12 or 15 small comets of varied appearance in the vicinity. 'Ile. -
had obtained positions for 7 or 8 of these when the dawn came. Ko announced his dis-’ -
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coveries to Doctor Swift, but this astronomer did not distribute the information. Speaking of
this omission Mr. Barnard has said: “Whether he thought that I was trying to form 2 comet
trust or had suddenly gone demented has never been clear to me.” These comets were undoubt~
edly real, and fragments of the great comet. Schmidt, of Athens, reported one such object
which he observed on October 8, “another was observed by E. Hartwig on October 9, and still
another by Brooks, of Phelps, N. Y., on October 21. They were never separately announced
in the list of comets. ‘

During this time young Barnard was working in the studio by day for a livelihood and
studying, by himself or with a tutor, on cloudy and moonlit nights. In 1880 he planned to
write a booklet on Mars, and solicited subscriptions from friends in Nashville to cover the
cost of printing. We have been unable to find a copy of this, which was planned to be a duo-
decimo; and it is doubtful whether it was ever actually printed. Three years later we find the
young amateur conducting an astronomical column in a journal known as the Artisan, which
was published twice every month at Nashville. In the same year friends who had perceived
the genius of the young man offered him a fellowship in Vanderbilt University at Nashville,
giving him an opportunity to devote his time exclusively to his studies and to make use of the
6-inch equatorial of the small observatory of the university. The stipend was only about
$300, together with a house on the university campus near the observatory, and it was a venture-
some step for a young man with a wife and a mother dependént upon him to give up his work
at the studio and endeavor to live on the sum provided. But his wife bravely counseled accept-
ance of the offer, and said, “We will get along somehow’”’; and they did. Barnard became
enrolled as a special student in the school of mathematics, at the same time having the care of
the observatory. Later he received an appointment as instructor in practical astronomy,
.continuing his studies in mathematics, physics, and chemistry and some of the modern languages.

The young astronomer’s first trip into the outer world was made in 1884, when he attended
the meeting of the American Association for the Advancement of Science at Philadelphia, visit-
ing en route the observatories at Cincinnati, Allegheny, Washington, Cambridge (Harvard),
‘Albany, and Princeton, and seeing for the first time those cities, together with New York and
Boston. Every economy had to be practiced, and hewas accustomed to avoid unnecessary hotel
bills by traveling in day coaches at night. His recordof this trip,in daily postal cards and letters
10 his wife and his mother, is very humorous and interesting. He had formedin advance, mental
pictures of the prominent, contemporary astronomers, and many of them turned out to be quite
different from his anticipations. = Thus, he had expected that Prof. E. C. Pickering would be 2
formal and distant dignitary, as might befit a native of Boston and the director of the Harvard
College Observatory. To his surprise, he found that «Professor Pickering is comparatively a
young man, and strongly resembles a simple countryman. Had anyone shown him to me on
the street and told me that was the famous director of the Harvard College observatory, Ishould
not have taken his word on oath. I should have been positive there was a mistake. How-
ever, he is the most unassuming man that you can imagine, and I admired him very much,
indeed.” >
At this meeting in Philadelphia, he received a most friendly welcome and recognition from
the astronomers whom he had at last met in person, and could henceforth feel that he was one
of the fraternity. o

Tn 1887, at the age of 30, he graduated from theschool of mathematics at Vanderbilt. Mean-
while, he had discovered seven more comets—the last on May 12, 1887—namely, 1884 11, 1885
11, 1886 1I, 1886 IX, 1886 VIILI, 1887 111, 1887 IV. Of these comets, 1884 IT was periodic, with
a return expected every 5.4 years, but it escaped detection in subsequent years. In 1887 he
published in the Astronomische Nachrichten a parabolic orbit for Comet 1887 I1L.

Tn 1883 he had independently discovered the Gegenschein, while sweeping the skies, and
had become extraordinarily familiar with the objects in the sky which could be seen with 2
small telescope. He had given special attention to the planet Jupiter and was an independent
discoverer of the great red spot, as he was unaware that its presence had been announced
some months previously, in July, 1878, by C. W. Pritchett, of Glasgow, Mo. Barnard was a

—
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careful delinentor of what he saw, and many of his early sketches of Jupiter were published in
the first volumes issued by the Astronomical Society of the Pacific, -

In 1887 the Lick Observatory was nearing completion, and Prof. E. 5. Holden had been
chosen director, functioning ad interim as the president of the University of California. Ie
corresponded with Barnard, and in that sumomer offered him a position on the stafl then in
process of formation.. Barnard accepted the opportunity to join this finely equipped institu-
tion, and in September he and his wife started on their interesting journey to California, . They
found temporary lodgings in San Francisco, until they should be able to make their home on
Mount Hamilton, ' There were delays in the completion of the observatory, and the regents
of the university were unable to make provision for the astronomers until the trustees of the
Lick estate had formally turned over to them the completed observatory. Mr. Barnard, again
finding ‘himself in need -of the salary which was not forthcoming, obtained work in copying
legal papers in the office.of a lawyer. - Barly in the next spring the Lick trustees invited him
to come to the mountain- and -make an inventory of the observatory’s equipment. Finally,
on June 1, 1888, Director Holden was able to write, with evident relief after the trying delay:
“The observatory begins its active existence to-night.”” =S, W. Burnham and J. M. Schasberle
were senior astronomers, J. E. Keeler.and B. E. Barnard, juniors; and work began enthusiasti-
cally. Mr. Barnard became very warmly attached to-these members of the staff,  This was
his first opportunity to be regularly associated with astronomers of considerable experience,
and it was -of great importance to him. “In turn, his associates highly apprecinted Barnard’s
ability as an observer and his tremendous capacity for work. - SRR U

The 12-inch telescope was assigned to Barnard, together with the comet-seeker, and his
technical mowledge of photography was very soon utilized by Director olden. -On September
2, Barnard discovered Comet 1889 I; and in:October, Comet 1888 V., 'He also observed their
positions assiduously with the excellent equatorial and filar micrometer. .. He further observed
nebulae and planets; and in 1889 made:a notable observation of the eclipse of Japetus by the
ring system of Saturn, He could'seo that the sunlight illuminated the satellite through the
crape ring, thus indicating that the ring was quite transparent, and supporting the view that
it ‘was'made up of small particles. -During that year he discovered Comet 1889 .11, as well as
1889 TI1; which has a computed period of 128 years. His most important work, however, was
the beginning he made during that summer in photographing the Milky Way with the Willard
lens, which became o famous instrument in his hands. - This was a portrait lens of 31 inches
focal length, which had been nsed by some photographer and had received its name from the
dealer in such lenses in New York. - This camera was strapped to the 6}4-inch equatorial,
which served as o guiding telescope. - Barnard’s long exposures with this instrument brought
out the wonderful richness of the star clouds and other features of the Millky Way as they had
never before been rovcaled. They. thrilled him and his-associates with their significance and -
boauty, and later the entire scientific world shared in this appreciation of them. . R

" Barnard was the first to observe the return of d’Arrest’s comet in 1890, and, in the follow- '
ing year, of comets Encke and Tempel-Swift, and he discovered Comets 18911 and 1861 1V.
In 1892 he made the first discovery of a comet by photography, finding on his plate taken on
October 12, Comet 1892 V, for which a period of 6.5 years was computed, but which has never
been obsorved at a subsequent return. P

~“Ag a junior-member of the staff of the Liclk Observatory, Mr. Barnard did not receive a
regular ‘assignment at the 36-inch telescope, but his friend Burnham was always glad to check
any important observation for him or give him opportunity of examining the object with the
great refractor. .- Mr. Burnhain resigned his position in June, 1892, and resumed work ag clerk of
the Federal Cowrt in Chicago. Mr. Barnard had naturally been eager for an opportunity to make
rogular use of the great refractor, but he was unable to secure this privilege until the first of
July, 1892, when he received the coveted assignment for one night each weelk. On the eleventh
night of his use of it (September 9, 1892) he made his brilliant discovery of the fifth satellite of
Jupiter. - 'We quote from his own account of his observations in Astronomy and Astrophysics,
11: 749, 1802 S o : : '
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Friday being my night with the 86-inch telescope, after observing Mars and measuring the positions of
his satellites, I began an examination of the region immediately about the planet Jupiter. At 12 o’clock as
near as may be, to within a few minutes, I detected a tiny point of light closely following the planet near the 3rd
satellite which was approaching transit. I immediately suspected it was an unknown satellite and at once
began measuring its position angle and distance from the 3rd satellite. _On the spur of the moment, this seemed
t0 be the only method of securing a position of the new object, for upon ‘bringing the slightest trace of the planet
in the field the little point of light was instantly lost.

I got two sets of distances and one set of position angles, and then attempted to refer 11; to Jupiter, but
found that one of the wires of the micrometer was broken out and the other loose.  Before anything could be
done the object rapidly disappeared in the glare of Jupiter. From the fact that it was not left behind by the
planet in its motion, I was convinced that the object was a satellite. A careful watch was kept ab the preceding
limb of the planet for the reappearance of the satellite, but up to daylight it could not be seen.

Though positive that a new satellite had been found, extreme caution suggested that it would be better to
wait for a careful verification before making any announcement.

