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Occasionally the Smithsonian challenged all comers to a game of duplicate whist, 
but more often the group would gather around the fireplace for discussions of plans 
of work or of the state of the world in general. Hale's amazing breadth of interests, 
his great personal charm, and his stories of important figures in science and national 
and international affairs make these evenings stand out in memory.53 

Barnard decided to erect the Bruce telescope on a small hillock on the trail midway 
between the Monastery and the observatory shop. By the end of his first month on Mt. 
Wilson, he had mounted together on the cement pier on this site four telescopes - the 
10-inch and 6   ¼    " photographic telescopes, and a 3½"  doublet and a lantern lens. 

Barnard made his first exposures on the night of January 27, and over the next seven 
months set himself a feverish pace of work. For many years he had been used to getting 
along with less than four hours of sleep a night. On Mt. Wilson he often gave up sleep 
altogether. As Adams later recalled: 

Barnard's hours of work would have horrified any medical man. Sleep he 
considered a sheer waste of time, and for long intervals would forget it altogether. 
After observing until midnight, he would drink a large quantity of coffee, work the 
remainder of the night, develop his photographs, and then join the solar observers at 
breakfast. The morning he would spend in washing his plates, which was done by 
successive changes of water, since running water was not yet available. On rare 
occasions he would take a nap in the afternoon, but usually he would spend the time 
around his telescope. He liked to sing, although far from gifted in the art, but 
reserved his singing for times when he was feeling particularly cheerful. 
Accordingly, when we at the Monastery heard various doleful sounds coming down 
the slope from the direction of the Bruce telescope, we knew that everything was 
going well and that the seeing was good.54 

On first arriving on Mt. Wilson, when he was guiding the Bruce telescope alone in 
the darkness, Barnard sometimes experienced the terror that he had known at earlier 
times. The  observatory was still in the construction stage, and sometimes he was the 
only one on the mountain. Moreover, he recalled, 'the Bruce Observatory was 
separated quite a little distance from the monastery, which was hidden by heavy 
foliaged spruce trees, so that while observing I was essentially isolated from the rest of 
the mountain': 

I must confess that at times, especially in the winter months, the loneliness of the 
night became oppressive, and the dead silence, broken only by the ghastly cry of 
some stray owl winging its way over the canyon, produced an uncanny terror in me, 
and I could not avoid the dread feeling that I might be prey any moment to a roving 
mountain lion. The sides of the observatory were about five feet high, so that it 
would have been an easy thing for a hungry mountain lion to jump over it and feed 
upon the astronomer. So lonely was I at first that when I entered the Bruce house 
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Bruce photographic telescope in its temporary shed on Mt. Wilson, August 1905. Archives of 
Mt. Wilson Observatory, Huntington Library 

and shoved the roof back I locked the door and did not open it again until I was 
forced to go o u t . 5 5

Fortunately, with the coming of spring, the loneliness and oppressiveness that he 
experienced during the winter months began to lift. A good part of this had to do with 
the reawakening of insect life, which 'began its notes in the chaparral': 

the dread of the night soon passed away and the door was left open and it became a 
pleasure to sit and listen to the songs of nature while guiding the telescopes in long 
exposures, heedless of all beasts of prey. No one knows what a soothing effect these 
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'noises of the night' have on one's nerves in a lonely position like that on Mount 
Wilson. 56

 

Once spring arrived, and the night terrors departed, Barnard felt an exhilaration that 
he had not known since the early days on Mt. Hamilton. Though his first two months 
had been hampered by heavy rains, by May he was getting beautiful photographs and 
was 'delighted with the conditions on the mountain.'" Hale wrote to Frost: 

[Barnard] is getting magnificent photographs that will be a great credit to the 
Hooker Expedition from the Y[erkes] O[bservatory]. I never saw him in such high 
spirits as at present, since the summer weather began. Even through the bad 
weather he was in a far more cheerful state of mind than he would have been under 
similar circumstances at home. I think his general health has improved consider- 
ably.58 

Adams also noticed the improvement in Barnard's spirits. 'He at once fell in love 
with the mountain and everything connected with it,' Adams remembered afterwards. 

He was fascinated by the views, studied the birds, measured the growth of yucca 
stalks, and treasured the sight of a deer. I remember his excitement one winter 
morning when he came in to breakfast and announced that he had just seen a wildcat 
walking through the snow outside his bedroom window . . . Barnard's devotion to 
the mountain may be judged by the fact that during four months of his stay he made 
but one trip to the valley. This was to Sierra Madre to see a notary and to have his 
hair cut, after which he turned around and started back up the trail. His health was 
excellent at this time, and to those who knew him in later years it will be a surprise to 
learn that he once clambered down the steep walls of the ridge below the Monastery, 
crossed the deep canyon, and climbed the side of Mount Harvard to the toll road, 
perhaps as difficult a trip as any around the mountain top.59 

Only Frost was worried that Barnard might overdo it, and wrote to him: 'It is a 
pleasure to know that you are having such fine weather for work, but I hope you will not 
overdo, and you will give up some clear nights when you need sleep.'60 As usual, 
Barnard ignored this advice. 

Since there was no running water on the summit, water, including that Barnard used 
for developing his plates, had to be packed up the mountain by burro from Strain's 
Camp, named after the first pioneer who had settled on the mountain. I t  was located on 
the north side of the mountain, where there were springs. The old burro which 
dutifully performed this laborious task was named Pinto. Barnard became especially 
fond of him when he discovered that his hair was much finer than a human's - thus 
exceptionally well suited for making crosswires for a guiding telescope. 

