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INDEX TO PLATES.

Plate No.
‘The Crocker Observatory and Telescope . Frontispiece
Lunar Photographs . : 1
“Total Eclipse of the Sun 129
STAR PLATES.

« 1855.0 | 8 1855.0 Subject. Pllrag.e 2 1855.0 | & 1855.0 Subject. %&;t.e
3 ;212 +62?9 Region of y Cassiopeia 2 1h7 2"4 - 34.°5 In Scorpio . 47
o 35| +40.9 | Andromeda Nebula . . 4 || 17 48| -158 | In Serpens e e 48

0 42 | +41.1 | Region of the Andromeda 17 52 | —28.0 | Great Star Clouds in Sagit—
Nebula . . . 3 tarius P 50

0 ‘44 | +60.0 | Region of » Cassmpelae 5 | 17 55| ~28.0 | Great 'Star Clouds in Saglt
1 20| +65.5 | In Cassiopeia 6 tarius 49
1 32| +59.2 | In Cassiopeia 7 || 17 55| -24.0 | Region of M8 52
1 38| +63.3 | Region of ¢ Casswpexze 8 || 17 56 | ~23.5 | In Sagittarius . 51
1 58| +57.0 | Near the Double Cluster of 17 58 | + 3.2 | In Ophiuchus . 53
oo Perseus 9 || 18 4 | -18.0 | In Sagittarius . . 54

2 8| + 82| InCetus . 10 || 18 7| ~18.3 | Small Star Cloud in Saglt
2 48 +53:2 | InPerseus Ix tarius 55
3 8| ~28.9| In Eridanus . 12 | 18 19| ~250 | In Sagxttarms . 56
3 35| +27.0 | In Taurus i3 18 22 | -13.5 | In Sagittarius . 58
3 38| +24.0 | The Pleiades 14 || 18 23 | -14.5 | In Sagittarius . 57
3 40| +24.9 | The Pleiades 15 || 18 25| + 7.0 | In Serpens 59
3 47 | 1359 | Region of Dreyer 1499 16 || 18 30| + 9.5 | In Ophiuchus 60
3 50 +36‘0 Dreyer 1499 17 18 33 | +39.5 Near Vega 61
4 23| T17:4 | Region of the Hyades 18 | 18 33| - 69 | In Aquila. 62
4 52| +40.9 | Region near 7 Aurige 1g || 18 41| - 7.0 | Near Mir . 63
5 28| - 50 | Region of the Great Nebula of 18 41 | - 8.0 | Great Star Cloud near Mn 64
Orion 20 || 18 42 | - 5.9 | Great Star Cloud near Mir 65
5 44| * 8.9 | Region of a Orxoms . 21 || I8 54 | 414.3 | Near { Aquile . 66
6 o | T24.5| Region of M35 . 23 | 19 12 | + 2.5 | In Aquila 67
6 4| T12.0| In Orion . ' . 24 | 19 14 | 414.8 | In Aquila 68
6 6| +25.0 In Gemini, near M35 22 | 19 26 | 4 8.4 | Near Altair . 69
6 6| +15.5| InOrion . 25 19 30 | +29.0 | Region of 8 Cygni 70
6 22| + 5.0 | In Monoceros . 26 || 19 37 | +12.0 | Near Altair . 71
6 22| + 5.0 Region of Dreyer 2237 27 || 19 55} -13.5 | In Sagittarius. 72
6 30| +10.0 | Region of 15 Monocerotis . 28 || 19 56 | +19.6 | In Sagitta 73
6 34| +13.0 | In Gemini 29 | 19 58 | +37.5 | In Cygnus 74
6 38| -20.5| Near Sirius . 30 || 20 12| 426.7 | In Vulpecula 75
6 46 | - 3.2 | In Monoceros 31 20 14 | +42.0 | Nebulous region of y Cygm 76

7 25| +32.2 | Near Castor . . 32 || 20 38| y45.5 | Region of the North America
8 35| +20.7 | Region of Praesepe in Cancer 33 Nebula . . 77
12 14 |, +27.3 | Region of Coma Berenices 34 |20 42 | +34.8 | In Cygnus 79
15 54 | -18.1 | Near 8 and v Scorpii 35. 1| 20 42 {310 | Dreyer 6960 and 6995 80
16 20 | -24.2 | Region of p Ophiuchi 36 || 20 57 | +42.6 | In Cygnus . 78
16 36 | -35.2 | In Scorpio 37.|[ 2L .41 | +50.0 | Near = Cygni 81
17 11 | -25.3 | Region of 0 0ph1uch1 . | 38 | 2T 44 +58.0 | InCepheus 82
17 12 | -21.3 | Region north of 6 Ophiuchi . | 39 | 22 © | +65.4 | In GygRrus Cepheus 83
17 14 | —24.5 | Region of 8 Ophiuchi 40 || 22 7| 4+53.2 | In Cepheus . . 84
17 28 | —~15.0 | Near & Serpentis . . 41 || 22 44 | +53.7 | In Cepheus . 85
17 34 | -21.3 | Region of 58 Ophiuchi . 42 || 23 7| +59.0 | In Cassiopeia . 86
17 36 | -20.9 | Region of 58 Ophiuchi . 43 || 23 10| +53.7 | In Cassiopeia . 88
17 35| -30.0 | In Sagittarius . 45 || 23 39 | +62.6 | In Cassiopeia . 87
17 37| -34.6 | In Scorpio . 46 23 54 | +59.3 | Region of f Cassxopele 89

17 41| _21.7 | Region of 58 Ophmchl . 44 @
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" COMET PLATES.

Comet, Name. Date. Plate No.
I 1892 | SWIFT 1892 April 4 90
I 18g2 | SwIFT 1892 April 5 91
I 1892 | SWIFT 1892 April 6 92
I 1892 | Swirt 1892 April 7 93
I 1892 [ SwiFr 1892 April 18 94
I 1892 | SwIFT 1892 April 22 95
I 1892 | SwIFr 1892 April 24 96
I 1892 | SWIFT 1892 April 26 97
I 1892 | SwIFr 1892 May 22 . 98
I 1892 | SwrIFr 1892 May 23 . 99
I 1892 | SWIFT 1892 May 30 . 100
V 189z . 1892 October 12 101
1II 1892 | HOLMES 1892 November 10 102
III 1892 | HOLMES 1892 November 10 103
III 1892 | HoLMES 1892 November 21 104
YII 1892 | HOLMES 1892 December 8 105
IV 1893 | BROOKS . 1893 October 18 106
IV 1893 | BROOKS . 1893 October 20 107
IV 1893 | BROOKS . 1893 October 21 o8
1V 1893 | BROOKS . 1893 October 22 109
IV 1893 | BROOKS . 1893 November 2 110
IV 1893 | BROOKS . 1893 November 3 111
IV 1893 | BROOKS . 1893 November 6 112
IV 1893 | BROOKS . 1893 November 7 . . . . . 113
IV 1893 | BROOKS . 1893 November 2, 3, 6 and 7 . 114
IV 1893 | BROOKS . 1893 November 10 . . . . . 115
IV 1893 | BROOKS . 1893 November 1I 116
IV 1893 | BROOKS . 1893 November 12 . . . 117
IV 1893 | BROOKS , 1893 November 13 . . . . 118
IV 1893 | BROOKS . 1893 November 13 (enlarged) 119
IV 1893 | BROOKS . 1893 November 14 120
IV 1893 | BROOKS . 1893 November 15 121
IV 1893 | BROOKS . 1893 November 19 221
II 1894 | GALE 1894 April 29 123
ITI 1894 | GALE 1894 May 2 . 124
II 1894 | GALE 1894 May 3 125
II 1894 | GALE 1894 May 4 126
- II 1894 | GALE 1894 May 5 127
II 1894 | GALE 1894 May 8 128
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- INTRODUCTION.

ACKNOWLEDGMENTS. .

~In the later days of my connection with the Lick Observatory it became my
desire to see a number of the star and comet photographs that I had made col-

‘lected into a volume. The expense of reproducing the pictures prohibited this,

unless outside financial help could- be obtained. It became my duty, therefore, to
secure, if possible, the necessary money for this purpose. This was successfully
accomplished through correspondence and by personal interviews. No serious
difficulty was experienced and I can not help but be grateful for the friendly
manner in which all the contributions were made. The total amount thus con-
tributed was $2,225.

I would gratefully acknowledge my indebteduess to the generosity of the
following persons whose liberal contributions made possible the reproduction of
the photographs for this volume:

WILLIAM ALVORD TiMoray HoPKINS
TaomAs B. Bisaor Mrs. KoHL

Miss CATHERINE W. BRUCE E. J. MOLERA

W. W. CAMPBELL . SAMUEL MURPHY

A. L. CoLtoN C. D. PERRINE

Cor. CuarLEs F. CROCKER James D. PHELAN

J. G. EASTLAND WirLiam M. PIERSON
CHARLES GOODALL ~ J. M. SCHAEBERLE

A. HAVYWARD Irving M. Scorrt

1. W. HELLMAN R. H. Tucker

Miss Erra V. HoBART

I am specially indebted to Mr. E. J. Molera, who went with me to see some of
the contributors. 1 am deeply indebted to Professor J. M. Schaeberle, who was
the first contributor and whose encouragement throughout was of the greatest
help in securing other subscriptions. I am also grateful to the memory of the
late Professor George Davidson; who secured for me a handsome sum, and whose
friendly interest in the work was of great value. I am also indebted to Professor
W. H. Wright for having secured for me a large contribution. '

Mingled with the pleasure of finally bringing out this volume.is the sad
knowledge that since the contributions for the work were made a number of the
subscribers have passed on to their final rest. '
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10 PUBLICATIONS OF THE LICK OBSERVATORY.

In conclusion, I wish to express my deep obligations to Professor W. W.
Campbell, Director of the Lick Observatory, for many courtesies, and especially
for help in the final publication of the volume.

I am also deeply indebted to my niece, Miss Mary R. Calvert, for invaluable
help in the preparation of the manuscript and of the negatives, in the checking
and identification of the star lists, and in many other ways.

I am indebted to Professor E. S. Holden, former Director of the Lick Observ-
atory, for placing the Crocker Telescope at my disposal for the work of securing
these photographs.

To Mr. Clarence Hough, president of the Chicago Photogravure Company, I
am indebted for many courtesies, and to Mr. A. B. Brunk, superintendent of the
above firm, I owe everything in the way of excellence that pertains to the repro_
ductions. With unbounded patience and skill, and with a deep interest in the
outcoine, he has endeavored in every way to produce the best possible work.

I also owe many obligations to Professor E. B. Frost, Director of the Yerkes
Observatory, and to Professor George E. Hale, Director of the Solar Observatory
of the Carnegie Institution, for courtesies extended to me at various times during

the progress of the work.

THE REPRODUCTIONS. :

The very great delay in the appearance of this volume of photographs can
only be attributed to the writer’s anxiety to secure the best possible reproductions
of the original pictures. Various methods of reproduction were tried, only to
meet with disappointment and failure. The process, finally adopted, is known as
the “collotype,” which consists of a printing surface on a ground glass plate, that
can be used for ink printing in the ordinary press. This process is capable of
giving excellent results in the hands of an expert, but under ordinary conditions
it is undesirable from the various difficulties that beset it, apparently, on all sides.
The work was begun in 1895-6, and thirty-six plates were then completely
printed. The reproductions becoming unsatisfactory, it was abruptly stopped.
These thirty-six plates were paid for by the writer, personally. FEleven com-
plete sets were finally rejected, so that only twenty-five of those first printed are
used in the volume. After some fifteen years’ delay the work was again resumed.
In the mean time trials had been made of other processes in various cities. The
collotype seemed, after all, to be the most satisfactory. Fortunately, the same
man was able to take up the work again, and his previous experience with the
pictures was of the greatest importance. Hence, to the skill and intelligent
interest, and especially to the enthusiasm of Mr. A. B. Brunk, of the Chicago
Photogravure Company, belong whatever excellence these reproductions may

possess.
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PHOTOGRAPHS OF THE MILKY WAY AND OF COMETS. 11

The collotype is an old but interesting process, and one not well known to
the average person in these days of half-tones. It has some advantage over the
half-tone. Lantern slides and enlargements may be made from the pictures, and
in the close examination of small stars it avoids the confusion produced by the
screen of the half-tone. I have prevailed upon Mr. Brunk to give me an account
of the process as worked by him. The work is very delicate, and no written
description can present all the little niceties in the actnal working, and the diffi-
culties that must be overcome before the result is a success.

THE COLLOTYPE PROCESS.