The following night with the 36-inch belonging to Professor Schaeberle, he kindly gave it up to me, and
ghortly before midnight the satellite was again detected rapidly leaving the planet on the following side. That
morning I had put new wires in the micrometer, and now began a series of careful measures for position. As I
have said, the satellite was-so small that no trace of Jupiter could be admitted into the field for reference in the
measures. It was necessary, therefore, to bisect the satellite, with the planet out of the field, and then by
gliding the eyepiece bring the limb of Jupiter into view and bisect it. - This method did not permit any measures’
from the polar limbs of Jupiter. ~ Following the satellite thus, it was seen to recede from the planet to a distance
of some 36’/ from the limb, when it gradually became stationary. Remaining sofor a while, it began once more
to approach the planet and rapidly disappeared in the glow near the limb. The measures, repeated as rapidly
as possible, thoroughly covered the elongation and gave the means of approximating to its period. ’

The following morning a telegram was sent out announcing the discovery. Subsequent observatlons have
thoroughly confirmed the discovery.

On account of its extreme closeness to the planet it is difficult to say just what its magnitude is. Taking
everything into account, I have provisionally assigned it as thirteenth magnitude. I hope to be able fo settle
definitely this question by observing some little star near Jupiter, and then afterwards determining its magnitude
when the planet has left it. Until thisis settled, any estimate of the actual size of the satellite must be the merest
guess, but it will probably be found to not exceed 100 miles in diameter, and perhaps less than that.

After the first few observations I inserted a piece of smoked mica in the'eyepiece, and using this as an oceult-
ing bar, the measures were made with ease and accuracy. Careful measures thus made from the polar limbs for
the Jovicentric latitude of the satellite show that its orbit lies sensibly in the plane of Jupiter’s equator and that
consequently the satellite is not a new addition to the Jovian family, since it would doubtless require ages for
the orbit to be so adjusted if the object were a capture.

The reader will note from this extract the element of independence which was a character-
istic of Barnard’s discoveries. He perceived with a sort of intuition that this was probably a
new satellite; in fact, he was convinced of it by his brief observations on the first night. His
exercise of great care in making no premature announcement was ‘also characteristic. He,
furthermore, was quick to realize that it would be a matter of general interest whether thev
satellite had been newly-acquired by Jupiter, and his measurements to decide this point were
made a few evenings later. We also see an illustration of his readiness to adapt his observing
methods. to difficult circumstancés in providing a piece of smoked mica for occulting the bril-
liant planet. His scientific caution and ingenuity are illustrated by his proposal that the mag-
nitude of the object should be determined by comparison with some star of about the same
magnitude which some night would lie near the planet’s position and thus afford a reliable basis
for an estimate of brightness.

This first addition to the family of Jupiter, which had received careful telescopic observation
for nearly three centuries, brought to Mr. Barnard instant recognition as an observer of the first
class. The Lalande gold medal of the French Academy of Sciences was awarded to him a few
months later for this notable astronomical feat. Professor Barnard followed this satellite with
very careful micrometric measurements for many years after its discovery, seeking to improve
our knowledge of its orbit, and he published 14 papers covering his observations of elongations,
nearly all of them in the Astronomlcal Journal, The difficulty of observing the object was not
because it was so faint, but because of the brightness of the planet. Quite good conditions of
seeing were always necessary for observing it, even with the large telescope. So far as is known
to the writer, the fifth satellite has never been photographed, and the smallest aperture with
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‘which it has been observed is that of the 1814-inch equatorial of the Dearborn Observa,tory b
Evanston, with which Prof, G. W, Hough observed it on October 15 and November 11, 1892, -
The dlscovery of this satellite doubtless renewed interest in the search for others by the use'of
photography, resulting in the.discovery of threo fulther remote satellites at the Lick Observa-
tory, VI and VII. by €. D. Perrine and IX by 8. B. Nlcholson, Whlle VIII WaS dlscovered :
by P. J. Melotte, at Greenwich. SR
' During his later years at the Lick Observatory Mr. Bnrnn.rd gave much attention to car ei'ul_-
measurements of the diameters of the planets including the four largest asteroids. * He made o
comprehensive study. of the dimensions in the Saturnian system and measured the e]llptlclty__'
of Uranus. He gave particular attention to the diameters and the appearance of the bllghter-'_-_"
satellites of Jupiter.- These extensive researches were published in a series of papers-in various -
astro nomical journals, several of them appearing after he had left the Lick Observatory. " &
It was not only to the study of the Milky Way that Barnard was applym.g photogmphy_;_”
w1th distinguished success. . He studied the comets, and took s groat interest in the remarkable’:
behavior .of their tails as revealed on his negatives.. Swilt’s comet (1892 I) was the first to -
show on*Barnard’s photographs ‘the extraordinary cheanges which the tails of comets may:
undérgo, * Hissubsequent pliotographs of many comets show that these mutations are characters -
istic of the tails of some comets, but not of others. 'Cloudy weather had interfered with obser-
vations of thls comet during March, but the photographs taken.on April 4 and .5 displayed:
extraordnmry transformations in the short interval between them. The significance and value
of the photographic records of these capricious changes were instantly- appreciated by Barnard,
a3 will be seen from the following quotation from his article written some ‘years ls,ter and
appearing in the Monthly Notices of the Royal Astronomical Society, 59; 355, 1899: '

i This {Swift's comet of 1892] was the first-comet fo'show to the photographic plate the exfsmordms,ry cha.nges
to whioh these bodies are subject. - -Indeed,-if it had not been for the photographic plate we should-have km)wn :
nothing of the extraordinery changes that.oceurred in this comet and several that have since appeared.: .-,

-+TFor: the study of :the phenomena. of the tails of comets, the portrait lens has shown itself most admirably.
sulted It has ‘added .an interest to the physical study of these bodies. that did not exist previousty; for the:
most interesting of the phienomena shown by comets must always escape the visual ohserver and pass unknown,
without the aid of the portrait lens and the photographic plate. - Unlike the planets, the comets often traverse -
the entire solar system. They are, therefore, our only means of exploring the regions between the pla.netary.
orbits. Instead of ponderous bodies like the planets, they arc but flimsy creations of enormous dimensions.:
They are thus hkely to be easily sub;ect to disturbanees in their forms that would produce no per ceptible effect
on their motions. ~ What these influences may be we do not know; probably swarng or streams ‘of mebeors,
‘which we knéw do exist in space, or pogsibly gome other cosmical matter yet unknown. - Such objects mightbe.
{and posmbly have been) Ievealed to us by thelr effect upon the form of 'l:he comet’s -tail ag 11: EWEeps. through
EpRCE. .

'l‘he comet dlscovered by Holmes in the autumn of the same yea.r (1892 III) wns;-also
photogmphed by Barnard when this round, tailless object, whose motion was almost entirely - -
in the line of sight, was situated very near the great nebula in Andromeda. The motion of the
comet among the stn,rs was, in fact, so slight that Barnard, with an exposure of 75 minutes,
obtained, on the night of November 21 1892, a sharp picture of the Andromeda nebula, together .
with the comet! o circumstance whwh i3 not 11kely to be duplicated. Brooks’s comet of the :
next year (1893 IV) oxcited Barnard’s interest in a high degree by its behavior, which was quite
exceptional in those early days of cometary photography. IIe speu,ks of hisg pls,tes of Qctober_21 :
and 22 as follows (ibid., p. 358):

The:e is an utter tm.nsforma.tlon of the eomet in. thzs pmtme The tml is larper and bnghtel a.nd very
much distorted, as if it had encountered some resistance in its sweep through space. This disturbance seemns to.
have disrupted the northeast edge of the tail. " The small side tail has apparently been swept away, while'the
more distant portion of the main tail is streaming in a very irrégnlar-manner. The entire picture:is 1118111.‘1’5
suggestive of an encounter with some sort of resistonce. Is it possible the tail passed through a Sﬁreﬂm.&{.’.f:
meteors such as we know exist in space? . Whatever the couse may have been, the appearance of the fail utterly:
excludes the idea of the 1)henomenon being due to irregular emission of the matter from the nuc]eus—u.n exp]ana-_
tion quite sn.tlsfactory in the ease of Swift’s comet.

In passing, this particular photograph seems to explain at least one of the ancient deser 1pt10ns of.a comet,_
viz., “‘a torch appeared in the heavens.”” The comet as shown in the photograph, is sufficiently suggestive of &
torch streaming irregularly in the wind. ' LT

* # * & & * ] L # o
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[On the next day the tail of the comet] appears a total wreck in this photograph, and is still more suggestive
of a disaster. It is very badly broken, and on the southwest side hangs in irregular cloudlike masses. Near
the extremity a large gap exists in the tail, as if something had gone through it from the northeast, and a large
mass is torn off beyond this break and seems to be drifting independent of the comet.

For nearly 30 years these unexplained caprices of the tails of comets fascinated Professor
Barnard, and whenever a new comet appeared in the sky he was filled with suppressed excite-
ment as to its behavior on the photographic plate. Comet Morehouse (1908 IV) was thoroughly
satisfying in this respect, and he obtained no less than 350 photographs of it. He would some-
times take successive photographs of it as long as it could be followed above the horizon, before
the interference of the moon or dawn.