Barnard's adventures on Mt. Wilson also included a rather close scrape with a 
rattlesnake. The  floor of the small wooden building which housed the Bruce telescope 
was about three feet above the ground, and a trap door allowed access to the weights of 
the driving clock which were suspended by cable. When guiding the telescope, Barnard 
often opened the trap door and sat on the floor with his legs dangling through the 
opening. One summer morning at breakfast he casually mentioned that he had been 
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hearing strange rustling sounds for several nights, and that on further investigation he 
had found that a rattlesnake had been making its home beneath the floor. 'Whether the 
snake had ever attempted to investigate the intruding legs we never knew,' wrote 
Adams, 'but Barnard took the episode quite calmly and on the following night [after the 
snake had been killed] the trap door was open as usual.'61  Barnard later quipped that it 
must have been a friendly snake and was there for the purpose of warming the 
observer's feet.'62 

Generally, Barnard found the skies at Mt. Wilson much more transparent than those 
at Yerkes - after the drenching rains early in the season, the dust which had been a 
matter of concern had completely settled out, and Barnard was obtaining magnificently 
deep plates of the southern Milky Way. In  all, he exposed some five hundred plates with 
his three telescopes and his lantern lens. He photographed the vacant regions of p 
Ophiuchi and 0 Ophiuchi, which had been discovered with the Willard lens, on the 
larger scale of the Bruce telescope, and in the search for diffused nebulosities Barnard 
exposed a large number of plates on the upper part of the Scorpion. 63 Many of the 
plates, by chance, recorded the trails of faint asteroids, and on three plates exposed on 
July 22, 1905, he recorded the trail of an unknown comet. However, he did not notice 
the trail for over a year. 'The trail was rather conspicuous,' he then wrote, 'and how it 
was overlooked at Mount Wilson is a mystery, unless it was from the wearied condition 
of the observer at the time, for a sharp lookout was generally kept for just such 

Unfortunately, he had not recorded it on any other plates; a search by E. C. 
Pickering's assistant, Henrietta Leavitt, of Harvard plates also failed to turn it up, and 
the comet had to be given up for lost. 

There is no question that Barnard would have loved to have stayed on Mt. Wilson 
with Hale, Adams, Ellerman, and Ritchey, rather than return to the depressing winters 
of the Midwest. But Frost would never have agreed to give him up. Moreover, he was a 
skillful practitioner in the old methods of astronomy rather than a pioneer of the new 
approaches of astrophysics, and it was on the latter that Hale had staked the future of 
the new observatory. So in mid-september 1905, after a stay of only eight months, 
Barnard packed up the Bruce telescope and his precious plates and, escorted down the 
mountain early one morning by Adams, returned east. 

On returning to Yerkes, Barnard remounted the Bruce telescope in its small dome, 
where it remained until the telescope was moved and the dome torn down in the early 
1960s.65 He  returned to Wisconsin in time for another miserable winter. 'This has been 
an awful bad winter for observing,' he summed up to Wesley in 1906; 'no clear weather 
at all hardly.'66 

The oppression of that winter was lightened somewhat, however, by the arrival of his 
niece, Mary Rhoda Calvert (one of Ebenezer's daughters), who came from Nashville to 
join the Barnard household. A self-effacing woman, she devoted herself entirely to 
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Pipe Nebula, photographed with Bruce photographic telescope at Mt. Wilson; the plate 
above shows the region of 0 Ophiuchi and eastward, and is a 4 hr 45 min exposure taken on 
June 30, 1905; the plate opposite follows the stem of the 'pipe' through Ophiuchus into 
Scorpio and is a 4hr  33 min exposure taken on June 28, 1905. Yerkes Observatory 

Barnard and his work, helping him in the office with correspondence and computations, 
and after his death remaining at Yerkes where she served as chief computer and 
photographic technician for many years. She was one of the unsung women of 
astronomy during an era when discrimination against women was flagrant, as 
demonstrated by the following letter written by Frost to a woman applying for a 
computer position at the observatory: 'We give preference to men for this work, when 
we are able to get them, because they can assist in the observing with the telescope, 
which is too heavy for a woman.' 67 
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After the weather began to improve in the spring of 1906, Barnard used the 40-inch 
for a series of visual observations of Phoebe, the ninth satellite of Saturn which had 
been discovered photographically by W.H. Pickering in 1898, and of the fifth and sixth 
satellites of Jupiter, the latter discovered by Perrine at Lick in 1905. 

In  the summer of 1907, Mars came to a good opposition, but because of its far 
southerly declination Barnard was unable to get satisfactory observations with the 
40-inch. Typical notes from his observing books read: 'The outlines of the "seas" are 
strong and well defined. The  air is like running water in front of the planet.' And: 'Have 
taken off the diaphragm. Full aperture now - though the image is not so well defined, I 
can once in a while really see it better than with 15 inches . . . The planet is very low and 
the air is moving across in waves.' 68 

On the other hand, his observations of the phenomena of Saturn's passages through 
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Region north of 0 Ophiuchi; a 3 hr 30 min exposure by Barnard with the Bruce photographic 
telescope at Mt. Wilson, May 8, 1905. The S-shaped marking north of 0 Ophiuchi is the 
'snake nebula,' B72 in Barnard's catalog of these objects, shown also in the previous plate. 
Yerkes Observatory 

the ring-plane that year are classic. There had not been an opportunity to make such 
observations since 1891, when Barnard had noted the disappearance of the rings with 
the 36-inch refractor on Mt. Hamilton. The  first of three passages of the Earth through 
the ring-plane occurred in April 1907, but Saturn was then too close to the Sun to be 
visible. Between then and the end of July, the 'dark' side of the rings was on view from 
Earth. Barnard was prevented by unusually bad weather from observing with the 
40-inch in the early summer, and when he finally got underway, on July 2, he noticed 
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Barnard, Rhoda, Mary R. Calvert and two of her sisters at Yerkes Observatory in 1909. 
Courtesy of Professor Robert T. Lagemann 

that 'the entire surface of the ring was easily seen, though the Sun was not then shining 
on its visible surface. Where it was projected against the sky, the ring appeared as a 
greyish hazy or nebulous strip.' I n  addition he described two 'nebulous condensations' 
of greater brightness on the ring on each side of the planet, which were of a pale grey 

Barnard deduced at once that what he was seeing was not the actual sunlit edge 
of the ring, but the oblique surface of the ring shining by sunlight 'percolating' through 
the particles making it up. The  condensations, however, continued to perplex him for 
some time. 