The illustrations in this volume were printed on cylinder presses from plates prepared
by the photo-gelatin process, also known as “collotype,” a brief description of which is
given in the following: Gelatin solution, sensitised with bichromate of ammonia, is poured
over a heavy glass plate, forming thereon a very thin coating which, after having been
baked in an oven ‘at a moderate temperature, represents the picture carrier proper, now
firmly adhering to the (printing) plate. The image of any given subject is obtained on
the plate by slowly exposing its sensitive surface under a negative to (preferably) arti-
ficial light. This manipulation is similar to that of the printing of a photograph except
that for this process a reversed negative is required. During the exposure, the chromatic
gelatin undergoes a change to the effect that wherever the light is permitted to pass
through the negative it will harden the gelatin surface and the various degrees of hard-
ening will correspond minutely to the various values of the negative. When the exposure
is closed, the plate is bathed in running water for the purpose of fixing the picture and
washing the bichromatic salts out of those parts of the gelatin that were not affected by
the light. » :

The changes taking place on the gelatin surface during the exposure, were observed
.accidentally, at about the middle of the last century, and through another accidental
observation, a few years later, it was found that-chromatic gelatin, when properly moist-
ened with water, will accept printer’s ink in its exposed (i. ¢. hardened) parts in exact
proportion to the various degrees of hardening; while the same ink will be rejected by the
gelatin in all those parts of the plate not affected by the light, for instance, among others,
in the very dense or opaque parts of the negative. The gelatin not having been hard-
ened in these places, holds enough moisture to repulse the greasy ink. Thus the highest
lights will appear alongside of heavy shadows together with all the intermediate values as
they are shown in a good picture, provided due care has been exercised during the various
stages of operation. For best results, it is also quite essential that faultless negatives be
used, since the means of eliminating ‘defects in negatives are rather limited with this
process, because of its extraordinary faithfulness of reproduction. Negatives afflicted with
fogginess should not be used. - | S

In quite a few instances these photo-gelatin prints have been pronounced as being
superior to photographs, because the weaker parts of a negative, which often are lost in a
photograph, can be well preserved on the process plate through additional local exposures
and with the aid of carefully handled burning-lenses.

These process pictures are of great durability and they are not subject to changes like

fading photographs.
: A. B. BRUNK,

August 15, 1912. Chicago Photogravure Company.
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12 PUBLICATIONS OF THE LICK OBSERVATORY.

THE “WILLARD” PHOTOGRAP,KIC LENS.

The so- called “Willard” lens is of more than passing interest, and a brief
account of what is known of it may be of historical value.

Willard, from all I can learn, was not a maker of lenses, but simply a photo-
graphic stock dealer. I have been informed that the lenses bearing his name
were made by Charles F. Usner in New York City, who, in the early days of pho-
tography, made portrait lenses for such stock dealers as Willard & -Co. and
Holmes, Booth & Hayden. These large leunses were used for making portraits
during the wet-plate period of photography. Their great size was necessary to
collect as much light as possible and thus to shorten the exposure for portrait
sittings. Upon the introduction of the extremely sensitive dry plates they were
no longer needed, aud much smaller and less expensive lenses were substituted.

-The advent of the Willard lens into astronomical work was due to the
total eclipse of the Sun, which was visible in northern California on January 1,
1889. Through the influence of Professor Holden, a large number of amateur
photographers, especially those in San Francisco and neighboring cities, became
greatly interested in this eclipse. Under the general supervision of Mr. Charles
Burckhalter of the Chabot Observatory, Oakland, California, these amateur pho-
tographers, many of whom were very skillful, were assigned positions on the line
of totality to secure, with crude appliances, the best results obtainable in the
representation of the corona. Somie of the photographs were excellent, especially

those taken by Messrs. Wm. Lowden, F. R. Ziel, and Wm. Ireland.

Mr. Ireland was especially fortunate in being able to secure the use of a large
portrait lens of some 6 inches aperture and 31 inches focus, which he borrowed
for the occasion from Wm. Shew, a photographer on Montgomery Street, San
Francisco, who had used the lens, which had originally cost several hundred dol-
lars, for making fashionable portraits (especially in the later sixties). Though,
Mr. Ireland had uo equatorial mounting for the lens, his photographs were very
successful, particularly in showing the great extent of the coronal streamers.

Impressed by the excellent resuits from this lens, Director Holden purchased
it from Mr. Shew for the Lick Observatory with fands provided for the purpose
by Hon. C. F. Crocker.

I had been endeqvormg to photograph the star clouds of the Milky Way with
a small Voigtlander rectilinear lens attached to the 6-inch equatorial, but because
of the slowness of the lens, had secured but feeble impressions of these clouds.
The great light ratio of the old 6-inch lens, suggested that it would perhaps serve
my purpose. The results of some expel'iniehts which I made with it in photo-
graphing the Milky Way were very beautiful and intensely interesting. When
the importance of the lens for such astronomical work became apparent, Professor
Holden placed it in the hands of Brashear, who refigured it and greatly 1111p10ved
the definition of the star images.
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PHOTOGRAPHS OF THE MILKY WAY AND OF COMETS. 13

DIMENSIONS OF THE LENS.

. The followiug measures of the lens were made by the writer soou after its
purchase by the Lick Observatory: '

Diameter of the front lens, 5.85 inches = 148.6 mm.
Solar focus, 42.59 inches = 108.2 cm. _

Diameter of the back lens, 6.73 inches = 171.0 mm.
Solar focus, 70.2 inches = 178.3 cm.

The distance from the rear surface of the front lens to the surface of the
back lens was 12.8 inches. A diaphragm of 3.83 inches aperture was placed
between the two sets of lenses at a distance of 5.54 inches from the front lens.

A recent determination from negatives made in 1895 gave

Focus: 30.66 inches = 778.9 mm.
Scale: 1 inch = 1°81; .. 1 em. = 0%71.

A small lantern lens was also frequently used. Indeed, it was with the lan-
tern lens that the remarkable nebula of » Seorpii was discovered.

THE WORK WITH THE LENS.

The early Milky Way and comet photographs were made with the “Willard”
lens-in a wooden camera box strapped onto the 6%%-inch equatorial as a guiding
telescope. ‘The photographs of Swift’s comet were thus made. Afterwards the
lens, in its wooden box, was transferred to an ordinary equatorial mounting made
by Brashear, and fastened to a flat iron plate which was attached to the upper end
of the declination axis (see frontispiece). This mounting, as well as the lens, was
the gift of Hon. C. F. Crocker, and the telescope, therefore, bears his name.®
This usual form of equatorial mounting did not permit exposures to be carried
through the meridian, which, except in south declinations, was a great draw-
back to the work. The only available means of guiding was a small telescope, of
2.4-inch aperture, belonging to the writer. This was fastened to the wooden
camera box. _

There was no means of illuminating any. spider threads. Fine iron wires
were, therefore, inserted between the lenses of a negative eyepiece. These were
coarse enough to be just visible, in black relief, on the dark sky. A star in focus
would be hidden behind these wires. To render it visible, therefore, the image of
the guiding star was thrown slightly out of focus. The intersection of the wires

#*Hon. C. F. Crocker has authorized the construction of an equatorial stand to take the Willard photographic
telescope bought by him for the observation of the eclipse of December, 1889. The mounting will be made by
Mr. Brashear, and will be provided with a driving clock, controlled in the mauner invented by Mr. Keeler. The
Willard lens, together with a 5l4-inch Dallmeyer camera (lent to us by Mr. Pierson), will be mounted side by side,
for the present, and will be employed by Mr. Barnard in making photographs of the Milky Way.—FE. S. H.
Publ. 4. S. P. 2, 128, 1890. - '
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14 PUBLICATIONS OF THE LICK OBSERVATORY.

placed over this small luminous disc for guiding, produced four small segments of
light. During the exposure the illuminated quadrants were kept perfectly equal—
the slightest deviation from equality could be detected. This method permits
great accuracy in guiding, even with a small telescope, but it requires a brighter
star to guide on than usual. For a comet without a bright nucleus, however, the
guiding became a serious question, subject to considerable uncertainty, especially
if the comet was faint. This will account for the ragged condition of the trails
in the case of Brooks’s comet. These dark guiding wires were used with the
6%-inch, as well as with the smaller telescope.

For housing the instrument in this form a small observatory building, with a
dome and a very wide shutter, was erected mnear the water tank “Huyghens,”
where it still stands. (See frontispiece.)

ELECTRICAL PHENOMENA.

To judge from the almost entire absence of electrical storms on Mount Ham-
ilton, one would get the impression that very little electricity was present in any
form. While guiding, in making these photographs with the Willard lens, how-
ever, the writer frequently met with a singular experience which, while it may
not be a new one, was at least an unknown feature to me at the time. Perhaps I
may be permitted to describe it in connection with the present work.

On chilly or cold nights I wore an Esquimaux coat made of reindeer skin,and
heavy rubber overshoes. Frequently, on bringing the eye to the telescope on
such nights a spark would discharge with a slight shock between the eye and the
eyepiece. This was extremely annoying, and finally became so disagreeable that
it was found convenient frequently to touch the metal of the instrument, which
would produce a discharge from the finger instead of from the eye. The probable
explanation of this phenomenon is that it was due to the fur coat and the insula-
tion of the rubber overshoes, the body becoming electrically charged likea Leyden
jar. The approach of the eye to the eyepiece would discharge this electricity into
the telescope from the eye. This phenomenon, under similar circumstances, some-
times occurred in observing with the 36-inch refractor. Neither telescope, at that
time, had any electrical appliances.

On one occasion, when going to bed in the early morning, the conditions were
such that rubbing the hands over the sheets produced a perfect shower of sparks,
apparently threatening to set the sheets on fire. -

There were also other similar manifestations of an electrical nature at dif-

ferent times.
THE CONDITION OF THE ORIGINAYL NEGATIVES.

A few of the very early negatives have badly deteriorated from a want of com-
plete fixation. These plates are brownish yellow in large areas and can not be
copied now (except perhaps with an isochromatic plate and a yellow screen), but
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fortunately, before this deterioration began, I had made glass positives of these
from which duplicate negatives were made. In fact, duplicate negatives have
been made of all the originals used in this volume. These are permanent. No
serious loss, therefore, has occurred or can occur. ’

Perhaps in extenuation of this oversight in the fixing it would be as well to
say that a worker in the wet plate process (as I had been), was more apt to sin in
this respect than a beginner in photography, because, with the collodion process,
ouly a comparatively short fixation was necessary. The same held true for the
washing of the negatives—a very little washing serving for a wet plate. My
previous experience in wet plate work misled me, so that some of the first nega-
tives (dry plates) were not thoroughly fixed. The effect of this mistake did not
show at once, but after some years the negatives became brownish, and will ulti-
mately be destroyed. At present there seems to be no remedy for a negative in
this condition. Insufficient washing is not necessarily so fatal to permaneucy, for
if signs of a defect in this direction are detected soon enough, little or no injury
will have occurred and the plate can then be thoroughly washed. The effects of
incomplete fixation, however, can not be remedied so far as I know, even when
the deterioration is detected in its earliest stages.

Some of these early plates were varnished and they seem to liave suffered very
little. I have noticed some of these carefully, and where certain portions of the
film near the edges of the plate failed to be covered with the varnish, the film has
gone bad. It is extremely important that the negative should be varnished as a
further preventive of deterioration, as it protects the film, the gelatin being very
much affected by atmospheric conditions. Above all things, however, the plate
must be thoroughly fixed. It is not safe to assume that the negative is fixed as
soon as it is cleared in the hypo. To remove a plate from the fixing bath under
such conditions is almost certain to insure its ultimate destruction. It should
remain in the hypo at least fifteen minutes after it is apparently fixed. A
thorough washing is also necessary to remove the hypo from the gelatin.

EASILY REMEDIED DEFECTS IN NEGATIVES.

There is one class of defects, however, that sometimes comes on a negative
or positive in the drying, or later by accident, about which I have not seen any-
thing written. If"a*hegative is wet again after it is dry, “tears’ will almost cer-
tainly form in the drying. Sometimes they oc¢ur in the original drying of the
negative. These often leave semi-transparent markings. If examined closely, it
will be seen that the film is thinner at these points or they will appear as slight
indentations. By accident, in the early days at the Lick Observatory, T found
the remedy for these. Thoroughly wet the negative again. The markings will
quickly disappear. To prevent a repetition of the trouble, remove all the water
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from the film carefully with absorbent cotton before putting to dry. If drops of
water get on a plate when dry they will cause these peculiar markings. = Of course
the remedy is the same as before. If a negative happens to be near a window
and fine snow is blown in on it, wherever a speck of snow touches the plate a
minute transparent spot will.appear, so that the picture will be full of pinholes.
Examined with a glass, these usually appear like small craters with raised walls:
They are removed almost instantly by immersing in water as in the other cases: -
If the surface of the negative has been injured by being rubbed or slightly
scratched, the abrasions will show on a print. The “water cure,” however, will
effectually remove these from the negative if the film has not been cut too heavily:
The remedy in all the above cases is almost sure to be perfect; if not, there will
at least be a very great impréve‘ment in the condition of the megative. In very
stubborn cases a prolonged soaking helps. I make meution of these facts because
the simple remedy does not seem to be generally known even among those who
have had great experience in photographic work:

The above is a slightly modified extract from a paper by the writer (Sugges-
tions in Respect to Photographing Comets with Special Reference to Halley’s

Comet) in Pop. Astron., 11, 608—9, 190Q.