The results of Barnard’s assiduous campaign at the Lick Observatory, from 1892 to 1895,

in the study of the Milky Way and comets by photography, are preserved in Volume XTI of the
Publications of the Lick Observatory. This volume did not appear until 1913—nearly 20
years after the photographs were taken—because of the difficulties which Professor Barnard
found in securing satisfactory reproductions of his pictures. His studies of these photographs
had been so minute that he recognized details which would have escaped anyone else, so that
his standard of excellence of their reproduction became very exacting, indeed, beyond the
possibility of the processes of photogravure and heliogravure.  The publication of the volume
had been made possible by subscriptions for the purpose which Mr. Barnard had secured from
California friends of the Lick Observatory and of himself. The collotype process was employed,
and the reproductions are as satisfactory as could be expected by any such process. . But for a
number of years the responsibility of issuing this volume was a heavy one for Mr. Barnard.
He became discouraged with what he regarded as the impossibility of securing adequate repro-
ductions, and the work lapsed. He even attempted to return to the Lick Observatory, for
distribution among the subscribing friends, the money already expended. He was, however,
persuaded to resume his efforts, and, fortunately, was able again to secure the services of the
expert in collotype who had begun the work. The volume contains 129 plates, from 92 photo-
graphs of the Milky Way and 42 of comets; and it will stand as a monument to the great skill
and the untiring zeal of the pioneer in his begi.nning in this important field of investigation.

A leave of absence was granted Mr. Barnard in the summer of 1893 to make his first trip
to- Burope. Mrs. Barnard accompanied him, and thus had an opportumty to visit her old
home and her relatives in England.. - The very cordial welcome given to Barnard by his Eng-
lish colleagues also made this a most pleasant visit. e then went over to the Continent and
made the personal acquaintance of some astronomers in France and Germany.

Mr. Barnard’s residence of nearly eight years in California was full of romantic 1nterest
for him. The conditions for his work were very fine, and a clear sky was assured in advance
during many months of the year. His residence on the mountain was novel to one who had
always lived in a city, and the views of mountain and canyon made a strong appeal to the
artistic element in his nature. The life was isolated in winter; but this was broken by visits
on Saturday evenings of the winter tourists in California, and acquaintances were established—
many of them lasting—with interesting people from different parts of the world. The associa-
tion with, his fellow observers and their families in the little colony was congenial, and particu-
Jlarly close was his friendship with, Professor Burnham, who, like himself, was an ardent and
expert user of the camera. This phase of their life on the mountain was well brought out in
Mr. Barnard’s biographical sketch of Mr. Burnham, published in Popular Astronomy, 29:
809, 1921. There was an element of the wild in the howl of the coyotes in the canyons and in
the occasional deer seen around the mountain. In the gray dusk, one morning, as Mr. Barnard
was nearing the door of his cottage, he saw before him the great form of a panther, or moun-
tain Lion, standing a few yards away. Kach was returning from his night’s work, and each
silently respected the rights of the other. After a moment, the panther quietly walked on
over the mountain. ;

The free and hearty cordiality of the Californians, and their appreciation and respect
for the men of science on Mount Hamilton, was keenly felt; and Mr. Barnard occasionally
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participated in the meetings and activities of the Camera Club and of the Bohemian 'Club of .
San Francisco, ‘as well as with the colleagues at Berkeley. = Conditions of life on the moun-
tain were comparatively simple and at the start Mr. Barnard’s selary was small; but these
circumstances were much improved toward the end of his stay, and his oppor tumtles for the -

use of the great telescope were increased so that he often worked with it on two and some- -

times even three nights a weelk. THowever, circumstances into which we need not enter finally
led him to desire a change, and in 1895 he accepted an invitation to become a member of the
staff of the Yerkes Observn,tory, then in process of construction as a department of the new
University of Chicago. His official title was to be professor of practical astronomy and astrono-
mer at the Yerkes Observatory, but no duties of giving instruction were invelvoed for him, beyond:
an oceasional popular lecture in the summer coursos ab the university.: Tis official connection
with the university began on October 1, 1895,  As had happened at the Lick, there were unex-
peoted delaysin the completlon of the Yerkes Observatory, so that for the greater part of a
yoar Professor Barnard lived in Chicago near the Kenwood Observatory, the equipment. of
Whlch had been presented to the university by Prof. Gomge . Hale and his father, William E.
Hale. This perlod constituted something of a gap in Mr. Barnard’s observational activity,
but the time was usefully employed in preparing for pubhca,tmn some of the results of his observa~
tions a.t Mount Hamilton, including his attempts at securmg 1eproduct10ns of the photogra.phs
f the Mﬂky Way and comets made there, o

“In ‘the summer of 1896, Professor and Mrs. Barnard occup1ed Y oottage on the sh01e of
Iake Geneva, and began the construction of the house which was to-be their home for the
next quarter of o century, on land which they had purchased adjacent to ‘the grounds of the
observatory. In February, 1897, Mr. Barnard ‘went to England to receive the gold medal
of the Royal Astronomical Soolety, but, owing to delay of the steamer by bad weather, he.
unfortunately did not arrive until the' day after the annual meeting of the society. A special
meeting was held on March 2, at which Professor Barnard exhibited and explmned some of his
most notable photographs, taken at the Lick Observatory, and ‘a dinner was given like the one
prepared on the evening which he missed. ~As Mr. Barnard was very koen to begin work with
the 40-inch, which was then expected to be ready in the spring; as well as to complete the equip-
ment of h1s new home, in which he 100k a great interest, he sailed for home after a stay in Dng-
l&nd ‘of less than three weelks, and was back at Williams Bay by the middle of March.

“A feow woeeks later the 40-inch, ob]eotlve was brought from  Cambridge by ‘Alvan G. Clark,
and was ad;ustod by him in its cell on the great instrument.: ‘1t was first used “on’ the mght
of May 21, and the tosts of its performance were highly satisfactory. - There were: cecasional
opp01tumtles during the next week, when the sky was clear, for further tests, and on the night
of May 28 Professor Barnard had & narrow escape,  Tle ‘was observing durlng the latter. part
of that night, until daylight, and left the dome at dawn. Just before 7 o’clock, as the result
of faulty connection of the supporting oables, the moving floor fell,involving ifs almost com-
plete destruction, but fortunately without injuring the telescope 1tse1f “Had  this happened
2 few hours ‘earlier, the observer could hardly have escaped a serious injury or death. -

" 'This delayed the formal openmg of the observatory until October 21, 1897, and Mr. Bar-
nard had to exercise his patience in waiting for further use of the grent refractor. " As soon a8
it was ready for - regular work, Professor Barnard again plunged into observing, having the great
telescope ot his dlsposal regulerly for two and often for three or four nights each week. He was,
of course, interested in making some tests of the quality of the 40-inch as compa,led with the
36-inch. telescope which he had prewously used. He, therefore; observed some of the difficult
double stars, such as Schaeberle’s companion to Procyon, and Kappa Pegasi, and secured some
elongations of the fifth satellite of Jupiter. "He studied some of the variable stars in Messier
5 which had recently been discovered by Prof. 8. I. Beiley, finding a couple of additional variables
in that cluster. He also measured in the da,ytlme the diameters of Venus and Meroury, some-
times under especially fine conditions of seeing.

" He began at this time a micrometric tlmnguln.uon of some of the globulm star olusters,
mensuring in this first year the positions of 95 stars in Messier 5 and a smaller number in Messier
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13, ‘comparing the positions:of the latter with measures. obteined by Scheiner at Potsdam on
photographs taken in 1891." The views of astronomers as to the size of the clusters were quite
different - then from those-entertained at present, and Mr. Barnard -had hoped that precise
measures. with .the large telescope would reveal-internal motions within & few years. -He
extended his-trisngulations $0 many-other olobular clusters until he had Ainally included in his
program 20 clusters. : In spite of his ardor and his experience as a-photographer, Mr. Barnard
atill found it difficult to recognize the superior advantages of the measurement of star clusters
on photographs with the use of rectangular coordinates. - He put his trust in the filar microm-
oter more than in the messuring machine,. particularly because he could recognize -certain . of
the cluster stars as triple, which were confused in & single image on the photograph then at hand,
talen with an instrument of one-fifth the focal length of the great refractor. - A very few years
later, when remarkably fine photographs had :been secured by G. W. Ritchey withthe 40-inch
telescope, through o yellow filter and with the double-slide plate holder, Mr. Barnard meesured
some photographs of the clusters, and in subsequent years took some equally good ones himself.
The excdllent accordance between his measures -on the negatives and those he made visually
with -the micrometer. was to:him':an-cvidence that -astrometric-investigations could be- satis-
factorily made by photography; to.his colleagues this accordance was:a.demonstration of Bar-
nard’s extroordinary: skill at the telescope. with ‘the micrometer. - Similarly, when his -visual
determination of the;parallax of Kruoeger 60 was yery:closely: confirmed by Schlesinger’s meas-
ures-on plates taken with the 40-inch telescope, it convinced Barnard that:good parallaxes could
be -obtained by the new photographic method; while for us it:was.again. a-demonstration :of
Barnard’s great skill as-an observer. s il i i ERURI S