The Earth made its second passage through the ring-plane on October 4,1907. With 
precautions such as using a hexagonal diaphragm over the object glass to collect the 
stray light into six rays, leaving clearer sky in between, and an occulter in the eyepiece to 
block out the planet, he was able to make out 'very feeble traces of the ring.'70 He 
continued to observe with the 40-inch refractor throughout the rest of the fall, keeping 
up observations on the nearly edgewise ring's aspect almost daily and from hour to 
hour. During this interval the appearance of the ring and the condensations remained 
more or less unchanged until December 25, when Barnard noted that the thread-like 
ring appeared much thinner than it had looked two weeks earlier. By then southern 
Wisconsin was experiencing its usual harsh winter weather. Barnard, though he had 
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'not been well' for some time, as he told Wesley,71 had not refrained from his usual 
demanding observing schedule, but now he became seriously ill just as these 
phenomena were passing through another critical phase - the Earth was due to make its 
final passage through the ring-plane on January 7,1908. On January 2, he got up from 
his sick bed long enough to note that the ring was still visible in the 40-inch telescope, 
though 'very thin' and with a satellite at each end. 'Without occultation it was almost 
impossible to see any trace of the ring on the sky,' he noted 'The condensations were 
feebly seen as slightly brighter parts of the ring.' On January 5 ,  the ring was much 
fainter, and no trace of it could be seen without the occulter. On January 6, with poor 
seeing, it was completely invisible, and Barnard concluded that the Earth must have 
passed through the ring-plane that night.72 

In  sending these critical observations to T. Lewis of the Greenwich Observatory, 
Barnard wrote: 'I have been sick in bed . . . and am up for a bit to day to get this off but 
shall have to go back to bed. I managed to get the observations of Saturn by taking big 
risks and wrapping up good to go into [the] big dome.' 73 

Having obtained the observations he sought, Barnard now collapsed into his sick 
bed, though he continued to work, whenever he felt strong enough, on the report of his 
observations for the Monthly Notices o f  the Royal  Astronomical Society (the archives of 
the RAS show that he sent constant revisions and corrections which must have come 
close to driving the poor secretary, W. H. Wesley, mad). Finally he was able to clear up 
the mystery of the so-called condensations.74 On comparing their positions with his 
earlier measures of the ring system, he discovered that they lined up exactly with the 
crape ring and the Cassini division, from which he hazarded the guess - correct, as we 
now know - that the Cassini division is not entirely devoid of particles. ' I f .  . . the 
Cassini division were filled with particles as closely clustered as they are in the crape 
ring,' he suggested, 

a satisfactory explanation of the condensations would be that they were simply due 
to the sunlight shining through and illuminating the particles in the crape ring for 
the inner condensations, and a similar effect of the Sun shining through the Cassini 
division and illuminating the particles in it would produce the outer condensations. 
The fact that the inner and outer condensations were essentially of the same 
intensity would require that the particles should be as closely clustered in the 
Cassini division as in the crape ring. 75 

This was a marvelous deduction, and has now been completely verified by the Voyager 
spacecraft images. 
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The comet and Milky Way 
photographs 

After Keeler died in 1900, W. W. Campbell became director of the Lick Observatory. 
One of his first actions as director was to find out what progress Barnard had made 
toward the long dormant project of publishing his Milky Way and comet photographs 
which he had taken at Mt. Hamilton in the 1890s. Though Barnard was then busy 
preparing for the Sumatra expedition, he had Hale do some experiments for him back 
East, which he hoped would lead to adequate reproductions of his photographs.' On 
returning from Sumatra, he was at first too discouraged to do anything further about 
the project. Nevertheless, Campbell queried him again in July 1902: 

I am anxious to help you in every possible way in the publication of your excellent 
photographs. If your funds are insufficient. . . it will give me great pleasure to make 
efforts for the securing of the funds. I really am very anxious that your volume 
should be issued as soon as possible. The photographs, in my opinion, are extremely 
valuable; and, in justice to yourself and to the Lick Observatory, - and to the whole 
profession, -the issue should take place as promptly as possible. I hope you will feel 
that I am actuated only by the most appreciative feelings for your successful work 
on the  photographs.76 

This generous and diplomatically phrased offer of help succeeded in stirring Barnard 
back to action. Though Hale's experiments had come to naught, Barnard decided to put 
his negatives in the hands of a Chicago firm specializing in the halftone process." 
Briefly he was encouraged, and for a while in the winter of 1902-3 it looked as if the 
project would soon be moving forward again. Hale, too, was doing everything he could 
to encourage Barnard, and assured Campbell: 

I shall do all I can to induce Barnard to rush the reproduction of his Lick 
photographs. In fact, I have spoken to him periodically on this subject ever since he 
dropped the work after his exceedingly disappointing experience in Chicago. He 
now has strong hopes of successful results with the half tone process . . . I fully 
agree with you that further delay in publication would be extremely unfortunate.78 

However, the perfectionist was almost impossible to satisfy. He decided that the 
halftone process would never do, and went back to the collotype and photogravure 
processes again. Still he was unable to get satisfactory results, and early in 1907, with 
the project continuing to be stalled after more than a decade of effort, he told Campbell: 













Observer of all that shines - or 
obscures 

Apart from probing the nature of comets, the other scientific question that absorbed 
Barnard's closest attention during his later career was the nature of the dark markings of 
the Milky Way. Some of these dark markings he had recognized visually as early as the 
1880s, when he was canvassing for comets with his 5-inch refractor, and ever since, he 
wrote, 'they have always appealed to me with an interest scarcely less than that of any 
other natural feature of the sky.'1 Their proper study began only with Barnard's 
pioneering investigations with wideangle lenses -first with the Willard portrait lens, 
and later with the Bruce photographic telescope. His photographs showed that many of 
the large diffused nebulae were associated with vacant regions - the best example being 
the remarkable nebula of p Ophiuchi, situated 'in apparently a large hole in the Milky 
Way.'2 This meant that the existence of the nebulae in these regions was in some way - 
though he was not yet sure in what way - the cause of the scarcity of stars. 