PHOTOGRAPHS OF THE EARTH-LIT MOON, ETC. o
Experiments were made at various times in photograpliing the earth-lit por:
tion of the new and the old Moon. It was found that an exposure of about 30

-seconds, with the qmckest plate, was necessary to show this phenomenon well.

With the small lantern lens, however, a photograph of this appearance could be
secured with one second’s exposure. -
Photographs were also made of the total lunar eclipses of 1895, March 10 and
September 3, for two -purposes: First, to see how well the lunar surface could be
shown by photography, with such a lens, in a total eclipse, at which time the Moon
is usually of a strong red color; second, to see if any small body revolving about

the Moon, such as a lunar satellite (which would usually be lost in the glare of the
- Moon, and which during totality might be out51de the shadow and hence fully

111um1nated) could be found.
For illustration of this non-stellar work, I have selected four photoglaphs

of the Moon made with the Willard lens under different conditions of illumina-
tion, etc. These are shown in Plate 1. The first two pictures show the night
surface of the Moon illuminated by sunlight reflected-from the Earth. The first
photograph represents the new Moon in the evening sky of 1895, February 26
The second is the old Moon in the morning sky of 18gs; August 17.

This phenomenon of the bright crescent embracing the ashy-hued globe of
the Moon is sometimes popularly known as the “Old Moon in the young Moon s
arms,” especially when seen in the evening sky..
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One of the lunar photographs which was made in 1895, August, 19% o* 36‘“
G. M. T., shows the crescent as a mere thread of light. The entire dark part is
also shown, but faintly. According to the American Ephemeris, new Moon occurred
at that time on August 20% o" 55™.7 G, M. T. The photograph was therefore made
when the Moon lacked but 24" 26™ of new. The thin crescent was a beautiful
object to the naked eye. In recent years discussions have arisen ovef the ques-
tion as to how near the time of new Moon the crescent can be seen. The photo- '
graph will, at least in part, answer this question.
The photograph of the total lunar eclipse of 1895, September 3, shows the
Moon’s surface illuminated by sunlight refracted by the FEarth’s atmosphere.
It is not necessary here to add (and want of space prevents it)a third example
~of illumination of the Moon’s surface, 7. ¢., by direct sunlight; the three kinds of
lunar illumination being
First—Reflected sunlight.
Second—Refracted sunlight,
T/ird—Direct sunlight.
A fourth picture of the earth-lit Moon (1895, June 25) with the planet Venus
near the horn of the lunar crescent, is given as a matter of interest, but is with-
out scientific value.

THE PHOTOGRAPHS OF THE MILKY WAY.

It has been thought best to give on the page facing the picture, where the
peculiarities could be readily pointed out, a brief description of the principal
features of each photograph, especially in the case of the Milky Way. In general
this has been done, but certain regions are worthy of a more detailed account
which, for brevity, should be placed in the main text. For this reason a descrip-
tion of the singular regions of Seorpio and Ophiuchus is printed here.

THE GREAT NEBULOUS REGIONS OF SCORPIO AND OPHIUCHUS.

The main features of the wonderful nebulous regions of Seorpio and Ophiuchus
were discovered by the writer with the Willard lens. It is perfectly proper,
therefore, that an account of his further-investigations of the same regions with a
more powerful photographic telescope should be incorporated here, especially as
the regions in question have not been investigated by any other writer.

Through the courtesy and deep interest of Professor George E. Hale, Director
of the Solar Observatory of the Carnegie Institution, the ro-inch Bruce photo-
graphic telescope of the Yerkes Observatory, was transported in 1905 to Mount
Wilson at an altitude of 6,000 feet, where the writer went for the special purpose
of further investigating these and other regions of the Milky Way. The following
information, therefore, is that gained from the present photographs, supplemented

by the additional information from those taken at Mount Wilson. -
31,
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THE NEBULA OF v SCORPII

Thls object, rema1kab1e as it is in appearance is of far greater mterest in the
direct evidence it gives of the obscuration of light in space. This obscuration is
mamfest ata number of pomts in connection with the nebula; it runs all the way
from a shght cutting off ‘of the stars behind to perhaps a total extinction of their
light. The boundaries of the nebula may roughly be taken thus, for 1855.0:

a 1s5b 597 e 6 - 18 20

. 16 4 - - 18 o
~and ‘ .
16 10 ) -21 o

16 16 ~ 18 .50

To the southeast its fainter portions involve the stars. BD — 19° 4357,
—19° 4359 and — 1¢° 4361. The last two are in 4 dense nebulous mass in which,
on the north side, are a thin dark lane and a narrow strip of brighter nebulosity.
The two stars are connected with — 19° 4357, which is also nebulous, by a thin
thread of nebu1051ty North and followmg are dark reglons with apparently very
few stars. : S . :

The evidence for this obscuration is based upon the followmg cons1derat10ns
The sky outside of the nebulosity gives tlie impression of a uniform distribution
of the stars over this part of the heavens, and I think there is no question but that
this is actually the case. The edges of the western end of the nebula, near the
stars BD — 17° 4511, — 17 4502 and — 18° 4240 are definitely defined. - It will be
seen that within the limits of the nebula in this region occurs an abrupt. thinning
out and dlmmmg of the stars, the line of demarcation being the outliues of the
nebula. In the northern and diffused side of the nebulosity, and also”in -the-
eastern portion near BD — 19° 4359 and 19° 4361, this thmmng out of the stars is.
remarkable.

One of the strongest facts in-this argument is,'that at a point 40’ north and
west of BD — 19° 4350, or, in 1855.0 @ 16" 107, 6 — 19° 15, a patch of the partially
hidden background, about one square degree.in area, is seen through an opening’
in the nebulous matter. . The nebulosity.can readily be traced all around this open-~
ing, perceptibly dimming the light of the stars whereverit falls, but the small space
in question is free from it.  In reality, these stars are but a part of the rather
uniform . stellar background which is seen through a hole in .the nebulosity from
» Seorpii, that partly obscures the stars in this region. On-the face.of it, this
seems a strange statement, but if one examines. the evidence it will* be seen to- be.
true. -In a photograph made -with the ro-inch Bruce telescope of the Yerkes
Observatory which appears in the Astrophysical’ Journal (Vol. 31, January, 1910,
Plate I), this spot of stars is 1.4 inches from the left side of the plate and 2.3 inches
from the bottom. . It will be seen, further, in that .photograph, that this:patch
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resemblés exactly, in its clearness and in the number of stars, the background of
the sky farther to the north, where mamfestly there is no nebulous matter; or, ‘in
other words, it is simply the regular sky shining’ through a hole in the nebulosity.
Perhaps the most remarkable thing, however, is that the brighter parts of the
nebila seem nearly, if not quite, transparent the darker portions apparently
bemg the denser and more opaque.

, THE GREAT NEBULA OF 0 OPHIUCHL.

" One can .not look upon a photograph of this extraordinary region without
wondering what is really meant by its strange phenomena. I think thereis no
question that strong indications of light obscuration are shown, though for various
reasons the evidence is not so clear as in the case of the nebula about » Seorpii.

- First of all, the picture gives the impression that the sky here (as in the case
of the » Scorpii region, which is really a part of the present one) shows a uniform
distribution of the small stars. Suddenly in this background occurs, apparently,
a holé almost free of stars, in which, fitting closely, is the great nebula of p
Ophiuehi. From this hole and nebula several sharply defined lanes run eastward.
From the west side of the brightv»part of the nebula about p Ophiuehi is a border-
ing of feeble nebulosity about 45 minutes wide and abruptly terminated at its
edges. This feebler nebulosity seems to blot out the stars almost completely.
Indeed, all around the nebula, except to the northeast, this obscuring matter is
evident.. To all appearances the nebula lies.in a hole in a rich portion of the
Milky Way, with vacant lanes extending from it to the east. Besides the two
main masses, 6 Seorpii is involved in a very strong and irregular condensation
with much detail.  This condensation is directly connected with the large nebula
and spreads out in a faint diffusion for several degrees to the south. The main
mass of the great nebula is at p Ophiuchi. It consists of two condensations whose
ceiiters are about 30 minutes apart—the eastern and brighter one surrounding p.
The northern portion of this part of the nebula is beautifully ribbed. Amnother
condensation, equally remarkable, lies 1r-degree south of p at the eighth magni-
tude star CD— 24° 12684. This latter object is very remarkable; from the star
as a center, issue four bright whorls of nebulosity which are about 20 minutes to
30 minutes long, the north and south ones being the longest. Some 14 minutes

~north and slightly east of this star is a singular U-shaped dark marking very

sharply defined. Immediately following the star CD — 24° 12684 is apparently a
dark whirlpool which is formed at the beginning of the vacant lanes running to

the east from the region of p Ophiuchi. The lower or southern of these lanes,

which is one half degree broad, is the strongest marked. Its edges are very
clearly defined for about 7 degrees, after which it becomés broken and shattered
and ends 10 degrees to the east in an irregular group of small holes or black .
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spots. The northern and shorter of the two most conspicuous lanes is marked
for about 2 degrees with very black, irregular and sharply defined rifts and per-
forations, which unfortunately are lost in the reprodtiction. , 7
One would hesitate in passing on the character of these dark lanes. Near
the great nebula there is every evidence that they are mixed up with the nebu-
losity and I think obscuration is strongly indicated. The larger and more
extended of the lanes is so blank and so definite on its edges that one would
almost believe that a long strip of obscuring matter lies between us and the stars
here. If we accept this as obscuration due to some peculiar condition of a band of
dim nebulosity, such an object would be unique among the brighter nebulosities.
At the same time these dark lanes are not infrequently connected with a brighter
nebulosity, as in the present case. We have excellent examples of this in the
wonderful region in Taurus near the feeble nebulosity in « 4" 10™ 8 + 27° 55 (see
“On a Nebulous Groundwork in the Constellation Taurns,” 4. /. 25, 218, 1907),
and in the case of the nebula Dreyer Second [ndex Calalogue 5146 (see Plate 81)
which is placed at the east end of a dark lane over 1 degree long. At the same
time we must admit the presence of feeble extensions of nebulosity near bright
nebule that apparently do not cut off the light of the stars. A good example of
this is the extended nebulosities about the Pleiades, which, from their connection -
with the cluster, are evidently on this side of the small stars. Though these
nebulosities are feebly shown in streaks and masses over a region perhaps 10
degrees square, the background of small stars is uniform, and if these small stars
are beyond the nebulosities they shine through with undimmed light. Other
similar cases might be cited, such as the extension of faint nebulosities eastward
from M8 and the great curved nebula-in Orion, etc. It would appear, therefore,
that some nebulze and nebulosities do mot produce this obscuring effect, while it
is very marked in others. The Orion nebula is a good example of the absence
of the general background of faint stars close to a nebula. There is a scatter-
ing of small bright stars about the nebula itself, but it is noticeable that the
fainter ones'are missing close to it. ‘Another striking case of obscuration is the
region immediately about M 78 = Dreyer 2068 (also in Orion) where the brighter
part of the nebula is apparently surrounded for some distance by an obscuring
medium which cuts out the light of the stars near it.
Two br1ght nebule, one below and the other above 22 Ophiuchi, make with that
star an ‘“‘eye,” which is very striking in appearance.

- Perhaps it will be well to state here that the remarkable nature of the region
about p Ophiuchi was first shown in my early photographs with the Willard lens.
But the presence of nebulosity here had been found by me earlier, in my comet
sweeping at Nashville, Tennessee, and it was this knowledge, and the desire to
investigate the supposed nebulosity, that led me to make the photographs with
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the Willard lens which resulted in the dlscovery of one of the most remarkable

) nebulous regions in'the entire heavens.

While on the subject.of this probable obscuration of the stars, it may be well -
to mention some recent visual observations which would seem to confirm the idea
that the light of the stars may be interrupted by interposing nebulous or other

. matter in space.

Iu the Astrophysical Journal for December, 1913, the present writer has shown
by visual observations with the 4o-inch refractor of the Yerkes Observatory of the
small black spot in a dense star cloud in the Milky Way (Plates 54-55), and of the
black “notch” in the nebulous stream running south from & Orionis (Plate 20) that
they are not true vacant sky, but apparently consist of dense, feebly luminous
matter which is more or less opaque. In the article referred to, the following
statements are made with respect to these two bodies:

The Small Black Spot in [1855.0) a 18" '™ & — 18° 15': On the night of
July 27 of the present year [1913], the conditions were very favorable, both for trans-
parency and for steadiness. Under these conditions the “hole” or spot was examined

‘very carefully with the 4o-inch telescope. With the following edge of the spot
cutting across the middle of the field, which is some three times smaller than the
spot, it was quite distinctly seen that the preceding half of the field, in which there
were no stars, was very feebly luminous, while the following side showed a rich, dark
sky with the few small stars on it. From the view, one would not question for a
moment that a real object—dusky looking, but very feebly brighter than the sky—
occupies the place of the spot. It would appear, therefore, that the object may not
be a vacancy among the stars, but a more or less opaque body.