.. It was probably nosmall disappointment to Mr.. Barnard.that his measures in the clusters,
continued. for nearly 25 years, yiclded 5o little in-the way:of: proper motions—in fact, it could
hardly be asserted:that o single one.of the cluster stars showed an appreciable motion with
respect to its fellows.: From what we know now; it would have been better to omit much of this
labor by visual methods, :and:to trust:to photographic records made from time to time for the
establishment of the motions which: certainly must exist, but which will evidently require a long
lapse of time for aceurate determination.. Progress is being made in the :considerable ‘task of
evaluating these micrometric measures which: were expressed in position. angles. and.distances,
.and referred. to selected starsin.the clusters, In Messier 5, 239 stars were included; in Messier
13, 247; and in several other clusters the numbers run over 100. - The measures certainly repre-
sent aceurately: the positions of the sclected stars during the score of years that they were under
Barnard’s observation..  Plans were begun some 15 years ago for the publication of these meas-
ures; but they were delayed in the natural hope that with a longer time some cvidences. of
motion would be established. . Considerable attention was given during this work to following
changes in brightness of some of the variables, and o fow new variables were discovered by
Professor Barnard in the clusters: * He observed, in particular, Bailey’s No.:83 in Messier 5,
and determined. its.period with great. precision, contributing half o dozen papers to the discus-
sion of this star alone during the score of years that he ‘observed it. At first he thought that the
period was constant, -but later the continued observations showed that.it first lengthened, then
shortened. . oo G S TS BN S IR TR BTN SN S B

.1 Although Mr. Barnard would naturally not be regarded as-a regular observer: of -variable
stars, he nevertheless discovered somo 10 of these objects, most of them visually, and he
followed particular ones for many . years; thus, he published -three papers on:the period and
variation of RS Aquarii, which he discovered visually in 1898, He also followed rather closely
several especially . interesting istars .of. this sort, discovered by others, which required large
optical power when they were near minimumn. RN - T T R

...~ The novae were of especial interest to Tim. Tie determined their positions micrometrically
with great precision with respect to neighboring stars; he .estimated carefully their fluctuations
- in light, and noted the cliange in focus which resulted from their change in spectrum when the
stars were oo faint to be observed spectroscopically; he examined them minutely-with the
great -telescope to detect the presence about them of nebulous shells or phenomena- of that
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nature, “He, in fact, discovered visually, in‘the summer of 1892, the nebulous ring about:Nova -

L

Aurigae. - He 1ncluded in his studies ‘most -of the historical novde for:which the positions could

be determined-—all ‘of 'this- with the 30-or 40-inch telescopes. Ho was an independent ‘dis-
coverer of Nova Aquilae on thenight of June 8, 1918, the date of the American eclipse. ' After - . -

his return to - the observatory, he found that he lmd photogmphed the staron: 54 dates during the
preeeding 25 years, the Willard lens having been ‘used on4 dates and the Bruce telescope on.the
remainder. © He then determined “the star’s brightness on'these plates.  His observations of -

this’ character: were very numerous: he contributed no less than 14 pn.pers ‘or notes to “cover
Nova Persei of 1801 and '8 such ‘papers on-Nova Aquilae of 1918 L S

“In-view of ‘the great range of ‘temperature’ through which micrometric mensurements are
mado with"the 40-inch refractor, extending from ~25° T, (~382° Q) to +100° I (4-38° O)
ho began; in 1897, o series of contlol measures of the differenco in declination between Atlas and
Pleione. - These observatlons were made on' 506 nights during the past 25 years, and thus
constitute u great mass:of valuable unpublished material bcamng both om. the constancy of the
teleseope and ‘micromeéter and on ‘that of the stars themselves.: .

At ‘tho Yerkes Observatory he kept up his micrometric observations of the fﬂ,mtel satellites
of the planets, which he had begun at the Lick Observatory, and contributed to the Astronomical
Journal 10 ‘papers of ‘observations: of Saturn and several of Phicebo, the ninth-satollite, ‘which
‘he caught as a very faint object in the opposition of 1904; when the planet was 17° south of-the
Equator. At the-oppositions “of 1906 and -1912=13; when lhie had: a"‘good - ephemeris ‘of “tho
satellite, he'observed ‘it several ‘times, and cst1mﬂ.ted it ‘to-be of ‘the" fourteenth: magnitude.
Wo believe that Professor Barnard’s measures with the 40-inch'telescope are the only visual
determinations ‘of ‘the position that have yet been made of this difficult satellite. - Heo obgerved
wsuully Perrine’s sixth satellite of Jupiter-and published lis messures in three papers. :

+ Professor Barnard:took part in' the ‘campaign for observation of the dster oid Dros dunng
the opposition ‘of 1900 and 1901, for the determination of the solar parallax:

- In 1867 Miss Catherine 'W.: Bruce, of New Yorl, at the solicitation of Professor Barnard
gmre to the Univeérsity of Chicago the sum of $7,000 for a photographic telescope of the hlghest
type of excellence with which he could continue his photogmphm investigation of the Milky
Way and comets. . Experiments were at onco begun with various types of portrait lens; some of
them furnished by Mzr. Brashear, in order ‘to find which was the most suitable obJectlve for the
purpose. At this time the cameras were 'strapped  to’ o “small ‘equatorial, which' was later
installed -for instruction ot the university.  Thissearch for a suitable objeetive was contmued for
several years, andin December, 1899, the quest led Mr. Barnard ‘to Kurope, for he was ‘deter-
mined “to secure ‘an-objective ‘which Would represent the highest 'quality attainable in optical
construction. - Several of the leading European firms made smell ‘objéctives for the - test but
ch01ce 'was made ‘0f the'10-inch doublet-produced by John A. Brashear, of Mlegheny :

«The small wooden obser vatory for the Bruce telescope, having a dome 15 feet in dmmetel,
was erected; in 1904, at-a point 350 feet from the great dome and n'less distanee from Mr.
Barnard’s own home. ‘The interest accumulated ‘on the Bruce fund was sufficient to pay for
the building, - Warner- & Swasey had ‘provided for the- telescope the excellent mounting, of &
new pattern particularly well adapted for the purpose. Besides the 10-inch doublet, the
mounting carried -a Voigtlinder portrait-lens of 614 1nches apertulo, Whmh had been mﬁcmed
by Brashear, and a 5-inch guiding telescope. :

Professor Barnard was now - provided with equipment whlch he had awmtcd for some
years. “When the sky was ‘clear ‘and not rendered useless by the obnoxious presence of the
moon, Mr. Barnard was generally to be found there making ‘a-long exposure on some part of
the Milly Wa,y or on a comet, unless he had an assignment with the 40-inch telescope.

- He was unhampered by any administrative or editorial ‘duties, and free from any cnga,ge-
ments in the elassroom, so that he was able to gratify to the full his passion for observing. ~“To
him, & night at the great telescope was almost o sacred rite—an oppor tunity for & search for-

1uLh in-celestinl places. Rarely hasa priest gone up into the temple with a deeper feeling of
responsibility-and of service than-did this untiring astronomer go up into the great dome. - He
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was usually ready before the sun had set, and impatiently waiting until the darkness should be
sufficient for him to ““get the parallel” for the thread of the micrometer before he could observe
faint objects. During the day preceding one of his nights, his associates in the observatory
were generally conscious of his keen anxiety for a clear sky, as evidenced by a frequently
repeated nervous cough, which was always worse if the prospects for the night were unfavorable.
Tt was a marvel to all of us that his bodily strength was equal to the tasks which he put
upon himself. He was accustomed to get on with very little sleep, and if the night was cloudy
he could never trust himself to relax, but was constantly on the lookout for a possible clearing
of the sky. Nevertheless, he often appeared in his office by 7 o’clock in the morning, and began
work on the reduction of his observations of the night before. He was a very painstaking and
accurate computer, and it was seldom that the positions of any celestial objects measured by
him required correction for any numerical errors after they were published. From about 1906
he had the valuable assistance of Mrs. Barnard’s niece, Miss Mary R. Calvert, who helped in
his computations and in his correspondence, and in filing and cataloguing the great number
of photographs and reduction sheets which he accumulated. The bibliography at the end of
this paper is based upon a card catalogue which she had prepared and kept up to date. ‘
The nebulous regions of the Milky Way were always of much interest to Mzr. Barnard, and
he early discovered on his photographs great nebulous areas which had not been previously
suspected. - He investigated many cases of nebulous stars; or of stars which seemed to be
involved in “nebulosity,” a word which he commonly used to describe vague and indefinite
nebulous matter, generally of great extent. In some cases the term may represent a real dis-
tinction between a gaseous nebula and one which yields a continuous spectrum; in other cases
it may denote finely divided matter reflecting light from a stellar source.. The following
quotation is from one of his early papers, entitled ‘‘ The great nebula of Rho Ophiuchi and the
smallness of the stars forming the groundwork of the Milky Way.”* : '

For many yesrs this part of the sky troubléd me every time I swept over it in my comet seeking; though
there seemed to be scarcely any stars here, there yet appeared a dullness of the field as if the sky were covered
with a thin veiling of dust, that took away the rich blackness peculiar to many vacant regions of the heavens.
This was fully fifteen years ago, at Nashville, Tennessee, when I searched for comets with a five-inch refractor.