He  had made a beginning, but he still had a long way to go. Indeed, as late as 
December 1904, on the eve of departing with the Bruce telescope for Mt. Wilson, he 
was still espousing the view that these features were in most cases real vacancies among 
the stars. 'In reference to these dark lanes and holes,' he wrote, 

there seems to be a growing tendency to consider them dark masses nearer to us than 
the Milky Way and the nebulae that intercept the light from these objects. This idea 
was originally put forward by Mr. A. C. Ranyard. Though this may in a few cases be 
true - for some of them look very much that way - I think they can be more readily 
explained on the assumption that they are real vacancies. In  most cases the evidence 
points palpably in this direction. In  the few cases where the appearance would 
rather suggest the other idea - and this is mostly in reference to the nebulae - the 
evidence is still not very strong.3 

Barnard obtained hundreds of plates of the Milky Way from Mt. Wilson, from which 
he later quarried most of the material used in his Atlas o f  Selected Regions of  the Mi l ky  
Way. But nothing in them caused him to change his mind about the dark markings. In  a 
paper, 'On the Vacant Regions of the Sky,' read before the Astronomical and Physical 
Society in December 1905, only two months after his return, he repeated his still strong 
belief that 'most of these blank regions . . . impress one as being actual  holes.'4 
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Region of the great nebula of p Ophiuchi, 4 hr 30 min exposure by Barnard with the Bruce 
photographic telescope at Mt. Wilson, April 5, 1905. Yerkes Observatory 

Nevertheless, he had to admit that there were a few parts of the sky where this did not 
seem to be the correct explanation. I n  particular, he was deeply troubled by the peculiar 
features in Ophiuchus and Scorpio - what he called 'the most puzzling region that I 
know of in the sky.' 'Here occur vacancies within vacancies,' he wrote: 

[Tlhere are vast regions almost entirely free from stars, in a surrounding region 
thick with small stars. These regions seem veiled over with some sort of material in 
which occur blacker spaces, as if all this part of the sky were involved in a thin faint 
nebulous sub-stratum which partly veils the blackness of space beyond. In this, 
apparently, occur rifts and openings giving a clearer view of space.' 
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Here was the nearly starless chasm beginning near 0 Ophiuchi, which turned west in 
shattered form, then strengthened into a definite lane extending for another 15" and 
finally connecting with the 'remarkable vacancy in the dense sheeting of small         
near p Ophiuchi. These features were more complicated than the simple holes in sheets 
of stars that he thought he could discern so clearly elsewhere in the Milky Way: 

The blending of this great nebula into the surrounding region, where it seems to 
mingle with the material of the vacancies, makes it hard to tell where the nebula 
leaves off . . . There is a slight suspicion that certain outlying whirls of the 
nebulosity have become dark and that they are the cause of the obliteration of the 
small stars near . . . 

No sooner had he put forward his 'slight suspicion' - that nebulae might fade out in 
parts, and eventually they become dark and obscure - than he felt the need to draw 
back: 

I think this is fanciful however, for the irregular vacancy in which it lies connects 
readily with the vacant lane running east to the region of 0 Ophiuchi. No one would 
suspect for a moment that this lane is anything but an actual vacancy among the 
stars.7 

The only way to decide the whole question was to obtain more and better 
observations, so he returned to photographing the sky with the Bruce telescope. The  
question of the nebulous sub-stratum which seemed to exist in Ophiuchus and Scorpio 
nagged at him, but he also worried that the vacant lanes in the Milky Way might be 
entirely subjective - due to scarcity of stars alone - rather than 'channels in a bed-work 
ofnebulous substratum.' If the stars were removed, he asked, would the lanes still exist? 
Early in the frigid month of January 1907, he trained the Bruce telescope on the sky 
north and east of the Pleiades, where earlier photographs with the Willard lens had 
caught dim suggestions of dark lanes extending far to the east of the cluster. He exposed 
the plates for five and a half hours. When the plates emerged from the developing tray, 
the lanes showed up unmistakably. They were not only devoid of stars but darker than 
the surrounding sky, satisfying Barnard that they would still be visible even if the stars 
were all removed. In  addition to the dark lanes, the plates showed a large nebula 
apparently in a hole almost devoid of stars, from which one of the lanes straggled away 
to the southeast for several degrees. He later described these remarkable features in his 
paper, 'On a Nebulous Groundwork in the Constellation Taurus' (1907): 

The pictures seem to show that the brighter part of this nebula is only a small 
portion of it, and that the nebula is feebly luminous over most of the vacancy . . . 
The feebler portions of the nebula would almost suggest the idea that a large nebula 
exists here, but that the major portion of it is dead or non-luminous, and that it 
actually causes the apparent vacancy by cutting out the light from the stars, while 
the few stars visible are perhaps on this side of the nebula. I give this simply as what 
the picture would suggest to one, and not as what may really be the truth.8 
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Barnard with Bruce photographic telescope. Yerkes Observatory 

H e  had returned to the idea he had suggested then dropped a year earlier: why might 
not a luminous nebula - the cause of whose shining was not, admittedly, known - fade 
out and eventually die, just as the stars themselves did? 

The dying-out of nebulae . . . is a probability fully as warranted as the belief and 
certainty that the stars must die out. What would be the condition of a nebula that 
no longer emitted light[?] [I]t is likely that we should simply have a dark nebula 
which would not be visible in the blackness of space unless its presence were made 
known by its absorption of the light of the stars beyond it . . .9 
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Dark lanes in Taurus, 5 hr 29 min by Barnard with Bruce photographic telescope at Yerkes 
Observatory, January 9, 1907. Barnard later wrote that this photograph was 'one of the most 
important of the collection, and bears the strongest proof of the existence of obscuring matter 
in space.' Yerkes Observatory 

At last Barnard was knocking at the very door of truth: 

This idea of the absorption of the light of the stars by a dead nebula or other 
absorbing matter has been used by some astronomers as an explanation of the dark 
or starless regions of the sky. Though this has not in general appealed to me as the 
true explanation - an apparently simpler one being that there are perhaps no stars at 
these places - there is yet considerable to commend it in some of the photographs 
. . . I have been slow in accepting the idea of an obscuring body to account for these 
vacancies; yet this particular case [that of the dark lanes in Taurus] almost forces the 
idea upon one as a fact." 