The Small, Black Notch in the Nebulosity South of ¢ Orionis. [1855.0] a 5* 33".6

6 —2° 85’: On the night of November 4 [1913], with good conditions. of seeing

and fair transparency, I examined this object with the 4o-inch telescope and a power

of 460. ‘The position was carefully located with the aid of the photograph. The out-

. lines of the spot—so sharp and clear in photographs of this region—could not be

made out with any definiteness. The view showed that the spot is certainly not clear

sky, for the field was dull, apparently indicating the presence of some material sub-

stance at this point. To me the observation would confirm the supposition of an
obscuring medium.,
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THE PHOTOGRAPHS OF COMETS e
- The. great ‘comet of 1882 rwas. succéssfiilly. photographed at the. Cape of Good

" Hope by Dr. Gill, :with the aid of a:local photographer:and his portrait lens,

Several naked eye ' comets appeared later, but rothing. of consequence seems to
have been done in the effort to photograph them with portrait lenses tuntil the
appearance of Swift’s comet of 189z2.  This objéct, from its brightness,; prothised
much for photography. The .photographs obtainéd 'of it with portrait lénses
showed their very great valde for such. investigations and fixed the position of
this form of 1nstru1nent as one of the most nnportant in any observatory

. COMET I 189z (SWIFT)
.. VISUAL OBSERVATIONS

This comet was dlscovered by Dr. Lew1s Swift at Rochester, New York, 1892,

‘March 6. ‘Perihelion occurred April 6. (Berber1ch A. N. 180, 215, 1892.) It

was a large comet visible to the naked eye at the time of discovery and subse-
quently.  Its greatest theoretical brilliancy occurred in ‘the first half of April.
During the period covered by the photographs it was receding from the Earth
and diminishing in br1ghtness Following are notes om its. v1sua1 appearance:

1892, March 7¢ 16%4™¥ . Easily visible to the naked eye;. as notlceable as a
sixth magnitude star. The finder of the 12-inch telescope showed a tail about 15
minutes long... In the rz-inch, the comet was large and round and 7 or 8 minutes
in diameter, with-an almost stellar nucleus, .of the eleventh magnitude, in the
middle of the nebulosity. Though no tail was seen, its presence was 1nd1cated by
the haziness of the sky near the head. o

March 8¢ 17 With the ‘eye the comet was at least ﬁfth magmtude It was

~ a little brighter than Davidson’s comet of 1889.

March g® 17% - Moonlight. The comet was. very notleeable to the naked eye.
The head was somewhat brighter than M8. It was like a hazy star and about as
large as the Orion nebula appears to the naked eye, but brighter, and could not
have been missed in a casual glance at the sky even in moonlight. The nucleus
was not stellar in the 12-inch.

March 15° 17% It was quite visible to the naked eye, like a star of the fifth
magnitude. Nearly full moon. In the r2-inch the nucleus was eleventh magni-
tude, but no tail could be seen. ' .

March 219 17 Through breaks in clouds. To the naked eye it was a large,
hazy spot of the third or fourth magnitude.

*The time given in all of these observations is Pacific Standard Time, which is 8" o™ slow of Greenwich
Mean Time.
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<4 April 3%-16%-20™: The: comet was ‘b.right*_to‘.fthe‘.; naked ‘eye with’ a faint,
slender tail which reached faintly.to the star:BD.—.8° sr50.(5™.8) but not heyond

- it, a length of about 18°. This star was touching the south edge of the tail,

whichi:alsé passed close: to: the. morth of BD = 5° 5378, (4™.2)--just free.of. the star.
. Aprit 4% 16" Sky very:thick.: ‘The head. was sllghtly 1nfer10r to. a. third
magnitude 'star. .The:tail was about as: 1ong as on the. 3d b
April Soodmclonds, v oo Lo iocn e Lk L NURURNAPEE:
- April 6% 16" The comet . was..conspicuous to. +he naked eye. The:tail ‘was
visible for about.25 degrees:and not. quite 1 degree wide. . The star BD — 3° 4961
(5™.4) “was in-the north edge of the: tail, :while BD=~3° 4906 (6™.4) and BD:

- —3° 4918 (5™.5) were in the axis of the tail. The nucleus was suspected to bel

double with the 12-inch [perhaps this had somethlng to: do: w1th tlie mass. shown~
in the tail on the 7th}:. - : - * ' :
v April 79 16" 15, The stat: BD —=3° 4961 was in. the axis of the ta11 (which
extended -several’ degrees beyond the etar) "The_héad: was equal in brlghtness to
BD = 10° 5506 (4™.2):. S IR IE
April 18. First- clear night for a 1oug titne. : : '
April 228 15%4"%  To the naked eye the comet was as brlght as. BD + 9° 4732
of the'4.0- magnitude, with a.tail 8.degtees long.” : A starlike nucleus was visible in
the 6-inch guiding telescdpe: :'The driving clock refused to wo1k and the guldlng
throughout on’this: date was. done by hand. :
i Apriliz4? 15" 30™. " The- tail' pasged over. BD + 14° 4668 (6m 5) and extended '
59,,b'e'y;ond' M1s. - To the eye the hucleus was brighter-than . BD + 11° 4784 (5™.5).
April 26 Sky“ve'iled with- haze.. . To ,the u"ak'ed.v eye the comet’s head was
br1ghter than BD'+4 1124784. = S
May 22° 14". . No'tail was v1s1ble ‘to the naked eye, but the head was of the:
ﬁ'fth magnltude o Lol ;
... May® 23 H.ead alone v1srb1e to the naked eye hke a star of ﬁve and one half
magnitude. ;. ) R S oo
May 29? 14/h The comet was stlll famtly seen w1th the naked eye
. May-30® 14" . About sixth magmtude but with no ta11

DESCRIPTION OF THE PHOTOGRAPHS

1892 Apnl 4.. The tail consists of three widely d1veq'g1ng streams of matter.
The two outer ones do. ‘not meet in the center of the head when prolonged but
seem to.proceed more.from- the sides as if they were brauches of a parabola that
cutved-around the central brightness of the head. -The main central streamer is
double and fragmentary, part of the way.. The north side of it is concave and at
a distance of 2°5 from the head suddenly-becomes straight and nearly parallel
with the south :side.of ‘the streamer.. There are a number of falnt divergmg
streamers on both sides of the-head—mainly on the north. ! ' '
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April 5. The tail gradually widens, the edges being stronger, Near the
head the south portion is separated from the main tail and is connected with the
head by a narrow, faint streamer. ‘

April 6. The tail consists of two broad branches, the north one of which is
the broadest and heaviest., This north branch has an abrupt bend in it toward the
south at 39 minutes from the head. At this point there are a number of con-
densations. At.2°.8 from the head, the south edge of the north branch is strongly
curved toward the south. Between the condensations and the head, the tail seems
to be made up of a great number of separate strands more or less diffused, many
of which do not seem to originate in the center of the head. The south branch
is rather faint and broad. .

April 7. The tail is separated into four or five slender diverging threads near
the head, three of which are strongly marked. The two north ones are very long
and slender and the south one—apparently the main one—is more or less convex
to the north near the head, and at a distance of 1° -9 widens out into a great mass
from which, apparently, a new system of streamers originates. The nucleus is
visible in the center of the head and the two outer streamers would form a para-
bolic curve around it

April 18. The head is small. The tail is formed of a bundle of widely
diverging, slender streamers, some of which are bent and curved near the head.

April 22. The tail consists of three main broad diverging streamers, with
several short and diffused ones from the sides of the head, which itself is small.
It very much resembles the photograph of April 4. The north side of the middle
streamer is concave and well defined and makes a rather abrupt change of direc-
tion. Farther out, at a distance of 1°.9 from the head, this separates into several
streamers. At 5°6 from the head is a long, diffused condensation.

April 24. The head is small and the tail consists of a number of diffused,
broadening streamers, the central one of which is very strongly defined and
irregular, About 1°.9 from the head a large portion is missing from the north side
of the tail. v '

April 26. A large defect occurred in development which covers a portion of
the tail. Through this defect the tail can be freely traced. The head is small.
The tail, near the head, is made up of a bundle of six or eight diverging streamers,
but the main tail consists of three strong streams the central one of which is
double, two narrow strong streamers forming a border to it.

May 22. The tail consists of a slender, long streamer with some slight curva-
ture on the north side at 28 minutes from the head. - Farther out, it separates into
several feeble strands, while near the head, especially on the north Slde, are a
number of very thin, faint, short streamers.

May 23. The tail consists of one rather long, straight streamer, On each
side of this is a widely diverging streamer giving the impression that if a longer
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exposure could have been made the tail would have consisted of three diverging
main branches, very much like those of April 4.

May 30. - The tail is short and apparently consists of a longer streamer on
the south side and a short one on the north at a considerably different angle; the
one on the south being more or less disconnected from the head.

POSITION ANGLES AND LENGTH OF THE TAIL.

The following position angles of the main axis of the tail were taken off from
the BD charts with the aid of a large protractor: '

Position Angle.  Length of Tail,

1892 April ¢ . . . . 261° 7° to edge of plate
5 « « ... 257 7 to edge of plate
6 . . . . 257 : 7 to-edge of plate
7 « - .« . 257 7 .
8 . . . . 260 - 8
22 . . . . 263 11
24 . . . . 261 6
26 . . . . 262 5

May22 . . . . 262 614

23 . .-. . 263 ’ B (o}
30 . . . . 255 2

DISCOVERY OF COMET V 1892

On the night of 1892, October 12, in my regular work of photographlng the
Milky Way, I gave an exposure of 4* 20 with the Willard lens on a region-a few
degrees west of Altair (Plates 71 and 1or). When the plate was déveloped and
examined, a short hazy streak was found on it in the position (1855 o) 19" 30™,
4+ 12° 50, A comparison with another plate, which I had taken of the same
region on Septembe1 26 of that year, and on which the object did not appear,
showed that it was probably a new comet. On the night of October 13, this object
was. located with the 12-inch telescope and found -to be a faint comet moving
toward the southeast. With the 12-inch it was faint and round with a slight
central brightening, but with no nucleus. . The comet was estimated to be twelve
and one half or thirteenth magnitude. (See A4. /. 12, 102, 277, 1892-3.) The
trail, g or 10 minutes long and very diffused, is a little brlghter along the axis.- It
is a conspicuous object near the middle of the plate.

This comet has been shown by M. J. Coniel (Bull. Astron. 12, 245, 1895) to
have a period of about six and one half years. It was due to return in 1899 and
1905-6 and also in 1911, but it has not been seen since 1892. L

Perhaps it may be well to state here that th1s was the ﬁrst comet dlscovered
by the aid of photography. ’

4—L,
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COMET III 1892 (HOILMES).

This comet was discovered by Mr. Edwin Holmes in London on November 6,
1892. According to Prof. Lewis Boss, perihelion occurred 1892, June 13. '

From.several points of view, it was one of the most remarkable comets that
has been observed. At the time of discovery it was distinctly visible to the naked
eye as a star of the sixth magnitude or brigehter, which, in the telescope, resem-
bled a sharply defined planetary nebula. There is every evidence that, from a
rather faint object, the comet must have rapidly attained to naked eye visibility
by a sudden outburst of light somewhat similar to that of the Novee. On Jan-
uary 16, 1893, after having gradually faded away for a couple of months, until it
was excessively faint and diffused in the telescope, it once more suddenly became
a bright star-like object—as bright as the seventh or eighth magnitude. Then,
through a process of diffusion and fading exactly similar to that which took place
immediately following its discovery, the comet again became faint, and finally
faded from view. :

Though this object has been observed at several returns since 1892, it has
presented no peculiarities different from that of the ordinary faint telescopic comet,
as will be seen from the following brief history:

The comet was discovered at its first predicted return by Perrine at the Lick

Observatory on 1899, June 10. It was observed by Aitken with the 36-inch in
August and September (4. V. 151, 29, 19oo). He described it as being very faint—
not as bright as the fourteenth magnitude star. At this return, it was also
observed by the writer at the Yerkes Observatory on eight dates from August 15
to November 7, and was described as ranging from thirteen and one half to six-
teenth magnitude, with a very faint nucleus part of the time, and feebly brighter
in the middle. At this time there was nothing to distinguish it from the ordinary
faint telescopic comet. During this apparition (18g9) it seems to have been
observed only at the Lick and Yerkes observatories.
At the return of 1906 the comet must have been very faint. No visual
observations seem to have been made. A number of photographs were secured
of it, however, by Dr. Max Wolf at Heidelberg, so that the return was fully
verified. (A. V. 172, 178, passim, 1906, 1907.) , |

From the faintness at the returns of 1899 and 1906, one would rather infer
that previous to 1892 it had been an ordinary periodic comet, whose faintness had
prevented its earlier discovery, and that the outbursts of light and attendant phe-
nomena of - 1892 were caused by some accident which happened to it at that time—
due, possibly, to the peculiarity of its orbit and its relation to the asteroid zone.