‘After going to the Lick Observatory, I still noticed this peculiarity of that part of the sky, and-finally found
that two small stérs north of Antares were involved in nebulosity and that the whole region seemed-to be covered
with a very weak diluted nebulosity. . . . L S 8 : P o

“This part of the sky coming within the sphere of my work in photographing the Milky Way, on March 23,
1895, I made a photograph of it with 2k 20= exposure. The resulting negative showed a vast and magnificent
nebula, intricate in form and apparently connected with many of the bright stars of that region, ineluding
Antares and Sigma Scorpii. © . : : : . ‘

* Professor Barnard had early formed a plan for securing a photographic chart of the Milky
Way, and he was quick to accept an invitation from Professor Hale to bring the Bruce telescope
to Mount Wilson for photographing particularly the southern portions of the Galaxy, in so far
as they could be reached from that latitude. The telescope was, accordingly, transported to
Mount Wilson, under the auspices of the Carnegie Tnstitution of Washington, in January, 1905,
‘and Professor Barnard spent about nine months on the mountain, engaged in this work. The
telescope was back in its own dome at Williams Bay before the end of the year, and for the next
17 years was always available for Mr. Barnard’s use, being seldom employed by any other
observer. LT

 In 1907 the Carnegie Institution undertook to publish the Atlas of the Milky Way when
it should be ready, and during several years search was made for the best mode of reproduction
of the pictures. Careful experiments were undertaken by experts in photogravure, and with
the heliotype process, but the degree of perfection. desired could not quite be attained. Finally,
Mr. Barnard accepted the suggestion that photographic prints would most faithfully reproduce
the wonderful details of the original negatives. Accordingly, with infinite pains, he made posi-
tives from the original negatives and then second negatives from which the prints could be pre-
pared. In this way, the contrast in faint regions was increased and details were brought out

1 Popular Astronomy, 5: 227, 1897. -
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which might otherwise have been lost. *A firm of commercial photographers in :Chicago, A.-
Copelin & Son, personally well known to Mr. Barnard, undertook the task of making the neces-
sary number of 700 prints from each of the 50 negatives selected to represent the Galaxy. Tor.
two years, beginning in May, 1915, Mr. Barnard made frequent trips to the city, and personally-
inspected each of the 35,000 prints, rejécting hundreds.and even thousands of -those which
seemed to him to be lacking, in some detail, the high quality of cxcellence which ho desired. -
-1t was very difficult for Mr. Barnard to take time from the reduction and diseussion of cur-
rent observations in order to devote himself to the descriptions which were to accompany the
photographs.* He was also constantly finding new points of interest, as he studied each photo-
graph in detail, which led him to desire new photographs centering on special regions, or having
longer exposures than he had previously given. - The publication of this Atlas was accordingly.
delayed, but, fortunately, Mr. Barnard had been prevailed upon to give more time to the com-
pletion of the text, and it had been finished, so far as the 50 regions illustrated were concerned.’
It is to bo regretted that he had not written the introduction, which would have summed up his
views on the structure of the Milky Way, based upon a personal knowledge more intimate than
that possessed by :any other person, - His notes on the introduction are fragmentary, but they
can be used, and it is hoped that the Atlas can bé published during 1926, in essentially the man-
ner-in which -Mr, Barnard would have desired it, and -accompanied by charts from drawings
giving the ooordmates of the reglon of esoh photograph -with & de51gne.tlon of the lmportimt
fes,tures
- During the lest deou.de, Mr Barnerd hsd ta.kon a speoml 1nterest in tho da.rk msrkJ.nGs in
tho Milky Way. At first he called them vacancies, and it was only.gradually that he was led
to the view that they were, after all, in many . instances ‘dark objects projected against the
Milky Way and absorbing its light. Tho titles of some .of his papels ‘show .this gmdus.l transi-
tlon in the interpretation of these extraordinary structures, -~ -+ - .

:»In his.paper-entitled *‘Somse.of: the. dorlk. mo.rkmgs of the sky a.nd whst they suggest ”
Astrophysxoal Journn.l 43 1-—8 1916 he says:: L _ .

An 1mporta.nt fact that ma.y come fr om. our knowledge of the existence of da.crk nebulae is tho.t their masses
must be much greuter than would be assumed for the _ordinary nebulae, because they are po1fect1y opaque and
must, be reIﬂ.tlvely densc, and hence comparatively massive. . If this is so, then we musk ta.ke into acoount these
great masses in a study of the motions of the stars as a whole.

In that paper he placed side by side a luminous gaseous nobula a.nd a da.rk ob}eot of vory

nearly ‘the same shape: the resembls.noo is striking. -

" One of his most notable papers, “On the dark msrlungs of the sky, Wlth a oa.ta,loguo of 182
such objects,” published in the Astrophysmsl Journal in 1919, summed up his studies of these

ob]eets which will doubtless bo dcs:tgns.ted in, tho future by the numbels Whlch he a.551gnod to.

them in the catalogue.

" A very important questlon in recent years hss been the proper loostlon in our stello.r system
of the globular star clusters, From his studies of their appearance on his photogrn.phs of the
Milky Wa.y, Professor Barnard was led to the opinion that the clusters are in some instances
obviously projected against the background of the Milky Way. To. show his ideas as to the
relative distances of some clusters and the Milky Wn.y, we may quoto ﬁom a short note pub-
lished in the Astronomical Journal in 1920: ' .

- Just as the great star clouds of the Milky Way act ns a background against which non-lummous masscs
mo,y be seen in dark relief, they must act also as a screen and thus hide any object that is behind them. This
gives ug a means of mfenmg the relative dxstunoes, ete., of many of the great globular clusters. ~ The rich regions
of Sagittarius and Aquila, in which some of the finest globula.r clusters oceur, are specially remarkable for their
density. That these clusters are nearer thzm the great star clouds is evident, for they would not be seen. thr ough
the star clouds if beyond themn - -

He cites as particular examples, N G, O Nos. 6266 (M 62) , 6273 (M- 19) , 6293 6304, 6333
(M 9), 6528, 6656 (M 22), and 6712, -

Although Professor Barnard had given greut attention to tho surfaoe ma.rlungs of tho

planets, it was not until 1905 that he began experiments in photographing the planets with the
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large refractor, employing a secondary magnifying lens. It will be understood that the direct
images of the planets are so small, even in an instrument of long focus, that the grain of the
plates makes it impossible to secure a satisfactory photographic enlargement. This work
required great skill and patience, because, as Professor Barnard said:?

Better conditions are required for successful work in this direction than for visual observations. .One can
do much visually under conditions where the best definition is only momentary, but for these enlarged photo-
graphs any break in the definition for even a single second during the exposure means injury or total ruin to the
image. In all the exposures, though of only a few seconds’ duration, it was necessary to guide the telescope
to keep the image stationary. This was done by bisecting the polar cap by cross-wires (spider threads) in the
focus of the long guiding finder (6114 feet focus) of the 40-inch telescope. -

It was intended that a full description of this photographic work on planets should be pub-
lished in the Astrophysical Journal, but Professor Barnard never found time to do this. He
obtained also pictures of Jupiter and of Saturn, but instants of the finest seeing when such work
was in progress were too rare to yield entirely satisfactory pictures. When visiting Mount

“Wilson in 1911, Mr. Barnard obtained fine photographs of Saturn with the 60-inch reflector.

We have mentioned before that Mr. Barnard’s early interest in the photography of comets
and their tails did not abate after the Bruce telescope was put into operation at the Yerkes
Observatory. He secured fine series of photographs of all that appeared in our sky, of which
may be particularly named: Giacobini’s of 1905-6, Daniel’s of 1907, Morehouse’s of 1908,

Halley’s of 1909-10, Brooks’s of 1911, Delavan’s of 1914. Of these, Comet Morehouse of 1908 .

and Brooks of 1911 exhibited the most remarkable activity in their caudal demonstrations,
and their eccentricities kept Mr. Barnard almost constantly at the telescope while it was possi-
ble to photograph them. :

The return of Halley’s comet was awaited with the keenest anticipation by Mr. Barnard.
He took many photographs of the region where it might be expected in 1909, and followed it
persistently after it was revealed on Prof. Max Wolf’s plate of September 11 of that year. The
records of previous appearances of Halley’s comet had been most carefully studied by Mr.
Barnard, but there were many points on which the history was silent or incomplete. He
determined to provide against this deficiency at the return of 1910. He kept very full notes on
all his observations during the 20 months through which he was able to follow the comet, and
embodied these in a long paper appearing in the Astrophysical Journal for June, 1914, ‘entitled
¢“Visnal observations of Halley’s comet in 1910” (39: 373—404). In this paper he says: S

Halley’s comet at its return in 1910, though a brilliant and interesting object to the naked eye—especially
in the month of May—was, nevertheless, 4 disappointment when considered from a photographic standpoint.
Tt is safe to say that it did not give us any new information concerning these strange bodies. - . v

The expected passage of the tail of the comet so close to the earth as to envelop it on May
18-19, 1910, kept Mr. Barnard on the qui vive, and the sky was watched throughout the day
as well as the night with the greatest care. Mr. Barnard felt amply rewarded for his pains by
the spectacle of the tail in the early morning of the 19th, when he could map it visually for a
length of 120°; even on the preceding morning he had been able to record its length as 107°.
He last saw the comet a year later, on May 23, 1911, when he secured a position of it with the
40-inch telescope, with some difficulty on account of its faintness.