Even in 1907, he was not prepared to embrace the idea, however; once again he drew 
back. 'The idea of the dying-out of a nebula,' he suggested timidly,' . . . is not 
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strengthened by the presence of the lanes, for we do not find in general any great 
streams of nebulosity extending away from the nebulae."' 

All this time, Barnard had been almost alone in struggling with the meaning of the dark 
markings revealed in his plates. Curiously, other astronomers seem to have taken scant 
interest. One exception was Max Wolf, who since the 1890s had been photographing 
the Milky Way from the Konigstuhl Observatory in Heidelberg. Wolf also noted the 
curious relationship which had impressed Barnard - the fact that extended nebulae 
were almost always situated within larger regions that contained only a very small 
number of faint stars. His North America nebula, for instance, was at the edge of a 
great, nearly starless region. Another astronomer who was working on the problem - 
though from an entirely different direction - was Jacobus Cornelis Kapteyn, of the 
Groningen Observatory, in the Netherlands. While a research associate at Mt. Wilson 
in 1909, Kapteyn published a paper in the Astrophysical Journa1, 'On the Absorption of 
Light in Space.' Kapteyn suggested that the 'enormous mass of meteoric matter' which 
filled space would undoubtedly intercept some part of the starlight; this, in turn, would 
produce a dimming of the stars as one looked farther into space and would cause 
astronomers to believe that the more remote stars were dimmer than they really were, 
thus leading to an exaggerated estimate of their distances. 12

Barnard undoubtedly read Kapteyn's paper, and it is quite probable that it 
influenced his own choice of a title for his next important paper on the subject of the 
dark markings of the Milky Way, also published in the AstrophysicalJournal - 'On a 
Great Nebulous Region and on the Question of Absorbing Matter in Space and the 
Transparency of the Nebulae7 (1910). Barnard concentrated on the large straggling 
nebula around v Scorpii which he had first discovered with the small lantern lens in 
1893 and whose extensions seemed to reach to, and in a feeble manner connect with, the 
great nebula of p Ophiuchi. 'The greatest interest in this nebula,' he wrote, 'lies in the 
fact that it seems to show a veiling of the stars in certain of its portions . . . The line of 
demarkation between the rich and poor portions of the sky here is too definitely and 
suddenly drawn by the edges of the nebula to assume the appearance due to an actual 
thinning out of stars7: 

It looks, where this part of the nebula spreads out, as if the fainter stars were lost, 
and the brightness of the others reduced by at least a magnitude or more. . . In the 
region of p Ophiuchi there is every appearance of a blotting-out of the stars by the 
fainter portions of the nebula, but from its complicated and irregular form the 
hiding of the stars is not so clearly evident as is the case of the v Scorpii nebula. At 
present we have no means of determining whether a nebula is transparent or not. 
The assumption has always been that they are transparent like the comets . . . I 
think in the present case . . . that the nebula of v Scorpii is shown to be at least 
partially transparent, but the absorption of the light of the stars behind it must be 
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considerable. The picture is quite conclusive evidence that the nebula is nearer to us 
than the general background of stars at this point.13 

Though clearly on the threshold of accepting the view that the dark markings were 
opaque matter, he remained on the fence. 'If these dark spaces of the sky are due to 
absorbing matter between us and the stars - and I must confess that their looks tempt 
one to this belief - such matter must, in many cases, be perfectly opaque, for in certain 
parts of the sky the stars are apparently blotted out,' he wrote. But he added his 
customary disclaimer: 'It is hard to believe in the existence of such matter on such a 
tremendous scale as is implied by the  photographs.' 14 

For some time Barnard had been edging closer and closer to accepting the opaque 
nebula idea, but he was at heart a conservative. He wanted to be certain before changing 
his mind. The  decisive turning point for him finally came 'one beautiful transparent 
moonless night' in the summer of 1913. He was photographing the southern Milky Way 
with the Bruce telescope at Yerkes Observatory: 

I was struck with the presence of a group of tiny cumulous clouds scattered over the 
rich star-clouds of Sagittarius. They were remarkable for their smallness and 
definite outlines - some not being larger than the moon. Against the bright 
background they appeared as conspicuous and black as drops of ink. They were in 
every way like the black spots shown on photographs of the Milky Way, some of 
which I was at that moment photographing. The phenomenon was impressive and 
full of suggestion. One could not resist the impression that many of the small spots 
in the Milky Way are due to a cause similar to that of the small black clouds 
mentioned above - that is, to more or less opaque masses between us and the Milky 
Way. I have never seen this peculiarity so strongly marked from clouds at night, 
because the clouds have always been too large to produce the effect.l5 

In  1913 there were still few city lights, and Chicago light dome that now interferes with 
sensitive observations at Yerkes did not yet exist. Under these conditions, the clouds 
appeared perfectly black and darker than the background sky. Nowadays, they would 
appear brighter, due to reflection of artifical lights, and the effect that made such a 
strong impression on Barnard would be lost. 

After his moment of revelation, Barnard began thinking back to earlier visual 
observations of some of the dark markings in the Milky Way. The  most striking of these 
markings, because of their smallness and definite form, were in Sagittarius. One was the 
small object, 'like a drop of black ink on the background of the Milky Way,' which he 
had found with his 5-inch refractor in Nashville (it would be entered in his catalog of 
these objects as B86). With the 36-inch Lick refractor in 1895, it had nearly filled the 
field of view. The  western half was well defined, the eastern half more diffused, and 
considerable nebulosity was associated with it. 16 The  other, B92, was even more 
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Small star cloud in Sagittarius. The conspicuous dark spot in the upper part of the cloud is 
B92. Exposure of 4hr 30 min by Barnard with the Bruce photographic telescope at Mt. 
Wilson, July 31, 1905. Yerkes Observatory 

striking. In previous observations with the Lick 36-inch and Yerkes 40-inch refractors, 
he had sometimes had the distinct suspicion that there 'was an actual object at this 
point,' but he had never been quite sure. On July 27, 1913, conditions were unusually 
favorable both for transparency and steadiness, and Barnard carefully examined this 
dark 'hole or spot' with the 40-inch refractor: 

With its following edge 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 
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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 be not a vacancy among the stars, but a more or less opaque 
body." 