So great is the interest attached to the extraordinary phenomena presented
by the comet in 1892 and the possible connection they may have with the life
history of these bodies, that it would seem that as full an account as possible of
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the various peculiarities of the apparition of that year should be preserved. As
no adequate description of the comet, as seen at that time with a powerful tele-
scope, seems to have been printed by other observers, I have prepared the following
condensed notes from my observations of that return.

I would call special attention to the large, irregular mass shown on the photo-
graph of 1892, November 10, about 1 degree southeast of the comet (center in
1855.0 @ O" 45™.2 8 + 37° 35") covering an area of one or two square degrees, 4nd
connected with the comet by a narrow, short strip or tail. I do not question but
that this object (which is well shown in Plate 103) had something to do with the
outburst of light in the early part of November, 1892. It is a pity that no photo-
graphs were taken of the region of the comet on 1893, January 16.

 VISUAL OBSERVATIONS.

"The announcement of the discovery of this comet was received at thé_Lick
Observatory on November 8, 1892. The comet was observed that night with the
12-inch refractor. Its appearance was absolutely different from that of any comet
I had ever seen—a perfectly circular and clean cut disk of dense light, almost
planetary in outline with a faint, hazy nucleus and a slight condeunsation some g
seconds south following the nucleus. With the naked eye it was just as bright,
exactly, as the brightest part of the Great Nebula of Andromeda, near which it was -
visible. -

At 8" o™ a careful estimate made the diameter 260 seconds. At g" 4o™
micrometer measures made the north and south diameter 286 seconds.

November g 6" 5. To the eye, it appeared brighter than on the 8th, and
was certainly brighter than the brightest part of the nebula and resembled a

‘small star. It was equal in brightness and almost in appearance to the star 32

Andromeds® (BD + 38°9o). It seemed brighter at 8" o™ It was then brighter
than 32, and almost equal to » Andromedz (BD 4 40° 171, of 4™7). It was esti-
mated to be nine-tenths the brightness from 32 to ». This would make it 4.8

‘magnitude. It was certainly brighter than on the 8th, and with the eye alone

would readily be mistaken for a star. At 8" 30™ it was examined with the 4-inch
comet seeker, with which the diffused haze surrounding the comet could be seen,
also faint traces of a tail. With the 12-inch telescope there was a very diffused,
faint envelope 12’4 in diameter surrounding the comet with a faint diffusion
following. At the center was a slight condensation, which followed the nucleus

by %4’ 4. The north preceding edge of the cometary disc was best defined.

November r1. With the 12-inch, the north preceding edge of the comet was
very well defined, while south following it was very hazy and diffused. The
nucleus, though- faint, was almost. stellar. Several small stars were shining
through the nebulosity, one of which was 20 seconds from the nucleus. The

- comet more than filled the field of view.
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November 12% 9®. The comet was certainly a little less bright to the naked

‘eye, and was about the mean brightness of 32 and » Andromeds, or 5.1 magnitude.

It'was more hazy to the naked eye than on the few previous nights.

November 13% g" 0™, The comet was certainly fading. It was about three-
tenths or four-tenths the brightness from 32 to », or 5.2 magnitude. At 11" 45"
with the r2-inch telescope, it was considerably larger and less bright and not quite
so definite. The measured diameter was 582 ‘seconds.

November 14% 7 40™. In the 12-inch, it was larger and fainter and more
diffused. The measured diameter was 546 seconds. At g" the comet was fainter
to the naked eye. It was but little brighter than the star 32 Andromedz. '

November 16. In the 12-inch, the comet was not dense—a remarkable change
from its previous well defined appearance. It was much larger, some 1o minutes
in diameter, and fainter—through diffusion, apparently—and the edges were not
so well defined. There was nothing about it different from other comets, except
its size. The north preceding edge was best defined while the south following
was diffused. Preceding the center was an ill defined nucleus from which a
diffused brightening extended south following. At 7" 20™ to the naked eye, it
was a little less bright than the mean between 32 and » Andromed® and was star-
like. It was considerably brighter than BD + 36° 148 (6™.5), about 1° 4 south-
east of it. : ‘

November 21. The comet was 15 minutes in diameter, very diffused south
following, with a feeble brightening near the middle. The north preceding edge,
though not diffused, was very dim and hazy. It was very much fainter than
32 Andromede® and was just fairly visible to the naked eye.

December 5. The comet was extremely diffused, especially south following,
but was very easy with the 12-inch. It was about twelve and one half magnitude.
The more diffused part was 20 minutes in diameter. By sweeping rapidly, the
comet seemed to diffuse over a very large area—greater than the field of 42

. minutes. A faint condensation was visible in the preceding part with a feeble

brightening south following. The preceding edge was a little more definite than
the rest, but it was all very vague. In the finder it was very large, diffused and
dim. ‘ ‘ , o

December 7. The comet was brightest and least diffused when seen in the

comet-seeker.

1893, January 4. ‘In the 12-inch telescope it was excessively faint and very
large—indefinitely large. With 150 diameters there was only the feeblest trace
of it. AR '
January 6% 16" 30™. Inthe 12-inch the comet was very faint.

January 16.  On this date, the sky cleared after dark, which was the end of a
cloudy spell of several days duration. Between 6" and 7" 1 set for Holmes’s
comet with the 12-inch telescope, with little expectation of seeing it again on
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account of its faintness. A small, bright hazy star presented itself in the field.
When examined with a magnifying power of 150, the object appeared small,
bright and strongly condensed. Thinking this could not be the comet, a second
‘setting was made with the same result. Still uncertain, a series of measures was
made to see if the object was in motion. The results finally showed that it was
really the comet. In the finder it looked like an eighth magnitude star. As soon
as the measures proved that it was Holmes’s comet a telegram was prepared
announcing the remarkable change that had taken place in it. Either just before
the message was sent by Professor Holden or just afterwards, a telegram from
Palisa, at Vienna, came announcing the change. At g" 55™in the 12-inch the
nucleus was tenth magnitude and star-like, but it had only been showing for a few
minutes. The comet was certainly brightening. By comparison with the stars
BD + 33° 232 (7™.8) and + 33°236 (8™.2) in the finder of the r2-inch telescope, it
was 7.9 magnitude, and appeared like a small, bright star—wholly undistinguish-
able ffom a star. At 10" 10™it-was certainly iuncreasing in brightness. The
nucleus could then be easily made out and was distinct, though at first it was only
suggested. “With 150it looks exactly like Nova Aurige with 700 on the 36-inch.”
At 10" 20™ there was no question but that the nuclens was brightening; it had
become very easy and-seemed to have formed during the observations.

With the 36-inch telescope the appearance of the comet was the same as that
on November 8 with the rz-inch. Its outline was quite definite and the nucleus
was pretty bright, central, hazy and yellow, while the nebulosity was bluish. At
10" 55®, with 360 diameters, there was a feeble glow surrounding the comet
about 1 minute in diameter. At 11" o™ with the 12-inch telescope it was cer-
tainly brighter and the nucleus better seen. In the finder it was fally equal to
BD + 33° 246 (8™.1). ' '

The following measures of the diameter were made on this date:

m " '
15 29.4 (1) with 12-inch telescope

h

8

9 50 32.4 (2) with 12-inch telescope
10 30 44.0 (3) with 36-inch telescope
10 43 47.2 (3) with 36-inch telescope
11 14 46.7 (2) with 36-inch telescope

. January 17. At 6" 20™, with the 12-inch telescope, the comet had a beautiful
star-like nucleus, which was surrounded by a disk of fainter nebulosity. At 7" g™
the nebulosity was 46”.0 in diameter. The north edge of the comet was too
indefinite to permit more than a rough guess at the setting for the diameter. At
8" o™ the nucleus was the most conspicuous object. It was yellowish and just as
bright as, but more conspicuous than, the star BD 4 33° 247 of the 9.4 magnitude.
The nucleus, which at the first observation on January 16 was scarcely visible,
was now strikingly conspicuous. In the finder the comet was almost stellar,
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though a little hazy—like a small, hazy star, and was of the same brightness as
BD 4- 33° 232 of the 7.8 magnitude. At 8" 45™ the nucleus was probably some-
what brighter. At 9" 20™ and 10" 35™ there was no change in the appéarance of
the comet or nucleus. ' l

January 18. At 6" 55™ the diameter was roughly go seconds. In the finder
it was of perceptible size, and hazy, compared with the comparison star. With
the 12-inch there were only the feeblest traces of a nucleus. The comet was
pretty strongly condensed and perhaps mnot any brighter than on the 17th. At
7" 35™ the nucleus was very hard to see, not brighter than the thirteenth magni-
tude, and placed, possibly, a little preceding the center. The comet was round
and much brighter in the middle, but ill defined at the edges. At g® 45™ the
nucleus was very difficult and faint, about thirteenth magnitude. It was almost
lost in the small brightening that surrounded it. The comet itself was very
noticeable and hazy in the finder.

January 19. At 6® 50™ a ‘rough measure made the diameter of the comet
north and south 121 seconds. There was no limit to the edges of the nebulosity.
The nucleus was bright. At 9" 50™ the nucleus was twelfth magnitude, but was
not distinct.

January zo. At 6" 45™, with the 36-inch telescope, the measured diameter was
136 seconds. It was much brighter in the middle, and the edges were not definite.
It looked like a great nebulous sphere with a conspicuous nucleus of the tenth
magnitude in its center. ' ' ' _ o

January 22 7% 30™.  With the 36-inch the comet was very diffused and about
3 or 3% minutes in diameter. The nucleus, which was hazy and indistinct and
of the twelfth magnitude, was difficult from the dense glow about it.

January 23% 8% 0™ In the 12-inch the comet was about as before, except that
the nucleus was very indistinct and hard to see. :

January 24. Moonlit sky. In the 1z-inch the comet was brightish and
cometary looking—quite large and conspicuous as a considerable nebula. It was
whitish and dense and somewhat brighter in the middle. '

DESCRIPTION OF THE PHOTOGRAPHS.

1892, November 10. The comet consists. of a sharply defined, dense, circular
disc 8 minutes in diameter, somewhat diffused on the north following edge. This
is surrounded by a fainter, diffused, circular nebulosity 19 minutes in diameter.
Straggling from this towards the southeast is a faint nebulous strip which widens

‘out into an irregular mass whose centeris 48 minutes from the center of the comet

and which is 39 minutes in diameter. -
November 16. The comet is a rather sharply defined, dense, circular disc 16
minutes in diameter, the south following edge of which is miore or less diffused.
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Through this disc several star trails are visible. The exterior and fainter nebu-
losity has disappeared and there is mo trace of the diffused mass south following
the comet. ' '

November 18. The comet consists of a circular, rather sharply defined disc
of unequal density 15 minutes in diameter through which star trails are visible.
The south following ‘edge is diffused as if brushing out to form a tail. There
are slight traces of a diffused glow about this disc, which may be 28 minutes in
diameter. Nothing is shown of the mass of November 10 south following.

November 21. The comet consists of a circular disc 19 minutes in diameter,
very diffused on the following side, but fairly sharply defined preceding. A great
many stars are seen through this, one of which, just within the preceding edge, is
bright. There are no evidences of exterior nebulosity.

December 8. The comet is large, about 25 minutes in diameter, and rather
faint with a great number of stars shining through it. The preceding edge is
definite, but the following side is diffused. Precediﬂg the center is a definite
nucleus from which a slender brightening runs to the following edge of the comet.

In connection with these observations it is important to refer to the visual
observations of the spectrum of the comet which were made by Professor Campbell
at the Lick Observatory. (See A. V. 181, 211, 1892.)

The spectrum of the very interesting comet discovered by Holmes is of an extreme
type and probably unique. Visual observations made November 8 and 9 showed a
" continuous spectrum for all parts of the comet. It extended from near D to above
@ for the nucleus, for the very condensed and nearly circular coma (about 5.5 in
diameter), and for the very condensed tail seen within this coma. Outside the coma,
in the direction of the tail, a very faint glow was just visible in the high power finder
of the spectroscope (which would probably-be seen to better advantage under low
power). ‘This, also, gave a continuous spectrum, though very short, in the yellow and
green. 'The position of maximum brightness in the spectrum was near A 515, which
doubtless was due to the presence of a slight trace of the usual green band. But,
except for the fact that the maximum brightness was higher than is generally the case
in continuous spectra, it would have escaped detection. The increased brightness was
more noticeable in the spectrum of the very faint parts of the comet than in that of
the bright parts. There was possibly a trace of the yellow band; but, if so, it was

exceedingly faint.

Photographs of the spectrum extending from H g to Il & show it as continuous,
but the wide slit required leaves it in doubt whether the Fraunhofer lines were present
or not.

COMET IV 1893 (BROOKS).