" In order to have observations of this comet made in longitudes otherwise unoccupied, the
Committee on Comets of the American Astronomical Society, of which Professor Barnard was
an active member, secured a grant from the Bache fund of the National Academy of Sciences,
which made it possible to send Mr. Ferdinand Ellerman, of the Mount Wilson Observatory,
to photograph it at Diamond Head, Hawaii. Mr. Barnard spent considerable time in pre-
paring his part of the report of the committee, which was printed in the Publications of the
Society in 1915. ' C

Tt will be understood that in addition to his photographic observations of comets, Professor
Barnard was always obtaining their positions with the filar micrometer of the 40-inch telescope,
whenever such positions were necessary, upon the first appearance of a comet or after it became

8 Monthly Notices of the Royal Astronomical Society, 71: 471, 1911
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t00 Taint for moderate instruments. It may seem a little singular that the large number of long
éxposures made by Mr. Barnard on the Milky Way did not lead to the discovery of other new
comets; but such was the case; and we may well believe that this possibility was not overlooked
by one to whom comets had meant so much in his earlier career.  In addition to those already
mentioned, he was the first to observe, at their predicted veturn, Encke’s comet in 1914 and Pons-
Winnecke in 1921. - ‘Ona plate taken while he was at Mount Wilson in 1905, he found, some
months later, the i impres essmn of a (Jomet wlnch recewed the name IQOJ f but was noL obsel Ved
elsewhele B
" In spite of Professor Barnard’s pnsswn for exact mensur ement he still regzuded his splen—
did pictures rather from the point of view of a photographer thun from that of an expert in
measurement; of course, whenever it was necesssuy he obtained the positions of comets or other
objects on the negatives, but in a general way he had these. two distinct attitudes of mind i in
his Work He wog somewlmt 1elucta,nt to feel th&t the photogmphlc plocedme in a‘atronomy
highei degmc of expmt slnll was necessmy H1s colleouon of some 1,400 negutwes of comets
contains material on which a vast amount of men.summent could be nmde, and we trust that this
w111 asoon be done in the study of the peculiar internal motions of comets and their tails. " The
negatwes of the Milky Way and of fields of the sky taken by Professor Barnard at Yelkes
Observator ynumbe; about 3, 500, in addition to about 500 taken by him at Mount Wllson " These
constitute a rich field for investigation of stellar motlons, for dlscovely of variable stars and
for statlstlcal studies of the structure of the universe. It is hoped that these plates, Whlch
extend over nemly 8 score of years, may soon be investigated under Lhe “bhnk comparator-
for motions and variables, and it is certain that the full study of thls splendld serles Of photo-
graphs will bring to light many 11npo1ta,nt tacts, :
Occu,smnally Mr. Barnard had time. to. mvestlgate paus “of pla,t,es under the “blink”
comparator; thus, on confiontmg a pla,te taken in May, 1916, with one of the same field he

had obtained with the Willard lens in August, 1894, he discovered the star in Ophiuchus having i

o pmper motion of 10773 per year, the glcatest proper motion thus far detected. This motion
was, in fact 80 uncxpec{,edly large as to make the dlscovely VEry dlﬂlcult ‘but the plutes Were
NUmMErous enough to confirm its rea,hty The position of the object, familiarly known by
our staff as Gilpin, was ‘carefully measured by Mr. Barnard with  the filar mlclomef:,er 1ts
parallax was investigated here and ot other observatories and was found to be 0'/.53, ‘corre-
sponding to a distance of 6.1 light years, “thus making this dwarf the nearest star, after the

system of Alpha Centauri, - With the large scale of the 40-inch telescope, photographs taken 8 o

week apart make. the proper motion evident and measurable!

- Professor. Barnard was deeply interested in eclipses of the sun, and he secumd w1th & :
visual lens some excellent photographs of the corons at the total eclipse of Jn.nua,ry 1 1889 at o

The Willows, & point in California not far from Mount Hamilton.

.- An 1900, at the station of the Yerkes Observatory, at Wadesboio, N C “he ¥ was agn.m
favored Wlth o clear sky and secured excellent photographs with the horlzontal telescope of .

6114 feet focus, but here he denied himself the privilege of a direct view of the corona, remain-
ing inside the spacious camern with Mr. Ritchey to assure the accuracy of the exposures and

the perfection of the 1esu1t 'I‘hey saw the corona only as it was projected on the photographic, - :_ i :.

film. .
Mr. Barnmd was 1nv1ted to. join the la;rge expedltlon to Sumatra mgamzed by the United

States Naval Observatory for the total eclipse of May 18, 1901, IHis. station was at Solok, . =
and he planued every detail with the greatest of care for photogr aphs of the corona on o very.

large scale. The duration of totality was very long, nearly a maximum of six minutes. Tt
. was tragic that o thick blanket of elouds prevemted him from making any obsewatlons at

that time. : Ile was absent from the observatory for about six months, and this fur ther deprlved L

him of the opportunity. of observmg Nova Persei when it was bright. .
He was greatly interested in the cclipse of June 8, 1918, and made a tr1p of mspectlon w1th o
the writer in Septernber, 1917, to select suitable stations-in Wyoming-and Colorado. - Ile -
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went on with: the advance. guard of:our party to our prmclpnl station at Green River, Wyo.,

- six weelcs beforo: the date-of. the eclipse. e tools infinite pains in the adjustment of the hori-
zontal telescope used with our-coelostat, and could-be content with nothing but perfection in
the focusing: of -all- the:cameras for which he had any responsibility.: Uni‘ortunutely, o ‘great,
cloud -drifted ‘across. an otherwise. perfect sky ‘on.that efternoon, covering the sun until two or
three minutes: after totality - was ‘over,... Mr. ‘Barnard. had been again ‘interested in -studying
the: conditions for. the. eclipse of Soptember 10,1923, and up to: Wlthm 2 fmtmght of h.lS death
we: had still hoped ‘that -he might be o member ‘of :our: party.- :

Luna,l eclipses wore not neglected: by Professor:Barnard. He ha,d photogmphod ‘SUCCesS-
fully, at the Lick Obscrvatory, the eclipses of. 1894 and 1895, and-it was his custom to make
with ‘the Bluee telescope many- _photographs of ‘the different phases of each lunar eclipse which
oceurred in favorable weather.. - ‘With that instrument he also Lept 2 photogro,plno 1eoord of
all: 1ntercst1ng con]unetlons of the planets and similar oceurrences. . .

- The displays of the aurora, ‘which are frequently visible in Wisconsm, were 2 dehght to
Professor Barnard; ‘and-ho-recorded fully their details.and published ‘two  oxtended: papers
regmdmg ‘them, IIls notes covering the aurora:for alinost another solar.cycle are still unpub~
lished, He. a,lso gave attention to the: self-luminous night haze, which ‘his long vigils had given
him unusual opportunities to observe, 2nd he: present.ed tiwo pupem on the subJeot to- the Amen-
can Phllosophleal Soeloty, one:in 1911 and the other in 1919. : :

: ' We thus find him a “koen observer of no.t.ure in: most of its ws1b1e phases The motems dld
not escape-himor This: photovmplno plate; nor did the 17-yearlocusts at their. 1egula,r recurrence.
In the growth:of the trees which he-had planted about his-home he had great satisfection, and
he had much pleasure in following the development o,nd pluntmg of the grounds of t.he obsew—-
atory, when that hecame possible.a few years ago.. '

“In his will Professor Barnard bequeathed to the Un1vers1ty of Cl‘ucugo ]:us home, a8, memo-
rial:to his wife, whose :death. occuired on-May 25, 1921, --To:'the Yerkes Observatory, he loft
also his sclentlﬁe books and tho modnls und uwn.rds ho hod reoelved 1n 1eoogn1t1o11 of his nota.ble '
servmos t0. so1enee SRS : Vil :

Plofossm Barnard’s home ha.d been i oontel of generous hosplta,hty for L% qumter of 2
centmy, and nowhere was he more enter tolmng that a8 host in his .own home. . He was full
of Humor and could tell most amusingly. of his-experiences in emly: life and of. his travels. It
has been the. writer’s: good fortune t0 make many. railroad :trips. with: lnm, and he was always
a most agreenble companion. e was shy and restive in larger companies: ‘where he was: not
well-acquainted with. the. other guests, and was often quite nervous before glvmg a:lecture on
a subject with.which he was perfectly famihar.: . After:-he was well started in an.address he
quite lost this shyness and would deseribe the intimate: details.of his pictures in a charming way.
He never spoke more interestingly than.in one.of his last lectures. which he gave one evening,
on the: subject of comets, at the meeting of. the Amencan Asuonomlca.l Socloty, ot. tho Yorkes
Obselva.tory, in:September, 1922, :

- My, :Barnard’s -delicious. vein.-of: humor WELS Very fmmha.l to hls 1nt1mute {nends I-Ie
could tell of some of his varied cxperiences.in a distinetly original manner. .: Conformity to the
Tatost fashion was: of :no special concern to. him, Te was aecustomed to wear a black. tie of .a
type perhaps more:familiarin the seventies, though .evidently:_somehow:pro_cumble even at.the
present. time. This variety is mounted on-a pasteboard frame, .and-is attached, rather pre-
cariously, to:the:collar button by a small elastic cord. . Accidental detachment was, therefore,
of frequent occurrence; in fact,. the -presence or ubsenoe of the tie was sometimes used by a
friend as o test.of visions;. but to the suggestion that a.more modern type.of tie, the kind that
passes around: the neck of the wearer, might save .the.inconvenicnee. of per petua.l uncerteinty
as to whether or not the tie was attached, the 1ep1y was made by Mr. Barnard:. “ Why, this
kind -of tie.once saved my life!” . To the surprised inguirer he added: . You see, I was at the
Grand Canyon, and looking down into that vast chasm, suddenly. the tie fell off and flosted
down half o mile into the depths below,. What if it had been around my neck!”
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Always mindful of the difficulties that he had to overcome in his early beginnings-as an
astronomer, Professor Barnard was most generous in giving advice and assistance to all ‘sineere -
aspirants for knowledge of astronomy who spproached him with questions, by letter or.in-
person, and he gave his time freely. to such, in cxhibiting and explaining his most: significant:
photograiphs. - He willingly took his turn in speaking to the large number of visitors admitted-
to-the Yerkes Observatory on Saturday afternoons, and often stayed long after the closing
hour in explaining details to those who had evinced a real interest.- He was most kind to other
workers in astronomy, and tolerant in expresging opinions-of them, even though their views
might differ: very greatly from his, and though he might regard them as radically wrong. He
avoided controversy, and seldom took his pen to opposé the views of others. v

Professor Barnard was not & teacher. - He had missed the inspiration and opportunity of:
studying astronomy under some. gifted enthusiast. He had, of course, profited by taking part
in the work at an institution so well planned and organized as was the Lick Observatory By
Director Holden, and had received much benefit from the sane. counsel of -his seniors' there, -
particularly from Mr. Burnham; but-he.did not realize from experience the mutual importance
of the relation of teacher and pupil, or know the satisfaction of the teacher in having an apt
follower in his research to whom he may: pass on the acquisitions of his years of study. Mr.