Though Barnard continued to caution against accepting all the dark regions as 
consisting of dark matter, insisting that some must be dark 'purely from the fact that 
there are no stars there,'" he never again doubted that this was the true explanation for 
most of them. However, he still fretted about how such objects - which in many cases 
appeared to be totally opaque - could be seen at all. They were silhouettes - but what 
was the nature of the luminous background against which they were silhouetted? 'If I 
have proved that there are dark objects in the heavens that are shown on photographs 
through being projected on a luminous ground,' he wrote, 'I have opened the way to 
prove something else. [The] very fact of there being a luminous background may prove 
of the greatest value to us in our solution of the problems of space, because one form of 
this background suggests a feeble luminosity through interstellar regions and perhaps 
beyond.' 19 We now know that the luminous background he was photographing 
consisted, in the Milky Way, merely of the innumerable faint background stars. In the 
Milky Way itself, Barnard himself guessed that this was the correct explanation, but in 
regions far away from the Milky Way he continued to believe in a 'widespread and 
undoubtedly universal (so far, at least, as our stellar universe is concerned) . . . feeble 
illumination of distant space.'20 He  did not know that here, too, there were faint galaxies 
in numbers beyond belief. 

In  his quest to demonstrate conclusively the obscuration of light in space, Barnard 
called attention to the spectacular object which carries the catalog designation B33 but 
is better known as the 'Horsehead Nebula,' near 6 Orionis. This object was discovered 
by Isaac Roberts on a photograph taken in 1900. Roberts himself described it as an 
'embayment.' Barnard declared that 'This object has not received the attention it 
deserves. I t  seems to be looked upon as a rift or hole in the nebulosity, as implied . . . 
from Dr. Roberts' paper.' However, so too would Barnard have looked upon it, until 
now. Now that he had seen such dark objects in a new light, he had a different 
interpretation. His own photographs of it from February 1913 revealed 'instead of an 
indentation, the almost complete outline of a dark object . . . projected against the 
bright nebulosity,' leading Barnard to conclude that 'it is clearly a dark body projected 
against, and breaking the continuity of, the brighter nebulosity."' On the night of 
November 4, 1913, he examined it visually with the 40-inch, using magnification of 
x 460: 

The outlines 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 
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Photographs published by Barnard in the Astrophysical Journal for January 1916, showing 
analogous shapes of bright and dark nebulae which he hoped would strengthen his case for 
the existence of dark nebulae. The bright nebula on the left is NGC 6995 in Cygnus, shown 
in this exposure of 5 hr 43 min taken by Barnard on July 15,1909; the dark nebula on the right 
is B150 in Cepheus, exposure 6 hr 2 min by Barnard on October 1, 1910. Barnard enhanced 
the weak image of the latter by making multiple printings with the position shifted slightly 
each time, which gives the illusion of a dense star field. Yerkes Observatory 

not clear sky, for the field was dull, apparently indicating the presence of some 
material substance at this point. To me the observation would confirm the 
supposition of an obscuring medium.22

Though now certain of their existence, Barnard was cautious in expressing any idea 
as to the nature of these opaque bodies. 'What their nature is we do not know,' he wrote 
in October 1915, 'and the spectroscope cannot help us because the objects are devoid of 
light, or nearly so. But there is strong evidence that they are of the nature of the nebulae 
-that is, that they are dark nebulae.'23 He believed that they were nebulae that had lost 
their light, or had never been luminous - 'it is possible,' he suggested, 'that the original 
condition of a nebula is dark.'24 Somehow he hoped to prove the connection, but there 
was no obvious way. 'Perhaps,' he suggested, 'if we show a close resemblance in form 
and size of one of these [dark opaque objects] to one of the well-known nebulae, it may 
aid us in connecting the two kinds of objects.'25 He thus produced two photographs on 
the same scale, one showing part of his dark nebula in Cepheus and the other the 
luminous Veil nebula (NGC 6995) in Cygnus. The  resemblance was striking and 
suggested analogy: 
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There is a striking resemblance in the forms of these two objects; but one is a 
luminous nebula and the other a dark - what? One can readily see that if the nebula 
were to lose its light, it would, if dense enough, still be shown against the sky and 
would strongly resemble the dark object. For this and many other reasons I am 
constrained to believe that the dark object is really a non-luminous nebula seen 
against a luminous background.26 

In fact, we now know that in this case Barnard was misled by the similarity in shapes. 
The  Veil nebula has a gaseous spectrum, and represents the far-flung remnants of an 
exploded star - a supernova - that continues to be faintly luminous after having been 
violently hurled outward from the explosion. The  dark nebula Barnard had 
photographed had no spectroscopic signature, but we now know that it is made up of a 
different kind of matter. 

Indeed, only three years later, in his 1919 paper, 'On the Dark Markings of the Sky,' 
in which he published his famous catalog of 182 of these objects, Barnard retreated 
from the notion that they were dead nebulae. What influenced him to do so was the 
spectroscopic work of V. M. Slipher, Percival Lowell's assistant at Flagstaff, who had 
shown in 1912 that the nebulosity which surrounded Merope, in the Pleiades, had a 
star-like rather than a gaseous spectrum.27 I t  was a reflection nebula, consisting of dust 
that reflected the light from the nearby star, and in 1914, Slipher obtained the same 
result for the p Ophiuchi nebula. Barnard was one of few astronomers who appreciated 
the significance of these results at the time. 'To me [there is] conclusive evidence that 
masses of obscuring matter exist in space and are readily shown on photographs with 
the ordinary portrait lens,' he wrote. 'What the nature of this matter may be is quite 
another thing. Slipher has shown spectroscopically that the great nebula about p 
Ophiuchi is probably not gaseous . . . The word "nebula," nevertheless, remains 
unchanged by this fact, so that we are free to speak of these objects as nebulae. For our 
purpose it is immaterial whether they are gaseous or non-gaseous, as we are dealing only 
with the question of o b s c u r a t i o n . ' 2 8