This comet was discovered by Mr. W. R. Brooks at Geneva, New York, 1393,
October 16. It had passed perihelion on September 19. During the period
covered by the photographs, the comet, though approaching the Earth, was theo--
retically diminishing in brightness. It was just faintly visible to the naked eye
for about one day—October 21. This increased brightness was only temporary
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and was undoubtedly due to the disturbed condition of the tail on that date. The
comet had been carefully looked for with the naked eye under the best conditions
previous to this, but the records do not show that it was so visible on any other
date. ‘ ' ' '
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Diagram showing the relative positions of the tail of Brooks’s comet and the radius vector on 1893, November 2 and 3.

Brooks’s comet should hold an important position in cometary photography
for it was the first to show the abnormal phenomena which have so complicated the
problems presented by these strange bodies and which, in later years, have added
so marked an interest to their study. Amnother fact also brought out first by this
comet was the remarkable photographic activity of its light. Though only feebly
visible to the naked eye for one day, and never specially bright as a telescopic
object, the fainter features of its tail were well shown with relatively very short
exposures—relatively short in comparison with the time required by some of the
comets of later years which have been far brighter visually than this one. '
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Some of the phenomena-shown in the photographs of it were unique at the
time and they mark an. important epoch in the study of comets. There were
several periods of great disturbance in the tail, the one that covered the dates
October 21, 22 and 23 being the most extraordinary. ‘Though not so striking, the
deflections of.the tail on November-3 and November -7 are fully as important,
because, probably, the same cause was responsible for all these. peculiarities.
This comet was the first to show these extraordinary ‘“freak” changes, which.one:
would call abnormal. It would seem that- these two features—abnormal phe-
nomena and quick photographic action—are, for some reason, closely related.
The comets (whether bright or faint) that show the most remarkable and abnormal
features seem .to be the quickest in photographic action. Under the word
“abnormal” I would not include such a phenomenon as the great mass shown to
be. receding from the head of Swift’s comet on- 1892, April 7, because this could
be-easily explained on the assumption that it was a mass of matter expelled from
the head which was moving outwards in the direction of the tail. As “abnormal”
features, I would include a shattering of the tail such as occurred in the case of
Brooks’s comet on October 23, etc., which had the appearance of being due to some
external force; also, I would include double curvature-of the streamers or parts of
the tail, and sudden changes in the direction of the tail not accounted for by the
motion of the comet such as occurred in Brooks’s comet on November 2-3 aud 6~7.

VISUAL OBSERVATIONS. .

There are but few visual notes on this comet and those, with the exception
of October 21, are telescopic. . V

1893, October 17% 16" 40™. With the 12-inch a nucleus and tail were visible.

October 20. - Tried to see it with the naked eye but could not.

October 21% 16" 40™ It was faintly visible to the naked eye as a dim streak
about one degree in length. ‘ .

October 26% 16" 30™. With the 1z-inch there was a short tail visible, but
the comet was not bright. N

October 27% 16" 40™. It was pretty bright, but the tail was dim.

November 2% 15" 20™. The head was pretty bright, but there were only faint
traces of tail. S e - ' S

November 6. With a low power on the 12-inch the tail could be traced for
less than 1 degree. ' '

f DESCRIPTION OF THE PHOTOGRAPHS.

1893, October 18. The head is small. The tail is narrow for 8 minutes and
then widens out into a fan-shaped form consisting of the main branch and a
smaller branch on the south side. There seem to be some irregular condensations

near the head.
5—1I,
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October 20. The tail consists of a main branch which is strong, but irregular
and gradually widens, and a shorter streamer on the north side at an angle of 25
degrees to the other. , V v v

October 21. This is a very beautiful and unique picture. The tail near the
head is slender. At about 11 minutes from the head it becomes faititer. It then
becomes stronger and curves northward to a point 18 minutes distant. It then
irregularly widens and is convex to the north, to a projection on the north side at
a distance of 45 minutes from the head. There is another saw tooth projection on
the north side at a distance of 54 minutes. From this point on, the tail consists
of irregular short diffused strips, and is gently convex to the north. The whole
picture strongly reminds one of the ancient descriptions of a comet as a “torch in
the heavens.” The reproduction is a faithful copy of the original.

October 22. This is a very remarkable picture.” The tail near the head for a
distance of 11 minutes is diffused with a very short, narrow streamer on the north
side at an angle of 15 to 20 degrees. Then begins the main streamer which
apparently is disconnected from the head, and which has a sharp definite point
in the end towards the head. This streamer is narrow and somewhat irregular
and extends to a point about 56 minutes from the head, where it is rather suddenly
deflected to the north and continues a short distance further, parallel with its
original direction. There are some irregularities in it near the following end.
At 5o minutes from the head begins a long irregular mass at a distance of 11
minutes south of the main branch. This runs parallel with the main branch for
17 minutes. Then it is suddenly deflected to the north at a sharp angle and con-
tinues parallel with its original direction in an irregular manner to a distance of
2°.7 from the head, where it suddenly turnms south and apparently terminates.
Beyond this at a distance of 3°7 from the head is an irregular strip of nebulosity
34 minutes long at nearly right angles to the main direction of the tail and 56
minutes south of its axis. This seems to be disconnected, or at least is connected
with the main tail by a very feeble nebulosity. Then in the axis of the main tail,
continued, at a distance of 3°.7, completely separated from the other part of the
tail, is a larger mass 39 minutes in diameter, slightly elongated in the direction of
the main tail. The whole tail in this region has the appearance of being dis-
rupted and shattered by some force moving through it towards the south. The
reproduction fairly represents the original. '

November 2. The tail is rather slender and very strongly and irregularly
concave to the north. It is very irregular, both in form and density, but of nearly
uniform brightness to the end. A slender streamer runs tangent to the curvature
of the tail for a distance of 1°1 on the south side. At a point 2°.9 from the head
is an abrupt gap in the tail for a distance of 34 minutes which is almost, if not
quite, devoid of nebulosity. At 3°6 from the head, the tail is suddenly bent at
au angle of nearly go degrees' toward the south. This latter portion, which
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extends for 59 minutes, consists of several cloud-like masses. The north side of
the tail is somewhat more definite, the south side being diffused. The general
impression given by this picture is that the tail, which was moving toward the
northwest, was beating against a heavy current of resistance, like a strong wind,
which, near the end of the tail, suddenly became so strong as to bend it abruptly
backwards at nearly right angles.

November 3. The tail is somewhat concave and better defined on the south
side for a distance of 2°.8 from the head, where it begins to bend slightly to the
north and continues to a distance of 3°.7, where there is a large, round mass on its
south side, the center of which is 4°.4 from the head. A slender, short streamer
running from the head on the north side makes an angle of about 10 to 15
degrees with the main tail. There is a sudden dent in the tail 2°.2 from the head
on the south side. ’

November 6. The head is small and the tail is sharply defined and nearly
straight on the north side for a distance of 1°9, while the south side is more
diffused and seems to comsist of a great number of short streamers making an
angle of about 20 degrees with it. On the north side is a short streamer at a
slight angle to the tail. At a distance of 1°5 from the head is a small, elongated
nebulous mass detached from the tail but nearly parallel with it, whose length is
11 minutes and width 3 minutes. At 1°9 from the head, the tail is suddenly bent
to the north and then continues in its original direction in irregular and discon-
nected masses to a distance of 6°.5, where a larger and more distinct mass is
situated, slightly to the north and west of the elongated nebula, Dreyer 4631.
This strip is 39 minutes long and less than 11 minutes in width. Its axis
runs nearly north and south. Unfortunately this mass, whose center is (1855.0)
12" 33™.7 4+ 33° 25', has been cut out by the mask in the reproduction. Its posi-
tion would be 0.3 inch to the right of the upper right corner of Plate 112. Part
of the nebula (Dreyer 4631) is shown at the right side, 0.25 of an inch from the
top, like a “nick” in the edge of the plate.

November 7. The tail, which is long and slender, widens slightly towards the
end, and for one half its length is best defined..on the south side, and for the rest
of the way on the north. It is irregular in brightness, especially at points 1°.0
and 3°.6 from the head. At its end, it diffuses to the elongated nebula (Dreyer
4631) of November 6. A slender, faint streamer runs at a very slight angle to the
tail on the south side. The general appearance of the tail, especially near the
middle, is that of a slightly wavy streamer.

November 10. This is a beautiful picture. The head is exceedingly small.
The tail consists of a main branch which is irregular and widens slightly towards
the end and is very narrow towards the head. Two very diffused side streamers
appear and extend for 1°.1—one on each side of the main tail. The south one of
these is very diffused and wide, the north one less so. At 4°5 from the head is a
brighter condensation.
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November r1. The tail is long and slender and wavy. There are several
slender streamers on the north side, one of which has its origin at a distance of
1°5 from the head and extends to a distance of 4°.2. There is a short streamer
on the south side of the head, making a slight angle with the tail. At a distance
of 4°.2 from the head is a brighter condensation in the tail. '

November 12. The tail is long and slender and irregular. There is a short
streamer on the south side which is apparently slightly convex to the south. A
very slender, long streamer on the north side begins 1°0 from the head and runs
to a distance of 1°.8. The tail apparently terminates at a distance of 5°.0, but
there is a continuation of this which has apparently drifted toward the south and
is especially strong in the form of an elongated mass at a distance of 7°.5 from the
head in the position (18550) 12" 37™.5 + 39°0.

" November 13. The head is very small. The tail is slender for 22 minutes
and then widens slightly and separates into two parts, the south one of which
becomes strong and wider and seems to be separated by a narrow, dark strip 1°9
from the head. After this the tail extends in a fragmentary manner to and
beyond the star « Canum Venaticorum. An elongated portion near that star, at a
distance of 5 degrees from the head, is especially noticeable. '

November 14. The head is very small. The tail is slender and of uniform
brightness for a distance of 2°.8, after which it becomes very faint and diffused.
It is very narrow near the head and at a point 22 minutes distant a part of the tail
curves slightly to the north, but a slender thread continues for 54 minutes or so in
the original direction. The tail can be traced to the north of and beyond a Canum
very faintly. o ’

November 15. No. 1. The tail is long, slender and diffused. “There is a
dark streak running from the head on the south side of the tail for about 54
minutes. The head is very small.

November 15. No. 2. The tail is a little stronger in this plate. The dark
streak on the south side is still visible. A diffused streamer from the head runs
along the south side of the tail for 34 minutes. This diffuses toward the main
tail and the dark streak is seen to-be due to a vacancy where the diffusion from
the streanier has not yet reached the south edge of the main tail. At a distance
of 2°.3 from the head the tail continues in an irregular straggling condition to its
end. ' ‘ ‘ ' - A ’
November 1g. The tail is long, slender and diffused and rather irregular; it
seems to be somewhat brighter at a distance of 3°.0 from the head.

REMARKABLE PECULIARITIES OF THE TAIL.

The tail of this comet frequently exhibited very remarkable and unique
phenomena. So strange and unaccounted for are some of these that they have
suggested the presence of some outside influence, coming neither directly from
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the Sun nor from the comet itself, as being responsible for them: ‘These peculiar-
ities consisted of disruptions, distortions and deflections of the tail. For a few
days thie tail would be parallel to itself, and agree with the direction of the radius
vector. It would then be thrown forward, and in one case, November 2, the end
of it was in advamce of the radius vector. On two occasions, November 2—-3 and
November 6-7, the end. of the tail remained stationary for a whole day, apparently
retarded, while the rest of it, with the head, moved forward in the direction of the
original motion. (See Plate 114 and diagram.) In each case the tail resumed its
former parallelism as if it had finally been released from restraint. These changes
of direction of the tail are not so evident in the individual plates and even in the
tabulations they do not forcibly impress one. I, therefore, sought a method that
would bring out the peculiarity in a more striking manner. As the comet
remained in the same region of the sky, the plates on successive nights would, of
course, show the same stars, with the comet in a different position. If, therefore,
two negatives on successive dates are carefully superposed, star for star, and
copied in a camera, the effect will essentially be the same as if the comet had been
photographed on one plate on two successive dates, If no change has occurred in
the direction of the tail in the mean time the two tails will be parallel in the com-

- posite picture. This method, which does not seem to have been used before

(except by the writer), is far more effective in showing changes in the tail than
any mere tabulation of position angles could be. Separating the original nega-
tives into pairs, on successive dates, I superposed them thus, for examination. It
was found that with two striking exceptions the tails were essentlally parallel.

~ Following are the notes of this exammatmn

82:3%:; ;0;- Considerably diverggnt §g¥§2§g ;(I) % Slightly inclined (converging)
82:32:; ;‘: % Essentially parallel ggzgﬁgg ;; } Somewhat inclined (diverging)
October 21 ' November 12

October 2 % Parallel November 13 ; Parallel

November 2} Great deflection of the tail on November 13 Parallel

November 3 November 2 November 14

November 6) Great deflection of the tail on November 14 Parallel

November 7 November 6 November 15

To exhibit these peculiarities on the dates of November 2 and 6 I have pre-
pared the two pictures of Plate 114 which show that a strong deflection of the end
of the tail occurred on these dates. It is hardly necessary to attempt any expla-
nation concerning these two photographs. They speak for themselves far more
forcibly than any description can do. After the changes in direction on Novem-
ber 2 and 6 the tail had -again swung back to its normal position on November 3
and 7. A lesser change of this kind took place, also, between November 10 and r1.
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In later years a similar, but much more violent case of acceleration of the tail
occurred in the case of comet ¢ 1908 (Morehouse), on 1908, September 16,
when the tail was.thrown ahead of the radius vector at a very great angle

(Ap. /. 28, 295, 1908).
POSITION ANGLES AND LENGTH OF THE TAIL.