Barnard could: not bring himself to lose time at the telescope in having & pupil take partin-
measurements, which he could himself make so much better, and he begrudged the possible:
léss in- quality of a photograph if some one less skilled than himself took some part:in the
guiding. Accordingly, he trained no one to be his successor; he-left no disciple who could take
up his work after receiving the benefit of his unequaled experience as an observer and of his
exceptional knowledge of the heavenly bodies.: Eoahoe it R T

~ Mr. Barnard was stricken with diabetes early in the year 1914, and had: to ‘undergo the
severe privation; by the doctor’s orders, of giving up observaticns with the large telescope for
a-year. As a result of his obedience, his health was greatly imptoved, and for seven years.
Jonger he kept up his observing most industriously and really beyond the measure of his bodily
strength. Tt was regarded by the director of the observatory as no small part of his duties
to see that such a man should be induced to spare himself as much as possible and to restrict
his ‘night work both to save him from exhaustion and to gain: time for the reduction and. dis-
cussion of his great accumulation of observations. But it was almost impossible for Mr.
Barnard to keep away from the Bruce photographic telescope when the sky was clear and the.
moon did not interfere. R SR ST i Lo
. He was greatly affected by the death of his-wife after a brief illness and after 40 years of
married life in which she had devoted herself completely to his comfort: “They had no- chil-
dren, and thus Mr. Barnard missed the joys and responsibilities of parenthood, even as he had
himself missed the experience of the relation of son to father. = =~ ..o - 7 '

" His final illness was of only six weeks’ duration, and: began rather acutely. ‘The best of
medical skill was given him, and up to a short time before his'death the specialist was hopeful
of his recovery. He died at 8 o’clock on' the evening of February 6, and simple funeral services.
were held on the following day in- the rotunda of the-observatory, which secmed to-us the
appropriateplace. Theinterment was at Nashville, afterservices attended by many friends in'his
native city and from his alma mater. He had always been highly appreciated at Nashville,
and one of the interesting evidences of this was the erection, not long ago, by the Nashville
Automobile Club, in cooperation with the Nashville Historical Committee, of a tablet at the
place in the city where the young enthusiast discovered his first comet in 188%, T

' Measured by the calendar, his life wes but little more than 65 years, but, by the number of
hours he had spent under the-nocturnal sky or in the domes, his period of activity was more
than that of many who had passed four score years. o

His services to science were recognized by the learned societies. He was vice president.
of the American Association for the Advancement of Science in 1898, and delivered an address.
upon the “ The development of photography in sstronomy.”  In the same year he was elected:
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a foreign associate of the Royal Astronomical Society. He became a member of the American
Academy of Arts and Sciences in 1892, of the American Philosophical Society in 1903, and of
the National Academy of Sciences in 1911. He was made a director of the B. A. Gould fund,
under the auspices of the National Academy, in 1914, and at the same time an associate edltcr
of the Astronomical Journal. He had been for three years (1892-1894) associate editor of the
journal Astronomy and Astrophysics. In addition to the medals mentioned heretofore in this
article, he received from the French Academy of Sciences in 1893 the Aragc gold medal, and in
1900 the Janssen gcld medal; he was the recipient of the Janssen prize of the Astrcncmlcal
Society of France in 1906, and was awarded the Bruce gold medal of the Astronomical Society
of the Pacific in 1917. The last-named society had three times awarded him the Donochoe
comet medal. “He was given the honorary degree of doctor of science by Vanderbilt University
in 1893, and that of doctor of laws by Queen’s University, of Kingston, Ontario, in 1909.

The voluminous character of his contributions to astronomical literature has already been
indicated, but we may add that a card catalogue of his ertmgs includes no less than 900 items,
without being complete. A blbhcgraphy of his articles which appeared since his-connection
began with the University of Chicago in 1895 has been published in the list of pubhcatlcns of
the faculties issued annually by the University of Chicago and also collected in two spe01a1
volumes of this character covering the first 25 years of the work of the university. These
contain the titles of 377 articles and 6 book reviews by Professor Barnard, to which number
will be added, as time permits their preparation, numerous posthumous papers. covering his
unpublished observations.

His last measurements with the 40—mch telescope were made on the night of December 16
1922, when he secured the position of Baade’s comet; his last visual observations with that instru-
ment were on December 21, when he made 19 estimates of the brightness of Nova Persei,
referred to 13 comparison stars; and his last use of that instrument was later on that night when
he made a photograph of the cluster Messier 36 with an:exposure of two hours. A photograph
of the region of Gamma Leonis, made on the following night with the Bruce telescope, closed
his long and untiring work with that instrument. His last visual observation was of the occu-
lation of Venus on the morning of January 13, 1923, which he observed from the window of his
sick room.- Thus closes the record of the astrcncmlcal act1v1ty of one cf the greatest observers
of our time, of whom may be truly sa1d “Apermt caelos.” -

‘ 20154°——26—36



BIBLIOGRAPHY BY TOPICS, OF THE PRINCIPAL SCIENTIFIC PAPERS OF
EDWARD EMERSON BARNARD

We are indebted to Miss Mary R. Calvert for the prepara,tlon of the following bibliography,
which has been arranged topically, and without giving the exact title of each paper. We
believe that it will be of more convenience to the user to have the articles on a given subject
grouped in this manner. A strict chronological order has not been followed in the arrange-
ment under each topic, but it seemed wiser to collect together the papers which appeared in
the same journal, and a regular order has been followed where & series of journals contained the
papers. Titles have not been given in full except for papers which were of a special impor-
tance or were of a general character and summed up Professor Barnard’s studies in that
particular field, but many minor contributions and notes have not been included in this list.

The reference “ Monthly Notlces” refers to the Monthly Notices of the Royal Astronomical

Society of London.
BOOKS

Photographs of the Milky Way and of comets. Publications of the Lick Observatory, vol. 11.
An atlas of the Milky Way (illustrated by fifty prints taken with the Bruce photographic télescope of regions
- north of 40° S. declination). In preparation for publication by the Carnegie Institution of Washington.
Micrometric measurements in some of the globular star clusters. To appear in the Publications of the Yerkes
. Qbservatory.: . . ]
. ARTICLES

’ DOUBLE: S8TARS

Duplicity of 8 Caprleorm Astronomische Nachrichten, vol. 108, 1884, p..369; vol. 110, 1884, p- 133.

Measures of the companion. of Sirius. = Astronomische Nachrichten, vol. 182, 1909, pp: 13-16; vol. 214 (Jubi-
laumsnummer), 1921; p. 3. .Astronomical Journal, vol. 20, 1900, p. 167; vol. 23, 1903, p.. 132; vol. 26,
1910, p. 143; vol. 27, 1912-1913, pp. 107, 193 vol. 29, 1915, p..38; vol. 30, 1916, p. 24; vol. 30 1917, p.
182; vol. 32, 1919,p 56.

Measures of the companion of Procyon. = Astronomische Nachnchten, vol. 182 1909, pp. 13-14. Astronomical
Journal, vol. 19, 1898, pp. 23-24; vol. 20, 1899, p. 44; vol. 21, 1900, p. 16; vol. 23, 1903; p. 132; vol 27,
1912-1913, pp. 107, 194; vol. 30, 1917, p. 214. . -

On the hypothetical disturbing body in the system of 61 Cygm Astronomische Nachrichten, vol. 172, 1906,
pp. 379-384.

Micrometric measures of double stars. Astronomische Nachrichten, vol. 149, 1899, pp. 167-170; vol. 172,
1906, pp. 383-384. Astronomical Journal, vol. 18, 1897, p. 46; vol. 19, 1898, pp. 23-24, 113-116; vol.
20, 1900, p. 170.

On the parallax and proper motion of the double star Krueger 60. Monthly Notices of the Royal Astronomical
Society, vol. 68, 1908, pp. 629-655; vol. 76, 1916, pp. 592-606. Astronomical Journal, vol. 21, 1900, p.
64; vol. 23, 1903, p. 169.

CLUSTERS

Photographic determination of the colors of some of the stars in the cluster M 13 (Hercules). Astrophysical
Journal, vol. 12, 1900, pp. 176-181; vol. 29, 1909, pp. 72-75; vol. 40, 1914, pp. 173-181.

Triangulation of clusters. Publications of the Astronomical and Astrophysical Society of America, vol. 1,
1899-1902, pp. 77, 193.