As important as it was, Slipher's discovery of reflection nebulae was completely 
overshadowed by his far-reaching work on spiral nebulae. Directed to the problem by 
Lowell, who believed as most astronomers of the day had that the spiral nebulae were 
planetary systems in formation, Slipher had to overcome great difficulties in obtaining 
spectrograms of these faint objects. He  began with the brightest spiral, M31 in 
Andromeda, but the spectrum was still so faint that in order to capture it with the means 
available at the time, he had to use very long exposures - one of his plates, obtained at 
the end of 1912, required exposures over three consecutive nights. The  results were 
astonishing, to say the least. The  spectral lines were abnormally shifted toward the 
violet end, indicating an unusual velocity of approach. The  velocity worked out to 190 
miles/sec, which was greater than had been measured for any other object up to that 
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time. 'It looks as if you had made a great discovery,' Lowell told him. 'Try some more 
spiral nebulae for confirmation.'29 This Slipher did, starting with NGC 4594, the 
spindle-shaped 'Sombrero Hat' nebula in Virgo, which showed an even greater 
displacement in its spectral lines -this time toward the red instead of the violet, from 
which he worked out a velocity of recession of 600 miles/sec. Over the next three years 
he obtained spectrograms of twenty-two more spirals, all shifted toward the red and all 
having velocities of recession of the same order. His work on NGC 4954 led, moreover, 
to another important discovery. On placing the slit of the spectroscope parallel to the 
long axis of this nebula, he found that the spectral lines were not only red-shifted but 
tilted, indicating a measurable rotation. A few months later he obtained similar 
evidence for the rotation of the Andromeda nebula. 

Though Slipher himself did not at first grasp the full significance of what he had 
discovered - for a while he continued to believe that the spirals were planetary systems 
of some sort, 'composed of matter from dust-clouds to suns in size and development' - 
he later changed his mind, possibly owing to Lowell's influence, who in a November 
191 5 lecture cited Slipher's spectrograms as showing that 'the spiral nebulae are not the 
prototype of our system, but of something larger and quite different, other galaxies of 

There was, by then, other evidence pointing in the same direction. From 1909 
on, Heber D. Curtis took hundreds of direct photographs of spirals with the Crossley 
reflector. From these photographs, he estimated that the number of spirals within reach 
of this telescope was much greater than Keeler's estimate of 120 000, and more like 
700 000 or even 1000 000.31 Moreover, in reaching his conclusion that these objects 
were 'inconceivably distant, galaxies of stars or separate stellar universes so remote that 
an entire galaxy becomes but an unresolved haze of light,'32 Curtis referred not only to 
Slipher's spectrograms but also to the fact that some of the spirals which were seen 
edge-on, such as NGC 891 in Andromeda and NGC 4594 in Virgo, showed dark bands, 
which he believed must be due to 'occulting matter' similar to the 'dark nebulae' and 
'coal sacks' which were already well known from Barnard's photographs of the Milky 
Way.33 Barnard himself had written in 1915 of the grand edge-on spiral NGC 4565, in 
Coma Berenices: 

Another beautiful example of this kind is shown in photographs of [this] very 
elongated nebula, . . . which seems to be an object similar to the great nebula of 
Andromeda, with its edge toward us, where the darker outer periphery of the nebula 
is seen cutting across the brighter central region as a black irregular streak.34 

However, he fell short of concluding, as Curtis did, that NGC 4565 and others like it 
were themselves galaxies seen edge-on, and that the dark nebulae he was photographing 
in the plane of our own Galaxy belonged to a similar ring of obscuring matter.35 

Curtis had not yet published his ideas about the spiral nebulae when, in July 1917, 
George W. Ritchey, using the 60-inch reflector at Mt. Wilson, announced the discovery 
of a 14th magnitude nova in the spiral NGC 6946.36 Soon other novae were located in 
plates of other spirals - they were ordinary novae, like those frequently observed in our 
own Milky Way, unlike the outburst in Andromeda in 1885, which had been an 
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intrinsically much brighter object, what we now call a supernova. The apparent 
faintness of these ordinary novae showed, moreover, that the objects in which they were 
located must be at vast distances. Thus by 1917, the view that the spirals were other 
galaxies of stars was rapidly gaining ground, and Barnard, who followed Ritchey's nova 
visually with the 40-inch refractor between July 28 and August 28, wrote to Ritchey 
that he was now 'beginning to believe that the spirals really are outside  universes.'37 

Not everyone was willing to accept this conclusion. The  leading skeptic was Harlow 
Shapley, a native Missourian, who had begun studying variable stars as a student of 
Henry Norris Russell at Princeton, and while there had become interested in one 
particular type of variable stars - Cepheids, known after the prototype F Cephei, whose 
light variations had been discovered by John Goodricke in 1784. In  1912, Henrietta 
Leavitt of Harvard showed that if one plotted the periods of the Cepheids which she 
had identified in the Small Magellanic Cloud against their apparent brightnesses, the 
resulting graph was linear. Since the distances of these variables could, to a first 
approximation, be considered the same, their apparent brightnesses indicated their true 
luminosities. This meant, as the Danish astronomer Ejnar Hertzsprung realized the 
following year, that if only one could reliably measure the distance to one of them, the 
intrinsic brightness of all the other Cepheid variables could be worked out from the 
period alone, and one could use them as a powerful measuring stick across space. 
Hertzsprung mentioned his idea to Russell, who in turn mentioned it to Shapley, who 
was still Russell's doctoral student. Shapley went on to show that the Cepheid variables 
were large, intrinsically bright stars. Moreover, they were not binaries but true 
pulsating stars. After he left Princeton for Mt. Wilson in 1914, Shapley discovered 
Cepheid variables in the globular clusters, and using a calibration worked out from a 
handful of Cepheids in the Milky Way, tackled the problem of finding the distances to 
them. In  1918, he announced that the typical globular was on the order of 50 000 light 
years distant. Moreover, since most of the globulars were concentrated in the direction 
of Sagittarius, he assumed that the nucleus of the Galaxy was located in the center of 
this halo of globulars. Whereas the English astronomer Arthur S. Eddington had just a 
few years earlier estimated the extent of the Galaxy as on the order of only 15 000 light 
years, Shapley recalculated its breadth at 300 000 light years, and put the Sun in the 
remote outskirts far from the galactic center.38 Because he failed to take into account 
dimming by obscuring matter, Shapley overestimated the distances to the Cepheids - 
the Galaxy is only about a third as large as he estimated, but his figure was certainly on 
the right order. I t  was so large that he could not bring himself to believe that the spirals 
could be outside it, and he was still troubled by the nova in the Andromeda nebula in 
1885. In 1920, he and Curtis were invited to give lectures at the National Academy of 
Science in ,Washington, what later became known as the 'Great Debate.' Robert G. 
Aitken, the double star observer at Lick Observatory, wrote to Barnard at the time: 
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I would like to hear the debate between Curtis and Shapley. I have read Curtis' 
paper - a very good one - and have had long talks with Shapley also, and each one 
has many very good arguments to present. For my own part, I am still 'on the fence' 
on the question. I very greatly doubt the visibility of half-a-million or more 'island 
universes' on the one hand, and, on the other, I am not ready to accept Shapley's 
conclusions on the basis of his measuring-rod. It seems to me that its value is not yet 
sufficiently demonstrated. I am open to conviction.39