To show the deviation of the tail from the radius vector the following table
has been prepared where:

P =position angle of the tail taken from the BD charts.
F’'=computed position angle of the radius vector.

Length
) ) . P P P—p of Tail.
1893, October 118 . . . . . 324.0 322.6 + 1°4 3°
20 . . . . . 3180 322.5 - 4.5 3%
2 . . . . . 3208 322,6 2.1 5
22 . . . . . 3226 322.8 - 0.2 4
“November 2 . . . . . 3217 323.8 - 2. 5
3 .« .« . . 3057 323.8 ~-18.1 5
6 . . . . . 3226 323.9 - 1.3 7
7 + o« . . . 3127 324.0 ~1II.3 6
0 . . . . . 3207 3242 - 3.5 7
Ir . . . . . 3127 324.2 ~I1.5 7
2 . . . . . 3210 324.2 ~ 3.2 9
I3 . . . . . 3195 324.2 - 4.7 6
4 . . . . . 3170 324.4 - 7.4 (3%
15 . . . . . 318.6 324.2 - 5.6 "8
19 . . . . . 3222 324.2 - 2.0 .6

The minus sign indicates that the tail lagged behind the radius vector,

.On account of the curvature and irregularity of the tail, as shown-on the
photographs, the measured position angle must necessarily be uncertain, depend-
ing, as it does, upon the part of the tail used.

POSSIBLE CAUSE OF THE PECULIARITIES OF THE TAIL,

For a great many years I have called attention to the fact that some of the
phenomena of comets’ tails have indicated the presence of some kind of disturbing
medium which they encounter in space. In the Astrophysical Journal for January,
1909, pages 70-71, I have given a brief outline of a theory to account for these
changes. : 5

If we accept it as a fact, and I think it is a fact, that the tail of a comet is
sometimes broken or changed by some force or influence not directly due to light
pressure or to the forces present in the comet itself, it becomes a very important
problem to determine what fhis unknown cause may be. That it is actual matter
in the planetary spaces which the tail encounters, does mnot seem probable.
Swarms of meteors (such as we know do exist) might have some such influence,
but it would probably be slight so far as attraction or collision is concerned, and
could have no effect in producing an acceleration of the tail perpendicular to the

radius vector, as is shown to have occurred in the case of this comet in the first
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part of November, 1893, where the effect was apparently in defiance of the laws
of gravitation. No ordinary matter thus encountered and obeying only the laws of
gravitation could produce the effect. It has occurred to me (Ap. /. 29, 70, 1909),
that a possible explanation of this peculiarity in comets’ tails might be found in a
similar cause to that which makes the aurora. The latter has been attributed to
solar disturbances which produce magnetic storms on the Earth. These disturb-
ing influences—which we will call them for want of a better name—must be going
out from the Sun in various directions at more or less frequent intervals. The
effect of these upon the attenuated matter of a comet’s tail would likely be great,
especially in view of the electrical conditions which may exist in the particles
forming the tail. We know that the speed of such an influence must be vastly
greater than that which could possibly be produced by gravitation. It would not
appear that the effect of this disturbing influence should necessarily be radial with
respect to the Sun’s center. Possibly its action may sometimes be in a curved or
orbital direction, such as might produce the acceleration shown in the tail on
November 2 and 6. It would not prove that this idea is wrong if we should fail

‘to find a coincidence of auroral display with disturbances in -the tail of a comet.

These disturbing influences are doubtless more or less local in their direction, and
that which would produce a magnetic storm on the Earth might have no effect in
the direction of the comet, and of course the reverse of this might be true. The
frequent presence of the aurora would only show that the conditions were favorable
for disturbances elsewhere in the solar system.

If it is thus true that the influence of a disturbance on the Sun is not wide-
spread in direction in the solar system, it would account for the want of. coinci-
dence, sometimes, of an outburst on the Sun with an auroral display, the Earth
having been missed, as it were, by the outgoing disturbance.

It may be that these ideas do not appear to be in accord with the known facts
so recently established with respect to radiant emergy. But this, after all, may
not seriously affect them, because we do not yet know all the facts relating to the
Sun and space. It is indeed possible that the comet’s tail, with its far-reaching
sweep across space, may act as a sensitive indicator of the presence of otherwise
unknown forces at work in the region of our Sun.

COMET II, 1894 (GALE).

This comet was discovered by Mr. Walter F. Gale at Sydney, N. ' S. W,
1894, April 1. It passed perihelion 1894, April 13. At discovery the comet was
55% degrees south of the equator, but it finally became visible above our southern
horizon. The nearest approach to the Earth occurred about May r.

Though the comet was visible to the naked eye, the tail, which was faint, could
not be seen without a telescope.
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Following are notes which were made during the brighter period of the
comet:

VISUAL OBSERVATIONS

1894, Aprll 28.. Wlth the 12-inch telescope it was a con5p1cuous ob]ect
bright, large,and,rqund. It was visible to the naked eye, like a hazy star of the
fifth or sixth magnitude and appeared somewhat less in size than the cluster
Dreyer 2422. The cluster was about one fourth brighter than the comet. .. ‘

. April 29. " The comet was noticeable to the naked eye as a bright hazy. spot
of ‘about the fifth magnitude. In the 12-inch it was brightly condensed and
round—about 6 or 8 minutes in diameter—but with no tail or nucleus.

April 30. It was conspicuous to the naked eye,and brighter than BD—IS 2190
of the 4.5 magnitude. It was large and round in the r2-inch and 6 to 8 minutes
in diameter with no trace of tail. The 36-inch telescope showed a very small
nucleus of the thirteenth magnitude,

May 2. It was conspicuous to the naked eye asa large hazy star of the fourth
magnitude, brighter than the star BD—r12° 2385 of the 5.0 magnitunde. It was
nearly as bright as BD—2° 2450, 4.8 magnitude.

- May 3. The sky was thick during the exposure. To the naked eye the
comet was a large spot of hazy light, approximately round. Though not so bright
intrinsically as the star BD—3° 2339 (3™.7) it was more conspicuous.

May 4. The sky was so thick that it was doubtful if the photographic olate
would show anything of the comet. To the naked eye it was easily and conspic-
uously visible, but not so noticeable as the star BD—3° 2359, 3.7 magnitude.

May 5. Sky good and clear.

May 10. Faintly visible in moonlight with the naked eye.

May 22. Very faintly visible to the naked eye. It was round in the 12- 1nch
with no trace of tail.

DESCRIPTION OF THE PHOTOGRAPHS

1894, Apr11 29. The head is large, round and diffused. The tail is a mere
thread, perhaps double after 34 minutes from the head.

May 2. The head is large,round and diffused. The tail is rather slender
and widens slightly. At its connection with the head it is a mere thread.

May 3. The head is large, round and diffused. The tail is long, straight
and slender.. Very narrow where it joins the head.

May 4. The main tail is very long and slender and slightly Wldemng This
ta1l does not reach the head but is apparently disconnected at a distance of 45
minutes from it. There are two slender streamers, one north and one south of
the main tail, whose intersection would not be at the center of the head. Between
these there is considerable nebulosity. In this case it is evident that the supply
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of matter for the main streamer of the tail had ceased some time before the photo-
graph was made and that the tail was drifting bodily outward into space—a
similar case to that of Borrelly’s comet, 1903, July 24 (Ap /. 18, 210, 1903).

May 5. The head is large, round and diffused: There is a very feeble
streamer from it on the north side of the tail at an angle of about 20 degrees.
The tail at first is long and slender—almost thread-like near the head. At a
distance of 1°.9 from the head it widens out somewhat on the north side. The
scuth side of the tail continues to the end as a long slender line. The north
branch is broader and less definite but well defined. At 1°.3 from the head a fine
thread-like line makes its appearance and runs out free of the north side of the
tail to a distance of 3°.7 from the head.

May 8. The head is large, round and diffused. The tail consists of one or
more faint threads.

POSITION ANGLES AND LENGTH OF THE TAIL.

The following position angles of the main axis of the tail were taken from
the BD charts with a large protractor. They are very approximate:

. Pos. Ang. Length of Tail.
1894, April2g . . . . . . . 114 2°
May 2 113 6
3 <« + « « .+ . . 10§ 10
4 . . . . . . . II2 8
5 . 115 9
8 108 4

It may not be entirely out of place to imsert at this point some further
remarks concerning portrait lenses, as the information may be of service to others’
using this class of instrument.

One of the most important advantages of the portrait lens over other forms of
photographic telescopes is its wide field of view, which makes it invaluable for
photographing the tails of comets and the great structures of the Milky Way.
The same lens can be made to give a perceptibly larger or smaller field, using a
flat plate in both cases. This is due to the fact that in such a lens thereis a
small allowance (which I will call the focal limit) in the determination of the
focus, so that a very slight change. toward or from the lens will not materially
affect the size and sharpness of the images in the center, while at the same time
it will affect the field. If advantage is taken of this and the plate kept close to
the inside limit, the field of good definition will be slightly increased, while the
reverse of this occurs if the plate is at the outside limit. It is, therefore, an
advantage to keep close to the inside limit. If the plate is brought nearer the
object glass a focal zone (in which the stars are small and sharp) will be produced
away from the center of the plate, while at the center all the stars will be percept-
ibly increased in size. Such a picture is misleading, as it gives the impression

6—1I,
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that the stars near the middle are brighter and that there are fewer faint stars,
when in reality the stars of different brightness may be uniformly distributed
over the entire region. This may lead, therefore, to an erroneous idea of the dis-
tribution of stars of different magnitudes. This peculiarity has been avoided as
much as possible in the present work and this notice is given only as a caution.
Plate 31 perhaps shows this peculiarity, where the plate was possibly just inside
the focal limit. _

To those just beginning work with a portrait lens, a good index of the posi-
tion of the plate with respect to the focus is as follows:

Larger images in the middle with smaller 2 ‘
and sharper images in a zone away ; Plate inside true focus.
from the middle 5

3

ASharpest images at the middle but not

Plate outside true focus.
¢ small enough

Fortunately, for portrait lens work, very few plates of glass such as are used
for making dry plates are really flat. It seems to be the custom (which is the
correct way) to put the emulsion on the concaveside of the plate. This materially
improves the field of a star plate. Once in a while, but very seldom, however, the
emulsion has been put on the convex side. Such a plate will give a bad negative,

as the convex surface at the middle will then fall inside the focus, and iustead of

curving with the focal plane will curve against it.

It is well to mention here that in long exposure work the lens should be pro-
tected by a “dew cap” (not long enough to cut down the field of view) to cut out
light from parts of the sky other than that being photographed, otherwise a
decided fogging effect may be produced by light striking the lens from larger
portions of the sky than necessary.. This is especially valuable when photo-
graphing a comet in a dawnlit or twilit sky.
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MILKY WAY, NEBULOSITIES, ETC.

Small Black Hole in the Milky Way. 4. V., 108, 369, 1884.

Stellar Photography. 5. M. 6, 58, 1887.

The Cluster G. C. 1420 and the Nebula N. G. C. 2237. One sketch. . V., 122, 253, 188q.

On some Celestial Photographs made with a Large Portrait Lens at the Lick Observatory.  One plate.
M. N. 50, 310, 188g-go.

Photographing with a Non-photographic Telescope. S. 4. 10, 331, 1891. (Reprinted from Anthony’s
International Annual of Photography, 1891.)

Photographic Nebulosities'and Groups of Nebulous Stars. 4. V. 130, 233, 1892.

Photographic Nebulosities and Star Clusters Connected with the Milky Way. One plate with chart, A.
and Ap. 18, 177, 1894. )

Photograph of Swift’s Nebula in Monoceros. Ote plate and chart. 4. and Ap. 18, 642, 1894.

On the Exterior Nebulosities of the Pleiades. One plate. 4./N. 136, 193, 1894. (Reprinted in 4. and Ap.
13, 768, 1894.)

Photograph of M8 and the Trifid Nebula. One plate. A. and Ap. 18, 791, 1894.

The Great Photographic Nebula of Orion Encircling the Belt and Theta Nebula. Oue plate. . and Ap.
18, 811, 1894. Pop. Astron. 2, 151, 1894-5.

Photographs of the Milky Way. Two plates. Ap. /. 1, 10, 1895.

Photographs of the Milky Way near 15 Monocerotis and near ¢ Cygni. Two plates. Ap. /. 2, 58, 1895.