Remeasurement of Hall’s stars in the Pleiades. Popular Astronomy, vol. 27, 1919, p. 523.

On the motion of some of the stars in the cluster M 92. Astronomische Nachrichten, vol. 176, 1907, pp. 17~
24; vol. 182, 1909, pp. 305-308. Popular Astronomy, vol. 18, 1910, pp. 3-7. Publications of the Astro-
nomical and Astrophysical Society of America, vol. 1, 1909, p. 323. '

Sur des grands mouvements propres soupgonnés dans les étoiles voisines de ’amas Messier 11=N. G. C. 6705.
Comptes Rendus, vol. 161, 1915, p. 411.

VARIABLE STARS

Discovery of variable stars. Astronomical Journal, vol. 19,-1899, p. 193; vol. 29, 1916, pp. 75, 148; vol. 30,
1916, p. 4; vol. 30, 1917, pp. 84, 176; vol. 32, 1919, pp. 37, 48, 102. Astrophysical Journal, vol. 12, 1900,
pp. 182-184.

18
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Observations of variable stars. Astronomische Nachrichten, vol. 147, 1898, pp. 243-248; vol. 149, 1899, pp.
167-172; vol. 172, 1906, pp. 345-348; vol. 191, 1912, pp. 387-390. Monthly Notices, vol. 55, 1895, p.
442; vol. 73, 1913, pp. 390-392, 500-518; vol. 76, 1915, pp. 95-97. Popular Astronomy, vol. 27, 1919,
pp. 374, 485. v

Observations of the variable star No. 33 in M 5. Astronomische Nachrichten, vol 184, 1910, pp. 273-284;
vol. 191, 1912, pp. 439-442; vol. 196, 1913, pp. 11-14. ‘

Observations of the variable star RS Aquarii. = Astronomische Nachrichten, vol. 173, 1907, pp. 337-346; vol.
181, 1909, pp. 309-312; vol. 191, 1912, pp. 181-182.

‘PROPER MOTION STARS

A small star with the.largest known proper motion. = Astronomical Journal, vol. 29 1916 pp. 181-184; vol.
' 30, 1917, pp. 79-80. Popular Astronomy, vol. 24, 1916, pp. 504-508.

On the motion of a small star in the Pleiades. Astronomlsche Nachrichten, vol. 194, 1913, pp. 7-8.

Max Wolf’s two small proper motion stars in Serpens (A. N. 4981). Astronomical Journal, vol. 33, 1920, pp.

69-70.
NOVAE

The temporary stars. On the present appearance of some of these bodies. Astronomische Nachrichten, vol.
‘194, 1913, pp. 401-408. : _ i

Some peculiarities of the Novae. Proceedings of the American Philosophical Society, vol. 61, 1922, pp. 99-106.

Recent observations of some of the Novae. Publications of the Astronomical Society of the Pacific, vol. 34,
1922, p. 164.

On the identity of Anthelm’s new star of 1670 (11 Vulpeculae) , Astronomische Nachrichten, vol. 199, 1914,
pp. 1-4.

Hind’s new star of 1848 (Nova Ophiuchi No. 2). Monthly Notices, vol. 81, 1921, pp. 167-173.

Nova T Coronae of 1866. Astrophysical Journal, vol. 25, 1907, pp. 279-282.

Nova Cygni of 1876. Monthly Notices, vol. 62, 1902, pp. 405-419; vol. 72, 1912, pp. 525-534, 676; vol. 82,
1921, pp. 116-120. Astronomical Journal, vol. 32, 1919, p. 6.

Nova Andromedae of 1885. Astronomische Nachnchten, vol. 112, 1885, p, 403. Sldereal Messenger, vol. 4,
1885, pp. 240, 247, 308. Astrophysical Journal, vol. 8, 1898, p. 226.

Nova Aurigae of 1891. Astronomische Nachrichten, vol. 1380,:1892, pp. 344, 407; vol. 131, 1893,p 377; vol.
135, 1894, p. 385; vol. 137, 1895, p. 233. . Monthly Notices, vol.. 53, 1892,p 35; vol. 62 1901, pp. 6165,
Popular Astronomy; vol. 2, 1895, p. 307.

Nova Sagittarii of 1898. Astronomlsche Nachrichten, vol. 178, 1906, pp- 113—118

Nova, Persei of 1901. Astronomische Nachrichten, vol. 159, 1902, pp. 49-58; vol. 160, 1902, p. 239 vol. 162,
1903, pp. 379-382; vol. 176, 1907, pp. 323-326; vol. 179, 1908, pp. 199-204; vol. 198, 1914, pp. 123-124.
Monthly Notices, vol. 80, 1920, pp. 710-722; vol. 82, 1922, pp. 457-461. Astronomical Journal, vol. 30,
1917, p. 86. Astrophysical Journal, vol. 14, 1901, pp. 151-157; vol. 16, 1902, pp. 183-185. -

Nova Geminorum of 1903. Astronomische Nachrichten, vol. 198, 1914, pp. 123-124. - Monthly Notices, vol.
66, 1906, pp. 355-361. Astronomical Journal, vol. 23, 1903, p. 81. . Astrophysical Journal, vol.'17, 1903,
pp. 376-377.

Nova Lacertae of 1910. Astronom_lsche Nachnchten, vol. 187, 1911,pp 63-64; vol. 194, 1913, p. 405. Monthly

.. Notices, vol. 72, 1912, pp. 659-676. :

Nova Geminorum of 1912. Astronomische Nachrichten, vol. 196, 1913, pp. 167-168; vol.. 198, 1914, pp.
123-124. Monthly:Notices, vol. 72, 1912, p. 675.

Nova Aquilae of 1918. Monthly Notices, vol. 80, 1920, pp. 582-586. Astrophysical Journal, vol. 49, 1919,
pp. 199-202. Popular Astronomy, vol. 26, 1918, pp. 492, 558-561; vol. 27, 1919, p. 450. Publications of
. ‘the Astronomical Society of the Pacific, vol. 32, 1920, pp. 222-225.

Nova Ophiuchi of 1919. Publications of the Astronomical Society of the Pacific, vol 32, 1920, pp. 226-227.

°
NEBULAE

Visual observations of nebulae. Astronomische Nachrichten, vol. 104, 1883; p. 285; vol. 108, 1884, p. 369;
vol. 110, 1884, p. 125; vol. 112, 1885, p. 391; vol. 113, 1885, pp. 31, 47; vol. 115, 1886, pp. 315, 323; vol.
122, 1889, p. 253; vol. 125, 1890, pp. 315, 379; vol. 126, 1890, p. 53; vol. 126, 1891, pp. 277, 298; vol. 127,
1891, p. 185; vol. 129, 1892, p. 17; vol. 130, 1892, pp. 7, 77, 223, 233; vol. 134, 1898, p. 129; vol. 138,
1895, p. 211; vol. 139, 1895, pp. 41, 43; vol. 173, 1906, pp. 117-124; vol. 177, 1908, pp. 231-236. Monthly
Notices, vol. 49, 1889, p. 418; vol. 55, 1895, p. 442; vol. 56, 1895-1896, pp. 66, 162; vol. 59, 1899, pp. 372
876. Sidereal Messenger, vol. 1, 1882, pp. 57, 135, 238; vol. 2, 1883, p. 226; vol. 3, 1884, pp. 60, 91, 184,
189; vol. 4, 1885, pp. 30, 53, 124, 125, 223, 247, 313, 315; vol. 5, 1886, pp. 25, 27, 31, 154, 255, 286.
Astronomieal Journal, vol. 11, 1891, pp. 37, 168; vol. 15, 1895, p. 24; vol. 18, 1897, p. 112; vol. 30, 1917,

. Pp. 175-176, Astronomy and Astrophysics, vol. 18, 1894, p. 642, Astrophysical Journal, vol. 2, 1895,
p. 350; vol. 8, 1898, pp. 226-228; vol. 14, 1901, pp. 151-157.

On the exterior nebulosities of the Pleiades. Astronomische Nachrichten, vol. 136, 1894, p. 193. Monthly

Notices, vol. 59, 1899, p. 155; vol. 60, 1900, pp. 258-261. Astronomy and Astrophysics, vol. 13, 1894, p. 768.
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'The great photographic nebula, of Onon, encircling the belt and Theta nebula Astronomy and Astrophysics,
“vol. 13, 1894, p. 811, reprinted in Popular Astronomy, vol. 2, 1894, p. 151.

On the probable motion of the annular nebula of Lyra (M 57) and the peculiarities in the focus for the planetary
nebulz and their nuclei. Astronomische Nachrichten, vol. 140, 1896, p. 283.. Monthly Notices, vol. 60,

* 1900, pp. 245-257; vol. 66, 1906; pp. 104-113. ’

On the Owl nebula, Messier 97=N G. C. 3587. Monthly Notlces, vol. 67 /1907, pp. 543-550, 577.

The variability of the nucleus of the planetary nebula N. G C 7662. Monthly Notices, vol. 68, 1908, pp
465-480.

Measures of small stars in the Dumb-bell nebula (N. G. C. 6853). Monthly Notices, vol. 62, 1902, pp. 466~
468; vol. 76, 1915, pp. 90-95. Astronomy and Astrophysics, vol. 13, 1894, p. 445,

Observations of planetary nebulae. Astronomische Nachrichten, vol. 151, 1900, pp. 355—356 vol. 172, 1906
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