Shapley talked about the scale of the universe, while Curtis, who did not accept 
Shapley's view of the scale of the Milky Way system, presented his arguments in favor 
of regarding the spirals as island universes. Both astronomers were partly right and 
partly wrong, though Curtis is generally regarded as having 'won.'40 In any case, by 
early 1924 Edwin P. Hubble, who had been an assistant on the Yerkes staff in 1914 and 
came to Mt. Wilson just after the War, would use the 100-inch reflector on Mt. Wilson 
to identify a Cepheid variable in the Andromeda nebula - it proved to be excessively 
faint, and using Shapley's methods ('He never acknowledged my priority,' Shapley 
wrote ruefully long afterwards, 'but there are people like Hubble was able to 
work out the distance - well over 1 000 000 light years. Thus there could no longer be 
any doubt that the spiral nebulae were indeed vast star systems far beyond the confines 
of the Milky Way. 

Shapley's globular cluster results came as no surprise to Barnard. He had himself been 
carefully measuring stars in some of them since 1898 - one of the most prodigious 
pieces of work he undertook with the 40-inch refractor. In M13 alone, he measured and 
remeasured no less than 247 individual stars; in all he obtained positions of 1363 
individual stars in eighteen clusters. At first, as he later recalled, 'I had formed what I 
now believe was an entirely erroneous idea of their dimensions and of the sizes of the 
stars that compose them. They appeared to me as compressed groups of small suns that 
did not in any sense rank with the ordinary stars in the sky. Their distances from us, 
though great, were thought comparable with ordinary stellar distances. From these 
considerations I had reasonable hopes of detecting some relative motion of the 
individual stars in a few years' time from accurate micrometer  measures.'42 However, to 
his 'great regret and disappointment,' his measures repeated at ten years showed no 
changes. When, at twenty years, he continued to face the same negative results, he was 
finally ready to face the fact that these clusters 'were at vaster distances from us and on a 
more magnificent scale than their apparent insignificance might imply.'43 His 
photographs of the Milky Way showed that some of them were superimposed on the 
great star clouds and therefore had to be nearer than the star clouds themselves.44

Indirectly, his measures lent strong support to the very great distances which Shapley 
was claiming for these objects. 
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The heroic period between 1912, when Henrietta Leavitt identified the period- 
luminosity relationship of Cepheids in the Small Magellanic Cloud and V.M. Slipher 
began measuring the red shifts of spirals, and 1929, when Edwin P. Hubble plotted the 
distances of galaxies against their red shifts and discovered the expansion of the 
universe, was one of unprecedented change in astronomy; the classical methods gave 
way to those of astrophysics, and the modern view of the universe took shape. The  
globular clusters were identified as systems of stars on a vastly greater scale than had 
been hitherto supposed, forming a framework around the galactic nucleus which is 
itself situated far away in the direction of the constellation Sagittarius. The  galactic 
nucleus is hidden from direct observation because, in silhouette between us and the 
galactic center, are clouds of obscuring matter, similar to the lanes of obscuration which 
were found in edge-on spirals. Barnard had photographed and struggled to understand 
these dark clouds over most of his scientific career, and though he eventually realized 
that they consisted of obscuring matter of some kind, he still had no real idea as to the 
nature of this matter. Just before Barnard's death, Henry Norris Russell proposed, 
though he could not yet prove, the correct idea -that this obscuring matter consisted of 
fine During the 1920s, this idea gained ground, and was finally proved by Robert 
J. Trumpler in his 1930 paper, 'Absorption of Light in the Galactic System.'46 

Interestingly, in this paper Trumpler took the existence of dark nebulae for granted. By 
1930, writes Gerrit L. Verschuur, 'this was taken to be so obvious that no reference to 
any specific work was given, which paints Barnard's struggle in a sobering light.'47 

Thus do the great insights of one generation fade into the light of common day for the 
next and become accepted commonplaces. 

Still later, in 1947, Bart J. Bok and Edith Reilly proposed that small dark clouds are 
sites of star formation (they are known today as 'Bok globules,' though Bok himself 
disliked the name. 'They should be called Barnard globules,' he protested; 'he 
discovered them').48 Indeed, the dark nebulae that Barnard first photographed in 
Taurus and around  Ophiuchi are now known to be teeming with young stars. 
Protostars form in the dense cores of these dark clouds, and when they begin to generate 
enough heat blow off their cocoons of interstellar dust. At that point they may become 
visible in optical telescopes as T Tauri stars (named after the prototypical star 
associated with Hind's variable nebula and located among the vast dark clouds in 
Taurus which Barnard first photographed in 1907). Though the details are complex, 
the broad outlines of the process of star formation are being worked out.49 These 
clouds, whose ominous darkness fascinated Barnard, are not, as he once speculated, the 
remnants of dead nebulae, they are the birth places of suns. 

1 E. E. Barnard, 'On the Vacant Regions of the Sky,' PA, 14 (1906), 579-83:579 
2 E. E. Barnard, 'The Bruce Photographic Telescope of the Yerkes Observatory,' Ap J, 

21 (1905)' 3548:46 
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