On a Photographic Search for a Satellite to the Moon. One plate. Ap. /. 2, 347, 1895.

Photograph of the Nebula N. G. C. 1499 near the Star & Persei. One plate. 4p. /. 2, 350, 1895.

Celestial Photographs with a Magic Lantern Lens. One plate. 4p. /. 2, 351, 1895.

On a Great Photographic Nebula in Scorpio, near Antares. Two plates. M. V. bb, 453, 1895.

On a Photographic Study of the Earth-lit Portion of the New Moon. One plate. M. V. 5b, 456, 1895.

On the Extended Nebulosity about 15 Monocerotis. M. V. 56, 63, 1895~96.

On the Exterior Nebulosities of the Pleiades.. One plate. AKwnowledge 18, 282, 1895.

Extended Nebulosities near Antares. Oune plate. Knowledge 19, 205, 1896.

On the Comparison of Reflector and Portrait Lens Photographs. One plate. M. V. b7, 10, 1896-97.

The Milky Way near the Tail of the Scorpion. A4p. /. 5, 1897. Frontispiece. (No'text.)

The Cluster Messier 35. Ap. /. 5, 11, 1897. (No text.)

Astronomical Photography with Small Lenses. Ap. /. 6, 446, 1897.

On an Instrument for Accurately Photographing an Unseen, Moving, but Known Celestial Body. 4. V.
144, 331, 1897.

The Great Nebula of Rho Ophiuchi and the Smallness of the Stars Forming the Groundwork of the Milky
Way. Two plates and chart. Pop. Astron. b, 227, 1897-98.

On the Photography of Meteors. Two plates. Pop. Astron. b, 281, 1897-98.

The Development of Photography in Astronomy. Proc. Am. Assoc. Adv. Sci. 4T, 1898. (Reprinted in
Pop. Astron. B, 425, 1898.) .

Note on the Exterior Nebulosities of the Pleiades. M. V. 59, 155, 1898-99.

Photographs of Cotets and the Milky Way. Three plates. M. /V. 59, 354, 1898~99.

Photograph of the Milky Way near the Star § Ophiuchi. One plate. A4p. /. 9, 157, 1899.

The Exterior Nebulosities of the Pleiades, with a Drawing from the Different Photographs: and on the
Appearance of the Cluster with the 4o-inch Refractor. Two plates. M. V. 60, 258, 1899-1900.

Some Abnoimal Stars in the Cluster M 13 Herculis. Ap. /. 12, 176, 1900.

Diffused Nebulosities in the Heavens. A. J. 17, 77, 1903.

The Bruce Photographic Telescope of the Yerkes Observatory. Four plates. 4p. /. 21, 35, 1905.

A Great Photographic Nebula near 7 and & Scorpii. Omne plate. Ap. /. 28, 144, 1906.

On the Vacant Regions of the Sky. Three plates. Pop. Astron. 14, 579, 1906.

On a Nebulous Groundwork in the Constellation Taurus. Two plates. 4p. /. 25, 218, 1907.

Some of the Results of Astronomical Photography, Pertaining Specially to the Work with a Portrait Lens.
Five plates. Proc. Am. Phil. Soc. 48, 417, 1507. (Reprinted in Pop. Astvon. 16, 286, 1908.) ’

Some Notes on Nebule and Nebulosities. A. V. 177, 231, 1908.

On the Colors of Some of the Stars in the Globular Cluster M 13 Herculis. Ap. /. 29, 72, 1909.

Question of Absorbing Matter in Space and the Transparency of the Nebulee. Two plates and chart.
Ap. /. 31, 8, 1910.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1913PLicO..11....9B

3PLITOL IS 2 OB

rt

44 PUBLICATIONS OF THE LICK OBSERVATORY.

Prediscovery Phéﬂfographs of Espin’s Nova Lacertee. 4. /V. 187, 63, 1911.

Photographs of the Planet Mars, etc. Two plates. /. V. 71,471, 1910-I1. _

The Conjunction of Mars and Saturn 1911, August 16. One plate. Pop. Astron. 19, 498, 1911.

Micrometrical Measures and Focal Peculiarities of Nova Lacertee (Espin). One plate. M. V. 72, 659,
I9I1~12.

Dark Regions in the Sky Suggesting an Obscuration of Light. A4p. /. 88, —, 1913.

COMETS.

Observations and Photographs of Swift’s Comet of March 6, 1892. A. and Ap. 11, 386, 1892.

Discovery of a Comet by Photography. /. V. 53, 36, 1893.

Photographs of Brooks’s Comet (October 17, 1893). Pop. Astron. 1, 145, 1893-94.

Photographs of Gale’s Comet. Two plates. 4. and 4p.18, 421, 1894. (One plate opposite p. 560.)

Correction to the Photograph of Gale’s Comet. A. and Ap. 13, 706, 1894.

Photographs of a Remarkable Comet. One Plate. 4. and Ap. 13, 789, 1894.

Photographic and Visual Observations of Holmes’s Comet. One plate. 45. /. 8, 41. 1896.

On the Photographic Discovery of Comet V 1892. One plate. Pop. Astron. 3, 13, 1895-96.

Photographs of Comets and of the Milky Way. Three plates. M. N. 59, 354, 1898-99.

Photographic Observations of Borrelly’s Comet and Explanation of the Phenomenon of the Tail on July 24,
1903. Two plates. 4p. /.18, 210, 1903.

Some Peculiarities of Comets’ Tails and Their Probable Explanation. Four plates. Pop. Astron. 12, 1, 1904.

On the Anomalous Tails of Comets. One plate. Ap. /. 22, 249, 1905.

Photographic Observations of Giacobini’s Comet (1go5 ¢). Two plates. Ap. /. 24, 255, 1906,

Photographic Observations of Comet ¢ 1908 (Morehouse). Eleven plates. Ap. /. 28, 292, 384, 1908; 29,
65, 1909.

Photographs of Comet ¢ 1908 (Morehouse). Three plates. M. V. 69, 52, 114, 1908-09,

Photographic Observations of a Very Remarkable Comet. Two plates. Pop. Astron. 16, 591, 1908.

On the Erroneous Results of a Stereoscopic Combination of Photographs of a Comet. M., N. 69, 624,
1908-09. Reprinted in Pop. Astron. 11, 531, 1909,

Suggestions in Respect to Photographing Comets, with Special Reference to Halley s Comet, Pop. Astron.
17, 597, 1909.

Photographic Observations of Daniel’s Comet. Twenty-five plates. Proc. Am. Phil. Soc. 49, 3, 1910,

Observations of Halley’s Comet and Notes on Its Photographic Appearance. A. /. 26, 76, 1908-11.

* Photographic Observations of Halley’s Comet. One plate. Pop. Astron. 18, 321, 1910.

On the Acceleration of the Receding Masses in the Tail of Halley’s Comet, 1910, June 6. 4. V. 186,

11, I9I0. ,
" Photographic Observations of Comet 1911 ¢ (Brooks). Seven plates. A4p. /. 86, 1, 1912.

Gale's Comet @ 1912.  Pop. Astron. 20, 579, 1912.

Schaumasse's Comet. Pop. Astron. 20, 608, 1912,

Borrelly's Comet 1912 ¢. Pop. Astron. 20, 672, 1912.

IDENTIFICATION OF STARS, NEBULZ, ETC.

Much time is often wasted in identifying the individual stars on long exposure
photographs made with portrait lenses. To facilitate the use of the present
plates, it was deemed important to identify a few of the known stars for use in
finding the places of others. As it would disfigure the pictures to mark such
stars upon them, it was decided to refer their positions to the sides and top or
bottom of the plates. These identifications are collected at the end of the text
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descriptive 6f- each:, photdgraph under the head,mg “Ident1ﬁcat1on of Stars,” etc b
where, in the last column: ; LT - ‘
R means right side
I, means left side
T meanstop . . .. .
" B means bottom

Where a star is not brxght or well known, the number in the Bonn or Cordoba
Durchmustelung is assigned it, “and the position given for 1855.0 or: 1875 o.
Some of the: nebulee are ‘also thus identified, the number assigned to the object
having been taken from Dreyer's New General Cacmlogue of Nebule and Clisters of
Stars or from hlS Index Catalogues. . :

In like, manner the smaller defects that have occurred in the reproductlon are
(when necessary to avoid' mlstakes) located in a similar way.

It has been thought unnecessaty to thus 1dent1fy the stars iii the comet photo-
graphs for, havmg fewer stars to deal with, the difficulty of their identification is
not so marked 'From the position of the head and the app10x1mate p051t10n angle
of the'tail, the location- of the c_omet on the.charts is very easily determined.

In the present Wdi"k\ thé ‘stand has been téik"en: that, there exist in space
masses of more or less: opaque- matter -nearer to us in gene1al than the stars,
whose presence, in_ the form of partlally lummous‘ ‘nebulosity,” is shown by the
scarcity or entire absence of stars whlch seem to be blotted out by it in certain
parts of the sky. These probable obscurmg masses are apparently more frequent
in the Milky Way, where, perhaps, the great number of stars more readily indi-
cates their presence. The belief in the existence of this obscuring matter is not
based alone on the photographs contained in this volume, though they gave rise
to it. It has- been strengthéned 'and, to me made'a fact, by the study of the later

and more, perfect pliotogrhphs (more- perfect because of the larger-scale) which

were made by me with the Bruce telescope of the Yerkes Observatory in-the past
eight or ten years, and especially of those made by me with the same telescope
on Mount Wilson, California, in the summer of 1905. A photogra‘phlc search has
been made in recent years with this instrument for thes‘e"v_ap_(parehtly vacant or
nebulous regions, with the hope of accumulating as much information as possible
as to their extent and distribution. The most remarkable of these singular
features seem to be in the southern region of the Milky Way in Ophiuechus and
Scorpio, though some striking cases are found in Taurus and Cepheus.

Tt is possible that later discoveries made on some of the photographs of the
Milky Way included in-this volume may render it desirable to kmow the exact
times when the plates were taken. All of the exposure times are, therefore,
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- printed here. In the case of the comet photographs; the exposure times will be

PUBLICATIONS OF THE LICK OBSERVATORY.

found in the descriptions accompanying the plates.

LIST OF EXPOSURE TIMES OF STAR PLATES

Plat . Duration || pate Duration || pyob. Duration (I prase Duration
No. F.8.T. Expgfsure. No. F.S.T. Expgéure. No. P8 T Expgfsure. No. vs. T Expggure.
nom h m h m h om’ h m h m h m h m
2 8 30 147 24 14 35 4 10 46 10 38 35 68 IT 34 2 13
3 9 52 I 30 ‘25 16 2 ‘125 47 10 38 3 5 69 II' 50 5 IO
4 10 5§ 2 50 26 9 25 316 48 13 22 2 1§ 70 9 14 4 43
5 16 25 2 0 27 9 25 3 16 49 9 38 3 0 71 8 50 4 20
6 15 48 3 I5 28 9 Io 3 0 50 9 38 3 0 72 8 58 2 35
7 8 40 3 0 29 8 6 2 28 5I 12 40 3 30 73 II 10 3 0
8 10 45 4 10 || 30 14 45 0 30 52 I2 40 3 30 74 9 17 5 0
9 8 50 5 0 31 15 47 2 0 53 9 40 I 20 75 10 © 4 ©
10 14 34 2 o || 32 929 2 0 54 11 o 4 10 76 13 4 4 17
11 14 8 315 33 12 30 1o 55 11 40 4 30 77 10 44 315
12 10 47 3 0 34 10 48 4 O 56 12 55 3 o 78 11 2 6 5
13 8 35 4 o 35 10 40 3 20 57 | 11 48 4 25 79 10 45 5 20
14 14 44 0 20 36 311 12 4 o 58 11 48 4 25 8o 10 45 5 20
15 z 8 30 50 10 50 33 || 59 8 46 35 81 13 38 415
) 8 28 5 15 37 1 10 32 I 55 60 10 42 4 30 82 11 50 7 o
16 11 50 6 o 38 11 18 335 61 14 30 2 21 83 11 54 5 0
17 II 50 6 o 39 11 55 4 o 62 . 4 30 84 11 52 6 21
18 | 10 42 2 o || 40 11-18 3 35 63 e 4 30 85 13 55 6 o
- 19 12 50 4 20 41 II o 3 0 64 II o 5 10 86 | 11 10 4 20
20 14 o 2 0 42 7| 12 12 45 65 13 25 3 20 87 | 14 55 4 0
21 | 13 O 3 o 43 12 12 4 5 66 I 5 5 30 88 15 25 3 0
22 11 55 2 10 44 11 20 4 0 67 11 18 4 5 89 14 12 3 5
23 11 35 2 10 45 10 30 2 51

I would beg to express my heartiest thanks and appreciation to Professor
R. G. Aitken, who has kindly compared and checked all the proofs of this volume

with the manuscript. -
' E. E. BARNARD.

Yertkes Observatory,
Williams Bay, Wisconsin,
December 16, 1913.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1913PLicO..11....9B

